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*= cece-- vears, =oe populazity and use o jeeps ané other on/cff rocad
wsilizy vehicles mas incTezsed, as evidenced by producticn and registration
ficu-es.! As the nusbers and use increase, however, SO do accidents.and resulting
£azali-ies. Scme of <he smaller vehicles have evolved from original military
de;ig:s, whicn ' have cac"ﬁe",ed high incidences of rollover accidents.z

The ebiec=ive cf this report is to examine the incidence of fatal rollover ;;
accidents fcr w=ilizv vehicles and detexmine iI one type of vehicle is involved
more predsminanitly tharn ‘others. In addition, occupant fatality rates for utility
vehigles identifisd will be analyzed for an examination of those vehicles which

seerm more dancgersus than otherss.

II. SOURIES OF TATA

Daza used in the aﬁa vsis of fatal rollover accidents are extracted I : rom
the Kazicnal Zighway Traffic Safety Administration's FTatal Accident Repcrtineg
ARS}, wrnich is a census of all police reported accidents involving
a= leas= cne fazalizv in the fifiy states, Distzict of Columbia, and Puerto
Rico. Twe TARS file econtains data from 1375 througn 198 1, however, the . _ -?

ocearrence of Tollover 2s a first event or subseguent event was not recorded

until 1978.

Cne shcr=coming ¢f this repor: is that only fatality accident data are

usec. Within =he Kational Center for Statistics and Analysis ( NCSA) there

are two files which contain national estimates of utility vehicle accicents.

| T- -
Urilizy verl F-es here refer to a subset of the on/ofsf road type milti-purpose
passenger venhlcles as ocoposed to service vehicles.
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Al:h:u;ﬁ Cerpsters wese s=oied separately on the 1980 file, in 1978 and 1979
=hey were L.sned as *Omher Jeez.” Thersfore, in this anlysis, all Jeepster
socdels fall undier "2=ner Jeep,” or in some cases "Unknown Jeep,” and no
¢conclusicns spesifiz 1o Jeepsters can be drawn.

Specific msiels, faor exanmgle Blazer and Elarer ¥~ 10 or Jeep CI5 and CJSA
Zye not distimeusstatle on the FARS file and are thus all classified under one

AS s=a=es eariier, all of the vehicles examined herein are classified
2s on-rcad cr cff-rpal vehicles-and share certain general charactéristics;
Among these are a relatively short wheelbase, a high ceater of gravity, :f
stiffer suspencicn systexm ani tvpically--four-wheel drive. Accidents in o
the TARS file reflest only the on-road accident experience of utility
vehicles, and, =herefzre, conclusions may differ somewhat from analyses
goverLng Zoth zn-rcald ani cifi-rpad experiences.

T™he Z2aza aralvced are single vehicle accident counts for 1878- 1980
vhere rollsover oozuirrel vessus single vehicle accidents where no rollover

oczurred., Alsd Inzluded are occupant fatalities for those two categories

cf accidenis, l.e., Tollover versus no rollover. ( See Appendix A for raw data.)

The hypctinesis cf interest is wheﬁher the ﬁercentage of rollover accidents
{or fazalities) vacles significantly by vehicle type.

The first analysis performed was a.three~way cantingency table
analysis =c determine the effec:t of year and §ehicle type on accident
outcole, l.e., IDLlCVer Versus no rollover., A contingency table analysi;

- — . ey e A . I . =
gTarcs Wit 2 proctesire which Iits a set of pre-specified hypotheses to Gata

which are crzanized Into several classifications. Once a model is determined,




values fzr =-a ecsrz3=es cf interest are predicted., Cne then cormutes a
4

ceg =he observed data to ¢he predicted values.in a
cance. Comtingency table technicues ave used on observed
daza, and s-nce =he FARS data are from a census of fatal accidents and not

es=iza~es frz= a sazgsle, it i5 an appropriate technigue. In this analysis,
accidernt oun=c=me {i.e.,, Tollover versus Do ~ollover) was the dependent
Y

vasia=le, wnereas vear ané verlcle type were ~he independent or explanatory

 waziaklas. TFcor a oDore co=plete discussion of the technique used, see

Appendix B.

mye masulecs cf the coatingency table analysis showed that the ocurrence
o€ a rollover was independent of yeaxz, given vehicle type. Therefore, the

variatle "wear” was resoved from the model. Data were collapsed across the

analvsis ceduced to a two-way table.

N
1t
3§
m

three Vears an

™e analysis &I the twe-way table was Gone using properties of the
binomial disscituzion since an accident involving each vehicle tvpe resulted
either ir a rollover or 0o :ollave:. ‘Postulating the data as sample data
£-oz an infinmize pepulation, we can calculate the necessary statistics for
testing keyv hvpctheses of interest relating to the data.

