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EXECUTIVE SUMMARY

PROBLEM

Studies have indicated that vehicles with a high center of gravity are more likely to
roll over when involved in single vehicle accidents (reference 1 and 2} The
popularity of the utility vehicle has prompted both Congressional and NHTSA action
to further examine this issue. Utility wvehicles, with their high centers of gravity
and increased road clearance, are designed for both on- and off-road use, Most of
the studies of vehicle rollover use accident data to compare utility vehicles with
passenger vehicles. These studies attempt to construct mathematical models using
the accident data that predict a vehicle's rollover potential during a single vehicle
accident® based upon vehicle properties and accident variables. These models are
.usually developed with linear regression techniques, The most recent studies by
Robertson and Kelly and by Harwin and Brewer, using linear regression techniques,
developed models that indicated that vehicle factors are the most important
indicators of rollover potential in a single vehicle accident. Specifically, the
stability factor, (SF) which is defined as the ratio of one-half the tread wfdth to the
center of gravity height, was most highly correlated with rollover rates in single
vehicle accidents. The addition of other accident factors relating to the accident
environment or the ‘driver did not significantly improve the ability of the model to
predict rollovers. During NHTSA review of these results, it was suggested that
improvements could be made in these analyses by the use of logistic regression

techniques. This paper reports on the results of that analysis.

*This is usually an estimate of the fraction of single vehicle accidents which
result in rollover, All the analyses in this report are based on single vehicle
accidents and rollovers as a subset of these accidents.
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- APPROACH

The Transpariation Systems Center (TSC) performed logistic regression analyses using
the accident data previously analyzed by Harwin and Brewer. The accident data was
derived from the CARDIfile database which contains the police ac-cident reports from
six states - Texas (TX), Maryland (MD), Washington (WA), Indiana (IN), Michigan
(MI), and Pennsylvania (PA). From over 2 million accidents in TX, MD, and WA,
(1983 to 1985) 39,956 single vehicle accidents (SVAs) were analyzed. This analysis
used 40 different make/models of utility vehicles, and domestic and imported
passenger cars with known stability and other vehicle factors (see Table E-1; note
that Tables E-1, E-2, and E-3 are identical to Tables 3, 4, and 5 respectively in the
body of this report). In the data-set, the stability factor varied from 1.0l to 1.57.
The data contained 4910 rollovers (RO). The ratio of ROs to SVAs varied by
make/model from 0.021 to 0.489. - Using both the Statistical Analysic Svstem (SAS)
and the Biomedical Data Package (BMDP) at the National Institutes of Health
computer facility, we performed logistic regression analyses with single vehicle
accidents which involved the selected vehicles and their related accident variables.
Mathematical models were developed that contained both vehicle factors (stability
factor and wheelbase) and accident variables relating to the driver, the wvehicle, and
the environment. The complete list of CARDfile variables and those used in the
analysis can be found in Table E-2. During a preliminary analysis, we identified
those variables that were most highly correlated with rollover. These variables were

then used in various combinations to predict the actual rollover experience during a

single vehicle accident.

RESULTS

The main results of the logistic regression analyses are given in Table E-3. These

