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EXECUTIVE SUMMARY

Thié is the final report of a project titled '"Evaluation of the
Effectiveness of FMVSS 301--Fuel System Integrity." The project was
sponsored by the National Highway Traffic Safety Administration under
Contract Number DOT-HS-7-01755 to the Highway Safety Research Institute
of The University of Michigan. The project used data from Illinois and
Michigan police-reported accidents. These data sets were selected as
the result of an earlier effort that investigated the utility of various
data sources in estimating reductions in crash fire and fuel leakage

rates that might be associated with the implementation of FMVSS 301.

In the earlier effort (Flora et al., 1979), several data sources
were investigated. Several states assign the code ‘'“fire" from
interpretation of the narrative description of the crash. While this
results in many of the conflagrations being included, the reported fire
rates in these states are much smaller than those observed in
jurisdictions that include a check box on the accident réport form for
occurrence of fire. Fire department data collected on statewide basis
in the National Fire Incident Reporting System were considered. They
were found to lack identification of a car fire with a crash; most of
the vehicle fires reported there were clearly non-crash fires. In
addition, model year information was sketchy and no crash details were
available even if a report appeared to be a crash fire. The data from
the National Crash Severity Study were found to contain too few fires
for useful analysis and appeared to under-report leaks. Data from the
Fatal! Accident Reporting System suffer from the fact that they represent
a selection of accidents in which someone was killed, resulting in a
special set of data with many factors that interact with occurrence of
fires or fuel Jleakage and prevent evaluation of the standard.
Consequently, data from large states that report occurrence of fire as a

variable to be answered on each accident report provide the best data

for this evaluation.




The FMVSS 301 is a series of standards that specify a performance
requirement that passenger cars and light trucks must meet in crash
tests. The standard requires that, after a crash of a2 specified type,
the vehicle should not leak more than one ounce of fuel per minute. The
standard first applied to passenger cars in 1968 and was modified in
1976 and in 1977. It applied to light trucks in 1977, with modification
in 1978. Details of the standards are summarized in Table 1 in the
report. The sequential modifications generaily extended the class of
vehicles that the standard applied to and increased the variety of crash

tests that must be used.

The standard applies to fuel leakage. Its aim is to prevent or
reduce post-crash fires and associated injuries and deaths by reducing
or eliminating the fuel leakage. In Michigan, separate estimates of
fuel leakage and occurrence of fire are available, but in Illinois only
occurrence of fire is reported. The overall fire rates in Michigan and
I1linois are comparable. Post-crash fires are relatively rare events,
occurring slightly less often than two fires per thousand police-
reported crashes for passenger cars, and somewhat more often--about 2.5
fires per thousand crashes--for light trucks. Fuel leakage is more
common, occurring in about 12 out of a thousand passenger car crashes
and in about 17 out of a thousand 1light truck crashes. Table A
summarizes the crash fire rates and fuel leakage rates for passenger
cars by model year groupings that correspond to various versions of
FMVSS 301, while Table B summarizes these rates for light trucks. The
data are presented separately by state and year of crash. The appendix
of this report gives the raw data for fires and crashes by model year

and state.

The crash fire rates for passenger cars in Illinois are displayed
in Figure A. In the figure, the effect of different model years can be
viewed by looking at the abscissa. Within each model year, from one to
six years of data are plotted. These crash years are identified by the
last digit of the year. They represent up to six different ages of the
model vyear in question, so effects of age can be viewed vertically at
each model year. (A1l the figures in this summary also appear in the

report and are discussed in more detail there.)



TABLE A

Passenger Cars
Fire Rates Per Thousand Crashes

Year Pre-301 68-75 1976 1977+
ILLINOIS

1975 2.2 1.570 2.097(7) -

1976 2.581 2.238 1.852 1.502(7)

1977 2.076 1.813 1.446 1.217

1978 2.213 1.764 1.550 1.495

1979 1.276 1.725 1.626 1.480

1980 2.642 1.912 1.495 1.700
MICHIGAN

1978 3.209 2.252 1.718 1.810

1979 3.010 2.584 1.881 1.169

1980 3.237 2.797 1.774 1.624

Passenger Cars
Fuel Leakage Rates Per Thousand Crashes

MICHIGAN

1978 27.371 15.916 7.921 7.786

1979 27.14h | 15,462 8.816 6.589

1980 25.614 15.570 8.539 6.763

Figure B displays the crash fire rates for passenger cars in
Michigan. The rates are plotted the same way as those from |llinois
were., |t is noteworthy in these data that the highest crash fire rate
for models 1976 and later (that were subject to the revised version of

FMVSS 301) is lower than the lowest crash fire rate for earlier models.

In the Michigan data, information on fuel leaks is also available.
The fuel 1leakage rates are plotted in Figure C, with the same
conventions as used before. There is a very definite trend in fuel leak
rates related to model year. The rates appear nearly constant and quite
low for model years 1976 and later, but show a strong increasing trend

for earlier models. Some of this trend may be related to aging of the



TABLE B

Pickup Trucks

Fire Rates Per Thousand Crashes

Year Pre-77 1977 1978+ Total
ILLINOIS.
1975 2.273 -- -- 2.273
1976 2.758 L.31(?) -- 2.771
1977 1.937 3.482 0.0(?) 2.125
1978 2.770 2.039 3.142 2.698
1979 2.349 2.089 1.903 2.189
1980 - 2.325 1.974 2.045 2.178
MICHIGAN
1978 2.549 2.036 2.121 2.394
1979 2.880 2.773 2.045 2.534
1980 2.906 1.891 1.533 2.250
Pickup Trucks
Fuel Leakage Rates Per Thousand Crashes
MICHIGAN
1978 21.796 13.377 10.781 18.651
1979 21.669 9.412 8.259 16.986
1980 22.161 15.839 9.197 16.408

cars, but it may also be related to gradual changes in the average size,

style, or more general model year differences.

Fire and leakage rates were found to vary by a variety of factors.
Different crash configurations and crash severities affect those rates
strongly--moré so than do differences in model years. In Section 4 of
the report, mathematical models are used to model the effects of crash
severity and type in order to control for these factors before
estimating the changes in fire or leak rates that may be associated with

the standard.

The data do not indicate any significant differences between the
1976 and 1977 versions of FMVSS 301. In part this may be due to the

fact that only a single model year is involved and that a substantial
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Passenger Car Fire Rates by Model Year in I1linois
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amount of data is needed to detect differences. Another possibility is
that some manufacturers changed cars to meet the 1977 standard in 1976,
while others waited until the 1977 models. Because of the amount of
data needed, it does not seem likely that differences in effectiveness
between the 1976 and 1977 versions of the standard will ever be

definitely identified using crash data.

The 1968 version of FMVSS 301 applied to passenger cars. The data
relevant to evaluation of this version are somewhat limited, since the
earliest data are crashes that occurred in 1975, when pre-standard cars
were already at least seven years old. Data for pre-standard cars are
therefore somewhat scarce. In the |1linois data, the 1968 standard was
associated with a 6.5 percent reduction in crash fire rates. This did

not reach statistical significance at the five percent level.
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Similarly, in the Michigan data,;the 1968 version was associated with a
reduction of about eight percent in the crash fire rates, again not
significant at the five percent level. Further, if attention s
restricted to frontal crasheé; changes associated with the 1968 model
year again were not statistically significant. Thus, the crash fire
data do not provide conclusive evidence of an effect of the 1968
standard on crash fire rates larger than that attributable to random
variation. For leakage data in Michigan, a 35 percent reduction was
observed with the 1968 models and a 38 percent reduction in leak rates
in frontal crashes. However, after controlling for crash severity,
these reductions disappear at all crash severity levels except the next
to highest 1level. The other levels actually show higher leakage rates

after controlling for severity and age. Thus the leakage data do not
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show any evidence of a beneficial effect of the 1968 version of FMVSS

301 that is not explained by crash severity differences.

The data for 1light trucks are not as substantial as those for
passenger cars. In Michigan, the number of truck crashes was only about
one-fifth that of passenger car crashes. In |1llinois, the number was
only about one-tenth that of car crashes. This difference between the
states is caused by the difference in the vehicle classification scheme
used in the two data sets. In addition to the smaller number of cases,
there is some uncertainty about the actual vehicle types that are

included in the light truck group.

In the |1linois data on passenger cars, significant reductions in
crash fire rates were observed that coincided with the 1976-77 effective

dates of FMVSS 301. The largest reductions--on the order of 50



percent--were observed for rollover crashes. - Large significant
reductions were also observed for angle impacts (24 percent) and for
rear impacts (15 percent). Other crash types showed reductions of
smaller magnitude that did not reach statistical significance at the
five percent level. Aging as an alternative explanation was controlled
for, so that these reductions cannot be reasonably identified with age
of vehicle. While there could be alternative explanations, none could
be identified that explained the reductions. |t seems reasonable to
conclude that, while these data cannot show causation, reductions
occurred which may most reasonably be ascribed to the 1976-77 version of
FMVSS 301.

The light truck data in I1linois do not show much evidence for an
effect of FMVSS 301. The fire rates by model year for light trucks are
consistent with a constant rate, subject to some random variation.
There appears to be a reduction that occurs with the 1976 model vyears.
This is one year in advance of the applicable date of the FMVSS 301, so

it is not clear that it is related to the standard.

The passenger car fire rates in Michigan were modeled controlling
for age and damage severity. The age variable was not found to be
significant. The best model estimated separate mean levels and standard
effects at each of seven crash severity Ievéls. The estimated
reductions ranged from about 9 percent to 50 peftent. Fire rates for
the lowest three crash severities are very low andfﬁrobably represent a
residual crash fire rate that is unlikely to be reduced any further.
For the levels four through six, reductions qf about 40 percent
associated with the 1976 version of the standa?d were observed. The
highest crash severity (seven) is an open-ended category that includes
truly catastrophic crashes where no standard is likely to have much
effect. Again, while these data cannot prove causality, alternative
explanations such as age of vehicle, damage severity, crash type,
etc. have been controlled for and it seems reasonable to conclude that
the significant reductions in crash fire rates observed are associated
with the models subject to the 1976 version of FMVSS 301. It should be
noted that no difference between the 1976 and 1977 versions of FMVSS 301

can be found in these data. |t is possible, of course, that any changes



made to improve the fire rates were motivated by the much publicized law
suits beginning in 1972 (Dowie, 1977) involving crash fires in addition
to the impetus provided by the FMVSS 301.

Turning to light truck fire rates in Michigan, again crash severity
was controlled for, as was the age of the vehicle. Since the FMVSS 301
applied to light trucks first in the 1977 models, there is less
information about how the vehicles subject to the standard will do when
they are older. However, after including the damage severity in the
model, a reduction of 0.8 fires per thousand crashes was associated with
the 1977 standard and an additional reduction of about one fire per
thousand crashes was associated with the 1978 standard. The levels vary
with TAD level, but using TAD L as an example, these correspond to crash
fire rates of 2.78 per thousand reduced to 1.98 fires per thousand with
the 1977 standard and further reduced to 1.01 fires per thousand with
the 1978 standard. Both of these reductions were statistically
significant. While again, causality should not be imputed from these
data, in the absence of alternative explanations, it seems reasonable to

conclude that these are the result of the standard.

In the Michigén data, the proportion of vehicles with fuel leakage
after a crash could also be calculated. Leakage rates appear to have a
much stronger relation to the age of the vehicle that do the fire rates.
After including variables for age and age squared, for <crash severity
and crash type in the models, significant reductions in leakage rates
were observed in the passenger car data. Because of the many other
factors involved it is not possible to describe the effects simply.
However, referring to Figure C, it can be seen that the leakage rates
are quite low and apparently nearly constant for the models later than
1976. While this effect is consistent with a beneficial effect of FMVSS
301, the leakage rates appear to be related to gradual changes over the
model years and so may be less identified with the standard than with

other, gradual changes over the model years.

For leakage rates in the light truck data, interactions in standard
effects and crash severity were found. After including these,
significant reductions associated with the 1977 and 1978 model years

were found in all crash severities but the most severe. These



interactions mean that substantially different effects were observed for
the different crash severities, so no concise description of the
estimated effect is possible. However, significant reductions were
observed that coincide with the dates of the standard. Since only few
model years of data are available, it is not possible to definitely rule
out age or other general model year effects. There is evidence that
leakage rates in light trucks have been reduced in models subject to
FMVSS 301. However, the evidence for reduction in crash fire rateébis
inconclusive, with one state's data indicating a reduction and the other

showing no difference.
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1.0 INTRODUCTION

This is the final report detailing the findings and results from a
project entitled "Evaluation of the Effectiveness of Federal Motor
Vehicle Safety Standard Number 301--Fuel System Integrity." The project
was sponsored by the National Highway Traffic Safety Administration
(NHTSA) under Contract Number DOT-HS-7-01755 to the Highway Safety
Research Institute of The University of Michigan (UM Account Number
015937) . The project estimates the effects of FMVSS 301 by examining
post-crash fire rates and post-crash fuel spillage rates in police-
reported accident data. An earlier effort (Flora et al., 1979) examined
possible data sources and determined their wutility in this type of

evaluation.

Fires following a crash are rare events. They are estimated to
occur in approximately 1.5 to 2.3 crashes per thousand police-reported
crashes of passenger cars and slightly more often--from 2.2 to 2.8
crashes per thousand--in pickup trucks and general purpose vehicles with
gross vehicle weight rating (GVWR) less than 10,000 pounds. Fuel
leakage is more common than fire, but still relatively infrequent,
ranging from about 11 to 14 cases per thousand passenger car crashes and
from 16 to 19 cases per thousand crashes of pickups or vehicles with
GVWWT less than 10,000 pounds. These rates can differ much more for

specific types of crashes, and are higher in more severe crashes.

When post-crash fires occur, they tend to be spectacular events and
often receive considerable news coverage. In addition, crashes as early
as 1972 resulted in numerous court cases involving car fires that
received much media attention. The purpose of this report is to
estimate any differences in post-crash fire and/or leakage rates
corresponding to models affected by the various versions of the FMVSS
301 standard. Other variables are associated with crash fires. Some of
these are the age of the car, the type of the crash, and the speed of
impact or severity of the crash. To the extent possible with the data,

the effects of these variables were estimated and controlled for in

11



estimating the effect of FMVSS 301. Passenger cars and other vehicles
subject to the FMVSS 301 standard were considered separately. However,
the data sets contain vehicle types that do not exactly match the types
identified in the standard. Vehicles are identified as vans, pickups,
etc., and these categories are taken to represent the vehicles of GVWR
less than 10,000 pounds referred to in the standard. To the extent
extent that these identifications do not exactly match the definition in
FMVSS 301, this latter analysis is somewhat approximate. These vehicles

will generally be referred to as "light trucks."

Most of the analysis in this report uses data from two sources:
State police accident files from the states of Illinois and Michigan.
Both of these states have a specific question on the accident reporting
form that must be checked yes or no for whether a fire occurred. Copies
of the accident report forms are in Appendix A. The data from |1linois
contain this variable beginning with the 1975 calendar year, while data
from Michigan contain this variable beginning with 1978. Data from
years 1975 through 1980 from Illinois and from 1978 through 1980 from
Michigan have been used. Data from North Carolina have been used in a
similar effort (Reinfurt, 1981), but there fires were identified from
police-reported narratives, rather than from a variable required on all

accident reports.

Federal Motor Vehicle Safety Standard Number 301 aims to reduce
fatalities and injuries resulting from post-crash fires by reducing the
incidence and/or amount of fuel spilied during and immediately following
the crash. The standard was first applied to passenger cars beginning
January 1, 1968. To comply with that first version of the standard,
passenger cars were not to leak more than one ounce of fuel per minute
following a frontal perpendicular impact into a fixed barrier at any
speed up to and including 30 mph. The standard was amended applying to
passenger cars manufactured after September 1, 1975, by requiring them
to meet the additional condition of not leaking more than one ounce of
fuel a minute in a static rollover test following a frontal impact.
That is, following impact, excessive leakage should not occur whether a
car was resting on its wheels, either side, or its roof. Beginning with

cars manufactured September 1, 1976 and later, passenger cars were also

12



required to meet the fuel leakage limitations following a rear impact at
30 mph with a moving barrier or a lateral impact with a moving barrier
at 20 mph. The frontal impact was changed to be perpendicular or within
30 degrees of either side of perpendicular. The static rollover test
was applied following any of these impacts. Exact details of the
standard are in 32 FR 2416, February 3, 1967, 38 FR 22397, August 20,
1973, and 40 FR 48352, October 15, 1975.

The standard was also extended to cover vehicles up to 6000 pounds
GVWR beginning on September 1, 1976. These vehicles were to meet the
frontal perpendicular impact and the static rollover test as well as the
rear impact test. Beginning in 1977 vehicles of GVWT from 6000 to
10,000 pounds were to meet the frontal perpendicular barrier crash
requirements and in 1978 these vehicles were to meet all the
requirements of the passenger car tests except the side impact. The
standard also applied to school! buses, but these are not considered in

this report.

