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l:. :e:e:'.-- 1"e::s, --l-. e popula::--1' a-1c use of jeeps ani o--5e: on'loff :oad

s:i.f:::t vel'.:cles ':.as ::i=:e:sec, as evj'de::ced by F=oduct:c:: and re+s'-=a:ioB

::gr,::es. r ;.s --Le ;u=be:s a::C r:s c iac=ease' however' so do acciden-'s anC tesuL-'irg

:a--al:--:es. S:;re c: :5e sraalle: vehlcles have evolvcd fron or!'g:nal t!:lr'-a!y

Ces:ps , ' ih:c:. '!.ate icc'::re::--ed high incidencas of rollower accide*s ' 2

Ahe o! j e=--::'e c: :l-js :ePo-- :s to exaE-:-;te --be lncicience of f atal =ollover

acc:den--s :c: .;--:::--:r ve-\:cLes and d'et e:=ri-ne 1! one t:Pc oi veblele is LDvolved

rnote ;:eic=::1ai.-- l:r ::.an o:hers ' In adCi--i'on' oc-JPart f atatit-y rales f,or u'-l!1ty

veh:cles :riei::::ed ,.':11 be analyzed for aa exas'ination of tbose veb'icles whiclt

sees Ero:e Ca:: Ee:cus 
'.}.::1 o--5e:s.

!i . s\ru r<ri9 (J-- !,^-.r

" . - " . " * a t . : - } e a : r a l y s i s o : f a i a ] . l o l l o v e : r c c i d e n ' - s a . r e e x - - r a c t e C f = o a

--he !ia--:3::a: :j.:gi:'. -a -\' -a:::c Sa: e'-:t ACri .:st=a'-ioDrs Fatal Accidc:rt fu9c:-'i!g

.s:'s--e3 
( :iF,s ) , v:::=:: as a ce:sus of all police relto:ted accj'dc:1cs ll3volviaE

a-, feas: cne :-a:ai::1' ::) :he f::'-y sta:es, Dis'-=ict of ColuEbia' alld href-o

aj-co. ae ::iis :::e can:ajrs da--a f,roB 19?5 tblougo 198 1r honeve=r '-be

oc=-:::ence o: =o::ave: as a :i:st eve.r:: or subsequen-- eve!'- was .!rot =ecorded

un-- i l  1978.

G'e sirc:--co:::r; o! --:r!s !e?of- is that only f a--alj.ty acc j-de:lt da-'a a:e

used. Ii:',::? --he lia:ionaJ' cex-. er for Statist ics and A.Dal)rs is ( NCSA ) thele

are tso files vhic:r con--a!r natlonal cs--i8ates of st!ti--y vebicle ac.iden:s.

flF-ili---" ""i.t-.:es he=e re:e: to a subs e-- of tlre on/of'- road '-1pc nlti--pu:pos e

;)asse:loe: vehjcies as o9?osed' r-o se=vice vehicJ.es.

zof:i"u oj F:c!.a:i s:: l 'de=, :5o!as McDole, i l i l l ian Ladd al:d Dal]. ie] l 'L!nihel:--

C':r ?5aC C:ash :: ' .-?e:: e::=e o: IJtlf ::v vehieles , ESRI r Ull ive:sity of l{ ichigant

?eb- :a :Y  !96C.

:
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-'he nurnber of ut!!!'-Y vehicle
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X.:5,= ' . := : .  ' -e* ; : - -c : i  re : :  =c ied sepa:a icLy on thc 1-oB0 f i lc '  i r  1978 ar tc  1979

-- le1 '  uc:c  l : : : :1  as ' - - : - .e :  , iec?.  " .  Seref  o;e.  b  th is  a l r : 'ys is  '  a l l  JeeS:s--e:

=ocels f ;l l :: '. ic:, ' l--a.e: ieeF.' o: in some cases 'Itnkao$Tl JeeP" rld Do

canc: : . :s :c : :s  s . re: : l : :  - -3  . , / -ee is :ets  can be C:arm.

sPe.:::: =--iels, 5:: exas.p I e BLaze= artd Blarer R-10 o! Jee? CJS andl G75A

are nc-- arar"9..rr"r..:le c::.:i1e FIAS flle alrc aI.e --bus all classlfied unde: oDe

heaC-! 9.

is s--!'-e: ca:llc:, all, of thc vchicles exag-ined hereia are classifiid

as o::-:ca3 c: cf:-:o3:, vehicles anC sbare celiaj.D general chaiacie::stics '

Alo::9 -J.ese a:e a =ela:lvelY shor- vbeelbase, a hi$ celter of graYity '

s--l:fe: si:s?e:::o:: s-1's:e: and :ygica.Lly--for::-r.rhecl drlrrc. Accidells ls

tbe !.r-is i::e =efier- o:::: ' ihe on-:oad, accident experielce of l 'ttl:ty

?elic1es, a;C. --l:e:cf ::e, ccnclusior:s ,!ay di:fet somevha: :roB arral)'ses

' -^- ;  A-- - -  r  .  a : : :  3 : : - :cac er)e: !Q1ees.

*e i::! a.-.a:y:.d a:e s:ngle vehlcle accideEt ccurrts for 197s- 1980

rrhe:e :cllc:':= cc=:::ei l 'e=s';s s:ngle vehj,cle acc:.CeDis r'bege no rollove:

ocau:tea. Lss :-a:'.:ded, g:e ocft:'a.it f a--a!i--i es for t5ose t!|o categories

o i  a c c : i e : : : s .  : . c .

* re  h :?c : : :es :s  c :

. =cLicve= ve:srls !o rollovc=. ( See App€D'dix A lor raw daie. )

i::: e:es-- :s vlre--her -.he palceat'age of :olloeer accide!,ts

( o= :a--a::::es ) vat:es s ! F:::.car:,t.1y by vciricie t!T)e.

*e ::=s-- a:rai-ws !s pe:f o:-r,eC rras a -tb-ree-sav cOgt,inqa8ey tablc

ara!F:,s :c de:e::i-:lc :ha e:fe- of ycla ald vehicle tl?e g4 acciAeli;

oll '-ca3e, 1.c., :o::cvai vei-sq5 no =ollovc::, A coDtingercy ta51e rnr 1l,6is

s:a--s r:--!: r ;:3:ea'.::e er:-.icn !i--s a s e-- of pre-speclfied, bygo',bes es to data

nhlch a:e c:::i::e'- ::::o seve=ar cras s ii ica--ions - gnce a rnodel !s det er.o.itredr



a'a:res :::::." .r--a=t--t" c: :t--c:es-- are Prei:c:ed' oDe --hec colq)u-- es a

s--a--:s::3 ri:::-. 33=?::as --5e ob3e:ved da--a -'o tbe P=edi'*ed values-5 a

:es: :c= s:;--::::!::3e. ca!:::igetcy table t echnid:es a:e used on obee-ed

d,a:a, sra s::lce :.":e ai-ES Ca:a a:e ::oE' a cersus of f a:al accides--s a-Dd' no-'

es-,::e-- 3s ::== a sa:?:e' :-- :s a:r app:op=iate techrrlque' I! th:s analltsls '

ac::ie:.: c'.::=are (:'e., =ollove= ve:stls no rollover) was --bc ae?cDdent

va::a::e. s.':::e:s yea: a:ri ' ve):1c1e i)?e irere --he iadepender-- o= c)c?lanatory

va:j.a.b!cs. Fc: a =c:e cc=:rle--e cisc1:ssaon oi the lecb[lque used' scc

Agpend:x B.

=:e :rs':l--s c: --:e coa--i$gency -'able alalysis 5fiered d:a" t]le ocEr=ance

o: a :o::cve: ';a.s :::ie?e:rcen-- o: yea:7 g:ivcr vebicle i:E)c' tlre:ejote' the

va:j-a.!Ie -iea:' eas =e:3ved j:on the nodel' Dala ite:e c€LLaPs cC asross tbe

--l::ee yea:s a'--.:: ': '.e a::a.lys:s :cduceC io a tt,o-ray t!-ble'

^'. i-:":<:< :: --:e --i,c-$ay --ab!e was done usirg PloPe-'ies of tbe

\iF^-irr Ai <::':,!1:- ic.- s:rce an acci.den+- ilrvolvieg eaC:' vehicle '-:?e resulted'

";-r" ."="__".,.= ", no =crrove=. po=.,,r.tr"s tbe deea as sa*rre dara

.--F 'F :!c:!:: ia--:o::, ve call calc'ulate tbe uecessarl' s:allstics for

tes---tE key t!?c--res es o: lite:es'- rela--ing io tbe da!a'

IV. S:}ic:-E !E:-::3- :.:.:ii_R9li4EE_4qsDEmS

Ls Be:r:iotea ee:I:e:, t 'he !esul--s of '-be conllDFBcy Ca5le analSis

Eu,qgcs-, :he !ollor ::r9:

1) tbe:3 :.s a s--!oDgf rclatl.onshlP bctvecn 
'--bc 

tfTt€ of velricle

and ocai:=:ance o: rollover in fatal accidests; ald'

2, -i.e:e :-s no s!.9trj-ficant differerce il t.|e Pat-'e::: of fa!a!