IV. SINGLE VEEZSIE TATAL ROLLOVER ACCIDENTS

&

mentioned eazlier, the results of the continge;cy table analysis

suggest the following:

l) <here is a strong relationship beﬁween'the tfpe of vehicle e
and occursence of rollover in fatal accidents; and

2) <there is no significant difference in the pattern of fatal

collover accidents in the three years 1978 - 1980.



i= was dezer=ined ~ha~ the datz could be surmmed

unusually himm soneribuTicns IO £aal rcllover accidents.

ac-oss vears provides the following two-way table,

v descending proportiocn of rollovers to all

et -

Ta=le 1 €.~c"s Temicle Ta-al Accidents bv pescendine Ratio of

A= lovers/All Fatal hccidents

1978-1980
(v o {2) ‘ (3)  . : .(4)
Vehicle Tuype Vimbher of Tatal Total Number of Ratio = (2)
Rcllgve: Roilzver Accidents Fatal Accidents {3)
Toail Juster 6 7 ' .86
¢35 385 o 479 | .80
Lané Cruiser o4 o 1.16 o .78
cJ7 | 104 A 151 - .E9
Unknown Jeer 51 ) 74 B -89
Other Jeez - 227 . 335 : «68
CI-Unknown a3 45 .‘- . «67
Bronco 113 202 .66
Jizmy o 35 - 55 .64
Blazer o 221 421 7 «52
T™aing 7 14 «50
Chexokee . le o a3 | .48
Ran Cnarger 20 43 | W47

Wagoneer : 10 W 15 g




Each —ow in the table can be tﬂégght of as 2 tines-al distribution
with the parameter "p" being the proportion of rollovers in all fatal
accidents. Because of problems of reliability associated with small sample
gizes, eliminate the two vehicles for which tpe total number of accidents
£or the three-vear period is less than 25 i,e., the "Trail Duster" and the
"Thing." The remaining vehicles will be analyzed to determine which are
more likely %o involve-i rollover in a single vehicle Zatal accident.

The cuestion of interest at this point is whether one or more vehicles
are more likely than others to be involved in a single vehicle fatal zrollover
accident. This may be addressed by computing variances and confidence
jntervals about the means. ‘The binomial dist:ibution provides estimates of
the mean.§§§ variance by a transformation to the normal distribﬁtion with
mean zero and standazd deviation one. Table C2 in Appendix C shows the results
of the adove computations, as well as :he.coefficient of wvariation for each
vehicle type.  The confidence limits are shown ip Table C3 of Appendix C,

and graphically in Figure 1. The difference in the widths of the intervals

i attributable —o the size of the standard erTor of the estimate.
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Table CS5. Confidence “ree—rals Zor Estimates o.f Proportion of
Follover :—.:-.'-_'.;_-.'..:"::'.es —o All Fatalities
S =
3
Yehicle Tvoe T standard Erroc a5y CI
Land Cruiser .8€ .033 ( .80, «92)
cJI5 « B85 .0 16 (.82, .88)
Cther J’eep Y 077 «024 ( .72' .82)
c37 « 76 . 036 { .62, «B3)
Unknown Jeep .74 051 ( .64, »B4)
CJ Unknown .74 .064 { .61, «B7)
Bronce o 74 .032 { .68, .80)
Ram Charger «73 <077 { .58, .BS8)
Ji.my 071 0063 ( .59! 083)
Blazer .66 - '025 ( .51, 7 1)
61 .092 (.43, +79)




RESTLYS
Cnce vehicle =yvpes with' too small a sample size are eliminated, the

data in Tadie 1 show all of the Seeps and the Land Cruiser as being meost

-t
-

likely o have a —ollover in a £acal accident. Consideration of the design
and structu-al similarity of the Land cruiser to the Jeep offers some
explana:io:“as o why +his vehicle {Land Cruiser) has the second highest
Proporiion cf :ollové;s per fatal accident. Among the Jeeps, the CJ5 has
the highes:t proportion of fatal rollover accidents. ' .

Ia addizipn, =he data show the Bronco, Jimmy, Blazer, Cherckee and Ram
Charges as falling below the Jeeps in terms of the ordering by proportions.
Thg likelitood of having a rolloves in a fatal accident for those vehicles
va:iés £Xom 0.47 =o 0.66. Finally, the Wagoneer has the smallest proporticnm
over all venizle tvpes of rollover for fatal.accidents.v

An hvpozhesis of inserest is at what point do the means beacome | .
sicnificanzly different frcm the highest ones. A test on the differencs
between the mean of the CJ5 with all other vehicle types is performed. At %;

the 95% confidence level the test results show no significant diZference

in the mean for the CJS5 when compared to the Land Cruiser. : -



Bowever, the:eris’a significant diffgrence wner compared $o all other
venicles on the list. Takle 2 surmarizes these cata. Fur<her verifi-
cation of the findincs is evident in two—way chi-square analyses of the
CJ5 versus the other vehicle types. For the test af no significant éiffe:-
_ence petween the means of the CJ5 and Land Cruiser, +he computed chi-square
._value is 0.217, wnich clearly falls within the acceptance region. Thus we
can conclude there is mo significant Aiffarence between the CJ5 and Toyota
Land Cruiser. EHEowever, the two—way analyses with all other vehicles and
rhe CJS5 show a significant difference between the two means. ( See Appendix
C for chi~sgquare values.)}

Table 2;. Value af z-Statistic in

Significance Tests for Difference Between Means
£n+ Bollover Accidents (at &= .05, z = 1.96)

Comparison of CJIS

Mean with... z
Land Cruiser ‘ . ‘ 0.47
c37 . o 2.96
Unknown Jeep o 2.24
Other Jeep | :' 4,10
CJ~Unknown : - 2.4
B.ronco ' -4.06
J iy | . 2.87
Blazer ‘ | ' B.8%
Chearckee ‘. . : 4.30
Ram Charger - oo _ 5.10
Wagoneexr _ | 7.01
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Data are not availakle foI Ihe categories Other Jeep, CY-Unknown and Unknown

Jeep.
Whe= =he nuzbhe-r of rollover accidents for 1978~80 are divided by the
approrriate registration figqures, we get the following ordering of vehicles

. by decreasing fztal rollover rate:

rahle. 4. Fatal Rollover Accident Rates
{ In Descending Order, 1978=~80)