A number of other changes in vehicles have occurred during this
period that might affect the fire and/or fuel leakage rates. The
environmental protection standards added a fuel evaporation canister
with additional fuel line connections to control air pollution beginning
with the 1971 models. Further attempts to reduce air pollution have
resulted in addition of catalytic converters to the exhaust systems of
most gasoline-powered cars. The model year that these were added varies
with the car make--cars sold in California generally had them earlier
than other cars. Most of these appear to have been added to the
1974-1975 models for domestic manufactured cars. This converter
operates at a higher temperature than conventional exhaust systems and
essentially burns unburned hydrocarbons in the exhaust. It poses an
additional possible source of ignition for spilled fuel. Although a few
makes of cars have offered diesel-powered cars for some time, there has
been a considerable increase in the number of diesel-powered cars sold
in recent years, particularly since 1978. While the proportion of
diesel-powered cars in these data is quite small and the differences
over these years is probably negligible, to the extent that diesel fuel

may be less likely to ignite than gasoline, this could affect fire rates
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in the future. One of the most noticeable changes in cars has been the
reduction in size and weight of the cars in recent years to improve fuel
economy . Smaller «cars are generally more subject to damage in a crash
than are larger cars, particularly in collisions involving other, larger
cars. Consequently, thesé smaller cars may be more 1likely to suffer
damage resulting in fuel leakage in a crash. This downsizing has taken
place on two levels. Individual models have been reduced in size and
weight, and purchasing patterns have changed toward buying of smaller
models. Thus, while the newer models are subject to more stringent
testing requirements, they may also be smalier, and more subject to
damage in a crash, which may dilute the benefits of the standard.
Again, this effect is probably quite small in the current data but could

become increasingly important in the future.

Table 1 1lists the FMVSS 301 standards and other events that may
affect fuel leakage rates and/or fire rates following a crash. This
includes not only the FMVSS 301, but also some other standards changes
that have been identified. Other changes that affect these rates may
exist, but are unknown. Changes in speed or type of crashes could

certainly also affect the rates.
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TABLE 1

Applicability of Standards and Other Events

Influencing Fuel Leakage or Fire by Model Year

Model
Year Requirements Vehicles Affected

Pre-1968 | None None

1968 Front barrier crash (30 mph) limited Passenger Cars
leakage from fuel tank, filler
pipes, and connections during (I
oz.) and after impact (1 oz. per
minute) Effective January 1, 1968

1971 In response to air pollution control Passenger Cars
legislation, evaporative emission-
control systems were installed,
previous fuel system components

1975-75 In response to air pollution Passenger Cars
legislation, many car models added
catalytic converters to exhaust
systems, increasing temperature and
possible ignition source

1976 Static rollover test following Passenger Cars
frontal barrier crash (September 1,
1975)

1977 Rear moving barrier (30 mph) and Passenger Cars
Lateral barrier (20 mph) crashes
added September 1, 1975

1977 Frontal perpendicular barrier crash, Gross Vehicle
Rear moving barrier crash (30 mph), Weight <6000
Static rollover test (September 1, pounds
1976)

1977 Frontal perpendicular barrier crash GVWR of
(30 mph) (September 1, 1976) 6000 to

10,000 pounds
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Table 1 (Continued)

Mode! -
Year Requirements Vehicles Affected
1978 Frontal! barrier crash within 30° of A1l vehicles up

perpendicular at 30 mph. Static
rollover test, 4-90° increments.
Rear moving barrier crash (30 mph),
Lateral moving barrier crash (20
mph)

to 10,000 pounds
GVWR
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2.0 DATA SOURCES

In this section we discuss the criteria for selection of data
sources to be used in this evaluation, review the data sets evaluated in
the earlier report (Flora et al., 1979), and discuss in detail the

characteristics of the data sets used in the current effort.

To be useful in this evaluation, a data source must contain certain
information. It must identify vehicles--passenger cars or other
vehicles subject to FMVSS 301--by model year, crash involvement, and
occurrence of fire or fuel leakage. Additional information such as the
type of «crash, its severity, etc. would also be useful but is not
crucial. |In addition, the data set must be relatively large. Crash
fire rates are generally estimated to be on the order of from one fire
per thousand crashes (Cooley, 1974). Given this rarity, and the
approximate Poisson nature of the number of fires, a relatively large
number of fires must be present in order for the variability of the fire
counts to be small enough relative to the number of fires so that
differences could be detected. |f Poisson variation in the fire counts
is assumed, about 100 crash fires are needed for the variation to be on
the order of 10%. |If variability on the order of 20% of the level is
accepted, then about 25 fires per group are needed. With this as a
basis, one would expect perhaps 100 crash fires per year in a data set
with about 100,000 passenger car crashes. Since comparisons are to be
made on the basis of individual model years, or groups of model years of
cars that correspond to the different versions of FMVSS 301, each
subgroup should contain enough crashes so that the calculated fire rate
is stable enough to allow comparisons. This requirement means that one

must concentrate on statewide data files from fairly large states.

2.1 Review of Evaluation of Data Sources

The previous report (Flora et al., 1979) considered several data
sources and evaluated their usefulness for the evaluation of FMVSS 301.

Two general types of data files were considered: state police accident
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files and state fire department files. Fire department data from the
National Fire Incident Reporting System (NFIRS) were found to be of
limited use. Most of the vehicle fires identified in fire department
data were not crash fires. There was essentially no positive way to
identify a vehicle fire with a crash. Many of the vehicle fires did not
have model year information, so they could not be identified with a
version of FMVSS 301. Thus, fire department data were not sufficiently
well identified with crashes and with model years of vehicles to be very

useful.

Data from the National Crash Severity Study (NCSS) were considered
for use. However, there were only 109 cars that caught fire and had the
detailed information available. Even with the sample weighting this
amounted to only 139 car fires in the data file. Such a small number
results in large variation, particularly when the car fires are used to
calculate fire rates by model year or other subgroups. While the NCSS
data ostensibly also contain data on fuel leakage, only slightly more
vehicles were reported as having leaked fuel than caught fire. It
appears that it was difficult to determine fuel leakage except when
there was an obvious rupture of the fuel tank. Even some of those cases
were suspect, since that damage could have occurred during removal from
the scene of the crash or during extrication of occupants. As a result,
while the NCSS data were analyzed in the previous report, there seems to
be too few fire cases for further analysis. The leakage data seem
particularly suspect. Since the crash scene was not visited, only very

large leaks would be noticed.

Data from the Fatal Accident Reporting System (FARS) were also
considered. A major problem arises when trying to use FARS data for
evaluation. The major problem is the self-selection of the fatal
crashes. Since at least one person was killed, the crashes are
generally quite severe. This implies that there could be numerous
interactions that make the use of these data for evaluation difficult,
if not impossible. For example, it might be that newer cars are
generally safer and that fatalities only occur in crashes that are more
severe. An extreme (unrealistic) case would be if fatalities in some

models of cars only occurred if the cars caught fire. If that were the
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case, then, while those models would be safer overall, their fire rate
in the FARS data would be the highest. This sort of interaction because
of the selection of cases by fatality operates to generally preclude the
use of FARS alone in evaluation of safety standards, because in order
for a case to exist in FARS, by definition, the safety features must

have broken down so that a person was killed.

State accident data from the forty-eight contiguous states were
considered for possible use. Most state data do not include variables
to identify post-crash fires. Often a '"fire" code is present in the
data, but applies only to a fire as a first harmful event. In some
states, fire is coded as a second or subsequent harmful event, but this
coding is done at the state level from a review of the police narrative
describing the crash. A number of states have fire coded from the
police narrative. Washington, North Carolina, and Pennsylvania are
examples of states with this kind of data. Washington State data had
very few fires. Further analysis of them did not seem warranted. A
recent study (Reinfurt, 1981) wused the North Carolina data in an
evaluation of FMVSS 301. This latter study concluded that only the
comparison between no standard (model years 1965-1967) and the first
version of FMVSS 301 (model years 1969-1975) could be reasonably done
with the North Carolina data. The 1968 model year was split between

versions of the standard and so eliminated in their analysis.

The state police data from |Idaho and from Oklahoma contain a
variable that notes whether the <car caught fire after the crash.
Unfortunately, the model year information in Oklahoma was entered as a
one digit code for the age of the car. This resulted in model year
identification for the seven most recent model vyears, with earlier
models lumped. As a result, two versions of the standard were mixed.
The mixing changes from year to year. Neither the Oklahoma data nor the
Idaho data contain enough crashes to have very many crash fires. As a
result, neither is a very useful data source for further evaluation.
The data from the State of New York report fire as a second harmful
event. It appears that this results in very few fires being reported.
The reported fire rates are similar to those in Washington, and only

about a tenth of the crash fire rates reported from states where the




fire variable is a check box on the accident report form. The very low
reported fire incidence in New York limits its utility. The primary
analysis in this report will be on data from the states of Michigan and
I1linois. 11linois has reported crash fires on their accident reporting
form since 1975. Michigan has included a variable to report crash fires
and crash fuel leakage since 1978. These two data sets are discussed
more fully in Sections 2.2 and 2.3, respectively. Some use is made of
the data from the State of Pennsylvania. The characteristics of this

data set are discussed in Section 2.k4.

2.2 State of lllinois Data

These data came from the |llinois Department of Transportation and
consist of all police reported accidents in the State of Illinois.
There are two levels of reporting. Accidents that occur on state roads
(or federal highways) were always to be reported to the state. In
addition, most local police jurisdictions report crashes to the state.
Accidents that occurred in Chicago or were investigated by city of
Chicago police were not reported to the state file until 1980. For the
purposes of this study, to keep a consistent population, crashes from

Chicago have been filtered out of the 1980 data.

As is usual, there is a reporting threshold for accidents. The
reporting criteria are the following: accidents must be reported if
there was any personal injury or if damage to any one person's property
exceeded $250. Possibly the data may contain some accidents of a more
minor nature that were voluntarily reported and miss some that should
have been included, but the above may be taken as the threshold. One
concern with police-reported data has been to ensure that the fires are
post-crash fires rather than incidents in which the car caught fire and
which were investigated by police and subsequently reported. In the
I1linois data set an additional variable of '"type of crash' has been
used. The code values for this variable indicate the type of accident,
such as head-on, rollover, etc. One value is "non-collision' and this
presumably contains any fire cases that were not associated with a

crash. Use of this variable in conjunction with the fire and model year
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variables would seem to ensure that the fires being analyzed are,

indeed, post-crash or at least associated with a crash.

In 1llinois two data forms (reproduced in Appendix A), must be
filed on reportable accidents. One is completed and forwarded by the
investigating officer. In addition, each driver must complete and
forward a driver's accident report. Each of these forms has a check box
to report whether or not a fire occurred. Both forms are forwarded to
the |llinois Department of Transportation in Springfield, Illinois,
where the data are computerized. |In coding the data, the fire variable
was coded fire if either the police or the driver's report reported the
occurrence of a crash fire. |f either or both reported that no fire
occurred and neither reported a fire, the variable was coded as no fire.
Finally, if both reports were blank on the fire variable, a missing data

code was entered into the computer.

Even with this dual reporting system, there remains a substantial
amount of missing data. The first year of the new form, fire data were
missing on 39 percent of the crashes. The missing data rate has
declined steadily, but still remains substantial, being 18 percent in
the 1980’ data. Table 2 gives the missing data rate by year of the
crash. It is evident that all of these years have missing data rates
that far exceed the crash fire rates. As a result, some assumptions
about the missing data must be made in order to proceed with the
analysis. One possibility is to calculate fire rates based only on
cases with data on the fire variable present. (This definition of crash
fire rates was used in an earlier report by Flora et al., in 1979.) A
difficulty with this approach is that the reduction in missing data
rates over the years may result in quite different overall fire rates.
If, in fact, the missing data result from the fire variable being
overlooked when there is no fire, then missing data would be all non-
fire cases. Basing the fire rates on the cases with data present would
then bias the rates. Conversations with the data management personnel
at the Illinois Department of Transportation suggest that this is
probably the case: missing data most likely contain no fires. As a
result, the fire rates have been calculated as number of fires divided

by all crashes for the same subgroup.
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TABLE 2

Missing Data Rates From Illinois

Year: 1975 1976 1977 1978 1979 1980

Missing

Data Rate | 38.8% | 32.7% | 21.6% | 20.1% | 18.5% | 17.8%

2.3 Data from Michigan

The data from Michigan consist of accidents reported to the
Michigan Department of State Police from all police jurisdictions.
Beginning in 1978, the police accident reporting form (reproduced in
Appendix 2) contained two new variables to be answered yes or no. One
variable asks '"Did fire occur?" and the other asks 'Did vehicle leak
fuel?" When these data are coded at the state level, four code values
are used. One code value indicates that the fire variable was coded
yes, fuel leakage coded no. A second value indicates that fuel spillage
was coded yes, fire coded no. A third value is used to indicate that
both fire and fuel spillage variables were coded yes. Finally, a fourth
code value is wused for all other cases. Thus, the fourth value
indicates that neither fire nor fuel spillage was coded yes. This
includes cases with either fire or fuel spillage or both left blank.
The presumption made in coding the data on the state level is that
missing data correspond to no fire or fuel spillage. Because of this
coding scheme, one cannot tell what missing data rate occurs. Thus,
perforce, fire and leakage rates in Michigan will treat missing data as

non-fires or non-leaks.

The criteria for reporting an accident to police in Michigan is any
personal injury or damage to any one person's property in excess of
5200. While accidents involving no injury and less damage or
questionable amount of damage may be reported to police, many
jurisdictions have a separate form, an incident as opposed to an

accident form, for reporting such occurrences. These more minor crashes
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are then not reported to the state police. Of course it is also
possible that some eligible accidents were not reported. The Michigan
data also contain a variable for collision type and one for damage
severity. These were used to exclude reports coded '"non-collision' or
zero damage. The result should be to ensure that the fires and leaks

are really post-crash or at least correspond to a crash.

In calculating and reporting fire and leakage rates, the various
code values must be considered. For example, if a crash is coded fire,
yes, leak, no, should it be considered a fuel fire? In discussions with
police as to how they would fill out a form and with coders, the
concensus was that such cases were generally fuel fires. Some officers
reported that they had used that when the entire car burned up and they
could not tell whether fuel had leaked. Consequently, the following
conventions have been established. All cases with fire coded yes were
considered to be post-crash fuel-fed fires. In addition, all crashes
coded yes for fire or yes for fuel leakage were considered to be cases
involving fuel leakage. Thus, fire rates have been calculated with
numerators consisting of cases coded either fire only or fire and leak,
and denominators consisting of all crashes. Similarly, leak rates have
been calculated with numerators consisting of all cases coded fire,

leak, or both, and denominators based on all crashes.

2.4 Data from Pennsylvania

The state of Pennsylvania maintains computerized reports of traffic
crashes in a convenient form. Three years of such data (1977-1979) were
made available to this project for analysis. The criteria for reporting
accidents in Pennsylvania changed on June 30, 1977, and this change is
reflected in the size of the 1977 data set as compared with those of
later years. Prior to June 30, 1977, all local jurisdictions were not
required to report accidents to the state, although accidents which were
reported included fatal and injury accidents plus crashes with property
damage greater then $200. Since June 30, 1977, all towaway crashes must
be reported from all jurisdictions. This change in the minimum

reporting criterion (from a dollar amount to a towaway) reduced the
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total number of cases reported, but increased the average severity of a

reported crash.

The occurrence of a fire is not reported as a check on the
Pennsylvania accident report form, but it is a possible code assigned by
persons in the state Department of Transportation office who are
responsible for reviewing and entering the case data into the computer.
From a combination of the coded and descriptive material in the written
report, the coder may assign up to three '"events' in sequence for each
crash-invoived vehicle. These events are intended to be sequential, and
include "struck another vehicle,'" '"struck a guardrail," '"fire," etc. In
a number of cases the code 'fire" has been entered without any
subsequent entries, and this has been assumed to represent a non-crash

fire.

We have analyzed these entries, and have recoded the fire data into
two categories--a fire for which there was also reported crash damage
(listed as a 'crash" fire), and a fire with no other damage reported
(listed as a "non-crash" fire). The reported fire rates in Pennsylvania
may be compared with reported rates in states which have a direct fire
entry on the police report form. Differences in reporting thresﬁo]d
should be kept in mind, of course. Pennsylvania has reported about
360,000 passenger cars in accidents in 1979, with a total of 458 (272
crash + 186 non-crash) fires reported. This leads to a total fire rate
of about 1.3 fires per 1000 towaway cars, a crash fire rate of 0.75 per

1000, and a non-crash fire rate of about 0.5 per 1000.

These rates can be compared to those reported in other states with
a similar system for noting fires, New York, Washington, and North
Carolina. The crash fire rate in New York for 1976 and 1977 data was
about 0.29 fires per thousand crashes, while that in Washington was
abéut 0.55 crash fires per thousand crashes (Flora et al., 1979).
Reinfurt reported a similar rate of 0.558 crash fires per thousand
crashes in North Carolina (Reinfurt, 1981). This might be compared with
the reporting rate in Michigan of 4.6 fires per 1000 towaways (1980)
(obtained by restricting the Michigan data to vehicles 'towed from
scene."), a rate of 2.2 fires per thousand towaways in NCSS, or of 1.8

fires per thousand police-reported crashes in Illinois (1980).
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Aggregating the data over several calendar years provides enough cases

to compare fire rates for the various FMVSS #301 standard periods.
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3.0 ANALYTICAL METHODS

The analysis of possible.effects of the FMVSS 301 is complicated by
the fact that the standard took effect with a particular model year (for
each version), while the crash data come from calendar years that were
somewhat later than the effective date of the standard. Thus, for
example, the earliest data from Michigan come from 1978, while the most
recent versions of FMVSS 301 applied to the 1976 and 1977 model years of
passenger cars. This means that the pre-standard cars were older at the
time of the crash than the post-standard cars. As an example, the 1975
models were three years old in 1978, and five years old in 1980, while
the 1977 models ranged in age from one year old to three years old.
Thus, the age of the car is confounded with the possible effects of the
standard. Any other changes in the car or accident population over time
are also confounded with the standard. Such changes cannot be separated

from possible standard effects.