:cllove: accj.den:s .tn the !h:ee yeats 1978 - 1980'



G:se:: :l:,-. se::.j :::.:l ':s:::.. 1-- ';as <ie--e::inec --ha: '-he daca ccurc be SrEEed

as:css : 'e :=s : :  : : : : : : - -a :e : . : :  e  : ie ! " : : :  ica--1on o j  ' -hose ve! : icLes wi th

^^-- - " : : - - : : : :s  :o  :a?al  :c l love:  acc idents '

c:::e:-3::':; '-:.e ia:: ac=3ss :tea:s p=ovides -'bc follor'ring tvo-i'ay tabl6 '

L-l--:. ve|.:::c, --1=e: ::le:ea b:' desce:rCl-:rg Progo:-'ion' of rollove:s to all

: a - -a l  a3= :  j e : - - s  I  \

? a : l e ' 1 .  S : : . . : e  ; e . : : 3 f e lcciaents bY De! selgln iatLo ol

(  l )

Veb:.cle a-rpe
Rc 11cv e:

Lani C=::sc:

t- 1''

gnkloL:, .; eo-!:

ehe: .;ec?

CJ-g:ts-rou::

Che:okec

Ba:r Cl'.a:9e:

l la 9o:lee:

( 3 )

lotal Nr:nbcr of
FataL Acciden--s

,

179

I t 4

? ? <

49

421

43

t <

( 4 )

lat lo -  (  2)
|  ? l

.  ato

. 8 0

. 7 A

. 5 9

. O t

. E'Ct

. O O

. 6 4

.52

.50

.4e

.24

3e5

9 l

< t

t ?

1 1 1

35

l .o

? o

ic:1ove=s,/i11 fa:3!- i 'S sl dent:

t o ? t -  l O  a n

;cc: ien:s
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Eac! :o'r !i --:t e --35Ic ca:: be '-bougrbt of

Ei-_h --he Da:&ne:e= "p. belng --he P=oPo--!on

lccldeEt,s. gecause of Prcb.IeEs of reliabili iY 'ssociar-ec witir suall saqrle

sj-zes, e!iu.:na+- e --be :vo vehlcles f or wbiCr -'bc goial aunber of acclients

: o r - . h e L h r e e - ! ' e a : P e ' i o d i s l e s s t h a n 2 5 l ' . c . , c b ' e - r r a j . l D u s t e r i a r r d t h c

-1*r1lg. " 5e 
'=err,!aing webicles wll]. bc a.Dalyzld '-o de!e:!td!re gtrlcb age

uore Iike11':o livolve ! rollover i:l a slngle vetri'cle :a--al' acci'deRt

lle ques'-lon of Utcrest tt *t" pol-at !s wtrcthcr oDe o= nore vehictcs

a:e Eote likely than o-le=s to b€ lDvolved Ln a slngle veb'icle fatal =ollovcr

acsj,de$t. lhis nay be adC;essed by eoapu'-i-ug variances arld confidcDce

l B l e ' : S a l s a b o E t ' . - b e B e a a s . T l e b l - n o r t r i a l d . i s . . - i b u . - i o E g r o v i d ' e s e s t j l g a - - e s o f

tlrc ueaa -a:rd, 
va:iauce by a ttaD.sfoFatj.oa to tbe no:oal eis'-rj'lutioD lrj'tb

Bearl ze:o a:rd s--anda:d devlatioa onc' lable c2 ia Agpeadix C sbcnrs the resul--s

of -.be abowe ccsou--a--ions, as ve1I as --5e ccef :Lcie3'- of rra:iation fo= each

veb:c1e tIE)e. rhe coaiidence LLBit,s ale shorra is Bab1e C3 of APPeldl:' c'

ajBd FaPhj.caUy j-n Fi 9u8e 1. lle dilference !D --he trldtbs of tbe i!te=!ral-g

i.s a-,',=i5uLa51e --o tbe slze of tbe striadard e=:or of tbe est:"ErEre'

as a L:Irc=-:a: C:stribnrci-o3

oi rolLo';e=s i-rr aff fatal

, i



fa.ble c5. Conlidence :::E--a:s

@:j:-:-::::s:
- -l Fatal-i- ' ie!

Es--i-Ea--es of tsoPor-ioE o:

s _ -
da=d,

laad c:]lrl-ser

oebcs Jec!)
. . .

EDl('tor,:! JceP

C.T Eu)<aosa

!ta-E 6a.:cac!

B:.atea

6csokcc

. 8 6

.s5

a 1

. ?6

.74

. 6 1

. 0  3 3

. 0 1 6

. 0  2 4

. 0 5 1

.064

.063

. 0 9 2

(  . 8 0 ,  . 9 2 )

(  . 8 2 ,  . 8 8  )

|  .72. .a2)

(  . 5 9 ,  . 8 3  )

(  . 54  ,  . 84 )

(  . 6 1 '  . 8 7 )

( . 6 8 ,  . 8 0  )

(  . 5 8 ,  . 8 8  )

( . 5 9 ,  . 8 3  )

.  
( . 6 1 ,  . 7 1 )

(  . 43 ,  . 79  )



R=Sr-:S

Cnce veL:c:e :pes ui:l: ' '-oo sE:l1 a sa:qrle size are aliE-ina--ed'' tbe

da--a ::i !a5:e 'l s:1ou ail o: :he u-eeps anC tbe I:'Dd C=r:-!se: as beilg,roos--

Iikeil ' --o have a =clioee: an a :a:al acciden! ' consideration of --he des ig:a

aid s--:tc--u:al s:=:!a::--y of the Land c=dses to -'he Jeeg off e:s sooe

ex?Iala::o:: !s --o tl:rl, --5!s vehicle ( f'and c:-uts e: ) ltas the seconC bigircs-'

progo--loa c: =o:love=s Pc: fa--af accldent' AEong thc Jce?s' tbe cJs has

th€ hiFes-- !:=opo-- j.on o: :atal lollovc= accide!:s '

"'r r.tdi.i6n- --he da--a shctt the Brgnco, JL@y, Blazet, Gerokec .rlrd RrE

CharEe= as 3al!:ng bclctr '-he JcePs Lu te!8s of tbe orde:iag by propo-'ions '

tlre like]:-irooC oi having a rollove= !: a fatal acciaest fo! tbose vebiclcs

va:ies lios 0.4? --o 0.66. FinaLLY r tbe $aFneer has the sEallest' PloPorii-oB

ove: aII weh:cle :15>es of :olIove= for !rta:. rccld'elfts '

tn h!?o:hes:s o: :-3--etcst is at uhat poilc Co tbe naans bccone

sigrr:f :ca-l)t C::: e=eltt :=oE tbe bi dtest oDcs. A test on tbe d'i:f erclce

be),veen :he Eeaf, of --he CJ5 sit! aJ.I otbcs vehl.cle t:'Pcs ls Pe:forrea' Al

the 95i con::de:rce level --be --est resul--s sbotr oo signifi'cllt C'if f aresce

5 glre aea: jor thc CJS when cougared -'o tbc LaDd C!'r:Ls er.