Fatal Rollover
Accident Rates °

| ¥ of Fatal Rollover Vehicle Years (per 100,000 regis
Vehicle TvDe Accidents of Registration vehicle—vears)
cI5 385 734,432 52 )
Land Cruiser . a1 | 194,584 47
cI7 ) 04 _ ' 293,992 -t
Blazer | 221 1,283,744 17
Bronco o " 133 - 832,168 | 16
Jimmy S 35 - 227,856 : : 13
Thing L v 63, 183 1
‘Ram Charges ' 20\ - | 164,581 - 11
-fr£i1 Custer _ 6 | 75,642 B
Cherckee 16 ' 329, 116 _- 5

Wagoneer o 10 ) : 320, 154 3
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lead =he Lis=. The rates for the other vehicles zle L
five gf “he Te==2ining S5evel (Thiné, Ram Chargez, m-2il Duster, Cherckee and
Waconeer) naving fewer than 25 rollover accidents for the three vear perioc.
Again we —un into szall sample es-imation problems, and must De careful
abouz the interpretation gf =he results.
Addizional sigmificange tests can be pezformed tO determine the

2fpvance bezweern fazal Tollover rates associzted-with each vehicle type.
Each fatal rollover accident rate CG&n be thought of as a Poisson distribution
where the Darameter ™ ecuals the sguare root of the pumber of £atal rolicver
accidencs divided by che vehicle yen:s'cf registration ( per 100,000 registerzed

—

vehicle vears). This gives us the variance and standard deviation of the

dis=ribution, wrich allows one to compute confidence intervals in the usual

wav, Table 5 shows the resules of the above computations.




~ante §, Tazal Rolloves accident Rates

T PO
¢+ pavsscr caramezers, 25% confidence Intervals)

. Tazzl Rollicver Standard

Vericle Toe ne=iden=s °  Rate? variance Deviation o5% CI

jahg.] : 3BS 52 2.67 1.63 (48.-8, §5.2)
Land Cuiser ‘ a1 47 4.90 2.21 (42.7, 51.3)
cJ7 162 35 3.47 1.B6 ({31.4, 3B.6)
Blazer ) 22 1\ N 17 1. 16 1.08B ( 4.8, 19.1)
Bronco 133‘ 16 1.38 1. 18 { 3.7, 18.3)
Jimmy | 35 15 2.60 | 1.6 1 ( 11.8, 18.2)
Thing | 7 - 11 4.19 2.;:;5‘ { 6.9, 15.0)
Raz Chazgesz - 20 11 2.42 1.56 ( 7.9, 14.1)
Trail Duster - -] | B 3.24 g 1.8.0 { 4.5, 11.5)
Cherckee 16 ) 5 1.21 1. 10 ( 2.8, 7.2)
Wagonees 10 3 .98 -3 { 1.1, 4.9)

m™e ccmrarison of Poisson shservations assumes %That the accident rates
Xqs X3s =aer Xy aze independently distributed with parameters >~1, Aor wess Ao
Un.é._er the null hypothesis X¢ and X5 will both be approximately normally distributec
independently wi:h expec:a‘;icn\ and variance A, SO > - X will be approximzately
normally éistributed with with g@ectaiicn zerp and variance 2A . We can
estimate 2A as Xq + X3. Tous under the null hypothesis, the distribution
(X q= Xo) is approximately normal with mean zero and variance one. This
ST
. approximation is improved bv introducing cerrections for continuity. * .

Therefore, £for a test against an alternative hypothesis )\|> )\1 , the null



hvpothes:s 1s rerestel oS

v, - I} = (Xe + 1/2)

) p1-q;

P —————

Ny v X2
where M1 = of is the value cf the unit normal deviate at the appropriate of level.
e resulss ¢f whis test on éata from Table 5 shows that in comparing

the raze Zfor CEE wie=k all octher vehicle types, the null hypothesis is not
N
rejeczed for wThe Land Cruiser and for the CJ7. This means theat there is no
statistically significant difference in the fatal rollover accident rate
far the CJS} 1and C—iiser and CJ7. However, theré is a significant difference

between the razes for CJS and all other vehicle types. A similac comparison

between Lané Cruiser and all other vehicle types shows no significant

Qiffarence in “he razes for Land Cruiser and CJ7, but significant differences

bes=weern Land Cruiser and all other vehicle types.

*Per 100,000 registered vehicle-years
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AS wiovn =he analwvses cf gincie vehicle s=-1&en=s, a contingency table

aralysis ef oscoeugant fatal:ities by year, vehiz_¢ Type and occurrence of

-

sollover adds no additional information whed analyzed by year. T™us the
data a-e si—ed across vears and displayved in Table & by descending ratio

of rollover fazalicies =0 all £avalities involving utility vehicles.