To some extent it may be possible to disentangle the confounding of
the age and the standard. Since there are six years of data from
I1linois, cars built under each version of the standard can be
investigated at six different ages. Likewise in Michigan, each group of
model years corresponding to the versions of FMVSS 301 have data for
three different years of age. Consequently, the effects of aging over
six years (in I1linois) or over three years (in Michigan) can be
estimated separately for each model year. There is still some
confounding in that these periods are at different times in the «cars'
ages, e.g., from three to nine years old for 1975 models as opposed to
one to six years old for 1977 models. This difference is most marked

for pre-1968 cars, of course.

While the inclusion of several years' of data allows one to
estimate an aging effect separate from a model year effect, there may
stil]l be other model year effects that are confounded with the FMVSS 301
standard. For example, in recent years there has been a trend toward

smaller cars. This occurs on two levels. The mix of vehicles purchased
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has shifted toward more sales of small cars and fewer of large cars. In
addition, several manufacturers have reduced the size and weight of
several models. The full-sized General Motors cars were reduced in size
beginning with the 1977 models, for example. As a result, the different
model years have different car sizes. To the extent that car size may
influence fire or leakage rates, this variable would interact or be
confounded with the introduction of the standard. The I1linois data
have no information on car size. The Michigan data include a wvariable
that groups cars into four size categories. However, downsizing of
recent models results in inconsistent sizes for different model vyears.
In addition, this variable is subject to relatively large reporting
errors. Consequently, it was not used. Probably for the time period of
these data (1975-1980) changes in car size mixtures were relatively
small. However, this factor could become more important in the future

if the trend toward smaller cars continues.

There are a large number of other possible changes in the model
years of these cars. There has been a recent increase in the number of
diesel powered cars sold. While this would not seem likely to affect
the leakage rates, if diesel fuel is less likely to ignite when spilled,
it could reduce the observed fire rates. Other changes in the cars have
been introduced. There is a trend toward more front-wheel drive cars.
This results in quite different construction. For example, there is no
differential housing near the rear fuel tank in a front-wheel-drive car.
Also, the rear axle is quite different. These structural changes may
affect the chance of puncture or rupture of the fuel tank in a crash and
so affect the leak rate. Most of these changes would be present as
gradual changes over the model years rather than the presumed step
change associated with the standard. Both of these effects should be
quite small for the data years under consideration, but could become

increasingly important in the future.

There are a large number of crash variables that strongly affect
the chance of a leak or a fire. Any crash severity variable seems to
affect these rates, with higher rates in more severe crashes. In the
Michigan data, the TAD scale is a measure of crash severity or damage to

the car. The type of crash affects these rates. Whether the crash is a
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single or multiple vehicle crash also influences fire and leakage rates.
Day or night is associated with fire and leakage rates, although as
noted later, the effect is taken primarily as a surrogate for crash
severity in that the day-night effect is nearly eliminated if rates are

adjusted for TAD.

3.1 Modeling Rates

In order to consider the possible effects of the confounding and
interacting variables mentioned above, rates were analyzed using a
linear models approach to categorical data. The methodology s
described in Grizzel, Starmer, and Koch (1969). A number of forms of
these models have been used and are described in the results section.

Basically, the model may be written as

k
reB + ). B,

i=1
where the )(.I are variables such as severity, aging within model year, or
standard effect dummy variables. The Bi are .coefficients to be
estimated and B° represents an intercept or overall mean. We have used
the weighted least squares method (equivalent to minimizing the modified
chi-square) to estimate the coefficients. A program to implement this
is GENCAT described by Landis et al. (1976). An alternative method of
performing the calculations using standard regression programs was
described by Flora et al. (1980), and was used for most of the modeling.
Either method results in identical estimates for the coefficients, a
statistic used to test for lack of fit of the model, and chi-square
statistics used to test whether the coefficients are significantly
different from zero. The coefficients can be tested individually, or as

sets. Also, relations among the coefficients can be investigated.

Most of the models investigated have included a variable for aging,
representing the six or three different ages of a given model vyear of
car available in the data (l1linois or Michigan). In addition, dummy or
indicator variables for the groups of model years that correspond to the
different versions of FMVSS 301 are included. A linear or other smooth

trend in model year is considered. |In addition, indicator variables for
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crash types or TAD severity levels have been included. The coefficients
for these variables were estimated, tested for significance, and reduced
models constructed that generally fit the data adequately and included
only control variables that had coefficients estimated to be
significantly different from zero. In some cases variables of
particular interest were left in the model to demonstrate their effect,

even if it appeared not to be important.

Several methods were used to investigate age. Some consisted of
looking at differences in rates for given models in different crash
years. Others used indicator variables for crash years or a linear
trend in age. The only significant differences that were found were in
the I1linois data and suggested differences in overall rates by data
year. These were not in any monotone order as would be suspected if
aging were the factor. With no obvious pattern to the differences, it
seems more likely that the year-by-year differences reflect reporting

differences than that they reflect an age effect.

The small fire and leakage rates limit the amount of modeling that
can be done. Not all wvariables of interest are present in all data
sets. |In addition, even for the variables that are present, it may not
be practical to include all of them in a single analysis, because the
resulting multiway table of rates would include many rates based on very
few crashes. Such rates may be too unstable to analyze. With an
overall crash fire rate of about two per thousand or a leakage rate of
about 12 per thousand, estimating rates based on fewer than a hundred
crashes is not reasonable. Even with statewide data from three or six
years from fairly large states, some collapsing of the data must be done

to estimate effécts and fit these models.

In some cases models with interactions were needed. When this was
the case, the choice was to model the interactions as main effecis of
one variable within the levels of the other. Suppose that Xli is the
set of indicator variables for factor 1 and ij is the set of indicator
variables for factor 2i with both of these being all means models. The
interaction is X,. times X,.. That is, the effect of factor 2 within

1] 2]
levels of factor 1 is zero for all but the particular level of factor 1.
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For that level, variable 2 takes its usual value according to levels of

factor 2.

3.2 Alternative Statistical Procedures

The 1linear models approach to categorical data described above is
not the only applicable one. Rather than modeling the fire rates or
leakage rates themselves, a logistic model could be used. (Other
similar transformations such as the probit also exist but are gquite
similar.) If this were done, the fire rate would be assumed to depend
on a type of tolerance distribution that is itself a linear function of
the relevant crash or model year variables. Such a model would have the

form
S 1
r=[1.+exp(8 + Z B.x.)17".
i=]

In this model the Xi are variables as before, and the Bi are again
coefficients to be estimated. Here, however, the fire rate is assumed
to be a logistic function of the linear combination of the severity and
standard effects variables. The coefficients again can be estimated by
weighted Jleast squares. While this model has the advantage that the
estimated rates are automatically forced to lie between 2zero and one,

this was not found to be a problem with the linear models.

Alternative methods of estimation can also be used. The most
common and best developed is maximum likelihood. This method s
particularly appropriate with the logistic model (or a similar probit
model). It can be achieved by iterating the weighted least squares
estimation procedure. This method was used by Reinfurt (1981). One
primary advantage is that such a method could be used with a continuous
variable such as delta-V or crash speed without the need to categorize
the data to obtain rates based on large numbers of crashes. In the data

sets at hand, however, we did not have any such continuous variables.

While the maximum likelihood logistic models represent an
attractive alternative method of analysis, the linear models employed
appeared to fit the data adequately. The Jlinear models have the

advantage of being somewhat simpler to interpret and explain as well as
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being somewhat cheaper from the computational standpoint. They have
been wused throughout. Logistic models were considered in the earlier

effort and found not to improve the fit or the explanatory power of the
models.
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L.0 RESULTS

The results are presented separately by the data source. The
combined results are presented in Section 5, Conclusions, as well as

being summarized in the Executive Summary.

4.1, Data from Illinois

The characteristics of the data file from Illinois have been
discussed an Section 2.2. These data do not contain any information on
leakage rates and thus refer to crash fire rates only. The data are
analyzed separately for crashes involving passenger cars and then for
crashes involving light trucks. The data for passenger cars are
summarized: in Table 3, where a question mark indicates a rate based on

very few crashes.

L.1.1 Passenger Car Fire Rates in the Illinois Data

Six years of crash data were available from the State of Illinois.
These were. from the calendar years 1975 through 1980. Crashes involving
cars of model vyears previous to 1968 (the year the first version of
FMVSS 301 Qas effective) were somewhat scarce, particularly for the
later crash vyears. Figure 1 plots the crash fire rates for passenger
cars in the Illinois data by model year with crash years identified by
their final digit. For this figure, model years 1960 through 1967 were
pooled and were plotted at the 1967 point. Visual inspection of Figure
1 suggests that a trend toward reduced rates for more recent models may
be present. A suggestion of larger variability in earlier model years
can also be seen. Table 3 summarizes observed crash fire rates by crash

year and model year groupings corresponding to versions of FMVSS 301.

To estimate the effects of FMVSS 301 in these data a variety of
models were employed. The aim was to estimate separately effects
correspondfng to the various versions of FMVSS 301, and effects of
confounding variables such as aging effects over the six calendar years

of data for the same model years. Mathematical models that included
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Figure 1. Passenger Car Fire Rates by Model Year in |l1linois
TABLE 3
Passenger Cars, Fire Rates Per Thousand Crashes, lllinois
Year | 1960-67 | 1968-75 1976 1977+ Total | Unknown
1975 2.2l 1.570 2.097(7) | ----- 1.656 38.8%
1976 2.581 2.238 1.852 1.502 (?) 2.213 32.7%
1977 2.076 1.813 1.446 1.217 1.714 21.6%
1978 2.213 1.764 1.550 1.495 1.670 20.1%
1979 1.276 1.725 1.626 1.480 1.571 18.5%
1980 2.642 1.912 1.495 1.700 1.771 17.8%
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standard effects, aging effects, and linear trends in model years were
fit to these data. All models exhibited some lack of fit. The best
fitting had a chi-square of 146.90 with 71 degrees of freedom for
testing lack of fit. Several models resulted in similar lack of fit
statistics, leaving no clear choice among them. The best fitting model

was:
r= 1.715 + 0.034 (age) - 0.129(std68) - 0.143(std76).

In the above equation, r stands for the fire rate per thousand crashes,
age is the age of the car at the time of crash, and thus represents a
linear trend in model vyears, while '"std68" and 'std76'" represent
indicator variables for introduction of the 1968 and 1976 versions,
respectively, of FMVSS 301." The coefficient for age is clearly
significantly different from zero, indicating a tendency for the fire
rate to increase with the. age of the vehicle. The other two
coefficients are both negative, estimating reductions in fire rates
coincident with the 1968 and 1976 versions of the standard, but they are
only marginally statistically significant (chi-square = 5.86 with 2
degrees of freedom). The lack of fit also limits the interpretation of
this model. The 1976 and 1977 versions of the standard are nearly
indistinguishable in these data. An effect at 1977 could be substituted
with little change. |If an additional effect at 1977 is included in the

model, the resulting equation becomes:

r= 1.721 + 0.033 (age) - 0.132(std68) - 0.115(std76) -
0.0kk (std77) . '

While the estimated effect is also negative, indicating a slight further
reduction, the associated chi-square for this additional parameter
estimate is only 0.2k with one degree of freedom, indicating a clear

lack of significance.

The best model that incorporates aging--rather than the linear

trend in model years--was:

r= 2.060 + 0.007(aging) - 0.291(std68) - 0.223(std76) -
0.071(std77) .

The associated lack of fit chi-square statistic was 156.27 with 70

degrees of freedom. The aging variable (over the six calendar years
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within the model years) was not significantly different from zero. For
_the three standard effects, the chi-square statistic was 51.37 with 3
degrees of freedom. This is highly significant, but must be interpreted
with some caution because of the lack of fit of the overall model.
There was again, little difference between the 1976 and 1977 versions of
the standard that could be observed in the data. In this model the
variable '"aging" takes the values from one to six, with six

corresponding to crashes in 1980.

A model with three mean fire rates fit almost as well. This model

was:
r= 2.077 - 0.287 (post67) - 0.270(post75) .

The lack of fit was 157.23 with 72 degrees of freedom. Similarly, a
model with a linear trend for age of vehicle at the time of the crash,

estimated as:
r= 1.455 + 0.053(age) .

had a lack of fit statistic of 152.76 with 73 degrees of freedom. While
both of these models show significant lack of fit, it is also clear that
in the former the three mean fire rates corresponding to pre-standard
cars, first version cars, and post-76 version cars differ significantly,
with the lower rates corresponding to models built under the more recent
standards. Further, it is clear that the age coefficient in the latter
model is significantly different from zero, showing that older model
cars had higher fire rates. |In the total data it was thus not possible
to separate the possible'effect of the standard from a possible age or

other general model year effect.

Two reasons for the significant lack of fit were identified.
First, the six model years did not exhibit an increasing trend in fire
rates within most model vyears. In fact, fitting a linear age effect
within model years did not produce a significant coefficient in any
model vyears. The six calendar years of data showed evidence of
differing in overall fire rates, perhaps related to their difference in
missing data rates, but this difference was not related to any obvious
trend. A second reason for lack of fit may be the fact that fire rates

differ very dramatically by type of crash. This source of variation may
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act together with the differences in data years to increase wvariability

over what would be expected otherwise.

To allow for the possibility of increased variability caused by the
difference in fire rates for different crash types two approaches were
used. The first concentrated on specific types of crashes that would be
associated with the various versions of the standard and investigated
changes in fire rates within the specific crash types. That is, the
first version of FMVSS 301 addressed frontal crashes, the second added
rollovers, and the third primarily added rear impacts. These three main
crash types are analyzed separately in the following paragraphs. After
that, the data are analyzed using ten different crash types as

additional control variables.

Analysis of Fire Rates by Crash Type and Standard Version.

Frontal crashes. The first version of FMVSS 301 required testing
of passenger cars by crashing them frontally into é fixed barrier. As a
result, crashes involving frontal impacts may‘ be most relevant in
investigating the effect of this version of the standard. In the
I1linois data, frontal impacts are most closely associated with crash
types coded as "head-on'' and '"hit fixed object." These two crash types
were analyzed separately, using also the model year variable. The most
prominent finding was that these two types §f crashes differed
substantially in their fire rates. Overall, the;fire rate for head-on
crashes was 5.52 fires per thousand crashes, while that for fixed
objects was 6.09 fires per thousand crashes. An indicator variable for
this difference was the only variable that had a‘ coefficient estimate
that was significantly different from 2zero. A full model with a
constant, an aging effect, a separate model vyear effect, and three

standard effects had the following estimated coefficients.
r= L.59 + 0.68(std68) + 0.60(std76) - 0.72(std77)
- 1.67(type) + 0.05(modyr) - 0.003(aging) fires/1000 crashes.

Here, the type wvariable indicates the difference between the crash
types, 'modyr' estimates a linear effect in age or model vyear, and

"aging" estimates a linear effect in age within model years. The other
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variables estimate effects of the standards. The lack of fit chi-square
was 210.54 with 215 degrees of freedom, indicating a satisfactory fit.
Only the type variable was significantly different from zero. A reduced

model with only this variable was:
r= 5.43 - 1.64(type) fires/1000 crashes.

The associated lack of fit chi-square was 213.21 with 220 degrees of
freedom, indicating a satisfactory fit. In fact all of the other
variables together only account for a difference of 2.71 in the lack of
fit chi-square--an amount that would not be significant even if it had
only one degree of freedom. The model that includes only an overall

mean was estimated as
r = 5.158 fires per thousand crashes.

The associated lack of fit chi-square was 230.01 with 221 degrees of
freedom. This is a non-significant lack of fit, but, as noted, the
model that fits separate means for head-on crashes and fixed object
crashes does fit significantly better (chi-square=17.80 with 1 degree of
freedom) . A model incorporating an estimated effect at the 1968

standard was estimated as:
r= L.86 + 0.34(postb]) fires/1000 crashes.

The lack of fit chi-square was 229.47 with 220 degrees of freedom. The
chi-square for testing the significance of the standard effect was 0.53
with one degree of freedom--not significant. (In fact, slight increases
were estimated for standards in 1968 and 1976, with a slight decrease
estimated coincident with 1977, but all were clearly non-éignificant,
with chi-squares less than one.) The fire rates for frontal crashes are

plotted in Figures 2 and 3.

Thus, the frontal crashes do not provide any evidence of a standard
effect at any of the three effective dates. One possible reason for
this is that these crashes are generally very severe. The severity of
head-on crashes and fixed object crashes as a group may be so high that
the FMVSS 301 standard requirements did not result in any changes that

were effective at these high severity crashes.
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Rollovers. The 1976 version of FMVSS 301 addressed rollovers in
its testing requirements. Rollover fire rates are plotted in Figure L.
Crashes coded 'overturn' in the Illinois data were used to investigate
the possible effects of the 1976 version of the standard. These crashes
have a high fire rate. Overall, there weré 9.065 fires per thousand
crashes in which a car rolled over. A model that estimated a standard

effect at 1976 and an aging effect had estimated coefficients of:

r= 5,73 - 2.32(std76) + 0.12(age) fires/1000 crashes.
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Figure 4
Passenger Car Fires in I1linois Rollover Crashes

The lack of fit chi-square was 86.12 with 73 degrees of freedom. The
aging variable was not significantly different from zero. If it is

deleted, the model becomes:
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r= 6.05-2.47(std76) fires/1000 crashes.