Eo?evc:, :he=a is.a sign::icat:-' Cjfib=ence L'he= co4tarad --o all othe=

vehicfes on --he lis'-. Talle 2 sucoa=i zes --:ese da--a ' FJ:--he: we:i-J!-

cation of --h€ :!:i:D5 is eviden-- in two-way chi-scnra=e alalyses of thc

cJs ve:sus --he o--he: vehiclc tlT)es ' For the test of no si'Fi:icaBt c::f e3-

-eDca b€tireen tlre Be!.::s of the CJ5 and l:'nd C=u-!scr' :he coq)rtted chi-sguara

valuc !s 0.21J, Ettl.cll elearly ! alts si-!5j'a t'bc accePtaDee region' 6us iie

can conclude tbere !s Eo sig:t!:lcant e!!:creDcc bcllteeq tbe CJS ald Tol'ota

La!d. cn:lse:. Eotrever, tbc two-way a.galyses v-lth all oth'a veblcles and

the CJ5 sbow a sigrrj-ficaat Cl-:feralrcc betveejr tbc tl,o !rca!!s ' ( 9ee APlreadix

C f,or c!.i-squnre :ralucs. )
::'
,!

. Elb1e
519n1l.!caace

. ^ -  t t ^ l  1  ^ r .7

2. vallre
lests for

Accidetts

of z-sgatisclc la
Dlfference B€tse€.D'!{ea.e3

@rEsrison of cJs
H.a!  'u - i th . . .

La$C Gris er

Fl",

UDkaowD Jeeit

Otbcr JscP

CJ-.oDkaorJ!

llroaco

,tL.Esy

ere=okec

i€.8 Chatge!

lJag€nee:

a t  o ( -  . O 5 ,  z  - 1 . 9 5

o .47

Z . > 9

2 . 4

4 . 0 6

2 . A 7

8 .89

4 . 3 0

5 .  1 0

7 . 0 1



1 1

Da:E a:e io-- ava::alic :o::5e c:'-ego=ies O--5er Jeep' CJ-Onknor*a !!C ltnicfld*!

Jecp.

ilbe- --he eu=5e: ci :oltover accideu--s for 197S-80 at! aivideC btt tbe

apProF=:a:e =egi:s--:a--:on Jigru:es, r'e get tbc follorbg orde=i:rg of veLicles

by dec:easi;rg :a--al :ollover :ala:

ta5le'. 4. Fatal iollover Accldelrt Rrt es

vcbicle 1\tD.

aT<

l,ai3 c:u!s e=

Jl@y

FaE cba:gc:

trail Dustca

I of Pata1 lollovet
Accldcn-'s

3e5

9 1

104

133

35

7

20

6

r5

10

vebicle Yetrg
of Reqistratior:

734,432

19�4r3e1

' z g ; , 9 g 2

1,2'83 ,7 44

e32 . 168

'  
227,A56

63 , 183

164 ,58  I

75,642

329, 1 15

320 , 154

FataL Folloves
Accldelt Sate '

( per 100 ' 000 reg|"is

? R

16

l (

1 t

I

s

3



cc::s:s:ei-- ..:--|. i:eriot:s 
--ables' '-be- iee!:s :

leai :he ::s--. :lc =a--es io: --he o--bet veh'icles

:ive of :::e =e-,::::t-i seve:: ( =:::lg' BaB oarge= ' !r:r:1 Duster ' ee=okcc alre

t:agince= ) i.av.:::c : eeei --han 25 =oilove= acciden--s f or tbe --'b: ee Yea: Pe:iod'

Agaia we =!--. ::.--o sEa:i sa'q>le es--!Ea:ion problets ' anC rn:s'- bc ca:eful

a.borr- --hc .::=--e==e:r:!on o: --he =esulgs '

Acc:--1o::!l- s:9:::f:cange 
'-es--s car be pe:f ormed to deterrinc the

dllfe:ence be--eeen :a--al :o!tove! ra-ecs associEted-vith e-acb veb'icle tl '!re'-

Each :!,--a1 :ollove: ac3ldes: :ate caD bc tbougbt of as a Poisson dastribf-ioB

i.he:e the Ea:a:re--e= ) equa].s lhe squa"c ros! of tbe ausbe: gf, fE-*at toUoo"t

aciid".--= cir:ded 5-v --be vehicle Yea:s of registratlon (pe: 100'ooo lcgiste=ed

vchicle yea=s). =-:s Fves us che va:iaa": "oU starda:cd deviation of thc

{is--r:5r:--:o:i, vi-:cb allors oae '-o corylr-e ccnfideace i::tervals b tbe ust'ral

eay. TaSfe 5 snc"rs :5e =esuL--s of --he a'bove cc4ru--a--!ous '

:t, -7'. an:: La.rld c5u:s e=

s:e less s:::-k!ng rtilh



:a:!e 5 . Fa--e:

I  .b::ssc;. =e,: a!. : :  e -- e:S

?otiove: .ic=:ie:rt 8a--es
f'nte=r'a1s )

Ve!.-rc L e ].=e

cl5

L.nC C-::s e=

Blate:

JlsoY

Ra-E c'ha:ge=

T:!i I Dus-- e:

e:erokee

9laF:ree:

(  X r -  X r )

. alrP=ox:52lt!on :s

there fo le ,  fo r  a

ia : r :  F . : ioee :
ica :3e : : - -s

3e5

9 t

104

t ' t ' l

' r R

7

6

t6

l n

o, . . r  Va= ianc t
.:--

" q

n

16

.lE

1 1

5

J

2 . 6 1

4 . 9 0

3 . 4 7

1 .  15

1 .38

2 . 6 0

{ . ' t 9

2 .42

3 . 2 4

1 . 2 1

.98

Standa:d
Devia--i-on

1 . 5 3

1 .  8 6

1 . 0 8

1.  18

1 . 6  1

2 . 0 5

1 . 5 6

1 .  8 0

95r Cr

(  4 8 . 8  ,

( 42.1 ,

(  3  1 . 4 ,

(  1 4 . 8 ,

(  1 3 . ? ,

(  r 1 , 8 ,

' (  5 . 9 ,

(  7 . 9 ,

(  4 . 5 r

(  2 . 8 ,

(  l .  t ,

s 5 . 2 )

5 1 . 3 )

3 8 . 6 )

1 9 . 1 )

1 8 . 3 )

1 8 . 2 )

1 4 .  1 )

1 1 . 5 )

7 . 2 1

4 . 9  )

:*le ccE?a:iso:r of ?olssoD obs estatl.ons asstJaes tbat thc accj'dest ra"cs

X1r X2, ...1 x1 a:e lndegenden-- Iy dis:ribr:t cd rrl-'! PasutrBeee:s X1' )2' "" );' '

o E d c a : - \ c D s : l ' t : F o - - \ e s : s X 1 a r d x 2 r i 1 : - b o t ! b e a P P r o r i s a : e l y a o = a a l ) ' y a ! s t = i ! t f ' e '

---r ^-\ r-a ?'-irrl.. appro:<I-ost ely
;.ndegerrde3--l:f Yi:h €:q>c€,a--j'oa\ asd va;iance I' so X1 - X2 rrLLL bc

noroally ds--=!bu--cd wi--b w!t! €:q)cf-a:ioD, zcro a:ad-warla'aee 2) ' llc ca!'

cstiEaie 2X as x.l + x2. E'lrs uldc.s tbe auLl b5>ot'basis ' tb' aisfsi'buiio! ' 'l

is a?p:ox:rately aorzal. rri--l: nc al z!|'ro aDd varlaace ooa' Ehfs

i-trFroved b1' !.:otroducing correaioDs for coBcitluitY'

:est a rain.f- arr aLterDative bl'Polhcsls X,t Xa ' the aul1



h ypo--hcs:s

whee P 1 - o( :s --he valuc ci

I  P t  - ( ,

i x l  +  X 2

--hc ':ri-, norral deviate at t}:e appropriatc i1 tcvel'

=:e :esu:.--s cf :I:s --es-- on &--a fros fab]e 5 sbotrs th at !n cotrPa=r-Dg

ibe :a:e :o= &S s::!'. a:'f o:hcr vehicle --l?es ' t 'hc nuIl hlpotbes is is not

!e jec--ea fo: :!e :a:ld c-;ise: a:rd for tbe CJ7 ' Ihis nea:s tha'- --bete :s no

s'-a-.:s-- i ca1l y s:F':!ican-- Ci:fetcncc l-o tle !aia1 lollover accideffi ratc

fo= --be cJ5; La-'rC c=i:sc: and CJ7. Eoeeva!, there !5 'a significaat diJferelce

b4r,cer '-be =a--es !o: cJS and aL! other vehlcle tyPes ' A s j-clla: colq:allson

b€r-rcen L!:rd c=:.:s c: altd aII o--her vehicle tl'Pcs slrous t:o signl:ica'Bt

Ci:=e!e::ca !:l -,5c :a:cs :or Ian C c'lris cr and Ct7, bu&- EignilLca[t &iffarcDcrs

be:geen Laij :-j:se: aia at:. othe: vell-iclc !l?es.