results show that at the accident level the variables which are very useful in



iy

e B g s io.&:w,(* ,::f T

Sa P e.n.h.srr,.m- "
T4 9566€ 016k ste3ol
622° 692 -7 s 02'1 9°p2 8°02 1°16 0s61> ¢ 2718 Hazud| Ok
121" 9891 882 $ 82°] 2z 112 b6 Y ¢ L198ud MA| 6€
cp2* #ob2 885 : 811 992 822 $°b6 086ty ¢ JUI39 My 88
122° 88€T 20E t E2'1 G°e2 2°02 E'E6 6261 ¢ H170¥00 BLoACL| Z2€
coz" $G91 CEE 221 £°92 2102 S b6 865> JInlDd YaMoH| 9€
62" (2§ 22 HIFAR S'$2 6°02 G6 ™ 2 ¥YI 37 LNUN3IN|  6E
9zz" EEPS 155 HE 84 | 2 b2 €02 1°26 T ¢ 0129 NNS1Wa| #€
2ET® 0902 £82 P or°t 2722 6l £°16 T XZ 'z Nnslual €€
1 & 0zt 61 t 281 6°92 #°02 8°66 T @ pooy 1and| 2€
990" 6bS 9€ T 292 961 0801 0861 a¥0JM0OD JWd|  IE
$co* $02 141 2 BE'T p gz 2'12 0°bIt 18 - 6261 3 SINDYYN ANNJAIW] OF
101" 15¢1 g1 2 bE"] 82 212 0'+11 18 - 6261 ¢ 011 quodf 62
660° 288 85 HIF-LA | €£°82 0°02 $°00T 18 — 6261 ¢ I¥4H) Aundy3u| 82
A8 & 6981 602 HIFA A £°82 0-02 $°001 18 - 6261 ! ONUISNK Ox04] 22
850° 22€ 22 HE T A8 6°62 8-02 2°211 18 - 2261 ¢ NOYUS83T ¥31SANHI| 92
020° 281 ET HE TN 6'62 802 221t 18 - 2261 ¢ 18MOTdIO 39000] €2
1z0* 8p 1 LTS 6°62 €°02 Qb1 18 - 2461 ¢ YONY¥IW 39000| +¢2
1+0* 60S 12 HIPZ AR 6°62 €02 QP11 18 - 2261 ¢ HE0aN0D ¥IVSAHHI] E2
950" GGE 02 A ¢ b*0E 2'12 0°801t 18 - 8261 ¢ SHEW3T JUILINOd] 22
£50° toprt b2 :ov1 $'0€ 212 0°801 18 - 8261 & HIIN/ANNLINID XoIns| 12
650" 6551 803 okt $*0E 212 0°801 18 - 8261 ¢ O¥U3 ILNOW AASHI| 02
250* 2222 OEl t oyt b 0€ 2°12 0°80t1 18 - 8261 ¢ §sYNI "sgio| 6t
020" 1211 28 HEIT A | $ 0 2712 0°8a1 I8 - 8261 ¢ NSl el AATHI] 81
S0 G8GE 261 HIPIAS 62 281 0°sat T ¢ 04183914 JHILINOd| 2T
6b0" 9512 €cE $ /5°T b 62 281 0°80T1 Tt 03HWY3 AAZHD| ST
c20°" ov £ 32871 9°82 28l 0°86 €261 31130403 AnJHD| ST
891" €22 ap HICTAS ¢ 022 861 €26 6261 JLLIINIHI AATHI|  #T
191° 292 Ep $ 8E°L 6°82 0°12 6°b01 b8 - D861 : XIN3OHd JWILNOd] €1
G60" 82¢c 1€ $ 8E'1 6°82 0°12 6°+01 8 - 0861 : WIETAAS HIING] 271
it z81 12 .3 8"t 6°82 0°12 6°$01 18 - D861 HO3WG °"salo| 11
otrt* 2611 2E1 HIE T 6°82 012 6°+01 8 - 0861 @ NOILWLIZ AA3HD| O1F
1£0°* 191 o I CAd | 9°0¢ 2°12 7121 #8 - 1861 WYHONOHE/3THINIA "aYD 6
Gee” 262 98 : 50t £°62 222 0 oor 661> ¢ 11035 "H *d33iNI 8
I8 261 G HE 1M | 1°62 222 0°86 W ¢ HISINNYIANYT BL0AOL Pl
2g8€" 65 0€ P 911 9°2€ 1°82 €901 Zesr 3 d3ZHI9 AA3HD 9
€1 952 22 :60°1 9°62 222 ¢ 00t €861 01-S ¥3Zy18 ANIHD S
vOE " 012 912 : B0 0°0¢& 622 2°H0T1 €8-E261 0JHONE 0¥04 b
992 $9 21 HES B ¢ 2°0E 9'92 27801 E8-C261 ¢ 33AH0¥3HI d33r €
6S€E" 8b2 68 : 9501 622 £°92 S E6 €8-£861 @ -3 d33r 2
€3p°* 08t 88 t 101 8°92 G692 ¢'en G2-2261 c-J d3ar T

HNS /0¥ =>11 =20y WY 2/ (Saydul) (S3aYoul)y  Jeay 18poy *oN
oryey Yaptibs 'no f1od  *d4d°s ‘M peadl  "3H 63 *g reayM /Y aratyap