. ‘\
mable 6. Occupan:t Fatalities in Single Vehicle Fatal

v Accidents by Descending Ratio of Rollover Fatalities/All
ratalities, 1378-80

Teili

(1 - (2) ‘ (3) (4)

- Rollover Total (2}
Vehicle Tvoe Fatalities Facalities Ratioc = { 3}
Land Couiser 96 112 .86
Trall Duster : 6 ' 7 .86
cJs 412 487 _ .B5
Othes Jeep 243 315 | 77
cI7 : 110 144 « 78
Unknown Jeep ' 54 73 «74
CI~Unknown | 35 | 47 K7
Bronco . | 142 ‘ 191 74
Ram Charger 24 ‘ 33 . «73
< immy _ 37 52 o «71
Blazes o _ 238 3s3 <66
Cherckee 17 28 | 61
Thing o & 11 .55
Wagoneer~ . 10 ' ' 23 «43

Aok



tvypes with less “harn 25 fz-alities for the

nz theose venicle

™hing, Wagoneer) leaves an ordering veIy

three vear period (Tralil Dustel,
sizilar o =ha=- describinc accident occurence. The Lang Cruiser and Jeeps
Lave =he hiches:z percentage of fatalities per fatal rollover accident, with

* the Raz Cha-ger, Jixxzy, 3lazer and Cherckee having slightly smaller

Py

percenzages. When testinc the diffarance between the means, we £ind that

there is no sig:ificang a:=fsrence between the means of the CJ5 vs Land -~
_Cruiser, CJE vs C3-Unknown and CJS vs Ram Charger. There is a significant
difference be-we=n the mean éf the CJ5 with all other vehicle types.

Upcn exarmining the cdata in Table C4, the first cpnclusion above becomes
_scmewhat obvious, that is, the means of the cJ5 and Land Cruiser only &iZffer
by one percentage point. The other two compariséns are not as obvious but
the mzin faccor involved is the relatively large standard errors. on the
estimate of the mean for CJ-Unknown and Ram Charger, resulting £from the
small samsle sizes., This implies that there is not ; lot of precision
associated with these estimates. Hence, the test of compariscn with the
mean cf the CJS results in the unexpected conclusicn.

" Addizional tests of the difference between the mean of the Land Cruiser--
apd other vehicle types show no significant difference between Land Cruiser
as- compased to the C57, CJ-Unknown, Other Jeep and Ram Charger. The values
for the ~est statistic are swmarized in Table 7. The test of the Land
Cruiser with Unknown Jeep is marginal. We conclt;de that this further

suppor=s the hypothesis of the Land Cruiser and Jeeps being in a particular

class as relates =o rollover accidents and the resulting occupant fatalities.
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=, value of z=Sraciszizc in Significance
£fp-ance BDetwWeel Meane {ac X = .05, z = 1.96)

Tests >

Comparzison cf ’ B Creiser of Land

CJI5 Memn with... = Ctiser Mezn with... z
Lané Cruiser -0.296 . : IS 0296
Cther Jeep C 2.66 Other Jeep 1.93
c37 2.29 cJ7 | 1.87
Onknown Jeep . 2.286 Unxnown Jeep \ 1.99
CJI-Unknown 1179 CJ-Unknown ) 1.70
Bronco ;3.11 : Bronco : 2.33
Ram Chargexr . 1.79 Ram Charger _ _1.74 :
J Ly _ 2.47 Jimmy 2.22
Blazexr | 6.20 Blazer , 3.85
Cherckee : 3.29 Che.{okee 2.99

As wich the estimates of accident counts, conildence intervals for
rollover fz-alizies were computed and displayed in Figure 2. This Zigure
shows much less variatica in the properticns for fatalities than cbserved
for rollover accidents, {a difference of 25 percentage peints as opposed to

52 faor rellovexr accidents).
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As ws~ acz:.lent counts, tThe nucber of registered venicles can be used

2s the densm-ca-cr for calculating occupant fatality wates for the differeat

-

vehicle Tvpes. The followiag cable shows the fatality ra~es in descending

order:
- matle B. Occupant Rﬁllcvef ratality the;'
- { In Descending Order, 1578=-80)
N
L ck Follover Vehicle-Years Rollover Fatality
Vehicle Tvoe Tacalities of Registration Rate { per 100,000 registered
vehicle-years)

cJs | 4w 734,432 . 56

L;nd Cruiser 96 : 194,584 | 49

cI7 | 110 | 293,992 37

Blazer o 234 1,283,744 1B

Bronco 142 832, 168 o 17

Jimmy ' 37 227,856 16

Ram ChargerT T 24 184,581 13

Teing - 3 - 63,183 | 9

Trail Duster ' -] ' 75,642 - B

Cherckee - | 17 329, 116 T 5

wagoneez 10 320, 154 | 3

Mnis ordering of vehicle type by fatality rate is identical to the
ordering for accident rate, 1f the position of Thing and Ram Charger in
Table 4 is interchanged. As noted before, +he vehicles with the smallest
aumber of rollover fatalities also have the lowest rollover fatality rate;.

As in the case of fatal rollover accidents, tests can be performed to

‘decermine the significance of the differences between occupant rollover
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fazalisy rztes. Cansidering each rate. as del
can ob-ain The varizacze, and nence the 95 percent morfc denug  Limits. Table
9 contains the resulis.

Table 5. Occupant Rollover Fatality Rates
{ Poissor Pzrameters, a5y Confidence In~ervals)

Rollover Standacd

Vehicle Tvoe  Fatalities Rate* Yariznce Deviation 85% CI
A o £ 412 56 2.76 1.66 {52.7, 59.3)
Land Cruiser 96 49 5.04 2.24 (44.6, 53.4)
cI7 110 37 3.57 1.89 (33.3, 40.7)
Blazer 234 18 1.19 1.09 ( 15.9, 20.1)
Bronco | _ 42 | 7 1.43 1{20 ( 4.6, 19.4)
| Jimmy 37 % C 2.67 7 1.63 (12.8, 19.2)
. Ram Charger 24 13 2.65 1.63 ( 9.8, 16.2)
™ing . 6 - 3.88 ' 1.97 { 5.1, 12.§)
mrail Dusterz 3 B 3.24 1.80 { 4.5, 11.5)
i Chezokee 17 s 1.25 1. 12 ( 2.8, 7.2)
ngcneer 10 | = | «98 | <29 ( 1.1, 4.9)