Here the lack of fit statistic is 87.43 with 72 degrees of freedom. The
chi-square statistic for testing the effect of the standard variable is
6.17 with one degree of freedom. An even more noticeable effect is

observed if the 1977 model year is used. The model is estimated as:
r= 6.07 - 3.05(std77) fires/1000 crashes.

The lack of fit chi-square is 84.96 with 74 degrees of freedom and the
chi-square statistic for the standard effect is 8.6L4 with one degree of
freedom. However, an even better fit can be obtained by using a linear
trend in the age of the vehicles (or, equivalently, in model years).

This model is estimated as:
r= 2.47 4+ 0.74 (per year) fires/1000 crashes.

The lack of fit chi-square is 75.13 with 74 degrees of freedom, while
the chi-square for testing the significance of the age trend is 18.48
with one degree of freedom. If this linear trend is incorporated,
neither the effect at 1976 nor one at 1977 is significantly different
from zero. Thus, the rollover crashes are consistent with a significant
reduction in fire rates coincident with either the 1976 or 1977 versions
of FMVSS 301, but a linear trend in age is even more significant. Thus,
age cannot be ruled out as a possible explanation for the apparent
effect. |If the effect were to be identified with the standard, it would
appear to result in approximately a 41% reduction (1976 standard) or a
50% reduction (1977 standard) in the fire rates following rollover

crashes.

Rear Impacts. The 1977 version of FMVSS 301 addressed rear impacts
in its testing mode. The I1linois data have two crash type codes for
rear impacts, one where both cars are moving and a second one where one
car is stopped. These two crash types were used in analyzing possible
effects from FMVSS 301 on rear impact crashes. These would presumably
be the type most likely to be affected by the 1977 version of the
standard. Fire rates for rear impacts with one car stopped are plotted

in Figure 5; while the rates for both cars moving are plotted in Figure

6.
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Overall, the crash fire rate was 1.468 fires per thousand crashes
among rear end crashes where one car was stopped and the rate was 1.851
among rear end crashes with both cars moving. A model assuming a
constant fire rate for all model years and crash years and the two types
of rear end collisions estimated the mean crash fire rate as 1.306 fires
per thousand crashes with a lack of fit chi-square statistic of 245.36
with 220 degrees of freedom. Adding an indicator variable for the 1977
version of FMVSS 301 reduced the lack of fit chi-square statistic to
242,01 with 219 degrees of freedom. Thus, the chi-square statistic for
testing the significance of the coefficient of the standard indicator
variable is 3.35 with 1 degree of freedom. This model estimates a mean
fire rate of 1.343 fires per thousand crashes for pre-1977 model cars
and a mean fire rate of 1.164 fires per thousand crashes for the post
standard models, a 13 percent reduction in fires in rear impacts.
However, the coefficient is not statistically significantly different

from zero at the 5 percent level.

Incorporating an indicator variable for the type of rear impact and

a variable for aging gives the model:

r= 1.339 - 0.205(std77) + 0.156(moving) - 0.015(aging) fires/1000

crashes.

The estimated effect of the standard is a reduction of about 0.2 fires
per thousand crashes. The model estimates that rear end crashes with
both cars moving have about 0.16 more fires per thousand crashes. The
aging variable is clearly non-significant (P>0.5). The lack of fit chi-
square was 238.30 with 217 degrees of freedom not significant. Both the
standard and the crash type variables were marginally significant (.05 <
p<.10). The associated chi-square statistics were 3.61 for standard and
3.28 for crash type, each with one degree of freedom, for a significance

level between five percent and 10 percent in both cases.

A model with age or aging always indicated non-significance for the
age or aging variables with the significance level greater than 0.5. |If
the model with two indicator variables is used, one for standard and one
for crash type, the lack of fit chi-square is 238.63 with 218 degrees of
freedom. This model estimates four means depending on type of crash and

whether or not the model was subject to the 1977 version of FMVSS 301.
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The four mean fire rates per 1000 estimated by the model are: pre-77
cars, 1.452, 1,295 for both moving, then one car stopped; post standard

cars, 1.274, 1.116 for both moving, then one car stopped.

Since little difference in the accident data has been observed for
the 1976 and 1977 versions of the standard, the 1976 version was also
considered with these rear impacts. Fitting a mean with an indicator

variable for the 1976 and later models gave the model:
r= 1,354 - 0.160(std76) fires/1000 crashes.

The lack of fit chi-square was 241.92 with 219 degrees of freedom, and
the chi-square for testing the standard effect was 3.4l with 1 degree of
freedom, again corresponding to significance at between the five percent
and 10% levels. There is virtually no difference in this model and the
one that estimates the standard coincident with the 1977 model years.

Incorporating an effect for the type of rear end crash gave the model:
r= 1.306 - 0.159(std76) + 0.157(if moving) fires/1000 crashes.

The lack of fit was 238.58 with 218 degrees of freedom. The chi-squares
for testing the coefficients were 3.70 for the standard and 3.65 for the
crash type. Again, both significance levels were between five percent
and 10%. As before, incorporating variables for age or aging did not
result in any significant coefficients. In each case, the significance

level for the age or aging coefficient exceeded 0.5.

A final model incorporating crash type and both standard effects

was fit. The estimated coefficients were:

r= 1.306 - 0.092(std76) - 0.097 (std77) + 0.157(moving) fires/1000

crashes.

In this model the effect seems to be nearly evenly split between the
1976 and 1977 standard variables. The chi-square for these two is only
3.76 with two degrees of freedom. However, as noted, either alone

accounts for most of this.

Although many fires occur in rear end crashes (a total of 1254 in
the I1linois data) the fire rates per thousand crashes are relatively
low: on the order of 1.5 per thousand. These data show a reduction of

about 13 percent in the fire rates in rear impact crashes occurred
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coincident with either the 1976 or 1977 version of FMVSS 301, but that
this reduction was only marginally statistically significant
(.05<P<0.1). Neither aging within model years nor age of the car at
time of crash was significant or appears a reasonable alternative
explanation. Thus, the data on rear impacts are consistent with a

beneficial effect of FMVSS 301, but do not clearly show one.

I1linois Crash Fire Rates by Crash Type. Considering crash fire

rates by crash types results in large differences in crash fire rates.
These range from a low of 1.039 in turning crashes to a high of 9.065
fires per thousand crashes in rollovers. Table 4 details these crash
fire rates for ten crash types. Very rare crash types such as collision
with railroad trains were excluded as were crashes involving
pedestrians, etc. The crash types are those as reported on the Illinois
accident form by the investigating officer. They may not exactly
correspond to the direction of impact for the case vehicle, but are the

best information available in police accident data.

TABLE &4
Crash Fire Rates by Crash Type, Illinois
Fire Rate Total
Crash Type Per Thousand Fires
Turning 1.039 864
Angie 1.152 536
Rear End-Both Moving 1.851 Li2
Rear End-One Stopped 1.468 812
Head On 5.517 176
Fixed Object 6.090 1238
Rollover 9.065 207
Parked Car 1.126 L48
Sideswipe-Same

Direction 1.122 382

Sideswipe-Opposite
Direction 1.812 212
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Incorporating crash types, standard effects, and crash year effects
in a model for the l1linois passenger car fire rates still resulted in a
significant lack of fit (chi-square of 276.26 with 193 degrees of
freedom) . In order to obtain a satisfactory fit of the model, it was
necessary to include interactions of standard effect variables with
crash type. These were modeled as standard effects within crash types.
One type of crash--angle impacts--still produced a significant lack of
fit. For this type of crash fire rates by model year and crash year
were more variable than binomial variation of the crash rates would
account for. In order to fit the data with this type of crash included,
these crash rates must essentially be fit as individual parameters. The
fire rates for this type of crash are relatively low (about 1 per 1000)
and the total number of fires was 536, or about 10 percent of all the
fires. Rather than fit these individually, angle impacts were excluded.
Table 5 gives some summary measures of the overall model which consists
of three means within each crash type. Included in the table are the
estimated crash fire rates for each crash type and for each of three
versions of the standard: pre-standard, 1968-1975, and 1976 and later.
Since the accident data do not indicate significant differences between
the 1976 and 1977 standards, these have been pooled and are estimated as
an effort at 1976. Also presented in the table is the estimated percent
reduction in fire rates by crash type that occurred with the 1976
version of the standard. Two crash types, head-on and sideswipe same
direction, showed slight increases, which are indicated by negative
signs with the percent reductions. |In both cases, these increases were
very small, less than one percent, and are clearly non-significant. A
column of chi-square statistics, each with two degrees of freedom, is
presented. These can be used for testing whether the standard effects
within each crash type are significant. Only those for rear impact, one

car stopped or parked, rollovers, and angle impacts were significant.

Two crash types--rear impacts moving and stopped--showed lack of
fit when just the standard effect variables were fit. For these two
types of crashes it was necessary to also include a crash year within
crash type effect. This was similar to fitting an aging effect, but the
ages did not show a linear or even a monotone trend. The estimated fire

rates for the rear end crashes are presented, after incorporating the
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TABLE 5

Fire Rates by Standard and Crash Type

%
Crash Type Pre-67 1968-75 1976+ X2 Reduction
Current

Turning 1.215 0.989 0.975 3.21 1.4%
Anglex 0.857 1.221 0.919 10.37 24.7%
Rear=-Moving 2.249 1.814 1.630 3.10 10.1%
Rear-Stopped* 1.577 1.497 1.266 6.88 15.4%
Head On L. 477 5.323 5.544 0.62 -0.04%
Fixed

Object 6.609 6.076 5.531 3.25 7.9%
Rollover* 12.717 9.293 4.315 24 .89 53.6%
Parked

Car 1.188 1.120 0.700 3.90 19.6%
Sideswipe

(Same) 1.022 1.052 1.061 0.03 -0.8%
Sideswipe

(Opposi te) 1.532 1.726 1.314 2.72 23.9%

crash year effects but assuming the mean crash year effect of zero. For
the entire model, the chi-square for standard effects within crash types
is 45.69 with 18 degrees of freedom, highly significant. However, much
of this is due to the estimated very large effect in reducing fire rates
in rollover crashes. While rollover crashes had the highest crash fire
rates and so are a reasonable target for reduction, such crashes were
relatively rare, and in fact only accounted for about four percent of
the fires (see Table 4). The lack of fit chi-square for the complete
model (excluding angle impacts) was 172.93 with 152 degrees of freedom
(P>0.1). In addition to the parameters presented in Table 5, crash year
effects for rear end moving and for rear end stopped crashes were
included. These additional parameter estimates are given in Table 6.
A1l parameters are presented in terms of fire rates per thousand

crashes.

The conclusions from this analysis of the passenger car crashes in
ITlinois are that some significant reductions in crash fire rates have

occurred coincident with the effective dates of FMVSS 301 1968 and 1976.
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TABLE 6

Crash Year Effects for Rear Impacts

Crash

Year Rear-Moving Rear-Stopped
1975 -0.602 -0.130
1976 +0.723 +0.499
1977 +0.381 -0.298
1978 -0.207 +0.154
1979 -0.048 -0.269
1980 -0.247 +0.04L

The reductions are largest for rollover crashes, where they are
estimated at about 50 percent. Large reductions are also observed for
rear impacts (10 percent if moving, 15 percent if stopped) and for
crashes into parked cars (which may also be largely rear impacts to the
parked car) of 20 percent, and for sideswipes in the opposite direction
of 24 percent A moderate reduction of about eight percent was estimated
for crashes involving fixed objects. Agihg of vehicles (at least over a
six year period) seems to have been ruled out as an alternative
explanation for the reduction. Thus, in the absence of other
explanations, it seems reasonable to conclude that the FMVSS 301
standard may have effected most of the observed reductions. The fact
that the largest reductions were estimated for rollovers and rear
impacts, which would appear to be the types of crashes most directly
addressed by the recent standard, lends support to this possibility.
Sideswipes in the opposite direction were also estimated to show a large
reduction. This could relate to the side impact testing requirements of
FMVSS 301.

4.1.2 Light Truck Fire Rates in the lllinois Data

The crash fire rates for light trucks in the Illinois Data are
plotted in Figure 7. Few, if any, trends are apparent visually. Older
models appear to have some increased variability or possibly increased

fire rates. In addition, the fire rate for 1981 model year trucks
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appears quite high.

unreliable.

This rate is based on so few crashes

that it 1is

The fire crash rates for models earlier than 1965 or so are

also based on few crashes. The visual impression is that of random
scatter.
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Light Truck Fire Rates in Illinois

Fire rates for various model year groupings are presented in Tables

7 and 8. The first table presents the fire rates for light trucks

grouped by model years that correspond to the years when FMVSS 301 first
applied to light trucks. Separate rates are presented for each year of
data.

While

The missing data rate for the fire variable is also presented.
this missing data rate decreased substantially in the more recent
years, it is still over 10 percent. However, the overall fire rates for
the different data years are reasonably consistent, suggesting that the

missing data was essentially all non-fires and that it did not affect
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the fire rates much. Table 8 presents the fire rates grouped by the

model years corresponding to the passenger car groupings by FMVSS 301
versions. In both tables question marks indicate rates based on sample

sizes so small as to make the rates subject to large variability.

TABLE 7
Fire Rates Per Thousand Crashes
Pickup Trucks, I11inois
Crash
Year | pre-1977 1977 1978+ | Total Unknown
1975 2.273 | e | emee- 2.273 25.2%
1976 2.758 §.31(7) | ==--- 2.771 22.3%
1977 1.937 3.482 0.0(?) 2.125 16.0%
1978 2.770 2.039 3.142 2.698 14.6%
1979 2.349 2.089 1.903 2.189 13.7%
1980 2.325 1.974 2.045 2.178 | 12.0%

Fitting a model with a constant fire rate for all model years to
these data gives an adequate fit. The estimate of a common fire rate is
1.85 fires per thousand crashes. The lack of fit test is based on a
chi-square statistic of 122.48 with 116 degrees of freedom. This is
clearly not significant. Thus, these fire rates are consistent with a
constant fire rate of about 1.85 fires per thousand crashes for all

models of light trucks.

Although the data are consistent with a constant fire rate, there
is enough variation that other effects might be significant. Models
have been fit to the data to estimate possible age effects, standard
effects, and other differences among model vyears. A model with an
overall mean, a variable for aging within model year, indicator
variables at the 1976, 1977, and 1978 model years, and a linear trend in

model years was fit to the data. The lack of fit chi-square was 100.78
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TABLE 8

Fire Rates Per Thousand Crashes, Pickup Trucks, Illinois

Crash

Year 1960-67 1968-75 1976 1977+ Total
1975 3.L408 2.0L5 0.00(?) | ----- 2.273
1976 2.736 3.119 0.793 L.31(7) 2.77
1977 2.573 2.184 0.651 3.289 2.125
1978 2.999 3.175 1.218 2.525 2.698
1979 2.108 2.407 2.276 1.965 2.189
1980 1.572 2.616 1.715 2.028 2.178

with 111 degrees of freedom, indicating a good fit. However, only the
mean and the indicator variables for 1976 and 1977 models had
coefficients ;hat were significantly different from 2zero. The mean
being non-zero merely means that the average fire rate was significantly
positive. The estimated effect with 1976 models was negative,
indicating a reduction in fire rates associated with 1976 and later
models. However, the estimated effect for the 1977 models was positive,
suggesting that the estimated reduction in 1976 was not maintained. The
estimated effect for 1978 models was again negative, but not
significantly so. These differences may reflect inherent variability

rather than true model year differences.

Neither the aging variable nor the linear trend in model years was
significantly different from zero. The aging variable refers to the
fact that, since there are six calendar years of data, a given model
year may have data for up to and including six different ages. This
aging variable investigates possible differences by age within each
model year. The linear trend in model years investigates whether there
is a smooth linear trend in fire rates by model year rather than changes

in level as estimated by the effect variables.

The full model was estimated as
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r= 2.16 + 0.09(aging) - 0.05(MY) -1.28(76) + 1.20(77) - 0.32(78)
fires/1000 crashes.

In this equation, r stands for the fire rate per thousand crashes. The
variables are identified as aging (the six years within model year), MY
(the linear trend effect in model years), and the numbers refer to the
estimated changes in level at the indicated model years. While there is
a slight increase with age within model year, there was a slightly
decreasing trend in the model years. That is, older model years were
estimated to have slightly lower fire rates. However, this is after the

reductions in 1976 and 1978 have been included.

A number of other models were fit to the data. The FMVSS 301
standard applied to 1light trucks beginning with 1977 models, and was
extended to vehicles with GVWR less than 10,000 pounds beginning with
1978 models. Consistently, however, the 1976 models were identified
with low fire rates. Thus, there appears to be some reduction in crash
fire rates with 1976 and subsequent models, even though this anticipates
the application of FMVSS 301 to light trucks. A model incorporating

this change in level and an aging effect was estimated as
r= 1.97 - 0.48(1976 and later) + 0.028(aging) fires/1000 crashes.

Here, r denotes the fire rate per thousand crashes as before, and the
aging represents an increase per year of age. However, the aging effect
is not significantly different from zero. The lack of fit chi-square is
115.78 with 114 degrees of freedom.