$juajuo] eje(d

eje@ A[O1Y3p

1-3 a1qe}




+ et A

¥ 121

! 1
£°2 ! 18'201 ! G'E8 6°L€
! | ¢8°1
pie i 8E‘I 1 10t 95°*
- as NY3W XUU/NIW IO
62 NYHL $S31 oNnoA t o0s21z | 1
¥3N0 GNH €2 gwo ! 90281 | 1= 394 ¥3AINO
YIHIO *III/MONS ‘13M A2y so1zt | I
NN ‘SSIM ‘AdO A¥Q ! sbgZz ) I ANS-0Uod  IN3QIJOH
913 MYINLS3C34 ‘IIIHIN QI0NY giond | #1182 } 1
NN 'SSIM f30NUQIONY ON gIoAY ON ! 2bT2E 1 I~ alond F1IIHIA
ONIAINANOHL “ONINNIJLS “‘ONICQINS IIGYLSNON | 66ES I 1
WHN fONISSIW ‘I188IITddE LON *ONINIUYL Fiayls | 265vE 1 I- auLsS3dd F121HIN
¥NN *SSIW ‘3ol I ! 16892 | 1
ERIEE! IWUI4 ! S90T I T= %33 ¥3alAa
THaNY WA | PPEL | 1
NN 'SSIM *NUagdn NygEn t ZIv2e I - IsnN-0oMY1  1K301204
AUMOUON 440 *330N0HS NO guod 440 ¢ 2Zegle | 3
AN 'SSIN ‘ALMQUOd NO Qucy NO ! $298 . T 201IdWE  IN3QI2%Y
3069 I06¥9 ¢ 8869 ! 1
¥NN ‘SSIM ‘13031 3831t 89628 I B- 0dd-gucd  IN3QID2Y
*913*d331SH *ONISSUd * IWNOIS/NOIS ‘03345 dodd3 t eebez | ]
‘MHN ‘SSIW *3NON HONN30H 3 €9%07T § 3 WNI-H3IATAO y3AING
WANA  ‘NEEAEN anysgan 30 92921 L t
NN “ONISSIU ONISSIM § 08222 ! I~ 3SN~-ONY1  1N3QIJ0U
g3nind a3n3nd ¢t 2201} 1
NN *SSIW “1HOIUYLS IHOIUdLS t  b2262 } 1= g1W-gu0d  IN30120Y
¥3H10 *3IDI/MONS ‘NIVN d3HL0 } 6082 ! ¢ .
MMA *SSIM ‘AQNCTD f3Y3IT) anod/eyay 3 2bize | 1- YAHLYIN  LIN30IJJW
03sn 113as ¢ sINe H | G
NNN ‘SSIW ‘dInB3 10N ‘Q3sn LON 1739 oN ¢t 8EgZE 1 1- MIUNLS3Y dIn1A0
sony3d ‘110HOO : Isnt 0208 H I
" NN *SSIM SNOTLWUIIONI ON Isn oN ! 988iE 4 - oN¥g-2 ¥3INTHA
S37g¢IN¥YA 1300W Q3ZIWOLCHIIA $3INYA  378YINHA  IWUNITIL
@3anN13NI S3IT¥09ILHIENS ITI40¥YD A¥O9ILHI AJNINBIN4 3NgYIdgan TNI40¥HI 3T140EWD