rPer  100,000 rcg is- -e led vehi .c lc-years



O:a-i-\: F:.:::::::S ::.- F;.:.:: i3::'CvE'-3 AC'-'!!::-<

;!s t:::a ::'.. a:-a:yses ci s:::gie vel.icie 5:::'3e:'--s ' a cor'--lDgencY --a51c

analys:s cf c:=:pa::: :!--a::--:is by yca:' vcb:3:3 ::?€ arld oc=r:r:ence 
-of

:ollove: acas ::3 aa,a:--io!1a: i::3:3a-'ion rbea a:'a:yzed by yea: ' lrus the

da--a a:e s':!ea a==css :tea:s a::c cisPla:ted !n Eable 6 by desccndlng ratio

oi :olioge: :a--a::::es --c alt !a--ali '-ies ilvolvilg lf-il l}-y vcbiclcs '

?a.blc 6. oc-rPan? la--al-lties in Siagle vchiclc Fatr!

n:!::--y ;c=:dcn--s bv D"t;;clng R"ll: 
-": ^F"llover 

Fatalitlc:' '/At:'

f  a - -a ! i l - - ies ,  1978-80

(  1 )

ve ! . :c le : .J re

i,an C C:.\is e:

-a:f >3s-- a:

O--h e: Jce.3

F1 , '

Unk:!ov:: Jee?

CJ-O::J<royn

B:oDco

laB Cba39€

ii-@Y

Clre:ckee

$ag|onee:

FoLIover
lataIi-- ies

6

243

1 1 0

54

? 3

142

234

17

6

10

Fa'-aIi:1€s

1 1't

7

4A7

i  t E

? ?

19 1

? l

52

? <' l

25.

t t

\ . ,
Fatio - ( 3)

. 8 6

o <

. 74

.73

.56

. 5 1



=::=:::a::::? :,::cs e ve::cle :)?es wi--h less -]a:' 2i ja--aE--ies for cbe

:I:ce :,ca: !rc::oe ( -a:: Dr:s--€! r Si:rg' Wagoneer) laawes an orde=5g ve:y

si-!a: to --5 a-- desc::5!n-c accidcrf- ocqltence' fhe Lr!' Cruis e= arrd JcePs

bave --hc !::Fes: Pe=ce-!!gc o: :a--atities Pet talal rollover aggldgn! ' vLtlr

' -lc fu.= c5!.:qc:. J:-::t, 31aze: and Gtcrokee bavlng sli+tly sllallc!

Perce:--ages ' !h':r :es--::19 --he cilf e:ence bet!.tee5 tbe Eea'D's ' ec f ind tbat

tl:.e=e j.s :to s:F.:::caii *a:."to"o bctween the neaas of the cJS vs LaBd

-..eulse=. cJ5 vs cJ-g!}bor.D' and cJs vs t(al! elargcr' Eherc is a 8lgli:icant

c:::a:e::cc be--ee?:: --5 e tlcar o: tl" c55 witb al-:. sther vcbicle tfPes '

D?c:: exa.E'::::ng --hc d3:a in table c4, lbc flrst coacluslon a}oge bcccacs

-. solrcitha-- obriocs , -lra-- is , --he nea'us of tbe cJ5 and t:nd crui-s e: only dlji er

b1' one P€:cc::--!gc Poinc. lbe othe! !rc c€q)atisons lte so! ls obvj'ous trut

the srr::: jac.-o: iavolved is --he relatively large slandald crrots on the

es--isa--e o: :he Dean :o: cJ-ODXDown ald Rr'E C!a!ge!t rcsuLllf,g froa t'be

sEal.l sa.ryle s:zes. D'is llE)J-ies I'ba: tbete L5 Doc a lot of Preclslod

assoc:a--ad L.i:5 --hese cs--i!ates. gesce, lbe tef- of corya=isoD rjltb tbe

B'ean of --he cJs =esr:l-'s ir' --he ulex;rec'-ed ccDclusioD''

ACC:::onaI --ests o: tbc C:::c-e!ce b€luce!' tbe ncan of tbc La! d Cruiser

al'd ot!:e: vch:cle :]?cs sbo!" Do si FlJic€lt dlff ereuce bctrre€n I'r:rd' cruisc!

as corq)a:ed go '-hc c.r-7, CJ-uD}lotra, otber Jecp aad xall 6a59cr' ahc vt'}res

!or- the -- es-- s--a--!stlc arc srrca.rlzcd la r!,bIe 7. Ebc lest o! tbc Land,

etlis e: vi--b ttsknoirn Jecp ls aa:glant. $e conc]'udc tbat lbis fatibc!

sulrpor-s --he h]?sthesis of '-be !a.::C ctrris c: aE'd JeePs bciag 1l1 a Parti6dEr

class as :ala-.es :o :ollovel acciderts alrd tbe reslllt.ltrg OccuPallt f a'-a!i-'ics.



?able ?.  va lue o: t-S'-r--:3--:a !n S!.gn:5icalce

Tes--s f 3= :::f e:etcqEg: !1eans i a:

C:.l::s er

-  ' 0 5 ,  z -  1 , 9 6

a - F ' - , 1  . ^ -  ^ r

CJ5 Y.ea:: v::::.. .

of Lane
Hean w i ' -h . . .

Lanr d C5q:s e:

Cthc= Jec;,

gDk:ror.3 Jccp -

CJ -O::,knol':r

F!'a Glragc:

J1:ny

BIare:

Gle=okac

-0 .296

2 . 6 6

a  t a

2 . 2 6

i  1 . 7 9

3 .  1 t

1 .79

2 . 4 7

6 . 2 0

J . 4 t

O :296

1 .93

1 . 8 7

1 .99

1 .70

2 . 3 3

1 . 7  4

2 .22

3 . 9 5

2 . 9 9

F l <

tr-hct ,teeP

Ud(]loi{n JeeP

CJ-Onkrtolla

Brotrco

Fa.8 C'batgc:r

Blazca

Ctlerokac

15 r.i--h --hr es::!et,cs o! accLtlcat ccE ts' confldetrcc tritc-als !o3

lollove: :a-'a!:--ies uera coq)uted and 4isplaycd la F19u=e 2' tb'is figure

shors nrc-\ Iess va:!a'-i'o:t in the gro9alii.oas f or f atalitles tbaa obse-ed

for =ol,Iover acc:.den--s, (a 4!!f e=aice of 25 PerceElagc Polnts !s oPPos ec !o

52 2o= :ol]ove: acci.d'er--s ).



'  t  ^ ^ i

I
I

. 9 0

. 8 0

. 60

rPof,ioa

L].over .50

r -' ' -s-::e - '

cc : - . t : : ' - i  - ' -  : ' - : :  " ' : : ' '  =? - - : :c  P=oPor- ion o!

! : : : " - '  ' : - - i : : : : e s  { c (  -  ' C 5 }

CJ7 Unk CJ Eronco
Jccp t ak

veh!-cla \Tle

R!-E JljoEy Blazer Orerokee
6a!Fr

ff
4

L
I

I

J
I

:

.t
I

L .
I

Land CJ5 e,hr:' 
Jeep

t_
I



19

:
: '  .-1e c:s::a--:  a-- :a-- a .- l :

;s ,.q:--|. o==.a"--- cou--r--s; -;1c ::usber o: :e+sta:ec vebicles cao be used

as the den3=:::a:o: ic: ca l- cr:la:'i j l E octuPsDt fatality =ates fo: ihc ei:f eref-

vehj'cle :-rpes. ?re ioflow::rg --a'bLc slross -;ba f a--a!ity ra--cs b descending

-  ord€: :

Frtallty lrtct

I of lo]-lover
Fai.a11--1es

vcbicLe-Y"-ats
of Resi'st:ation

Vchi cle ?.r=e

st5

!,!rd crrisc=

BIaze:

Broncc

JIEY

RaE, Clratgc:

Eel-:. Dus--e=

6esokec

llag|oBee:

1 p .

96

1 1 0

234

112

J I

24

6

5

55

49

) l

18

17

16

t ?

c

8

5

?

