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EXECUTIVE SUMMARY
t - -

PROBLEM

Studies have indicated that vehicles wilh a high center of Eravity are more likely to

roll over when involved in single vehicle accidents (reference I and 2). The

popularity of the utility vehicle has prompted both Congressional and NHTSA action

to further examine this issue. Utility vehicles, 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 ulility vehicles with

passenger vehicles. These studies attempt to construct rnathematical 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 rollovcr potential in a single vehicle accident. Specifically, the

stabitity factor, (SF) which is defined as the ratio of one-half the tread width to the

center of gravity height, wes most hiBhly 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 rhe use of logistic regression

techniques. This paper reports on the resuls 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 Transpor{ation Systems Center (TSC) pcrformed logistic regression analyses using

the accident data previously analyzed by Harwin and Brewer. The accident data was

derived from the CARDtile database which contains the police accident reports from

six states - Texas (TX), Maryland (MD), Washineton (WA), Indiana (IN)' Michigan

(Mf), and Pennsylvania (PA). From over 2 million accidents in TX, MD' and WA'

(t983 lo 1985) 39,956 single vehicle accidenrs (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-ll note

that Tables E-1, E-2, and E-3 are ident ical  to Tables 3,4,  and 5 respect ively in the

body of this report). ln the data-set, the stability factor varied from l.0l to 1.57.

The data contained 4910 rollovers (RO), The ratio of ROs to SVAS varied by

make/modet from 0.021 to 0.4E9. Using both the Stalistical Analysis Svsi'm (S.{S)

and the Biomedical Dara PackaSe (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 conlained both vehicle factors (stability

factor and wheelbase) and accident variables relating to the driver, the vehicle, 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 wer€ most highly correlated with rollover, These variables were

then used in various combinarions 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

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

it
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predicting the probability of rollovcr in singlc vchicle rccidents Itc 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:

l. Leaving SF and wheelbase (WB) out of a lar8e ll-factor model lowered

likelihood raiiolas measured by the LIS explained in Section 3) more

the

than s.

4-leaving out all variables except SF (compare LIS of 781 for the former case

with l l09 for the la l ter case).

2. Leaving SF out of the I l-factor model lowered thc LIS much morc than

leaving out WB (LIS- 1478 vs. LIS-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 coefficiens

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 aknost a factor of 3 on the

introduct ion of  SF ( from - 0.0805 to 0.0281).

4, Tlre coefficient of SF does not shrink on the introduction of g!! nonvehicle

variables. It changes only by a trivial amounc from -4.904 to -4.934.

A regression analysis that excluded Texas accidents (56% of the cases) indicared that

the importance of the land-use variable (rural/urban) was underestimared in the

previous models as Jexas had no land-use variable (see Appendix C). This result

indicated that land-use may be as imporlant as SF in predicting rollo

of rollover is the fact that the coefficient of SF changed little wher land use was

addsd 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 ratss aggregated to the make/model level, the primary importance of

stabi l i ty factor is acce ntuated.

l. The vehicle make/model 12 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 et 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,

When the distriburions of predicted probabilities bascd on rctual and nominal data

are observed, there is confirmation of the importance of SF in predicting rollover

rate. There is also evidence thst wilh FgarC to the influence on predicted rollover

rates, the nonvehicle variables are remarkably well balanced over make,/models'



1.0 BACKGROUND

t - -
Recent studies by Robertson and Kellyr and Harwin and Brewer2 using statistical

regression analysis, indicated that a vehicle's propensity to roll over is directly

related to a "stabiliry factor.' The stability factor is defined as the ratio of one- :i

hal f  the track or t read width to the center of  gravi ty height.

Based partly on the Robertson-Kelly study, Congressman T. Wirth (D-Co) petitioned

NHTSA ro esrablish a rule, based on the stabilily factor, to limit a vehicle's rollover

potential (Congressman Wirth ptoposed a stability factor of I '2 as being the

minimally acceprable 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 lhis petition were denied, based in part on the limitations of the

Rober$on-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 l4

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 vehicle accidents, including but not

limited to fatals. from 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 regr€ssion be

performed where each single vehicle accident would be treated as an observation

rather than thb vehicle make/model as the observation. The dependent variable
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would be rollover. Logistic regression tends itself well to analysis when using a

dichotomoustd€pendentvar iablesuchasrol lover/nonrol lover.

NHTSA requested that TSC assist them in enhancing the Harwin-Brewer study by

performing the logisiic regression' This report details the results of an analysis of

the relatioDship of the stability factor to rollover propensity using logistic regression

analysis at ihe individual accident level'
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2.0 TECHNICAL APPROACH

t :1.

The approach thar TSC used was to restructure the Harwin-Brewer (HB) CARDfile

data on single vehicle accidents (SVA) so that a log,it analysis could be performed at

the accident level. The HB database that contained all SVAs, including rollove$,

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 ro the driver, rhe

vehicle, and the accident togerher wirh other variables relating to the vehicle

Seometry,

2.1 CARDfllc ACCTDENT DATABASE

The Crash Avoidance Res4arch Dahbase (CARDfile) was devclopcd by NHTSA to

define problem areas and support research in crash avoidance. The police accident

reports from the srates of Texas, Maryland, Washington, Pennsylvania, Indiana, and

Michigan are assembled into a common format in a Stat.istical Analysis Sysrem (SAS)

structure. cARDfile had approximatety 4 miltion accidents from these states for I983

through 1985 that were available for analysis (Table l). (CARDfile for l9g6 is now

available and will be used in future analyses.) The cARDfile database is subdivided

into three subfiles relaring to the accideni, the driver, and the vehicle. The data

elements in each of these files is shown in Table 2. Anorher study (Ref. 3) has

indicated that cARDfile is representative of both national demog,raphics 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 I. SUMMARY OF CARDFILE STATE CRASH EXPERIENCE (I9E3.I9E5)

STATE NO. CRASHES NO. VEHTCLES

lodiana

Maryland

Michigan

Pennsylvania

Texas

Washington

480,399

384,4 50

I,023,366

4  |  4 , 2 1 0

r , 3 4 1 , 4 1 5

33E,307

854,5? I

7t7,2E4

r,724,288

694,E54

2,326, r 03

6l?,093

Totals 3 ,982 , I  l 7 6,934, r93
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