suotjtuTyag afqetden

2-3 ajqel

T

¥3318
Agdls
AX3S

207°0U0Y
I 408d
WH3H
Nugdna
3AEM
3LEWET0
17389
QuI™

I8UIAN
13004



. . . . . . - . P '
s & / SRR . B B A PR Lo . b e g .
A N . S aptie A R 2

.dwr ~r

9c81 182y 82t 2061 srexs 2681 6011 (3xaL 938) SI1

N . (paseg 13poy
9626° 2189 A\MMmm. i 444 29%6* gpb6° 206" /aqe) paJsenbs-J
(Ip EED (6°6P) {12°62) C2b°62) (LE"Z2) (9£°62) {98 °2€)
88c6 P 962971~ 00088y °9 0oL$99°9 oopaIg"L 0018659 00S029 b JHH1ISHOD
{G6°8) (89°2) (S8 (26°8) EEERE RERER SHREE
OT0EL2T = 0262P1 - ObiB8YI1 - 025021~ REEER SRR EEERE : Ju0S 11
{EBE " P) {95°'S) <02 (EQ"P) REEER EREER ERRER
0ostot* 004501 ° 812b80° orsre0’ EREEE EEERE EREER 1739 o1
218 F) (14°6) (114D 12k REEREE FRERS BERES
658%60Q° 20£020° P12620° SPOELED” EREEF FETY 3 ERAEE 080 &
(S1°%) €289°' 1) 91" €20 %) EEREE HEEER AERED .
€20580° 8rE920" $¥¥9810° 299390° ERERE EEEER ERERE . HLOA 8
(b1°21) ¢10°ETD €8Z°21 o2 (S29°8) (65°6) RERER
080682" 02e262° ocvroge” o12282° 08eS9Z” ooosie” HARES 3auls 2
(CP"L1) (62°91) (S99l 92°241) (ISTEDD 1081 HAEEE
06026E"° 0s0PLE" obr9s2e” 0S626E" 02220%° 022v0p " FHEER o 9
€S {02'S 0Z'PI> ¢00°S1) (SF'oD) (PE'ST) FREER . .
£6992° (1): 193 2o 0982v2"” gi092" p6EGE” 8.v92" RERER . TN S
€66°S1) (80°ET) (20"21> CED 21D CPPUED) (ET"2T) BEEER
O¥869E "~ D29£62 "~ 00126£°*- ObPLEE "~ Ob2EPP - O6bEGE " - REREH . Negdng #
(22°81) (89°02> CEQTO2> (P& 81D (22°E1) (C0"61) REREE .
ob12SH” oc218k” 02GS2b " 02596k ggaceh " areose” ., FEEFR “HEny €
EREER HEEEE 2y '9e) {9001 (2ER"BD (EB"QI) ERERE
EEXER REEEE 20S080 "~ 201820°- 20£0€0°~ 066620° - EREEE : g 2
(2S"¥bd BEERE REEXR C2E"62) {0212 <04°82> 1y Sk
00ZPES b— _ #eE¥s ENEEE 000060 - ___00EBP b-_  006G96°€- 008€06 *b- 451
gr-411 amM-45-411 45-411 41 a3ona3y & 42 ATHO dJS d01LoYd4 300K

quaptaoy 31dtyap abuts uo [euoljIpuo] f3I11Geqodd 42n0T 10y Joj STapoy vorssadsbay o1ys1607 "€-3 3qel




predicting the probability of rollover in single vehicle accidents are SF, wheelbase,
land use (rural/urban), and driver error. However, the primary importance of the
stability factor (SF) is seen as the result of several observations:

1. Leaving SF and wheelbase (WB) out of a large ll-factor mode! lowered the
likelihood ratiofas measured by the LIS explained in Section 3) more than
leaving out all variables except SF (compare LIS of 781 for the former case
with 1109 for the latter case). o

2. Leaving SF out of the 1l-factor fnodel lowered the LIS much more thaﬁ
leaving out WB (LIS= 1478 vs. LI1S=1856). _

3. Although SF and WB are collinear (r = 0.64) and tend to proxy for each
other in predicting rollover probability, there is evidence in the coefficients
that the major predictive power is in SF. This is because the coefficient of
SF shrinks by only 17% upon the introduction of WB (from -4.934 to -4.090)
while the coefficient of WB shrinks by almost a factor of 3 on the
introduction of SF (from - 0.0805 to 0.0281).

4, The coefficient of SF does not shrink on the introduction of all nonvehicle
variables, It changes only by a trivial amount; from -4.904 to -4.934.

A- regression analysis that excluded Texas accidents (56% of the cases) indicated that
the importance of the land-use variable (rural/urban) was underestimated in the
previous models as Texas had no land-use variable (see Appendix C). This result

indicated that land-use may be as important as SF in predicting rollover at_the

accident level. However, of more importance in the evaluation of SF as a predictor
e

of rollover is the fact that the coefficient of SF changed little whken land use was
added to or taken out of the model. Moreover, the predictive capability of land-use

is greatly reduced at the make/model level and will not affect the conclusions given

below.
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When attention shifts to the performance of the models with predicted and actual
rollover rates aggregated to the make/model level, the primary importance of
stability factor is accentuated.

1. The vehicle make/modei r? of the model with SF only is far higher than
that for the model with all other factors (compare 0.907 to 0.5272).