. 7 3 4 , 4 3 2

194,58'4

293.992

1 .283  ,7  44

832, 168

227,A56

184 ,58 1

63 , 183

75,642

329 , '�l16

320 , lto

thls ordering o! veblcle t)Pc by fatall.ty ratr is idsreical !o tbc

orderi:rg for accldelrt rate, !f tbc itosltioD of &J.ag aBd i€! Gargrer !a

Ba.blc 4ls b--e:changedl. As Ddted belore, tbc Yehiclcs rrttb the s;tla'llest

n l o b e = o j r o l l o v e r f a t a l i - . i e s a l s o l r a v r t h c l o r ' e s t r o l l o v e r t a l r ' l l . t y r a l e s .

.Ls in -'5e case of fatal !o!loec! accl-dcscs t tcsls caa bc Pcrtolaed to

'dete-ine --he s:grlfica$ce of the &ifterelces bctvec!' ocsuPaat lollovet

?abla B. occuPant Fotloeel

Descenalnq Ordel '

vcblcle-Yea:s )



:a - -a l i - - : r :a - -a3 .

ca: ob--a:.:: -je

q  - ^ - -  r  i  - .  - h .

v€hlcLG Bv?e

Llrld C51:s c=

Blazcg

. Ji-@y

. lan Charge:

. Trail Dlls--c3

. O:e:okee

lgaFDeel

3cns: de=59

va:::::=e, anc

:es!:-L'-s .

aaclr :a3e-

herce ---i: e

as be:-:; !::s s ::. 3::':::::n:--ee' one

pe:cet:-- a3i-:: 5e:3'c -::ni:s' Table

lalle 9. OccuPar-- lolfover Fatality ilrl cs

lollover
f a'- rlit i cs

' t t n

234

24

a

6

@=.

2 . 1 6

5 . 0 4

3 . 5 7

1 .19

1 . 4 3

2 . 6 5

J . O O

3 . 2 4

1 .25

.98

Sc!'jldr:d
Deviatlon

! .  o o

.  
1 .89

l .  09

1 .53

L . 9 J

1 . 8 0

l .  1 2

. 9 9

95r CI

(  5 2 . 7 ,  5 9 . 3 )

(  4 4 . 6  .  5 3 . 4 )

(  3 3 . 3 ,  4 0 . 7 )

(  1 5 . 9 ,  2 0 . 1 )

(  1 4 . 6 ,  1 9 . 4 )

(  1 2 . 8 ,  1 9 . 2 )

(  9 . 8 ,  1 6 . 2 )

(  5 . 1 ,  ! 2 . 9 )

(  4 . 5 ,  1 1 . 5 )

(  2 . 8 ,  7 . 2 1

(  1 . 1 ,  4 . 9  )

8rt cr

49

J I

18

fl

16

t?

o

I

5

3

Are ccE?a:isoD o:

{TF-,
tat,a! =ol1ovc= acci.d.etrc 8!t'es. lhcte l-s no

. rr- . 0 5 level bc'-wec:t thc occrrPa-at rollover

I.€,$d. c=uise:, cJs al1d CJ1, and La:rd elriser

sl'gal.f lca.at, diflcseace at tbe

!8tallty ralc for tbc cJ5 !'Jrd'

and CJ?. Ettets is a tigal!!ca!3

..Dy 'evo Poisson obseraeions

l'"i.elds ideBtl-ca:. resul-:s as

via tbc tra:rsf or?ltioD

tbe c€EParisoDs o!1

d.j,t: e:ence be--!,een --he aatas f or 475 a-ad all othe: vebicle t)'Pes, lbe Land'

Cruis e: a.oC all o--he: vehicJ.e tlT)cs as

-  1/2\  -  r . ,  + \ /21

lOO,OOO regj.ste:cdl vchlelc-ycars

vell as tbe CJ7 a'ld all cther vebiclc



t :?es.  Sus :ne i : :s- -  - \ :ee

rotlove: :a'-al::y ra:es --Lat

veh:c l i  : :?es baee

all o-'he: vebi=Les

s: grd:icar:lt bi glnc= octl'fPer-

ir tbe --abic.

Fa:aL::v Fe-- es Pr: OstJlaDev

tF-lli::-1-q aYe:lable d3:a oa

a ei.::e=e:r- Eea'su:e fo= :ollover

Dutlbc! 
--o5- oceuPat:s is ava!1abfe

occnPancy pcr vehiclc ' one l-s aSIe to **o--'

ocsupaj:+- f atall.ty ratc' S!nc! tbc cout-- gf

:or a:.1 vebiclc !1tr)cs, tlre eltLtc ]-ist sf

tb:ee-yea: Pc:iod

AabIe

1 9 ? 8 - 8 0 .  (  * e

10. BDItovc=

Vehicl e Trrpe

c,J llnjclosn

Isnd c:ui's cl

g*Dolf! .iccP

otbe= Jeep

67

BaoDco

'  ' - * i - -
,'*.'

B!Fneci

alazcr,
-.

FrE 6at9cl

6c!okec

Btail Dlrsi et

Fata l l t ies

to

54

243

o

2�34

J '

' l t

6

ocsuEaltl

oz

Le4

104

412

214

8 1 2

2A2

20

4g'2

57

92

46

vehictc :]?€s sa:l be olde=ac by d€gcetrdj'l]g occrJP!-r]t fEtdity raic for t'bc

Tablc 10.  )

ocsu?a!'t Fatalitles,/OcsuP'JlcY
(  19?8-8q

Fatali!Y
lltcr

f O . {

5 1 . 9

r r  R

s  1 .4

5 0 . ?

50  .3

50 .0

5 0 . 0

48. 5

4 2 . 1

40.2

3 6 .  9

35 -3

rPer 100 occ"4tants.



'  

*= s'::b' la--al:-- \! :2-'2t 
'-'-"' 't :" ?" :-'="'-'ro=' azca as a base' --b e vehi'c:-'s

v i--h --5e :::g:res: :a:es aic Jee=t ::' ': luc::rI lbe llagonee: arrc (tra:okec) ' ard

--5e La$d c=j:se: ' rt --!':5 ':ie::ig o: :a--ali:y tt:"s the ltttdr c=rtis e: bas

a highe: =a--c -'rai' --he Jec?s 'Ji;h a 
'r:ro'ro trodel ( cJ5 a'ra c'l?) ' Ecrtrevei r !f

- l'e pe=f o:o r-$g --e9-- '-o co6?a:c 'a--a!i--y :ates Pe5 cvery 100 ocerrPates t !o!

:" . exarq>re, *e ror:f c :!nc '-\ai --bc onf )' slgnif,icajnt 
dLtf,eletrce lies betrreco

thc htglef- B:re tle lo'tes-- rtt('s ( cJ-onjgroft! 3sa tlail Dus-- a; ) ' A'il dche:

co4ta:!s ous do no: t"jt-- 
*'ttt aull h:'!)oEhe5!6; lbcreforet tlrc=e !s Do

g t a t i s t ' t c a l l y 5 i g i a : : i . c a E e l f . e l e l c e . o b v i o u s t y t . b e u s e o f f a i a ] j , t r e s / o c a a P a l c y

allcrr|s ve:y l::-trc dis c:ieina--ion 
go bc l|ade a'Bong the fourteeq vcbiclc llTtes '



coNC?,lSrONS

*-:s = epo-- ?:es e:l--s

iivolveC a :o!love=. a:ld

'-]re follov:ng conclus lons

a: a:al5is o: r--::::: re:':c! e :ata1 acciden:s whicb

'-be :esul'-:ng f a'-a:::: es o: tbe aAi'S i:fe' 
.oseralL'

ray be e:afll froE tltc data PrcselccC:

V++clca if 1--h Ld{es'- R!-- "s

1. Cre Jee!.n-ag|oDee= anc JeeP orerokee bave 3!!tk59ly lowe: ProPcr--i'ons o!

:ollovc: acc:ae---s'ald rollove: occ'uPaa-- fatalities thaa othe= Jeep vcblcles '

Glwen --]rei: :.nvolve.Ee!t! 5 a f a--al accldcn-' ' '-hare ls less t'baa a 50 Pelccf-

cbancc tha: :!e acclden: tnwolvea a ro:*lovc: as coqrased to :atal aorollovcr

accident, alrC less --bar 62 Pcrcellt of tbe ocdnPallls killed j5 :ata1 accldents

eere kl:-1eC :n rollovar accides--s'

Ihe tsagonee= a:1d c:te=okee ta!l]< fou*'h a:rd !:-f:h ifl desccn{lng ordcr o!