Many models gave essentially the same fit to the data. One of the
best fitting model for these data fits separate mean fire rates in four
mode! year groups: pre-1976, 1976, 1977, and later mode! years. This
model had a lack of fit chi-square of 103.19 with 113 degrees of

freedom. the four mean fire rates were estimated as
r = 2.06 per thousand for pre-1976 models,
r = 1.06 per thousand for 1976 models,
r = 2.26 per thousand for 1977 models, and

r = 1.91 per thousand for 1978 and later models.
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The data can also be modelled as two different means, one for the
pre-1976 models and one for the 1976 and subsequent models. This is
probably better, owing to the high variability of the rates for the
single model years 1976, 1977, 1978. If this model is used, the means
are estimated as 2.06 fires per thousand crashes for pre-1976 models and
1.58 fires per thousand crashes for 1976 and more recent models. The
lack of fit is 115.96 with 115 degrees of freedom. While the 1976 date
corresponds to the implementation of the static rollover testing
requirement for passenger cars, this is one year earlier than it was

required for light trucks.

In summary, the Illinois data on 1light trucks show little
difference in fire rates by model years. They are consistent with a
constant fire rate subject to random variation among the model vyears.
However, there is some evidence for a reduction in fire rates with more
recent models. The indication is that such a reduction would coincide
with the 1976 models--one year in advance of applicability of the FMVSS
301. A reduction of about 23 percent (from 2.06 to 1.58 fires per
thousand) may have occurred. However, the degree to which this
reduction is associated with FMVSS 301 is problematical. It evidently
took place in advance of the applicable date of the standard. On the
other hand, other explanations such as aging of vehicles, do not explain

it'

L.2. Michigan Car Fires

Crash fire rates for passenger cars in Michigan are plotted in
Figure 8. The rates are plotted by model year. The three years of data
are identified by the last digit of the year (1978-1980) in which the
crash occurred. In the figure, rates that are based on small numbers of
crashes, such as crashes involving 1981 model cars in 1980, have been

excluded.

Inspection of Figure 8 shows that fire rates are lower for the more
recent model years. No consistent pattern of the three crash years at
each model year is apparent. For example, the 1978 model was new in

1978, one year old in 1979, and two years old in 1980. Thus the three
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Figure 8
Passenger Car Fire Rates in Michigan

rates plotted for model year 1978 represent three different ages for
this model year. The rate when these cars were new is the highest,
followed by one year old, with the lowest rate in 1980, when the models
were two vyears old. |If aging strongly affected fire rates, one should
see a predominance of zeroes (1980 data) as the highest value for many
model years. In fact, these seem nearly uniformly distributed for the
three years. Thus, aging--over this three-year period--does not seem

particularly important in affecting fire rates.

The FMVSS 301 was revised in 1976 and again in 1977. It is
noteworthy in Figure 8 that, while there is some variability of the fire
rates, the highest rate among post 1975 model years is lower than the

lowest rate for earlier model years.
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In order to quantify the observations and to investigate the
possible effects of FMVSS 301 analytically in these crash data, a number
of statistical models were fit to the fire rates. Fitting was by the
method of weighted least squares (equivalent to modified minimum chi-
square). This method has been discussed by Grizzel, Starmer, and Koch
(1969). A program for implementing this is GENCAT (Landis 1976). Most
of the calculations were done by modifying a regression program to
perform the weighted least squares calculation as described by Flora et

al. (1980).

A number of analytical models were fit to the Michigan fire rates.
First, a separate mean and slope for a three-level aging variable were
fit within each model year. This model fit the data adequately, but

none of the slope estimates was significantly different from zero.

A model including an overall mean, indicator variables for the
possible effects of the 1968, 1976, and 1977 versions of FMVSS 301, and

a linear trend in model years. The resulting estimates are
r = 2.947 + 0.023(my) - 0.387(std68) - 0.771(std76) - 0.123(std77)

In the equation, r denotes fire rate per thousand crashes. The lack of
fit for this model was 56.03 with 58 degrees of freedom. The only
coefficients that are significantly different from zero are the mean (p
= 0.0000) and the 1976 standard effect (p = 0.0000), but the 68 version
of the standard is nearly significant (p = 0.105). Deleting the aging
variable still left the 1977 effect non-significant and the 1968 effect
questionable. In fact, a model with an overall mean and a single change
in level corresponding to the 1976 model year fit the data adequately.
(Lack of fit chi-squared statistic 42.22 with 41 degrees of freedom, fit
on data excluding small numbers of crashes.) A model with a change in
level corresponding to the 1977 model years also fits, but not quite as
well. In view of the timing of the standard and the fact that the data
show a lower rate from 1976 on, the mode! with the 1976 effect seems

clearly indicated. This model is:
r= 2.566 - 0.873(std76) fires/1000 crashes.

The preceding models were fit on the rates excluding those based on

small numbers of crashes. However, fitting the models on all the rates
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gives the same general conclusion and quite similar numerical results.
A model with a mean and a linear effect in model year (age) has

estimated coefficients of
r= 1.466 + 0.128(my) fires/1000 crashes.

The Lack of fit chi-square is 73.2L4 with 61 degrees of freedom. A model
fitting a change in level at the 1976 models fits substantially better.

r= 2.579 - 0.88L(std76) .

It has a lack of fit chi-square of 59.6L with 61 degrees of freedom.
Estimating a change with the 1977 models fits substantially worse (chi-

square 96.82 with 61 degrees of freedom):
r= 2.k22 - 0.753(std77) fires/1000 crashes.

The overall model with a mean, three standard effects, a linear trend in
model year, and an aging variable (over the three ages for each model

year) gave the estimates:

r= 2.199 + 0.053(MY) - 0.020(aging) =- 0.0LL (std68) - 0.578 (std76)
- 0.024(std77) fires/1000 crashes.

The lack of fit chi-square was 52.33 with 57 degrees of freedom.
Only the mean and the std76 variables were significantly different from
zero at the one percent level. However, the linear trend in model years
was significant at the five percent level. While all standard effects
are estimated as negative, indicating reductions in the fire rates, only

that associated with the 76 models was significant.

Estimating effects at either the 1968 or 1977 models only gave
substantially worse fits with significant lack of fit. The best fitting
model includes a linear trend in model year and the 1976 standard effect

variablie:
r= 2,518 - 0.601(std76) + 0.054(model year) fires/1000 crashes.

The lack of fit chi-square is 52.58 with 60 degrees of freedom. Each of
the coefficients is significantly different from zero, with associated
chi-square statistics of 163.72, 20.67, and 7.06 for the mean, 1976
standard, and age variables, respectively, each with one degree of

freedom. While the 1976 standard alone fits adequately, the linear
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trend in model , years results in a significant improvement. The
estimated effect of the FMVSS 301 is significantly beneficial even after

including a linear trend for age in the model.

A model with a mean and the three standard effects also fits

adequately,

r= 2.940 - 0.385(std68) - 0.769(std76) - 0.116(std77) fires/1000

crashes.

However, addition of the linear trend in model year variable reduces the
lack of fit chi-square from 56.242 to 52.576, giving a chi-square of
3.78 with one degree of freedom for the age variable, nearly significant
at the five percent level (five percent critical value is 3.84). In the
model with the three standard effects, only the 1976 variable s
significant, although the 1968 variable is nearly so (P = 0.11). |If the
linear trend in age is included, only the 1976 variable remains

significant.

The conclusion in these data seems to be that there is a trend for
older model year cars to have higher fire rates. This cannot be
adequately modeled as a linear increase with age, but needs an -
additional step reduction at the 1976 standard. While the increase can
be adequately described as a single step function drop with the 1976
models, addition of a linear trend significantly improves the model.
Thus, the conclusion is that there is both a 1linear trend and a
significant step function drop at 1976. This coincides with the revised
version of FMVSS 301. While many other changes have been made in the
vehicle population, it appears that these data provide evidence of an
effect associated with FMVSS 301 in addition to other model year
effects. No further effect is evident with the 1977 version, nor can
1977 adequately replace 1976 as the change point. In addition, while
there is some evidence of a reduction coincident with the 1968 version,
this effect is adequately explained with a linear trend and so is less
likely to be associated with the standard. Only the 1976 version
appears effective in these data, but it may in fact include an

‘anticipation of the 1977 version, so that these two cannot be separated.
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Passenger Car Fire Rates by Crash Type. While the overall fire

data from Michigan show evidence of a standard effect with the 1976
change, they do not indicate such effects with either the earlier 1968
standard or the subsequent 1977 change. These three changes addressed
different types of crashes, the 1968 version testing cars in a frontal
crash situation, the 1976 version testing for rollovers, and the 1977
version adding rear and side impacts in the testing. It has been found
that different crash types are associated with quite different values
for fire rates. |In addition, it has been found that severity variables
such as day night or TAD severity also affect fire rates. It is
possible that such other variables might be obscuring effects associated
with the 1968 or 1977 version of FMVSS 301.

In order to consider this, separate files of crashes and fires were
constructed for frontal (associated with 1968 FMVSS 301), rollover
crashes (associated with 1976 FMVSS 301), and rear-end impacts
(associated with 1977 version of FMVSS 301). Overall fire rates
differed considerably for the three types of crashes, being about 1.968
fires per thousand for frontal crashes, L.719 fires per thousand for

rollovers, and 1.665 fires per thousand for rear impacts.

Frontal Impacts. Considering the frontal impacts associated with

the 1968 version of FMVSS 301, a mode! with a mean, standard effects at
the three times, a linear trend in age and an aging variable (three
years within each model year) was fit to the data. The estimated model

was

r= 2.818 - 0.249(std68) - 0.769(std76) + 0.034(std77) -
0.090 (aging) - 0.039(MY) fires/1000 crashes.

The lack of fit was 56.56 with 57 degrees of freedom, but only the
overall intercept and the 76 standard variables were significantly
different from 2zero. The model with these two variables was estimated

as
r= 2.24L0 - 0.563(std76) fires/1000 crashes.

The lack of fit was 59.94 with 61 degrees of freedom. Both coefficients

were highly significant (P = 0 to four decimals). The frontal crashes

58




were associated with the 1968 version,of FMVSS 301. Fitting this point

as a change in level gives the estimates:
r= 2.252 - 0.294(std68) fires/1000 crashes.

However, the mode! has significant lack of fit (chi-square of 91.49 with
61 degrees of freedom) and the coefficient for the standard effect
variable is not significantly different from zero. Fitting a model with

a linear trend in model years (or age) gives the estimates
r= 1.582 + 0.059(MY) fires/1000 crashes.

The lack of fit is 75.375 with 61 degrees of freedom. It is evident
that there is a reduced fire rate at the more recent models. The most
evident point is with 1976 models. While either a linear trend in age
or a step reduction at 1977 appears significant, both also have a lack
of fit. This lack of fit disappears with the 1976 mode! used as the
effective change. Thus, analysis of frontal crashes suggests a
reduction in fire rates coincident with the 1976 model year. This s
significantly better as an explanation or description than either a
linear trend in model years, or a step function at the 1977 models or
the 1968 models. Thus, frontal crashes support an effect with the 1976
version, or 1977, but not directly an effect at 1968, nor any additional

effect apparent with 1977 models over 1976 models.

Rollovers. Turning to rollovers, which were addressed by the 1976

version of FMVSS 301, the full model is estimated as

r= 5.432 - 0.583(std68) +  2.46(std76) - 5.03(std77) +
0.336(aging) + 0.199(MY) fires/1000 crashes.

The lack of fit is 57.05 with 57 degrees of freedom, but only the 1977
standard appears significantly different from zero. Clearly, the
correlation between the 1976 and 1977 effects is confounding the issue

and accounts for the positive coefficient for the 1976 variable.

Fitting a model with a mean and a 1976 standard effect results in

the estimates

r= 6.676 - 3.343(std76) fires/1000 crashes.
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The lack of fit is 62.82 with 61 degrees of freedom, and the chi-square
for the standard effect is 10.66 with one degree of freedom. Fitting
the 1977 effect gives the estimate

r= 6.84)1 - 3.968(std77) fires/1000 crashes.

The lack of fit is 58.08 with 61 degrees of freedom, and the chi-square
statistic for the standard estimate is 15.40 with one degree of freedom.
Fitting an effect at 1968 gives a significant lack of fit and a non-
significant estimate for the coefficient. |If a liner trend in the age

of the vehicle at the time of the crash is included, the model becomes
r= 1.943 + 0.488 (age) fires/1000 crashes.

The associated lack of fit is 62.32 with 61 degrees of freedom, about
the same as for the 1976 standard effect, but not quite as good as the
1977 version. If age and the 1976 or 1977 variables are both in the
model, the mode! for 1976 becomes

r= 3.931 - 1.567(std 1976) + 0.298 (age) fires/1000 crashes.

The lack of fit is 61.66 with 10 degrees of freedom, but neither of the
coefficients is significantly different from zero. Including the 1977

version instead of the 1976 version gives
r= 6.335 - 3.640(std77) + 0.058 (per year age) fires/1000 crashes.

The lack of fit is 58.03 with 60 degrees of freedom. Thus, there is
evidence thai the 1977 standard improved the rollover fire rates even if
an age trend is included. (Chi-square of 4.3 with one degree of
freedom.) (The age trend is non-significant in the above model.) The
apparent effect of a reduction in rollover fire rates appears most
closely associated with the 1977 versions of the FMVSS 301 rather than
with the 1976 wversion. Some reduction occurred with the 1976, but
apparently more occurred with the 1977 and these data indicate that the

most closely associated time point for a reduction was the 1977 version.

Rear impacts were addressed by the testing procedure required with
the 1977 version of FMVSS 301. Fitting the full model as before gave

the estimates

r= =-0.59 + 1.73(std68) - 0.45(std76) + 0.32(std77) - 0.08 (aging)
+ 0.12(age) fires/1000 crashes.
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The associated lack of fit was 35.16 with 57 degrees of 6 freedom, but
only the 1968 standard, the age, and the 1976 standard apparently
significantly different from zero. Fitting reduced models gave a number

of possible models.

If the 1977 model year is used to estimate a standard effect, the

model is estimated as
r= 1.894 - 0.538(std77) fires/1000 crashes.

The lack of fit is 60.82 with 61 degrees of freedom, and the chi-square
for the 1977 standard effect is 13.56 with one degree of freedom.
Essentially a similar result is obtained if the effect is fitted at

1976:
r= 1.072 - 0.735(std76) fires/1000 crashes.

The lack of fit is only 4B8.76 with 61 degrees of freedom, while the chi-
square for the standard effect is 25.61. Thus, this model appears to

fit better. |If a linear trend in age is fit, the model results in
r= 1,141 + 0.088(MY) fires/1000 crashes.

The lack of fit is 57.39 with 61 degrees of freedom, and the chi-square
for the age coefficient is 16.98, leaving relatively little to choose

among these models.
Fitting age and a standard effect at 1976 results in the model
r= 2.072 - 0.745(std76) + 0.00006 (MY) fires/1000 crashes.

The lack of fit is 48.76 with 60 degrees of freedom, the chi-square for
the standard is 8.63, but that for age is 0.04, clearly non-significant.
However, if MY and the 1977 standard are both included in a model, the

result is

r= 1.357 - 0.201(std77) + 0.066(MY) fires/1000 crashes.

Here, the lack of fit is 56.55 with 60 degrees of freedom. The chi-
square statistics for age and the standard effect are L4.27 and 0.84,
respectively, each with one degree of freedom. Thus, in this model, MY
is significant, while the standard is non-significant, but still

estimated to reduce the fire rates.
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For these rear impacts, it appears that the strongest evidence is
that the 1976 versjon of FMVSS 301 resulted in a reduction in the fire
rates. This appears to be more supported than either a linear trend in
the model vyears or than an effect at 1977. Aging over the three data

years was not significant.

Thus, considering the data separately by crash type results in the
conclusion that a significant reduction occurred coincident with the
1976 version of FMVSS 301. The 1976 and 1977 versions cannot be clearly
separated, but it seems clear that a significant reduction in crash fire
rates is associated with either models 1976 or 1977 or both. Neither
aging over three years, nor a linear trend in model year (or age at time
of crash) is an adequate alternative explanation for the observed
reductions. While for some crash types, there are additional model year
differences, it seems clear that a reduction most reasonably associated
with the model years fires affected by the strengthened version of FMVSS
301 in 1976 or 1977 occurred.

Passenger Car Crash Fires by TAD. The Michigan data include a

Michigan Crash Severity Variable or TAD scale (undated). This wvariable
is coded by police. It consists of a seven-level vehicle variable
indicating increasing amounts of damage. O0fficers code the amount of
damage by comparing the vehicle to representative pictures of levels 2,
L, or 6 and interpolating or extrapolating to get the full seven point
scale. The TAD variable was introduced to control for crash severity.
Table 9 gives fire rates by levels of TAD. Higher levels of this
variable reflect more severe crashes. |t may be observed that the fire
rates are nearly constant up through TAD 1level 3 and then increase

rapidly.

A number of analytical models were fit to the fire data with the
TAD variable included as a crash severity control variable. As usual,
in addition to the TAD variable, the three-year aging variable, the
linear trend in model year, standard effects variables modeled as
changes in levels at the 1968, 1976, and 1977 model years, and an
overall mean were considered as candidate variables. The three-year
aging variable was never found to be significantly different from zero.