2. Several plots discussed in the body of the text show that any model
containing stability factor predicts rollover rate at least fairly well and any
model which does not contain SF predicts rollover rate very poorly.

3. The larger models containing both WB and SF lead to exceptionally accurate
predicted rollover rates,

Whén the distributions of predicted probabilities based on actual and nominal data
are observed, there is confirmation of the importance of SF in predicting rollover
rate. There is also evidence that with regard to the influence on predicted rollover

rates, the nonvehicle variables are remarkably well balanced over make/models.
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1.0 BACKGROUND

L ’ ‘
Recent studies by Robertson and Kelly! and Harwin and Brewer? using statistical

regression analysis, indicated that a vehicle's propensity to roll over is directly
related to a “stability factor.” The stability factor is defined as the ratio of one-

half the track or tread width to the center of gravity height.

Based partly on the Robertson-Kelly study, Congressman T. Wirth (D-Co) petitioned
NHTSA to establish a rule, based on the stability factor, to limit a vehicle's rollover
potential (Congressman Wirth proposed a stability factor of 12 as being the
minimally acceptable level). He also requested that NHTSA further study this issue,
open a defect investigation, and warn the public of this potential problem. The
major parts of this petition were denied, based in part on the limitations of the
Robertson-Kelly study as well as the need of more evidence of the connection
between rollover and stability factor and the need to study the role of other vehicle
parameters in this question. The Robertson-Kelly limitations included the use of 14
make/models which tended to cluster the data and the use of the Fatal Accident
Reporting System (FARS) data which made the results applicable to fatal accidents
only. Harwin and Brewer improved on the Robertson and Kelly study by using forty
make/models and approximately 40,000 single wvehicle accidents, including but not
limited to fatals, i:rom the CARDfile database. Their results indicated a strong
relationship between the stability factor and rollover accidents. An internal NHTSA
review agreed that this study was a significant improvement over the previous study,
but suggested that the number of observations was insufficient for the number of
predictors that were tested. It was also suggested that a logistic regression be
performed where each single vehicle accident would be treated as an observation
rather than the vehicle make/model as the observation. The dependent variable

|
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would be rollover.  Logistic regression |

ends itself well to analysis when using a
dichotomous:dependent variable suc

h as rollover/nonrollover.

NHTSA requested that TSC assist them

in enhancing the Harwin-Brewer study by
performing the Jogistic regression.

This report details the results of an analysis of
the relationship of the stability factor to rollov

er propensity using logistic regression
analysis at the individual accident level.
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2.0 TECHNICAL APPROACH
T
The approach that TSC used was to restructure the Harwin-Brewer (HB) CARDfile
data on single vehicle accidents (SYA) sc that a logit analysis could be performed at
the accident level. The HB database that contained all SV As, including rollovers,
from the states of Maryland and Texas for 1984 and 1985 and Washington for 1983,
1984, and 1985 was used. Other predictors were also used in addition to the stability
factor. These included those available from CARDfile relating to the driver, the
vehicle, and the accident together with other wvariables relating to the vehicle

geometry,

2.1 CARDfile ACCIDENT DATABASE

The Crash Avoidance Research Database (CARDfile) was developed by NHTSA to

define problem areas and support research in crash avoidance. The police accident
reports from the states of Texas, Maryland, Washington, Pennsylvania, Indiana, and
Michigan are assembled into a common format in a Statistical Analysis System (SAS)
structure. CARDfile had approximately 4 million accidents from these states for 1983
through 1985 that were available for analysis (Table 1). (CARDfile for 1986 is now
available and will be uvsed in future analyses.) The CARDfile database is subdivided
into three subfiles relating to the accident, the driver, and the vehicle. The data
elements in each of these files is shown in Table 2. Another study (Ref. 3) has
indicated that CARDfile is representative of both national demographics and the
accident experience, For a more detailed description of CARDfile, the reader is

referred to the Harwin-Brewer study and to Reference 3.
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TABLE 1. SUMMARY OF CARDFILE STATE CRASH EXPERIENCE (1983-1985)

Tz

ATE RASH VEH!

Indiana 480,399 854,571
Maryland ' _ 384,450 717,284
Michigan | 1,023,366 1,724,288
Pennsylvania : 414,210 694 854
Texas | 1,341,415 2,326,103
Washington _ 338,307 617,093

Totals 3,982,117 6,934,193
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