:eg:s--=rec vehicles ( a:--e: Slaze:, Bronco asri CJ5 ) ' l:rr- bave '-bc flrs'-

. a r r C c h i : t l l o t r e s - - P e = c " s t a g e o f ! a - - a l r o l l o g c t a c c l d c t S s '

3. Ebe :rr5g, naa erarge:, Ea:l Dus--e=, Ge=okec aa'd' $lagroaee: bavc tbc

Iowes-- f4--a1 :ollover accj,d.elt =ates (pcr IOO,OOO regiislercd ?chiclc yelrrs) r

as sell as the loees-- !o!Iove: occuPasc fatau'ty =ates (Per 100'000

rcgis'-cred. vejrj.cle Jaals ) .

velri cl-ca eii-h Ec*t!E!- l!!E

Glvcq a latal lccld'edt ilt?olv"irlg a utilltY vcbicle, ltc Jccp cJs ald loysta

Lagc ellise3 a:e laore J:LIeIy to bave :ollcd ove: tb aa an1' othcr vell-clc

t:T)c .

oceJpa!!-- !ata!i--ies resul--i3g f=on r:titity vebiclc fatal accldcnts rrhl'c!

lnvolve a =ollover occu aore frequeuely in JeePs ( exclECbg tbe llagonee=

a.r1d cbe3okee ) and tbe Land c=uise:'as opgosed to the otber vehj-cle tl?es '

4 .

5 .

' {

.i-.,-



!:5 e:e :s no s-- a--:s--l caLIy s i gn-i3i carrt C-: eielce belFe:n che rollove:

acc:de::: =a:es atr' oc-J?a::-- iaca!:'t:t ra-' e-s ( us:ag vehicle years of

rcai-s:=a:ion as --he baee ) :o! the CJS, !and -lris er ald CJ7 9ive1 t'bat

a fa--al acc:den-- has oc=r:rred.

Othe-

7. Ee=e 1S .no sigeiflca::t aiffe:e.nce in tbc nca[ lor occuga8t fatallties

j.:rvol,vlDg :he cJ5 rrben coryarcd to tbe !,a-ae euiser. CJ-Eukaotrr and

Fa.E' cb!:ger. tloweTar, tb€ Pri.t!ar], cont=i.hrtbg !a--or in tbe casc of

tbc CJ-Unkaorra and RaB ctlarger is tbe la-rge war5'aace assoclatcd vi--b

. su:.Il sa=ole sizes.

8. tbe:e :s no slgiaificaEL Ciffersrcc ia t-be ocsl+)a!t, flgality rat es fot

:all blrC two vehic:,c tYpes ( CJ-Uaknorm a:rd lrail Du-ster ) nhe:] thc denoolll-

. a--o= is :ocal Durbet o: oc:!.Pan:s as oPgoscd to rcgast=a'-ioD d!--a'

tbese conc).usions a:e based r*rolly on tbc d'tta Prcscltcd 1D thls rePof',

rrb,:ch is soEesha-- b j,aseC becaus e 1-- coasid.e:s oDly fatrl' accidelrls. A H'- e=

pic--u:e tlay b€ obE,aj-ned, by analyzi:rg al-1 accj.deats iavolviag utl-l!'-y Yebj'cles,

on-road and o::-road.. csapalisoas Eay als o bc tlrde rgabst PasscDger cass as

olrposed t'o .llBilbg a,u aaal]Zsis. to rtt.l-:.lty vrbieles.

For a coEE!ehcasivc a8al]Ela of r r r oa.-road aecl'dlclts irrvolrf-ug ttcl!!!y

i.-.: i : . reblclcs lor .s.elected. f-atcs, tbe lcadc! l-s rcf c==ed to t ttublica'Jon by tbe

' ., ' - -Ei ghwa:' saf eiy Res ea:ch La.s'-itrf,e of tbe oaiverslty of uicb,lga-a. llbe rcpori

is eltitled 'On-Ro:d Csasb D<pe:1cace of Etillty Vcbictes" lnd tbc atrib.ors

'are Richa:d G. Snyder' thotras L. UcDole, wi].ua.B !f. I.add a-ud Da.nj-el J. !,L'r!.ba3.

Ebis t echnical repor--, aLong trith a! accoryalyi.Dg 'overvleit of tbe o!!-Roaal

crasb Expcrie:rce of u:llity vehicles,- aay !)c obc.ai!'cd f=oa t].e Natloaal

6 .

. ; j : ; ; ' , i . 1 . j t , . . : . ; . .  . . . :  . . .  .



1 a

lechrical ::io::--:cn se-':ce' 52e5 Ecr- 3tYa: Ro'i' s!:=:tg!icl-d' vA 22 16 1'

Rege= --o --he ul.a::: =e?c-- b:r --ie code P5-80 16c 458 ' anc the su@r=y by Pr-80

: :  - -he pu5)- :cr - - !oos is  520'OO a.ad S5'OO resPef- iva l : t '

Soqe of --:re E.jo: lj.nC:'rgs of the st1rdy i'ere:

I. g--ili:y vel:acles exPe=ieDce rollover at a rate tha! !s a5- leas-- 5 tl:les

} r i g h e : : 5 a 3 t 5 a . - e x P e : l e n c e d b y - ' h e a v e r a g c P a s s e l g e r c a l .
. :
2. lhc Jeq> a'aC P:c-1?78 E=onco ovartlrrneC at leas-- lHicc as of'-an as tbe

Bl ,azcr .

3. tso--h the dtca--h :!!c ane thc ratr of dlsabllag 
T:ftt 

pc: accidest are

about- te:ce as high i! E--!11ty vc]rleles rnd h! ra! es are apProxjs!'-ely

lrrlce as hlgh 1:r JeePs as ilr Blazars'

Ano--he! ?rb!-ca:ion Phlcb Prcset''s a diffcrest tlPe of !csul-- J'l eaalyziag

rrtil:-.:, vehicle accicen"s- is estit'led 'Iljury claiE Frequclcy Resu'lls by slze

of Cl-rj-B io: Vans, e:ciups, d:rd o-'l l lty vehlcles 1971':.gel !'todels ' r ( E'DI

v8O-2). lii= =.po- ls pu.blishcd b1z tbe Ei gbl'ay Loss Da:a lnstitute ( ELDI) '

watesga:e 600, ilash.ljrgeoa, D.c. 2003? a-ad l.'as P=ilted in seltcetlbe: 198 1' se

fo]-lowj,ag conclusaons ee.re eal! fron tbe ana15 is of tbe Irciuty vebjcles:

'f. Fo! all 197?-lgso Eodel :rear Etil-ily vchicles for rrh:cb ilsrlraace clails

;or J-Bjurics --o occuPatt's ue:c. tude, tbe Jeep 9J5 aad Gt? had lbc b1$cs:'

' f:equeacles.

2. -.Se Jeep CJ5 had the t,ors'- lesul.ls of all veb.lelcs r ritb lts dsrall cLa'j'E

f requ.llcy bejig 122 Percerlt vorse tban '-be average foz all 1977-1980 vals '

pickugs a.r!C u--f li'-Y vebj'cles.

Gre f:equency of clains exceedi.Dg

we:e alL h:ghe: tfran those for aaY

tlode1 Yea:s .

::

S250 ,  5500  a rd

ocher vebl.cle

9 1 1 0 0 0  f o r  t h e  C J S

re;rof-ed fo! thc salle



'  The :o:to-- a :ana a=::s':: -s ::'-- :?::;ie' :; ' :h:s arall 's:s' when asked

why, one o::he auihc:s exllr'::r' i --:':-- --bc nlrbc: o: Larr C c:r:ise:s o: tbe =oai

a n C n c - - n e e - - - ' h e : = - - h : e s : : o l i : c : : : ; - ' i s : o n a s a s e ? a : a t e c a - - e g € r : " I 5 s : e a d j ' - -

rras addec :.3--o --he ca--egory 'r-::e= 'r-:l ' i:y vel'l icles .'