The comparison ©f any two Poisson observations via the cransformation

(X4 = 1/2) = Xo + 1/2) yields identical results as the comparisons on

1Xg+ X
£atal rollovez accident rates. There is no significant difference at the :}
. el= .05 level between the occupant rcllover fatality rate for the CJ5 and- |
fand Cruiser, CJ5 and CJ7, and Land Cruiser and CJ7. There is a significant
Aifference between the rates for CJ5 and all other vehicle types, the'Land

cruiser and all czher vehicle types as well as the CJ7 and all other venicle

_ing 100,000 registered vehicle-years




tvpes. Thus the fi-st three vehici; ~vpes have sicnificantly hicner octupnt

rollover fatalizy rates than 2'l ogtzher vehicles in the table.

Facali~v Rz~es Par Ocsusancy -

Dtilizing available data on pccupancy per vehicle, one is able to compute
.- | a 8iffaren~ measure for rollover occupant fatality rate. Since the count of
s numbé:‘bf;occupanzs is available for all vehicle types, the Eﬂti:e list of
vehicle t£ypes can be otdered by descending occupant fatality rate for the
three-year period 1978-80. ( See Table 10.)

Table 10. Rollover Occupant Fatalities/Occupancy

( 1978-80)
~ Total g Total Fatality
VYehicle Tvpe Fatalities Occupants Rate”
CJ Unknown | 33 , 62 ' 56.4
tand Cruiser % | 184 . s2.2
Upknown Jeep ' 54 | 104 | C 51,9
Other Jeep o 243 , 472 | 51.5
cr7 110 : 214 51.4
cIs 412 812 A © 50.7
Bronco ‘ 142 | 282 . 50.3
*" " ‘ming 6 12 50,0
Wagoneer .. 10 ' 7 20 : £0.0
T Slazer | 234 - 482 48.5
- Ra-m— Cha.rg. 24 - | 57 42.1
3izmy o o 92 40.2 -
Cherokee ' _ 17 ' .- . . 46 ' - 36.9
rrail Duster é 17 ' 35.3
»Ter 100 occupants,
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izzion dzta as & base, the venicles
ighest rates are Seert _eysiu&ing the Wagoneses and Cherokxee), zad
she Land Czuiser. If ehis oTaeTRE of fatality TEteS ¢he Land Cruiser has
a higher rate Than cme Jeeps With B yxnown model {cJ5 and cJ7). Bowevel, if

we perforzm the ~ege ~o comparl® £avality wztes per every 100 occupantsy for

.+, example, we wowlc £ind vhat the only significant aifference lies pecween

+he highest and the lowest rates { CT-Unknown and Trail D‘ustei')- All othez
comparisons do not reject the null hypothesisi enerefare, there is no

statistically significant difference. obvicusly the use of fatalities/cczupmcy

z2llows very liztle 2iscriminaticn to be made among the fourteén venicle Cypes.
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. CONCLISIONS -

-

m™:ic repo== -resen=s an anzlysis of vmilizy venrcle Zatal accidents which

imvolved a2 rollover, and the —esulting fatalities on the FARS f£ile. Overall,

the following conclusions may be érawn from the data presented:

Vehicles With Lowest Rates .

1. The Jeep Wagoneer andéd Jeep Cherokee have strikingly lower propertions of
follcve: accidents‘and rollover occupant fatz2lities than cther Jeep ve?icles.
Given their involvement in a fatal accident, there is less than a 50 percent
chance tha~ the accident involved a rollover as compared to fatal nén:ollover
accident, and less than 62 percent of ;he occupants xilled in fatal aczidents
were killed in rollover accidents.

2. The Waconeer and Cherokee rank fourth and fifth in descending.order of
registered vehicles.(afte: 3lazar, Broncs and €J5), but bave the first
and third lowes: pe:cen:ag; of fatal rollover accidents.

3. The T™hing, Ram Cha:ger; Trail Duster, Cherckee and Wagoneer have the
lowest fazal rollover accident rates (per 100,000 registgred vehicle years),

as well as the lowest rollover occcupant fatality rates (per 100,000

registered vehicle yeaTs).

Vehicles with Hichest Rates

4. Given a fatal accidenz involving a utility vehicle, the Jeep CJIS and Toycta

. rand Cruiser are more likely to have rolled over than any other vehicle

tyPeo
5. Occupant fatalities resulting from utility vehicle fatal accidents which
involve a rollover occur mors frecuently in Jeeps ( excluding the Wagoneer

and Cherckee) and the Land Cruiser as opposed to the cther vehicle types.

1
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6. There is nNo s~atigeieally significant gifferance De-wean the rollover

-

accident Sates ans occupant fatality rates {using vehicle years of

regisT=ation as the baze) for the CJS5, land Cruiser and CJ7 given that

a fatal acciden= has oczurred.

Cthersg
7. There is no sicnificant difference in the mean for occupant fatalities
invelving the CJ5 when compared to the Land Cruiser, CJ~Unknown and
Ram Charger. However, the primary contributing factor in the case of
the CJ-ﬁ#kncwn and Ram Charger is the large variance associated with
. smell saxmple sizes.
8. There is no significant difference in the occupant fatality rates for
-all but two vehicle types (CJ-Unknown and Trail Duster) when the denomin-

. ator is total number of occupants as oppesed to registration data.