This suggests that aging, as distinct from model year differences, does
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TABLE 9

Fire Rates by TAD

TAD Fires/crashes

0.0015
0.001k4
0.0014
0.0016
0.0021
0.0035
0.0063
0.0300

~Novi W —-0

not play a very important role in explaining the wvariation in fire
rates. Of course, it may be that the effect of age over three years is

not large enough to be identified.

As is suggested by the data in Table 9, the fire rates do not
cﬁange much for TAD levels 1 to 5. Most of the models indicated that no
differences in fire rates among these TAD levels were significant. This
was reflected in estimates of TAD effects that were not significantly
different from zero for levels 1 to L or 5. Incorporating only
variables for the TAD levels leaves some lack of fit, although this
model explains a great deal of the variability. Fitting a model with
main effects for TAD and the 1976 standard and TAD by 1976 standard
interactions modeled as main effects within TAD levels gave the
following model:

2

TAD Level Mean STD 76 X~ (STD) Signif.
] 0.881  -0.187 <1 NS
2 1.223 -0.248 L. 7 <.05
3 1.367 -0.358 9.39 <.01
b4 1.301 =0.111 <] NS
5 1.898 -0.656 11.61 <.01
6 3.397 -1.723 26.65 <.01
] 6.349 ~-3.032 20.12 <.01
8 26.261 -3.925 L. <.05
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This model fits a separate mean and 1976 standard effect for each TAD
level. The chi-squares associated with standard effects are listed and
most were significant at the five percent level. The overall lack of
fit of this model was 434.45 with L4B8 degrees of freedom, not
significant. |If a linear trend for age is added to the model in each
TAD level, the resulting chi-square for the main effect of age (model
year differences) and age by TAD interactions in excess of the standard
and TAD effects is 30.67 with eight degrees of freedom. If the
variables are added in the other order--age first, then the 1976
standard effect--the standard and standard by TAD interactions in excess
of the linear trend have a chi-square of 63.80 with eight degrees of
freedom. Thus, there is some evidence of both a linear trend and an
effect at 1976, but the 1976 effect seems more important. Also, some of
the apparent linear trend could be due to a change with 1976 models.
Notice that in the model presented above, the larger TAD levels also
have larger estimated reductions associated with the standard variable.
While the relation of the TAD scale to the speed at impact used in the
testing requirements of FMVSS 301 is not exactly known, this may
indicate that some benefit occurs even at impacts higher than the
testing requirements. The highest TAD level is an open ended one and
contains crashes which are quite severe. While the estimated reduction
is large in this category, nearly four fires per thousand from a mean of
26 fires per thousand, the significance of the reduction was just at the
five percent level (chi-square of L4.11 compared to the five percent
critical value of 3.84). In addition, as a percentage of the mean, the
reduction is only about 15 percent, while at other levels the reduction
is proportionally much larger, ranging from 25 percent to 50 percent.
This may indicate that the highest TAD category contains some crashes so
severe that no effect is possible. There are relatively few crashes in

this category.

A model that included main effects for all three standard effects,
as well as the mean and the five highest TAD variables was fit, with the

estimated coefficients:

6L




(2) r = 1.000 + .323(68) - 0.257(76) - 0.166(77) + 0.113(T3) +
0.445(TL) + 1.300(T5) + .300(T6) + 23.557(T7) fires/1000

crashes.

This model had a lack of fit chi-square of 478.15 with 495 degrees of
freedom. Individually, only the 1976 standard was significant at the
five percent level. However, the sum of the 1976 and 1977 variables,
which represents the effect of the current standard as compared to the
1968-1975 version, has a chi-square of L40.16 with one degree of freedom,
highly significant. Notice that the estimated effect at the 1968 model
year is positive, indicating a larger fire rate for models 1968-1975
than for the pre-1968 models, after the crash severity is controlled by
TAD. This contrasts with estimated effects found when crash severity is
not controlled by TAD. There are several possible explanations. O0One is
that this may reflect partially a selection bias for older cars that are
still operating. That is, the pre-1968 models were at least 10 to 13
years old and ranged up to 18-20 years old. Cars that are still in use
after this much time may have been exceptionally trouble free, or may
have had extensive repairs and maintenance. Also, sample sizes are
quite small for these early model years. In addition, it is likely that
these cars have different uses than the more recent models, particularly
those since 1976. These early models have particularly sparse data in

the highest TAD levels.

Fuel Leakage Rates in Michigan Passenger Cars. The leakage rate

is plotted by model year and crash year in Figure 9. In the Figure, the
crash year is identified by the last digit: 0 indicates 1980, 9
indicates 1979, and 8 indicates 1978. It is evident that there is a
very definite trend for leak rates to be higher in the older model year
cars. This trend is very strong and appears approximately linear from
1966 to 1977 models or so. Some flattening of the trend may be present
in the 1977 to 1980 models. To some extent this may be due to the fact
that the rates cannot be negative. It may be that the trend includes
the gradual changes in car size mix, changes to front wheel drive, and
other model changes as well as differences due to age. However, trends
toward smaller cars would generally operate to increased leak rates,

while the effect of front wheel drive is uncertain. The aging effect
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Passenger Car Fuel Leak Rates in Michigan
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Modeling the leak rates including variables for each version of the

standard, a mean, an aging effect, and a linear

trend in model

resulted in the following estimated model:
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r= 6.487 - 2.341(std68) - 1.786(std76) + 1.239(std77) -
0.018 (aging) + 0.6L45(MY) leaks/1000 crashes.

The coefficient for aging was non-significant (P=0.9), while all others
were significantly different from zero at the five percent level. The
positive estimate for the 1977 standard indicates that models later than
1976 had slightly higher leak rates than the 1976 models. Models 1976
and later, however, had lower rates than the earlier models. Thus, it
appears that 1976 models had lower leak rates relative to the trend line
than either the preceding or following models. As throughout, it is
difficult to distinguish between the 1976 and 1977 versions of the
standard in the crash data. One possible explanation for the higher
leak rates (relative to the model year trend) with the 1977 models is
that this was the first year of downsizing of full-sized GM cars, and
these cars sold well in 1977 and 1978.

There remains some lack of fit (chi-square of 102.45 with 57
degrees of freedom) in the model. Eliminating the non-significant aging
variable results in very small changes in the model (coefficients change

only in the last digit if at all).

The relation of leak rate to TAD is very strong. Table 10 shows
the leak rates by TAD level. The leak rates approximately double from
one TAD level to the next. Since this relation is so strong, models
including TAD were fit to the leak rates separately by model year, crash
year, and TAD. |In addition to the previous variables, a linear TAD
variable and an exponential TAD variable were included. The best

fitting model that resulted was

r= 1.357 + 0.00785exp(TAD) - 0.173(TAD) - 0.127 (aging) +
0.510(std68) - 0.476(std76) leaks/1000 crashes.

However, this model still exhibited some lack of fit (chi-square of
857.37 with 498 degrees of freedom). All the coefficients were
significantly different from 2zero. The estimated effect for the 1977
standard was also negative, but non-significant. The estimate for 1968
was positive, indicating that after adjusting for TAD, the 1968-1975
models had a higher rate than the pre-1968 or post-1976 models. The
post-1976 models had a lower rate than the pre-1967. Two forms of the
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TAD variable were included. One was a linear effect and the other an
exponential one. With these two, the linear had a negative coefficient,
but the exponential variable was positive and accounted for much of the
TAD effect. Both a linear and quadratic variable in model year were
included, but both were non-significant. Somewhat surprisingly, the
three-year aging variable was significant, but its coefficient was
negative, indicating that the older cars within each model year tended
to have lower leak rates than the younger ones after TAD was accounted

for.

TABLE 10
Leakage Rates by TAD (Michigan)

Leakage Rate
TAD Per Thousand N
0 2.167 43,834
1 3.079 339,091
2 4.952 ) 349, 348
3 8.712 268,021
L 16.418 170,176
5 32.016 89,737
6 62.192 41,886
7 131.45L4 26,838

In considering leakage rates separately for three types of crashes:
frontal impacts, rear-end impacts, and rollovers, the three-year aging
variable was never found to be significant. Leakage rates differ
substantially for the three different types of crashes. For frontal
impacts, the average leakage rate was estimated to be 7.50 leaks per
thousand crashes. For rollover crashes, the average leakage rate was
estimated to be 80.84 leaks per thousand crashes, while for rear-impact
crashes, the average leakage rate was estimated to be 13.07 leaks per
thousand crashes. Although rollovers are a relatively infrequent type
of crash, they apparently present much more opportunity for leakage to
occur. Rear-impact crashes are generally less severe than frontal
impacts. However, presumably because of the location of most fuel tanks

in the rear of the car, leakage rates are higher in rear impacts even
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though generally the severity of the impact 1is less than in frontal
crashes. This is in some contrast to fire rates, which were higher for

frontal crashes than for rear-impact crashes.

Frontal Impacts. Restricting attention to the set of frontal

crashes, the average leak rates were 16.33 for pre-1968 models, 9.62 for
1968 through 1975 models, 5.59 for 1976 models, and 5.08 for 1977 and
later models. All of these rates are per one thousand crashes. Changes
in leakage rates by age of car over the three years were not
significant. However, there were clearly more differences among model
years than could be explained by the four groups. There appears to be a
strong linear trend for the leak rates to increase with the age of the
car at the time of the crash (as distinct from the three different ages
within a given model year). However, even with this linear trend and
effects corresponding to the different standards included, there was
still substantial additional variability among rates for different model
years. The version of the standard dealing with frontal impacts was the
1968 version. A model estimating the effect of this together with the

age trend was
r= 5.10 - 1.94x (68std) + 0.74(MY) leaks/1000 crashes.

If an effect of the later version of the standard is also included, the

model becomes

r= 6.49 - 2.34x(68std) - 1.79x(76std) + 0.65(MY) leaks/1000

crashes.

In both cases, r stands for the leak rate per thousand crashes and the
standard effects are indicator variables that take the value 0 or |
depending on whether the model was not or was subject to the indicated
standard. The MY variable is the age of the model in years at the time
of the crash, with a value of one for a crash in the same year as the
model year of the car. The 1977 version of the standard could be
substituted for the 1976 version; they are not distinguishable in the
data. However, the two indicator variables are correlated so that only
one should be included in a model. All coefficients were significant at

the five percent level.
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Rollovers. Turning attention to rollover crashes--addressed by the
1976 version of the standard--one sees a much higher leakage rate.
Again, grouping models by version of the standard, the average leakage
rates per thousand crashes are estimated as: 194.8 for pre-1968 models,
135.2 for 1968 through 1975 models, 85.2 for 1976 models, and 42.3 for
1977 and later models. No effect of aging over the three years within
each model was apparent, however, there was an increasing trend in
leakage rates with older models. |Incorporating a linear trend in age

and an effect for the 1976 standard results in an estimated model of
r= 20.06 - 11.82(76std) + 13.22(MY) leaks/1000 crashes.

As before, these rates are per thousand crashes, and the age variable is
the age in years of the particular model at the time of the crash, while
the standard wvariable is an indicator variable taking the value 1 for
vehicles subject to the standard. Thus, a negative coefficient for the
standard variable indicates a reduction in leakage rates estimated to
coincide with models first subject to the standard. In both these
cases, a significant (p<.05) reduction in leakage rates is estimated
even after the inclusion of a linear trend for age. This would be

consistent with beneficial effects of the standards.

Rear Impacts. The 1977 version of the standard addressed rear

impacts. Turning attention to rear-impact crashes, the average leakage
rates were estimated for model years corresponding to each version of
the standard as: 35.76 for pre-1968 models, 21.33 for 1968 through 1975
models, 10.29 for 1976 models, and 8.22 for 1977 and later models. As
before, there was no evidence of an aging effect for the three years of
ages within a given model year of car, but there was evidence of a more
general tendency for leakage rates to increase for the older models.
Fitting a model with a linear effect for age of the car and a standard

effect for the 1977 version gives the estimated model:
r= 0.07 + 2.65x(77std) + 2.90x (MY) leaks/1000 crashes.

The variables are as before, except that MY now is coded as zero for ‘a
crash of a car during the same calendar year as its model year. This
model estimates an increase in leakage rates coincident with the 1977

standard after the linear trend in age has been incorporated. Fitting a
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similar model but using the 1976 standard rather than the 1977 standard

gives:
r= 4,22 - 1.12x(1976std) + 2.L0 (MY) leaks/1000 crashes.

Here again, MY is taken as zero for a crash in the same calendar year as
the model year of the car. In this model, the effect of the 1976
standard is estimated to be negative, corresponding to a reduction in
leakage rates. One interpretation could be that a reduction occurred
with the 1976 models and no further reduction occurred with the 1977
models. That is, although the 1976 version of the standard did not
specifically address rear impacts in its testing requirements, this may
have been anticipated and the 1976 and 1977 standards may have been

implemented at essentially the same time.

Thus, as was seen in the overall data, there appears to be a slight
increase in the leak rates relative to model year trend with the 1977
models as opposed to the 1976 models. Apparently, this is most apparent

in the rear impact crashes.

A1l of the models for leak rates that have been discussed so far
have had significant lack of fit. While the effects of the standard or
other variables have been apparent, there remains some variation that is
unexplained and may be associated with other factors. A model that fit -
an overall mean, main effects and effect by TAD interaction for age, age
squared, aging, and three standard effects fit the data adequately (chi-
square for lack of fit 4B0.86 with 448 degrees of freedom). This was
accomplished by fitting main effects separately within each TAD level.
The result indicated that most variables were not significant,

particularly in the lower TAD levels.

A variable selection procedure was used within each TAD level to
obtain a more parsimonious model. The overall model that resulted had a
lack of fit chi-square 503.75 with L80 degrees of freedom. The model
contains interactions and these were modeled as main effects of the
other variables within each TAD level. The model that resulted is
presented by TAD:

TAD O

r = 0.851
TAD 1
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r = 0.331(MY) - 0.018 (MY squared)

TAD 2
r = 0.0070 (MY squared) + 1.058 (std68)
TAD 3
r=1.636 - 0.382(std77)
TAD 4
r= 2.293 - 0.332(Age) - 0.793(std77)
TAD §
r= '6.265 - 0.489(Age) ~- 0.891(MY) + 0.0385(MY squared) +
3.312(std68) - L.142 (std76)
TAD 6
r = 1.166(Aging) + 2.110(MY) - 0.111(MY squared) - 4.888(std76) +
2.943(std77)
TAD 7

r= 60.711 - 2.016(MY) - 19.809(std76) leaks/1000 crashes.

Standard effects were non-significant for TAD levels zero and one.
At TAD 2, a detrimental effect was estimated coincident with the 1968
standard. At higher levels, benefits (reductions) were estimated for
some version of the standard. However, at TAD 5, the 1968 standard was
estimated as an increase while the 1976 standard was estimated as a
reduction. Similarly, at level 6 the 1977 version was estimated as an
increase while the 1976 version was estimated as a decrease. Combined,
at level 6, there is still an estimated reduction for the 76 and later

models.

Because of the complexity of this model incorporating different
variables and interactions with each TAD level, an alternative model
with interactions was fit. Again, the interactions were modeled as main
effects of the other variables fit within each TAD level. The overall
mean and the 1968 and 1976 standard effect variables were forced in the
model, then the others were selected only if significantly different
from zero. The overall lack of fit chi-square for this model was 500.28
with 468 degrees of freedom. This is a non-significant lack of fit, but
clearly there could be other variables that might still significantly
influence the leak rates. The estimated coefficients for this model are
presented below, again by TAD level. All coefficients are to be

interpreted in terms of leaks per thousand vehicles.

TAD O

r = 0.620 + 0.331(std68) - 0.215(std76)
TAD 1

r= 0.798 + 0.671(std68) - 0.341(std76)
TAD 2
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r 0.L01 + 0.619(std68) + 0.093(std76) + 0.00678 (MY squared)

TAD 3
r= 1.469 + 0.169(std68) - 0.305(std76)

TAD L
r = L.508 + 0.70L(std68) - 0.373(std76) - 1.39L(std77) -
0.36L (Aging) - 0.575(MY) + 0.027 (MY squared)

TAD 5

r= 6.254 + 3.312(std68) - L4.142(std76) - 0.&89(Age) - 0.8L1(MY) +
0.038 (MY squared)
TAD 6

r = 3.030 - 1.313(std68) - L4.030(std76) + 3.930(std77) +
1.38L4 (Age) + 2.933(MY) - 0.148 (MY squared)
TAD 7

r= 24.04 4+ 16.723(std68) - B8.822(std76) leaks/1000 crashes.

The conclusion seems to be that leak rates are related to many
factors. However, after accounting for many of these--TAD, age, etc.,--
there appears to be generally a significant reduction in leak rates that
coincides with the 1976 and later model year of cars. The estimates of
the 1968 standard are that after adjusting for severity, model year
trends, and are rates were higher. However, the interactions between
age and other variables mean one should not interpret this as meaning
that the 1968 version of FMVSS 301 was detrimental. There is clearly a
strong relationship between leak raté and model year of the cars with
newer models, particularly those 1976 and later, having low leak rates;
However, causes cannot be ascribed, and alternative explanations to
FMVSS 301 cannot be ruled out.

L.,2.2. Michigan Light Truck Fires

The fire rates by model year for light trucks (pickups and vans) in
the Michigan data are plotted in Figure 10. In that figure, separate
rates are plotted for each of three calendar years of data. These years
are 1978, 1979, and 1980, and are identified on the figure by the digit
corresponding to the last digit in the year. A visual inspection of the
figure suggests that the fire rates are fairly small, and that they may

be lower for more recent model years.