F:nally' o:rc o-le: rePa-' ei':c:' a::'al1'zed the c=ash experlaace of u--i]-lty

"' vehicles eas conduc--ed by che E: {ewa1' sa:ely Resealclr ceDta! and' the

' iasu:a'tce rr's:::u:e for Eighway sa: e--]z and reieased i'D sePtslbcr 198 1'

A c c l d . e n - - d a - - a r . e : e o b t a i n c d f = o l s - - h c s l a : e s o f ! 1 a - r y l a n a a ' D d N o f - b C a r o l l - D a ' '

t b c ' r e 9 o r - ! s e r . . i t ] ' e d . A c o l q ) a : i s o n o f t b e c = a s h E ) c P c r i e n c e o f U t i ] - i - - ] ' v e b ' j . c l e s ,

PickuP fsrcks lne lassenge: ca.rs "ld f ocused' prj'-ua:ily oD tbe '-]r:ae i"eacl-a 9

l : t ! t i . - y v e } r i c ] ' e s + - h e J e e P c J 5 ' ! o = c B r o a c o a a c 6 e . E o l g ! B l a z e : . I ! , a d d i t i o t ) ' '

' 
th. 

'analysls 
t,as =es--ric'-eC -.o aode! yea:s 1972 !o 1978 f ot the CJS; 1973

to 19?8 fo: !]le tslazert and 1972 Eo 197? fo! --be Sroaco' Ibe res--rictiou i.! '

Eodel ye::s i|as unde--akex co j-soLate as Esc5 as possiJrle e::ec'J due io Ces:F

ald s--=u--',::a1 chaages 1ll tbe veliclc-s. 'Eey qollcluded tbat f o=. s!l191e vchlele

c:a-sbes, --he Jeep cJ5 had the hi 95es: cash rate of a].l rrtllit y vebi-c1es Ia

both !{a:yland anc No-h ca:olina. s'is =ePort tray b€ obtained f:oa'.'.be !,su.=a!ce

I!sij.tu'- e f or Eigtrga:' Sa:ety, wa-- etqa-- e 600, Wasilbg:ton, D'C' 2OO31 '
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A.PPSND !X B - TETSOD OF IN}iYS!S



A!?=.\::'. 
-3

!EEO' OF INT'-YS:S

con--irrgency '-able aaalysis is a nethoi us e''i i; anallrziag c:oss -class !::ec

cs"ca|orlcal or colult da:a. the da--a ar: g;o-tpei it':a catco-ori'cs arril Prcsentcd'

i:: a EuJ'-- l-c:.De!!s ionat con--lngency :ablc' Lc--ua! councs of obse=vatlons a:e

recolded as opposed to Ea-dPle estlEates of sooe cba:ac*-eris-'!c' Eh' cotrPut e=

Frog=aa 1:=.d a" --hc Plesen: 6--ucy !s corqlA3 ' r'ilicb rtas developcd a-e ftorge

ilashing-'on un:ve:s!:y uDdc! the darc--loa of D!' soloEon Kullback '

. co!'-lngensy table tccbniqucs a're app=opriate for da--a tbat hawe bccs

cross-classif ! 'ed by several vatia-blcs of 1llte=esc' lbe sr:oba= of cells 1!

a coaiitrgency '.able is eq'Jal to cbe lroduci of tbe ar:'obe: of categ€rles ol

l e v e l s i . a e a c b v a : l a - b l e o r f a c t o r o f i t r t e = e s t ' t a t b c r : t j - l i l y v e h i c l e l o L l o v e :

probtes s'-udieC, :Iere we:e '.5te. :a*-o!s, rith 3' 14 a'DC 2 calegeries ' resPec-

--avely. lre=eJore, tbe 3-!tay classliica--:on des c:ibcd bl' -'hes bas 3 ' 14 ' 2

-  84 cel ls .

1!e aj.:n of co:1::.:!rcncY tab1e 'n'll 'sis J-s !o fit a rcdeL --o tbc obse=ved

data usiDg the siEPlest poss:ble s:ru*rxrc' LE accordarce wl'th --be data 
.

col]-ee-ion desj-gE , tbe da-'a a.re assr:med -'o obey a:a r:nde=Iyi-:g !IuI-' iuoeial

itl."slrllutj.oa oee: aII cells. A coErPlen-e des criitgloD of t5e El]taloEi'I 
:

d is t l lbr t loasVor l ldr rgr i le ia lorcat ionoaal lProb5'b i ! ! : - l .es!aal lee. ] -Ls.

Eoecver, --bl-s j.E Dot Pars jloBlsas; tberefo!€r I desc=j'itilon cryloyiag f erer

Pa.:ra.B€:trc:9 rs deslrablc' Ebc alal:'s is tbr:s Prgvides ' for a :lcs" ed E€n of

bpotbcsis ( 1f ro speclf ieC) a Eeasure of the good'Dess of fit to t'b c d'r€!'

fo= cach hy.:ottresis or roodel as veLI as aa analysis of the LatelactioDs Ptesest

il tbe nodel. The test s--atistlcs used ane rainl-su:a dLsc:LElnation 1nt ol:Eation



( lcI ) sir--!s:ics vh:c:: "=. .r -.94a-oa:cally 
( !c: la:ge se-oples ) 4!s--::b\:--e: as

chl-squa=e rd:--h apg:alrtlate deg:ees of freedora'

tle Eodel associlt 'ed v::b --he cos--ilgency iable analysis :s log-Ilaea: '

-."= fuD*-ionsrhese '.be l oga=i--hE's o: the cell -orobabllitlcs arc exPressed as Ij

of the Ealn e::ec--s alrd in--e=a--ions. Sris s":uclurc is aot ilqrosed oa tbc

analSis bu:' a:ises na;u:alLy given lhe priaciple of nlnlrsu:a a!sc!I!iL!ra--1on

Liaf o=ra-- i on es:l.Ertioll. For ex&ple, consldcr a dala set \ti ih cbrec fac:oas '

l, J, k vith categor:.es z, 3', 2 lesPeslively' *re nr:lbe= of cells ts

2 . 3 . Z - 1?,. !: ve let P( i,j,k) rePresellt ' --he undellYhrg groba'bility that

a dlta point sele--ed ac laJldoE lles in cel! (!rjrk) theu -.1:e log linear rod.el-

reprcsenting eacb p( i, j,k) !s of !!e f olD

r. ?? ,IK _JiK . _Ifi
l n  p ( i , J , x )  - . "  * t  +  E :  +  ! ;  +  t ;  +  l i ' +  l ; ;  *  r ; ;

a uo=aali:j.ng value anC thc sr:bsc=lttts trJ<e o!' values lplr

It€.raEet e:s vith i-2 anl/ o. j'3 aad,/or k-2 are set eqEral:o

to a--*,aj,i lilea: ::rdeperde:ce. Fu--he.:oor e !:, -'j, !R are -i:be one-fa--or
i j k _ _

te-s, vlth !1 2r a.rrC I li:rearly i:ldePeDdent Palar[eters ' :esPecgive:'yt t!

!8, t8 a:'e t_!ro-fac--or 1'--era--ioa teJr.s, rritb 2, I ald 2 linea:l]' iDde?eadea--

.' .. 1I jk
para.!rc--e:s, resPec--ivel'y; aad gm is a t.b,ree-f ac'-or !1]tctaci'ioE te:E' \'!tb

: ' l l (

2 llaearly iadc5rendent Pa:raDetcrs. Ehus , a coq)lcic des€ilttloa of aLL

. F r o b a b l . ] . i t l e s w o u l c r e g u l . s e 1 2 l l n c ! ' l l y i a d e p e o d e r t P a ' E E e t e r s . s l n c c t b c

- .  
:  :  " 1 ' . - ' .  ! : - -  

' :

dlta cottai:l 12 eclls the sltslcE rroul.d be corapletely d€trcr4tlcd' sre goal of

ci:ut.ilgency ta-ble anal)rsis ls:o find a EodeL lasing f eser t].aD 12 paraaecc:s

but rrh!c!: sii11 gives a good fit to t]1e data'

' .1:"'*"
j'2, k-i atld'

zero by coBvcolloa



".q

5e '- es'- s--a--is:ic o= ::rio:rj--ion stz--:s---i. c ( l5 ) ls coDlPf-ea as

2 I (  x : x '  I  - d!.J) 
,ln x( qr)

TiEt

whe=e x(aJ) - obse:wed 4if-!j-b!r'--ion ove: tbe cells rrr erd x'(uj) - preair-ea

F{ st=ibt€,1on or xDI e-s--i-Eate :or the observed ai s---!butioE.

rttc Is.is .used, to raeasurc the !1-. o: the Prcdlcted distribstloD.:cr io ebe

obseszed eis--::bu--1oo' x. under th€ luJ.l hlT)othesis --hat the raodel 15 corscf-,

t!,l.s s--a*-istic has a alstr1lution whlch ls asI4)totlcally cbi-square '

vitb degrees of f:cedoE equal to the nrrber of cells llinus the nuaber of

!inca:!y iide!)eDd.cnt pasr.Bele-s sgec!-f!eC, by tbe Eoael.