These conclusions ave based wholly on the data pres;nted in this_:epcrt:
which is somewhat biased because it considers only fatal accidents. A better
picture may be cobtained by analyzing all accidents involwving utility vehicles,
on-road and off-road. Comparisons may alsc be made against passenger cars as
opposed to limiting an analysis to utility vehicles. |

For a comprehensive analysis of all or=road accidents invelving utility

J..-vehicles for selected states, the reader is refe:red_to a publication by the
--Eighwéy Safety Regeazch Institute of the University of Michigan. The report
is entitled "On-Road Crash Experience of Utility Vehicles" and the authors

- are Richa»d G. Snyder, Thomas L. McDole, William M. Ladd and Daniel J. Minahan.
This technical report, along with an accompanying “Overview of the On-Road

.. Crash Experience of Utility Vehicles," may be obtained from the National

o . e A ] -
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mechnical Tafo-Tation Service, 5283 Fort Reoval Roaé, Springfield, VA 22161,
Refer +o the mzin report by the code p5-80 160 468, and the summaly by PBE-BO

160 476. Tne price foro -Se publications is $20.00 and $5.00 respectively.

- =

-

Some 0f the major findings of the study were:
1. Trility vehicles experience -ollover at a rate that is at lea#t £ times
higher :yan chat experienced by the average passenger CaI.
2. The Jeep and pre-1978 Bronco overturmed at least twice as cften as the
Blazer. |
3. Both the death zate and the rate of disabling injury pex accident are
abous twice as high in wtility vehicles and both rates are approximately
+wice as high in Jeeps as in Blazers. .
Ancther publication which presents 2 different type of result in analyzing
utility vehici? accidents is emtitled “Injury Claim Freguency Results by Size

of Gleim foz Vans, Pickups, and Utility Vehicles 1977-1980 Models,” (=LDI

veo-2). his report is published by the Highway Loss Data Institute ( ELDI),

ﬁate:gate 600, Washington, D.C. 20037 and was printed in September 1981. The

%ollowing conclusions were cdrawn £rom the analysis of the utility vehicles:

1. For all 1977-1980 model vear utility vehicles for which insurance claims
%2or irjuries to otccupants were made, the Jeep €IS and CJ7 had the highest
£requencies.

2. The Jeep CIS had the worst results of all vehicles, with its overall claim
<£requency being 122 percent worse than the average for all 1977- 1980 vans,
pickups and u=ility vehicles. |

3. :he frecuency of claims exceeding $250, $500 ana $1,000 for the CJS

were all higher than those for any other vehicle reported for the same

model years. . S ;




- ~— i - - = e e Y e s
™he Toyeta Land IToissr .f Tl - im «his analyvsis. Wnen asked

why, one ©f the authess exzirzinel TITT -ne number of Land Cruisers on the road

— —_—tim mres’sm

(§1]
'y

¢id nct mees Their thrashol - :s=-_ysion as a separate Ccategory. cead is
was added into =he category "“cmhes wnIlity venicles.”

Finally, one other report which analyzed the crash experience of utility
vehicles was conducted by the Eighway Safety Research Center and the
Insurance In;ti:u:e for Eighway Safety and released in September 1981.
Accident data were obt;ined from «he states of Maryl;nd and Nerth Ca:clini;
The':epor: is entitled ™A Comparison of t@e Crash Experience of Utility Vehicles,
Pickﬁp Trucks and Passenger Cars” and focused primarily on the three leading
utility vehicles—=the Jeep CJ5, Ford Bronco anéd Chevrolet Blazer. In additiorn,
the'inalysis was restricted to model years 1972 to 1978 Zor the CI5; 1973
to 1978 for the Blazer:; and 1972 to 1877 for the Bronco. The restriction in
modei years was undertaken to isolate as ;uch as possible effects due to desicgm
and structural changes in the vehicles. They concluded that for single vehicle
crashes, the Jeep CJS gad the highest crash rate of all utility vehicles in

both Maryland and Neo-th Carsclina. This repert may be obtained £zom the Insurance

Institute for Bighwav Safety, Watergate 600, Washington, D.C. 20037.

.
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APTTROLN

METHOD OF ANALYSIS

Centingency table anmalysis is a method uvsed im analyzing cross-classiZied
Vcat.eg'orica.l or count data. The data are grouped Into categories and presented
in a multi-dimensional contingency table. Actual counts of gbservations are
recorded as opposed to sample estimates of some characteristic. The computer
program used in the present study is CONTRB, which was developed at George

S

Washington University under the direction of Dr. Solomon Kullback. )

Contingency table techniques are appropriate for data that have been
cross-classified by several variables of interest. Thé number of cells in
a contingency table is egual to the product of the number of categories or
levels inm each variable or factor of interest. 1In the utility vehicle rollovex
problem studied, there were three 2actors, with 3, 14 and 2 categories, respec—
tively. Therefgre, the 3—wﬁy classification desc:ibed by them has 3 . 14 . 2
= 84 cells.

The aim of contingency table analysis islﬁo £it a model to the cbserved
data using the simplest possible structure. In accordance with the data
collect-ion design, the data are assumed to cbey an underlying multinomial
distribucion over all cells. & compleée description of the multinomial
distributions would reqﬁira information on all probabilities in all cells.
Bowever, +his is not parsimoniocus; therefore, a description employing fewer
parsmeters is desirable. The analysis thus provides, for a nested set of
hypothesis (if so specifjed) a measure of the goodness of £it to the data
for each hybothesis or model as well as an analysis of the interaction; present

in the model. The test statistics used are minimm discrimination information



(MDI) sta=ziszies whicn are asymptotically (ZcT large samples) distributel as
chi-sguare with appr-cprizte decTees of freedom.