In order to investigate the relationship of these rates to various
factors, analytical models were used. The FMVSS 301 first applied to
light trucks with the 1977 models, and then with more stringent

requirements, to the 1978 and subsequent models. In addition to these
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Figure 10
Light Truck Fire Rates in Michigan

possible standard effects, there could be an aging effect over the three
different years, or a more general model year effect. A model with two
standard effects, an aging effect (over the three data years within
model years) and a linear effect in model year was fit to the data. The

model was estimated as

r= 2.067 - 0.144(std77) - 0.375(std78) - 0.060(aging) + 0.050 (MY)
fires/1000 crashes.

In this, all coefficients are in terms of fires per thousand vehicles in
crashes. The lack of fit statistic was L47.73 with 58 degrees of
freedom, not statistically significant. However, except for the overall

mean, none of the individual coefficients was significantly different

.
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from zero at the fiQe percent level. Various reduced models were fit to
the data. In none of them was the aging (over the three data years
within model years) variable significantly different from zero. A model
with a mean and a linear effect for model year (or age at time of crash)

had the estimated coefficients:
r= 1.583 + 0.101(MY) fires/1000 crashes.

The lack of fit was 51.08 with 61 degrees of freedom. Both the mean and
the MY coefficient were significantly different from zero (P<0.001). A

model with both the 1977 and 1978 effects had the estimated coefficients
r= 2.481 - 0.350(std77) - 0.483(std78) fires/1000 crashes.

The lack of fit for this model was 49.25 with 60 degrees of freedom.
The two standard effects had a chi-square of 15.19 with two degrees of
freedom, highly significant. However, because of the high correlation
between the two effects, the individual chi-squares were only 1.48 and
2.55, respectively, for the 1977 and 1978 standard coefficients
estimates. Either the model year 1977 or 1978 may be estimated as the
effect of the standard. |f 1977 is taken as the point, then the

estimated model is:
r=2.48 - 0.682(std77) fires/1000 crashes.

The lack of fit chi-square is 51.8 with 61 degrees of freedom, not
significant. This model fits nearly as well as the model with a linear
effect estimated in age of model year (lack of fit of that model was
51.08 with 61 degrees of freedom). Thus, at this point, there is
clearly a tendency for Jlower fire rates associated with more recent
models of light trucks, but these could be due either to a standard
effect or to a linear trend in the age of the truck at the time of the
crash. No aging was demonstrated over the three calendar vyears within

each model year.

The model with two effects for the standard fit slightly better
than the model with a linear age effect. This model estimates the crash
fire rates for light trucks in Michigan as 2.481 per thousand prior to
the standard, 2.130 per thousand for 1977 models and 1.647 per thousand
for the 1978 and later models. This corresponds to a 16 percent

reduction with the 1977 model, an additional 23 percent reduction with
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the 1978 models, or a 34 percent reduction from pre-standard to current
standard. However, the possibility of a linear trend in age cannot be

eliminated as a possible alternative explanation of the observed effect.

The TAD damage scale was also used as a control variable. When
light truck crashes were tabulated by model year, crash year, and TAD
level, many of the model years showed zero fire rates. That is, the
data were too thinly spread. Fire rates are relatively constant for TAD
levels 1-4, then increase with levels 5 and 6. The most pronounced jump
occurs at TAD level 7, which has a much larger fire rate than any other
TAD level. While it might be possible to combine TAD into three or four
levels and possibly pool across data years for fire rates, this pattern
was not the same for leak rates. As can be seen in Table 11, leak rates
increased with each TAD level. Consequently, TAD levels were not pooled
for fire rates. Rather, model years have been pooled by standard, but
the crash years were kept separate. This allows investigation of an
aging effect (over three years), but ignores possible trends in model

years in favor of estimating possible standard effects.

The crash fire and leak rates for each TAD level, data year, and
model year grouping are presented in Table 11. The rates are per
thousand vehicles. The corresponding freqguencies are presented in Table
12.

A mode! that included a mean, the two standard effects, an aging
variable, and dummy variables for the TAD levels was fit to these data.
The aging coefficient was non-significant (P>0.5); the coefficient
estimated an increase of 0.058 fires per thousand with each year of age.
A reduced model eliminating the aging variable was fit with the

following coefficient estimates in fires per thousand:

r= 6.939 - 0.797(5td77) - 0.972(S5td78) - 5.342(TAD1) -
5.513(TAD2) - L.789(TAD3) - L.160(TADL) - L.132(TAD5) -
1.403(TAD6) + 25,339 (TAD7).

The lack of fit chi-square for this model was 46.56 with 54 degrees of
freedom. The chi-square for the two standard effects was 33.80 with two
degrees of freedom. Each of the two effects was also significantly

different from zero, indicating reductions in the crash fire rates. The
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TABLE 11

Fire and Leakage Rates for Light Trucks
(Fires per thousand crashed vehicles)

Fire Rates Leak Rates
TAD
Pre-77 1977 Post-1977 Pre-77 1977 Post-1977
1978
1 1.399 0.908 0.270 | 5.215 2.498 2.701
2 1.190 0.831 0.702 | 10.946 4,712 5.965
3 3.118 0.934 2.245 B 20.386 11.671 7.295
N 2.418 1.021 3.633 31.431 | . 17.365 17.257
5 4,386 3.145 3.521 | 82.237 51.887 31.690
6 5.818 | 0(1.397) % 6.536 104,727 53.073 49,020
7 30.303 52.846 24.390 204 .545 191.057 121.951
1979
1 1.696 1.093 1.211 . L4.703 4,917 2.018
2 1.152 1.020 1.190 8.258 6.120 5.268
3 1.854 0.527 1.856 21.398 5.802 10.074
N 2.964 L.378 1.419 36.314 28.897 13.245
5 L.138 5.505 | 0(0.457) % 60.230 51.376 31.050
6 6.233 7.117 6.9k44 112.199 64.057 59.028
7 37.736 L3.269 28.6L46 | 194.229 163.462 106.771
1980
1 1.965 1.083 0.538 5.896 3.970 2.016
2 1.403 0.980 0.330 8.838 6.369 3.794
3 2.629 0.7k6 1.318 |- 18.002 15.660 7.382
L 2.852 2.532 2.231 37.072 29.114 17.403
5 4,920 2.299 1.696 70.111 L41.379 32.231
6 5.814 13.333 5.190 96.512 111,111 L4 ,983
7 27.108 28.777 32.099 | 185.241 151.079 101.235

*Observed rate was O. Number in parentheses is the midpoint of a 95
percent confidence interval for the rate.

TAD variables were also highly significant, with a chi-square of 158.61
with six degrees of freedom. The TAD levels 1 through 5 were
significantly negative, TAD level 6 was slightly negative, while TAD

level 7 had a very much larger fire rate than any of the others. (The
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TABLE 12

Fire and Leak frequencies for Michigan Light Trucks

1970-76 1977 1978 0On
TAD

Fire Leak Total|Fire Leak Total|Fire Leak Total

Crash Year: 1978
1 22 82 15,715 4 11 4403 1 10 3703
2 |15 138 12,607| 3 17 3608 2 17 2850
3 26 170 8339 2 25 21421 4 13 1782
4 10 130 4136 1 17 979| &4 19 1101
5 12 225 2736 2 33 636 2 18 568
6 8 Thi 13751 © 19 358 2 15 306
7 32 216 10561 13 47 246 5 25 205

Crash Year: 1979
1 22 61 12,971 N 18 3661 9 15 7433
2 12 86 10,414 3 18 2941 7 31 5884
3 13 150 7016 1 1 1896 7 38 3772
L 12 147  LoLB| 5 33 ML2} 3 28 211k
5 9 131 2175) 3 28 45| 0 34 1095
6 7 126 1123] 2 18 281 L 34 576
7 34 175 901 9 34 208 N L1 384

Crash Year: 1980
1 18 = 54 9159 3 11 2771 L 15 7441
2 10 63 7128 2 13 2041 2 23 6062
3 13 89  L9Lk 1 21 1341 5 28 3793
I 9 117 3156 2 23 790f 5 39 2241
5 8 114 1626 1 18 L35 2 38 1179
6 5 83 860| 3 25 225 3 26 578
7 18 123 664 L 21 139 13 41 Losg

variables for TAD were modeled as effects from the mean implying that

the sum of the TAD values must be zero.)

Thus, incorporating TAD as a control variable also results in an
estimated standard effect. The 1977 version of FMVSS 301 is associated

with an estimated reduction of about 0.8 fires per thousand crashes and
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the 1978 version is associated with an estimated additional reduction of

nearly one fire per thousand crashes of light trucks.

Fuel Leakage Rates in Michigan Light Trucks. The fuel leak rates

plotted by model year and crash year in Figure 11.
A

per thousand are

Again, the data years are indicated by the last digit of the year.

very strong trend for older models years to have higher leak rates is
evident. Also increased variability in the older model years can be
noted.
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Figure 11
Light Truck Fuel Leak Rates
To quantify these effects, a model was fitted to these rates. The
mode! included variables for a linear trend in model years, an aging

effect over
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well as an overall mean. While only the mean, a linear model vyear
effect and a standard effect at 1977 appeared statistically significant,
this model exhibited a significant lack of fit (chi-square of 137.26
with 60 degrees of freedom). Two sources of this lack of fit were
identified. The lack of fit could be attributed to the data from 1978,
the first year of the new data form. Alternatively, eliminating the
data points based on small numbers of crashes (early model years, model

year 1981 in crash year 1980, etc.) also eliminates the lack of fit.

Considering a reduced data set with 45 leak rates, and fitting a
model with a mean, standard effects at model years 1977 and 1978, an
aging effect (over three years) and a linear trend in model years fit

satisfactorily (chi-square of 37.39 with 40 degrees of freedom).

The three-year aging effect was clearly not significantly different
from zero. Neither was the estimated effect at model year 1977.
Reducing the model by deleting the three-year aging effect still leaves
a non-significant effect for the 1977 version of the standard.

Eliminating that variable gives the estimated model.
r = 8.000 + 1.60L(Age) - 2.294(std78) leaks/1000 crashes.

Here "MY'" is a linear trend in model years at time of crash. The lack
of fit chi-square is 38.10 with 42 degrees of freedom. All three
coefficients are significantly different from zero with associated chi-
squares of 78.37, 158.84, and 9.40, for the intercept, age, and standard

variables, respectively, each with one degree of freedom.

The linear model year effect cannot be deleted without introducing
significant lack of fit. |f a variable to estimate an effect of the
1977 version of FMVSS 301 is substituted for the 1978 version, the

estimated quel becomes
r= 7.479 + 1.685(MY) - 1.414(std77) leaks/1000 crashes.

However, the standard coefficient is not significantly different from
zero at the five percent level (chi-square of 2.65 with one degree of

freedom) .

If both standard variables are included, the model is estimated as
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r 8.473 + 1.55L (MY) - 0.500(std77) - 2.143(std78) leaks/1000

crashes.

The <associated lack of fit is 37.83 with 41 degrees of freedom. The 78
standard variable is significant (P<0.01), but the 77 standard is not
(P>0.5), although both are estimated as negative, indicating estimated
associated reductions. These data seem to indicate a significant
reduction in fuel leak rates in crashes, primarily associated with the
1978 version of FMVSS 301 as it applied to light trucks. This reduction

is in addition to the linear trend in age or model year.

To further investigate this, the leak rates presented in Table 11
were analyzed by models similar to those used for the fire rates in the
previous section. However, for leak rates, the relation with TAD level
is a much stronger one, with increases noted at each TAD level. A model
fitting main effects of standards, TAD, and aging in addition to a mean
showed significant lack of fit (chi-square of 280.69 with 54 degrees of
freedom). This model suggests that aging (over the three crash years)

was not significant.

In order to obtain a satisfactory fit, interactions of standard and
damage severity had to be included. This was accomplished by fitting a
mean and two standard effects within each level of the TAD. Table 13
gives these estimated effects. The lack of fit test was 54.53 with 42

degrees of freedom.

All of the estimated coefficients were significantly different from
2ero at the one percent level except for the 1977 standard at TAD level
7. The chi-square for main effects of TAD is 2183.66 with six degrees
of freedom. For main effects of standard, the chi-square is 174.69 with
two degrees of freedom, and the chi-square for the TAD by standard
interaction is 226.22 with twelve degrees of freedom. Both versions of
the standard are estimated to be associated with significant reductions
in crash leak rates at each level of TAD. Leak rates increase strongly

with crash severity as measured by TAD.
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TABLE 13

Interaction Model of TAD and FMVSS 301 Effects,

Michigan Light Trucks

1977 1978
TAD Mean Standard Standard
1 5.17 -1.78 -3.04
2 9.37 -3.88 k.73
3 20.07 -11.03 -11.81
b 3k.56 -10.87 -19.06
5 70.71 -22.27 -39.05
6 104.82 -38.71 -54.17
7 195.88 -25.15% -88.68

*Not significant (P>0.1). All others are highly significant (P<0.01).

L,2.3. Other Factors Influencing Fire or Fuel Leakage Rates

The possible effects of day or night as the time of the crash were
investigated. The wuse of lights at night could provide an additional
source of ignition, and so could result in higher fire rates. In the
Michigan passenger car data, the crude fire rate for daytime crashes was
1.78 fires per thousand crashes. The crude fire rate for nighttime
crashes was 2.98.- The corresponding rates of fuel leakage were 8.1
leaks per thousand crashes for daytime crashes and 17.06 leaks per
thousand crashes for nighttime crashes. Approximately 63 percent of the
Michigan crashes occurred during daytime and 37 percent during night.
There are several other factors that differ for day or night crashes.
Crashes that occur at night are generally more severe crashes. A higher
proportion of nighttime crashes are single-vehicle crashes, more occur
in rural areas, etc. In order to consider whether these other factors

could account for the difference in fire and leak rates, adjusted fire

and leak rates were calculated, adjusting for the TAD severity scale.
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The adjusted fire rates were 2.07 fires per thousand crashes, day; and
2.31 fires per thousand crashes, night. Most of the difference in fire
rates was removed by adjusting for the difference in TAD severity
distributions. Similarly, adjusted leak rates were calculated. These
resulted in adjusted rates of 9.36 leaks per thousand crashes, day; and
12.95 leaks per thousand crashes, night. Much of the difference has
been removed by adjusting for TAD severity, but some still remains. It
seems likely that the primary difference in day and night fire and leak

rates represents differences in the crash populations.

The potential difference in day and night time crashes was thought
to be possibly caused by the additional ignition source posed by the
vehicle's lights being on at night. However, the crude ignition rates
(fires per leaks) were 0.22 for daytime crashes, and 0.18 for nighttime
crashes. This represents a higher chance of ignition, given fuel
leakage, for daytime rather than nighttime crashes, contrary to what was
expected. After adjusting for TAD, the ignition rates are virtually the
same: 0.155 for days and 0.152 for nights. One might suspect that small
amounts of fuel leakage might be harder to notice at night. However,
this effect, if present, would tend to reduce the number of leaks in
nighttime crashes and would increase the apparent ignition rate. The
data do not appear to support this hypothesis. It may be that the
addition of 1lights does not present an important additional source of
ignition. Possibly most cars have at least brake 1lights on at the
instant of impact and the possible addition of headlights does not add

substantially to the chance of ignition.

As noted previously, the type of crash also influences the fire or
leak rate. Table 14 gives the passenger car fire and leak rates for a
number of <crash configurations. Some of these were combined in
considering the frontal, rollover, and rear impact crashes as identified
with each version of FMVSS 301.

Another factor that affects fire and fuel leakage rate is the
number of vehicles involved in the crash. Table 15 gives the observed
fire and fuel spillage rates for single and multiple vehicle crashes in
Michigan for the three years 1978-1980. As with the day-night variable,

inclusion of TAD and/or crash type accounts for much of the wvariation.
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TABLE 14

Fire and Leak Rates by Crash Configuration

Proportion

Crash Type Fire Rate | Leak Rate N of Crash
Center front 2.650 14.550 175,876 0.285
Right front 1.701 7.435 92,281 0.149
Right side 1.901 14.536 43,134 0.070
Right rear 1.507 8.027 38,495 0.062
Center rear 2.006 23.107 70,800 0.115
Left rear 1.770 11.750 37,278 0.060
Left side 1.908 13.970 Lk ,025 0.071
Left front 1.510 6.889 96,671 0.156
Other Impact 27.094 35.674 L, k429 0.007
Rollover 7.328 121.131 11,599 0.019
Front & Rear 2.370 26.963 3,375 0.005

However, if such a measure of accident severity is not available, and
either day/night information or single/mulitiple vehicle crash
information is available, either would be a potentially important

control variable to use in considering fire or leakage rates.