Ihe Is can also be used to test a Dested orderilg of Eodels. 
'a 

*]

a.ud, x' a=e 4l-sir:bu'-ioas predicted. f:ou two Eodels, aad all tbe Pr-ra.rqglels
)

used b ',he nodel fo: xt are al.s o useC ia the aodcl for *', th"r, '-be statisiic
t 2

2I(.x':x') sa--isfles tbc follol'llg plttragorean tl?c relatiotrship:
2 1

2 r ( x : x ' )  -  2 r ( x r = ' )  +  ? r ( x ' : x ' )
1 2 2 1

yb,j-ch caD .be proved using propet-les of HDI c-st iEa-, ion. lbe dlstribrf-j-on of

of 2l(x',x'1 is a].so aslzryt.-oeically chi-squa:e, wi'-h degress of fleedoE
z ' l

cqual to lhg an-xq3 of ]Jlteasly ildcpeldeEf para:le+-ers specified by
'  -  

i . '

x' vhlcb arc Dot specj-fied by x'. !h:s slalj-.stic ls used to tes-- rhctr'bcr

--he effec-- of con-s'-raLn--s specllicit by x' but Eot by x' !r. slga-lfj.caat.

,:
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--l.e i 'a--a

c l : rss : i . ied

is COliTl'5 acgui:ee

ir,o a 3-say

: i

I

G7?, CJ-Onlcrorrr'

o, !:ail Dus--e=,

Jllay ( 14 lavels )

( 2 !.evcls )

' 84 ce1l-s for lbe 20

gn]<nort JeiP '

ia! G1a:9e1,

COOe.

rbe 42

Ee h lPottrcs es

coEbLna:ioas of

14 obs ejr?atl-oas

tes--ed vere:

year aadl

coDG t aad

1'!o::tu--ioD statlstlc ( I's' ) dleFecs

( 6i9li:lcsDce leveJ.) are shornr' is

ne-stad old€ to faciljlt'ate *re tcf-

t ls added. Ehcy are rcobered' accordiag

s-of-i:-- of tbe rodetr. ltre e!:e*-

-f!t luEbe.rs for thc agProPliate qodeLs'

sincc theac wela Do accidelt oErtcct'lc

of

to

obs
er and 1980 x ThlaE.



T a 5 : e  C 1 . AJrafvsis o: ::: io=:1a--: t: l :E::e - Slnq�1e v.hicle o::!::t Acc

CoBponen-- due Co

I )  x (  i j .  ) ,  x ( .  .  k )

? e

2 r (  x : x ' ) - r 3 4 . 4
t

UE

2 )  x ( 1 j . ) ,  x ( . J k )

2r (  x '  : x '  ) -  125-3

2 r  (  x : x ' )  ' 1 9 . 1

t't

. 8 926

3 )  {  i J .  ) ,  x (

2 r (  x ' , x ' ) - 4 ' 2
3 2

.  j k ) ,  x ( 1 ' k )  2 r (  x : x ' ) - 1 4 ' 9 24

l | a

. 9 6

3

as 
'noted 

caflie= ' the I.S. srrilb.rs of tbc f,ora 2f( x:xr ) rePresst tbe goodacss -

'6f-t:.i 
o: tir" Dodel to --h€ da--a. Ihe larger the n*bcr, ghe aore ],lke1y rJ'!L

oDe reje-- '-be h:tgothesis. Thus for !!le --est of hoEogeneiiYr the I's' ls f44'4

whlcb llE)lics --i:at tbe occl:ftence o! rollover accide!3s i5 dePcfldcn-- on ycl=

aad vehicte type . Tbj.s j.s tbe resu:.'- se cr(!)esi ' Ee s econd hlTrocbesis adds

tbe eff ee- of vei:'icl e t:E)e on accidea-- olccoEe to tbe aodel by stEEilrg ove: tbe

yeils, aaC the goodress -of-fa'- nr:mber we ge! is 19' 1 s'5i65 ' ritb 25 degrecs

of freedoE. suggests -'hat l.c bave a aodel' nhich !1!s tbe daia rrell' It also

=;t= --O"i !!re oca:rreace o! t lolLseer !s LldePeldelt of yca: Stwea -'be vcb'icLe

tIT)a. Fu.thenoae, by Erl!|trae-j-Dg ttrl.s stati.stic !=oa lbe goodDess-o:-f1t

;dbi; tor frinogeaelty, nc are laf-- vlth !-u .f:c€ !ea'! foa veblcle tl1tc, l*i:icb

ai 125.3 r.!tb 13 degEecs of lrecdos i-s ve=y st9:'!!!ca:rt ' tb'e !as" goodacss-of-

fit tertr ohalned bl' adaing the effed of'yea: on 'ccideat' ou.- eolaa to the Eodel-

rith vehicLe tl?e 16 only rargilall'y .i-ryroved ovar lhe P:cvi'ous bpothesis '

Fuf-he=Dore , t}re ef f ec:. ie=! obcailed by sulrc=ac'-a!9 the goodness -of -f i-- ntsbc:

for blG)otb:sis 3, 14.9 fron 19.1 gives 4.2 wi.!h 2 de girecs of frccdoB' Eeis



5plies no si gE:::lca:i: e::.--, c: :ter't on --be ocs:::aDcc oJ rol-lower ll u::l::y

veb,icle ac=!de::=s.

At tbis Pobt tben L'. can conclude tbat s€aiclc ty-oe de!::t'!--cly bls a!

l-r:pac-- on.,the oc-G:lence of vehicle rollove: :n f atal accldet€s a.DC !]rat I'ea:

docs ic--. a1us lor al! subsequent analltses, tbc d:--a lor '1978 - 1980 asc

colLassed. alrd t'he anallts is :eauccs to Evo-Lay'

the rrer- s--cp !n Lhe anal5i's l'as to det'e=Li:re sbicb of --be webicles

coot=lbrrt ed Eorc t'o the occlr:rrencc of rollgver acclde$ts thaS scbess ' Sls

vas done by consideri-ng tbe ProPo*loa of all rollovc: accid€rts to all

accldents by vel:rcle tl?c, and orde:j.ng the t!s-- b:' de€ersl.Dg ProPofrloE3 '

. :

:lt
I
I
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Nstc cltat al-l vehj'clc tlPcs si"h Ia€s tba! 25 accj'deats vere excludcd'

(Serokcer f ra l . : 'u :s- -Gr ' f i {1b i !9) rbecan:setbeal r re l lab i l i tyassociated 'n i lh

rrrch .aEALL coEats has tbe iroteD"lal- of 1eadiag to baccr:rate coBclu'siols '

Ftltbc!tror a, althou gir tbese data a.tc aot s!8PIe dBta, tbey Ely h cbougftt of as

EaryIe es--'la:!tes ove! tj-tr'e, rj-tb eacb yea: ' s rePof'Lllg rcltreseatLDg aDstber

selef-ion. I! those telfs, i-' E€'kes Eelse lherefore to coBPrrle f-and:'=d

e r r o r s a n d p l a c e c o n l i d e s c e l i g i : s o a t h e e s . - i . 3 a ! c s . I u t h l s c e . s e , t h e e s t ' ' @ t e
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a

of ccnce=:r :5 :he p:o!rc--j-on P-I, 
-irhe:e X - --re :rJsbe: of rollover ac=idc---s ala

'J

N - :o"al nusber of ac3:'den--s. Each rc$ o: Ta5le c2 ca! be --hougi:t

b!nocia-:, cis--:ibu:ion L'!--!r rDeaa tl 7 
r ? aDd s--a'Dda:d error s 
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x - P

o : a s a

- {T,
N
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ltre confidence 1i81:s on the ProPorgion P - x

N
.\

_._ 
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{ F-

the eonlidcuce lieits for tne total X ate tbc:efore

a-- c(- . 05 , z yl 172)4. r 1.95 .

coEpsted as X3 N'z t -(  t /2)e{

Tab1c C3 shows the resr:l-ts of, tbes c colrPutr''-ioD's '

ltLb1e.C3. Co'1!l'dc:!ee lltetea:.s oa P!€9of,-lo! of !f-al Rollovcr Acclacals

E<cLudes vehicles where nr:u.ber of aec i deqEsjl-?5
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