The model associated with the contingency table analysis is log-linear,

-

where the logarithms of the cell probabilities are expressed as linear functions

of the main effects and interactions. Tiis structure is not imposed on the

analysis bus arises nasurally given the principle of minimum discrimination

~

inform;tioﬁ es-imation. For example, consider a -data set with three factors,
L, 3, x with categories 2, 3; 2 respectively. The number of cells. is
.2 ; 3. 2= 12. If we let pli,j,k) represent the underlying probﬁbility that
a data-point selac—ed at random lies in cell (4i,3,k) then the log linear model

représentiﬂg each p{i,3j,k) is of the form

. . g T K, _IT b SN S 1 S
in pli,3,k) = L +7; + tj + T+ rij + T +-tjk +‘tijk } ere L is

a nc—mal .lng value and the subscripts take on values imr1, j=2, k=i and
-parameters with i=2 and/or j=3 and/or k=2 are set egual toc zaro by convention

o atzain linear independence. Furthermore <3, 15, tK are the one-factor
, i 7 k
te:ms, with 1, 2, and 1 linearly independent parameters, respectively; -:
- ij
TIK, «+IK are two-factor interaction terms, with 2, 1 and 2 lineaxly independen:

.o ik 3k

pa..ra.me"ers, respectively; and tm is a three-factor _nteract:.cn term, with
AR ijk
2 linearly independent parameters. Thus, a complete description of all

prcﬁﬁbilities would reguire 12 linearly independest parameters. Since the

data contain 12 cells the system would be completely determined. The goal of
¢sntingency table analysis is to find a model using fewer than 12 parameters

but which still gives a good fit to the data.




ot

T™e test sta-is-ic or information stazistic (I5) is cormputed as

2I(x:x*) =  xw) I xw)
x (w)

wheare x{w)) = observed distribution over the cells w 2nd x (w) - predicred
@istribution or MDI estimate for the cbserved distribution.
. The IS is used to measure the fit of the predicted distribution x %o the
cbserved distribusion x. Under the null hypothesis that the model is correct,
this statistic has a distribution which is asymptotically cbi-sqx_.x;re
with degrees of freedom equal to the number of cells minws the number of
linearly independent parameters specified by the model.

The IS can also be used td test a nested cordering of models. . e x*

1
and x” are distributions predicted from two models, and all the parameters

2 .
used in the model for x* are alsoc used in the model for x , then the statistic
1l . . 2
21 x":x") satisfies the following pythagorean type relationship: .
2 1 . : . ;

2 x:x") = 2 x:x") + 2 x :x")
1 2 2 1
which can +be proved using properties of MDI estimation. The digstribution of

of 2I(x" :x") is also asymptotically chi-square, with degress of freedom
-1
ec_;ua.l_ t: the number of linearly independent parameters specified by
-x; which -a;.re oot specified by x'. This statistic is used to test whether
":.fxe effect of constraints specigied by x" but not by x* are significant.
- 2 1
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i -ve caza is COKTAB accuired

-

cinssified into 2 J=way

c:.f‘l, cJ-Unknown, Unknow Jeép,

e, Trail DusteX, ram Chavger,
Jimmy ( 14 levels)

er (2 levels) ‘

w 84 cells for the 2.0 14 observations
come. The hypotheses tested were:

Qr
the 42 combinations of year and

utcome; and

g j.n.fcmtioﬁ statistic (I.S.) degrees

alue (significance level) are shown in

of

- nested order to facilitate #he test
ab

t ig added. They are numbered according
or

. odness—of-fit af the model. The effeck
o

-f£it numbers for the appropriate models.
7 als since there were no accident outcome
n

er and 1980 x Thing.
Obs v




Tahle C1. A.na.“.IVS:'.s of Ir_‘orma:i':ﬁ Ta::ie « Single Venicle Drilitw Accidents
Componens due to is DF P
1) x(ije}, xdee k) 27 x:x")=144.4 39 - .000

1 .
27 x" :x" )= 125.3 13 . .000
2 1
2y x(434), x(+3%) 2T (x:x")=10.1 26 .89
Y 2
21 x" ,x")=4.2 2 _ .15
3 2 o L
3) x(ije), xf +3k), x{iek) 2T x:x” )= 14.9 24 .96
‘ . |

hs-i-io'ted earlier, the I.S. oumbers of the form 2X x:x ) represent the goodness-
'df-fié of the model to the dﬁta. The larger the number, the more likely will |
one rejece= the hypothesis; Thus for the test of homogeneity, the I.S5. is 144.4
which implies that the occurrence of rollover accidents is dependent on yeal
and vehicle type. This is the result we expect. The second hypéthesis adds
the effect of vehicle tvpe on accident ocutcome to the nodel by summing over the
yeéﬁrs, and th'e goodness—of-£fit number we get is 19.1 which, with 26 degrees

of freedom, suggests that we have a model which fits the data well. It also
mégfé chat the cccurrence of a rollover is independent of year given the vehicle

type. Furthermore, by subtracting this statistic from the goodness-oI-fit

nmbe.:: _fc:'ai' :-lic;:moge_neity, we are lefs with an effect term for vehicle type, which
Tég-i£5:37é£££ 13 degrees of freedom is vexy significant. The last goodness—oi-
£it term obtained by adding the effect of.year on accident outcome to the model
with vehicle tvpe is only marginally improved over the previous hypothesise.

Purthermore, the effect term obtained by subtracting the goodness-of-Iit mmber

for hypothesis 3, 4.9 from 19.1 gives 4.2 with 2 degrees of freedom. This




. ) = on & 11 LA o
: imnlies no significant effect cf vear on the occusIence o- rellover In uwrlilisty

vehicle accidents.

venicle type definitely has an

At this point then we can conclude that

impac: on the occucrence of vehicle rollover in fatal accidents and that vear

does not. Thus for all subsegquent analyses, the data for 1978 = 1980 are

collapsed and the analysis recduces to two-way.

The next step in the analysis was to determine which of the vehicles
contributed more to the occurrence of rollover accidents than others. This

was done by considering the proportieon of all rollover accidents to all

accidents by vehicle type, and ordering the list by decreasing proportions.

o
]
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Taktle C2.z Single Cehicle:. Faz:. Rollover Accidents ( 1578-1980) -

t-dered bv Descendinc Ratic ~f Ta=z: Rollover Accidents

-~
mo Rll FTate. actidents

-

{ Exeludes vehicles where totz- number of accidents < 25) -

S z=
Rollover Total standard Sz
Vehicle Tvoe |  Accidents | Accidents | p=x | Error | Cv=X x 100
(oA | 385 ; 479 { -1 : .018 { 2.25
Land Cruiser i 91 = 116 } .78 } .038 } 4.87
cI7 ‘ 104 } , . 151 I .59 I .037 { 5.36
‘Unknown Jeep l| 51 } 74 l +69 } «.054 ; 7.83
Other Jeep 1 227 1 335 1 .68 : .025 | { 3.67
CJ=-Unknown = 33 % 49 ; .67 } .067 } 10.00
" Bronco } s ‘ 202 } .66 : 033 ! 5.00
Jimmy { | 3s l 55 l .64 i .065 I 10.16
Blazer % 221 { 421 { .52 : .024 { 4.62
Cherockee { 1€ § 33 : «48 : .087 } 18. 13
Ram Charger { 20 } 43 } 47 { .076 } 16.17
Wagoneer % 70 } 35 % «28 } +076 { 27. 14

Note that all vehicle types with less than 25 accidents were excluded,

( Cherckee, Trail Duster, VW Thing), because the unreliability associated with
such small counts has the potential of leading to inaccurate conclusions.
Furthermore, although these data are not sample data, they may be thought of as
sample estimates over time, with each yeacz's reperting representing anctherx
selection. In those terms, it makes sense therefore to compute standard

errors and place confidence limits on the estimates. In this case, the estimate
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cf concern is the propo—sion P=X, “Whe—e % = =he nurber of rollover accidents and
N
N = total number of accidents. Each row of mahle C2 can be thought of as &

binomial dissyibution with mean ;-li = P and standard error S g - J Pc ’
- N

obtained by transforming the binomial distribution To 2 noermal distribution via

x - P

Z = . ~N(0,1). The confidence limits on the proportion p = x
- ————— 'JP—( 1=PY e -
) A :
are thus formed by X = Z y{3/2)X I_p('Tp) vhere at = .05, Z4( 3,20 = 1.96.
N

the confidence limits for the total ¥ are therefore computed as X T Nz (qy2)

»

[ e i-p)
J N . Table C3 shows the results of these computations.

Table C3. Confidence Intervals on Proportion of Fatal Rollover Accidents

{ Excludes vehicles where total number of accidents < 25)

Ak

_ Standard
Vehicle Tvoe | P=x l Exrror=SX | 95% CI
cJs { .80 } .018 ; (76, -B4)
. Land Cruiser = .78 } .oaa. } {«71, +85)
cI7 l .69 { .037 } (.62, .76)
Unknown Jeep % .69 { .054 % (.58, .80)
Other Jeep II “..68 } _ #025 = (63, .73} -
- EJ-Unknown 1 .67 -} 067 } (.54, .80)
Bronco = .56 l .033 { (60, «72)
| Jimmy i .64 { .065 l («51, .77)
Blazer { .52 { .024 ; (47, «57)
Cherockee E .48 : .087 { (.31, .65)
Ram Charger I W47 : .076 : (.32, .62} f
Wagoneer | .28 : .076 l (13, .43) y
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Tahle C4.  Ocoupans Fat ti-tes in Simzle Vehicle Deility Aczidents
( Bv Decreasinc Razic of Rollover varalities/all ‘FPatalities)
o Rollover a1 _ 5— cv= 5% x 100
Vehicle Tvoe | Facalizies | Tatalities | Purx | x -] X
- | 1 1 l |
Land Cruiser | 96 | 112 |} .86 | .033 | 3.84 [
- | | i I | .
.- CJI5 | 412 | 487 | .85 | 016 | 1.88
T [ | | | '
Other Jeep | 243 { 315 | 77 | .024 .| 3.12
! > { i | |
cJ7 I 110 | 144 [ .76 | .036 | 4.74
! | | | |
Unknown Jeep | 54 | 73 | 74 | 051 | 6.8%
| I : I | |
CJ. Unknown { 35 | 47 | .74 | .064 | 8.65
| { ! { I
Bronco I 142 1 191 ! .74 032 | 4.32
| | ! | |
Ram Tharger | 24 | 33 I .73} 077 | 106.55
! ] I | i
| 37 | 52 | .71 | 063 | 8.87
i | | I |
Blazer i 234 | 353 l .66 | .025 | 3.79
I | ! | i
Cherckee f 17 } 28 ! 61 | 092 | 15.08
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