TABLE 15

Fuel and Spillage Rates for Single and Multiple
Vehicle Crashes, Michigan, 1978-80

Single Multiple
Year Fire Leak Fire Leak
Rate* Rate#* N Rate* Rate N

1978 | 4.181 37.367  (67,920) | 1.816 10.819  (L4kO,413)
1979 | 4.038 29.136  (64,387) | 1.603 9.354  (L08,579)
1980 | 3.859 23.908 (67,886) 1.511 8.392  (326,295)

*Per 1000 crashed vehicles.
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L.2.4. Ignition Rates

In the Michigan data, both leak and fire data are available. The
occurrence of a fire in a crash can be thought of as a two-step process.
First, a leak must occur to provide a source of fuel. Following that,
there must be a source of ignition tc ignite the fuel and cause the
fire. Preventing fuel leaks removes the source of fuel for the fire.
It is also of interest to consider whether fuel ignites if it has
leaked. By forming the ratio of fires to leaks in the Michigan data,
one can investigate the probability of ignition given fuel leakage.
These ratios have been plotted in Figure 12. As before, the leaks are
plotted separately for different model years and the three different

crash years.
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Figure 12
Ignition Rates by Model Year: Michigan Passenger Cars
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It is apparent in the figure that there is an increasing trend in
the ignition rates for newer models. |t also appears that there are two
segments to the figure. One appears to end with the 1975 models and the
other to consist of the 1976 and later models. The ignition rate for
the 1975 models, and to somewhat a lesser extent of the 1974 models,
appears to be higher than the trend line. The reasons for this are not
known. However, many car manufacturers added catalytic converters to
the exhaust systems of models in 1975 to meet more stringent emission
control standards (a few 1974 models also had catalytic converters).
The addition of a catalytic converter would result in a higher
temperature in the exhaust system. Secondly, there is an additional
cannister in the exhaust system that could scrape pavement and provide
sparks in a crash. Finally, if the converter itself ruptures, the
catalyst would be available to react with fuel that might be spilled in
a crash making it more likely to ignite. Thus, it is possible that this
higher ignition rate may reflect the addition of the catalytic
converter. If that is the case, then the more recent models have
apparently reduced the problem somewhat as evidenced by the drop in the
ignition rate with the 1976 model. This second segment--beginning with
model year 1976--corresponds to the 1976 version of FMVSS 301. That
standard aimed to reduce fuel Ileakage. If fuel leakage was
substantially reduced--particularly in less severe crashes--this
reduction in the denominator of the ignition rates could result in the
increasing trend in ignition. This does not explain the drop in

ignition rates in 1976, however.

The general wupward trend in the ignition rate for newer models is
not easy to explain. Fires have been reduced in newer models. However,
the leaks have been reduced even more and the relationship of the leak
rates to model years 1is much stronger than the relation of fires to
model years. Thus, the much higher leak rates in older models produce
lower ignition rates because the denominator of the rate is much larger
while the numerator is only slightly larger. Another possible
consideration is that in the newer models, leak rates in particular are
very small at low severity (low TAD) crashes. Most of the leaks that do
occur in the newer models occur in high TAD crashes. Such severe

crashes may result in larger leaks (that is, in more fuel being spilled)
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and would provide more sources of ignition in terms of damage to the
electrical system providing shorts, or metal on pavement sparking.
Thus, the higher ignition rates in more recent models may reflect that
the standard has considerably reduced small leaks and leaks in low
severity crashes. |If so, then when a leak does occur, it is in a high

severity crash, which is much more likely to also provide ignition.

While not of primary interest, a Jlinear model was fit to the
ignition data, incorporating a mean, a linear trend in model year, and
an aging effect over the three crash years within each model year. The
estimated model had a lack of fit of 45.95 with 42 degrees of freedom

and coefficients:
r = 0.263 + 0.01204 (per year Model year) + 0.018 (per year age).

The associated chi-square statistics for the three parameters were:
1454 .35, 218.5, and 24.96, for the mean, model year effect, and age
within model vyear, respectively. In this model only, these rates are

presented as actual rates and are not per thousand crashes.

4.3 Pennsylvania Data

Computerized accident report files from Pennsylvania have been
processed to determine the number of crash and non-crash fires by car
model year for each of three calendar years. Data are shown summarized

by the periods of the several versions of FMVSS #301 in Table 16.

Although the number of reported fires is small, there is a
significant decrease in the fire rate (fires per 1000 crashed cars)
associated with the 1976 version of the standard, when it is compared
with all earlier vehicles (with a chi square value of 4.02 p<.05). The
change associated with the 1976 version of the standard compared with
the 1968 version yields a chi square value of 2.49, not quite
significant at the 10 percent level. Finally, the 1968 version compared
with the period prior to that (when there was no standard) also shows
some improvement, with a chi square value of 3.12. The only change
which does not show any improvement (in fact a slight negative result)
is the 1976 to 1977 modification. Data for these two periods is sparse,

in any case. The pooled fire rates (crash and non-crash) are plotted in
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TABLE 16

Crash Fires and Fire Rates in Pennsylvania (1977-79)
by Version of the FMVSS #301

Model Years Fires/
covered by Crash Fires | Total Vehicles 1000
Standard In Crashes Crashes
(1) 1977-1980 . . . 114 173794 .66
(2) 1976 . . . .. L2 68383 .61
(3) 1968-1975 . . . 321 426322 .75
(4) 1967 or earlier 60 62649 .96

Partitioned chi square computations:
Total table (4 x 2), chi square = 7.26 (3 d.f.)

(1) vs. (2), chi square = 0.12 (1 d.f.)
(1,2) vs. (3), chi square = 2.49 (1 d.f.)
(1,2,3) vs. (4), chi square = 4.65 (1 d.f.)

(1) vs. (2), chi square = 0.12 (1 d.f.)
(1,2) vs. (3,4) chi square = 4.02 (1 d.f.)
(3) vs. (b) chi square = 3.12 (1 d.f.)

Figure 13 by age at time of crash. Non-crash fires seem to be about the
same from new to ten vyear-old cars and then to show some scatter
thereafter. Crash fire rates stay fairly constant in this range (the
extremes in this age span are 0.57 and 0.93, but most values are closer
to the mean.) The low fire rates probably result from the fact that
fires are noted in the narrative rather than as a specific variable.
This method generally results in underreporting of fires. However, it
may be that most of the conflagrations are reported in this manner, and

more of the smaller fires are missed.
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5.0 CONCLUSIONS

Post-crash fires are relatively rare events. For police-reported
crashes involving passenger cars in Michigan (three years) and I1linois
(six years), post-crash fires occur at rates of from 1.5 to 2.3 fires
per thousand crashes. If attention is restricted to a more severe set
of crashes--those requiring towaway--this rate rises to about L.6 per
thousand in Michigan. Crash fire rates involving light trucks were
slightly higher: from 2.2 to 2.8 per thousand police-reported crashes in

the two states over the same period.

Two types of reporting of fires exist in police accident data. One
type consists of a check box on the accident reporting form asking that
the investigating officer check whether a fire occurred for each vehicle
involved in a crash. The second type of reporting relies on the
narrative description of the crash to indicate whether or not a fire
occurred. The reported fire rates differ by about a factor of ten
depending on which method is used, with the narrative coding being much
lower than the check box reporting. It appears that relying on the
narrative to report fires results in wunder-reporting of fires. The
check box method reports a number of incidental or minor fires. This
may be appropriate, since if these fires are not extinguished, some may
eventually involve the entire car. |In general, relying on incidental
reporting of any item of interest can lead to inaccurate or misleading
results. It is better to use a question specifically asking for the
desired information. Thus, the data from Michigan and |Illinois that
include the specific fire information appear more useful than the
results from other states that are based only on the anecdotal
information about the crash. Data sets that include specific variables

should be used when possible.

Fuel spillage is much more frequent than fire, but still relatively
rare. It is estimated to occur approximately 11 to 14 times per
thousand police-reported crash in three years of data from Michigan

involving passenger cars. For light trucks, the spillage rate is again
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somewhat higher, estimated as from 16 to 19 cases per thousand police-

reported crashes over a three-year period from 1978-1980.

Both fire rates and fuel spillage vary with a number of crash
variables. The strongest relationship is with the accident severity, or
Michigan TAD, a seven-point scale of crash severity available in
Michigan but not in Illinois. These rates also vary by the type of
crash, by day and night, and by the number of vehicles in the crash.
Most of these other variables are related to crash severity, and their
effects were not apparent in the Michigan data after accounting for TAD

level.

The data dé not indicate any differences between the 1976 and 1977
versions of FMVSS 301. |In part this may be due to the fact that a large
amount of data are needed and that a single model year will not provide
a sufficient ambunt of data. An alternative possibility is that few
differences were incorporated between the 1976 and 1977 models that
would affect fuel leakage or fire rates. |t does not seems likely that
the 1976 and 1977 versions of the standard will ever be distinguished in

the crash data.

The 1968 version applied only to passenger cars. The data relevant
to this version are somewhat limited, since the earliest data come from
1975, when the pre-standard models were at least seven years old. Data
for pre-standardiyears are scarce. In the Illinois data, overall, the
1968 version was associated with a 6.5 percent drop in crash fires--not
statistically significant. In addition, addressing frontal crashes, the
estimated effect of the 1968 version was also not significant. In
looking at the detailed crash types, six of the 10 showed reductions
ranging from five percent. to 127 percent. Three of these (turning, rear
impacts moving, énd rollovers) were significant at the five percent
level. However, four crash types showed increases coinciding with 1968.
Two of these (angles and head-ons) were significant while one was
marginally significant (sideswipe--opposite directions). Thus, the
I11inois data show little evidence of an effect corresponding to the
1968 version of FMVSS 301.

The Michigan data on crash fires show reductions on from eight to

10 percent corresponding to the 1968 standard. However, in no case did
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these reach the five percent significance level, whether considered
overall or by crash type. Leak rates show about a 35 percent reduction
overall corresponding to 1968. A similar rate (38 percent) is observed
in frontals after including age. However, when crash severity is
included, all levels of TAD except TAD 6 show higher leak rates for the
time covered by the 1968 standard, but only for TAD 5 was this
significantly different from zero at the five percent level. It thus
appears that these data do not provide evidence to support an estimate
of a beneficial effect of the 1968 version of FMVSS 301. While the data
limitations must be considered--there are few data for the pre-1968
cars--the conclusion seems to be that no change in either fire or leak
rates was observed to correspond to the 1968 version of FMVSS 301 after

other factors were accounted for.

Both the Michigan and Il1linois data indicate that there are lower
crash fire rates for passenger cars of more recent model Yyears. In
Michigan, the reduction was clearly better modeled as a change when the
FMVSS 301 standard went into effect in 1976 or 1977 than as a smooth
trend in model years. The effect so estimated was significantly
different from zero after including a variable for the age effect and
for the TAD severity effects. The effect in lllinois was modeled within
crash types, serving as somewhat of a surrbgate for crash severity
control. Significant reductions coinciding with the FMVSS 301 standard
were observed in angle, rollover, rear impacts, and crashes involving
parked cars. The amount of reduction varied, but ranged from about 20

to 50 percent for these crash types.

The data for light trucks are not as substantial as those for
passenger cars. The number of truck crashes in Michigan was about one-
fifth the number of car crashes. |In |llinois, there were only about a
tenth as many light truck crashes as car crashes. This difference is
caused by the different vehicle classifications used in the two states.
In addition to the fact that the data are fewer, there is more

uncertainty about the actual vehicle types that are included in light
trucks.

The I1linois light truck data are consistent with a constant crash

fire rate of 1.85 per thousand for all model years. There is not a
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significant lack of fit to this constént mean model . However, if the
data are subdivided, there appears to be some reduction with 1976 and
later model years. The best such model fits two means: 2.06/1000 for
pre-1975 trucks and 1.58/1000 for 1976 and later trucks.

The Michigan data on crash fire rates for light trucks indicate
slightly more evidence for a standard effect. There is a reduction in
fire rates with newer models, but this can be equaliy well modeled as
two reductions corresponding to the standard in 1977 and 1978 or as a
linear trend in model years. This, while the Michigan light truck data
show significantly lower crash fire rates for models built under the

standard, general trends in model yeafs explain the data equally well.

The leak data show more evidence of a standard effect. There is a
significant reduction in leak rates corresponding to the 1977 or 1978
standard even after linear trend injmodel years is included. The 1977
and 1978 versions cannot be distinguished. If the crash severity
variable is included, both versions of the standard appear to have
significant reductions in leak rates ét all severity levels except the
highest. Thus, there is evidence that FMVSS 301 has reduced leak rates
in light truck crashes, but evidence for a reduction in crash fire rates

is inconclusive.

Leaks were much more closely réiated to model vyears than were
fires, but information about this;: was available only for Michigan
accidents. For passenger cars, there are many interacting variables
affecting the leak rates. There is a strong trend for leak rates to be
higher in older cars. The rates are-much lower and fairly flat for
model vyears 1976 and later. There.appear to be some effects that may
relate to the standard after accounting for TAD level and linear trends
in model vyears, but this is smaiief than either the TAD effect or the
smooth trend in model years. It may well be that more continuously
varying variables such as gradual model year changes, different car
sizes in different model years, or different configurations may have
played as important a role in leak rates as did the FMVSS 301
requirement at the specific 1976 and 1977 model years. Further changes
in models such as the continued trend toward downsizing or the trend

toward front wheel drive may continue to affect leak rates.
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For light trucks, the changes in leak rates appear to be more
sudden and perhaps more closely related to the standard. After
adjusting for TAD, leak rates are estimated to be significantly reduced
beginning with both 1977 and 1978 models. The amount of this reduction
varied with TAD level, but appears to be in the 30-40 percent ranges for
TAD 1-3, about 30 percent for TAD 4-6, and 13 percent for TAD 7
corresponding to the 1977 standard, while the estimated effects are in

the 50 percent range for 1978.

It is reasonable to conclude that the FMVSS 301 led to a reduction
in crash fire rates both for passenger cars and for light trucks, but
other possible causes for this reduction exist and cannot be entirely
ruled out. Aging of the vehicles, while confounded with the possible
effects of the standard, generally does not seem to have been an
important factor in the reduction of fire rates for newer models.
Further, the estimated reductions have persisted after control for crash
type and severity variables. However, it is possible that other causes
could have contributed to the reduction. The large amount of publicity
such as in Dowie (1977) that crash fires have received may have played a
role. The liability cases and attendant adverse publicity involving car
fires that automobile companies have been involved in may also have

influenced any changes that led to the observed reductions.

For leaks--which are more directly addressed by the testing
requirements of FMVSS 301--it is clear that many other factors have
influenced the leak rates in addition to or in place of the FMVSS 301.
Leak rates are related to crash type, severity, and a smooth trend in
model year more strongly than to changes in levels associated with the
FMVSS 301 standard. It seems likely that the gradually changing size,
structure, and mix of models in model years is at least as important to
leak rates as the standard. While some significant effects
corresponding to the FMVSS 301 standard were found after adjusting for
age, crash, type, and severity, these were present only in certain crash

severities.

Ignition rates, that is, the chance of a fire if fuel leaks, show a
tendency to be higher in more recent model years. The model vyear 1975

appears unusually high even with this trend. This coincides with the
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first use of catalytic converters in large numbers of passenger cars,
and this may have contributed to increased ignition rates for the model
years 1975 and later. Other than that possible effect, the higher
ignition rates for 1976 and later models may reflect the near
elimination of leaks in low severity crashes and a very low overall leak
rate in these models. That is, when a leak occurs in these later
models, it is associated with a very severe crash, which provides much
more opportunity for ignition of the spilled fuel. Thus, one
interpretation of the higher ignition rates is that it reflects
primarily the reduction of the leaks. In fact, both the number of fires
(the numerator) and the number of leaks (the denominator) are lower in
the more recent models. However,the reduction in the denominator was
larger, producing the increase in the ratio of fires to leaks. For
current models of passenger cars (1977 and later), both fire and fuel
leak rates are quite low. The fire rates averaged 1.L7 fires per
thousand crashes in |l1linois and 1.53 fires per thousand crashes in
Michigan for model years 1977 and later. Furthermore, most of the fires
and leaks that remain occurred with quite severe crashes. Most were in
TAD level 6 or 7 crashes in Michigan or in head-on or rollover crashes
in 11linois. These crashes are severe enough so that they are likely to
result in serious injury or fatality whether or not a fire occurs (0'Day
and Flora, 1982).

Whether the observed reduction in fires and leaks should be
attributed to the FMVSS 301 standard, design modifications relating to
fuel economy, changes dictated by the market, or to the results of
litigation cannot be definitely determined. However, after adjusting
for other factors such as age and crash severity, significant reductions
in fire and leak rates occurred for models first subject to the FMVSS
301. It seems reasonable to conclude that the standard contributed to

these reductions.
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APPENDIX A

DATA TABLES

This appendix contains some of the raw data used in the report.
Because all variables wused in this report would result in a very
extensive set of tables, only the tables of fire and no-fire frequencies
by model year for cars and trucks for each data year from each state are
included here. These data are therefore pooled over crash types,

accident severities, etc.
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TABLE Al

MICHIGAN CAR FIRE DATA 1978

MODEL YEAR|LEAKS FIRES BOTH NONE | TOTAL|FIRERATE* LEAKRATE

1960. 14, 1 3. Lk93.| 511, 7.83 35.23
1961. 5. ] 0. 200.| 206. .85 29.13
1962. 17. 0. L. 5L3.| 56k, .09 37.23
1963. 35. 2. 2. 1041.| 1080. .70 36.11
1964 . 59. &, L. 2010.| 2077. .85 32.26
1965. 125. 9. 2. 4350.| LLB6. L5 30.32
1966. 166. 1L, 9. 6520.| 6709. L3 28.17

1967. 224, 17, 10. 10592.]10843.
1968. 380. 32. 19. 17580.18011.

.49 23.15
.83 23.93

W~ — = NN NN DNDWRNDWWLWSY
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1969. L79. L4o. 27. 22991.|23537. 23.20
1970. 567. LO. 32. 29153.(29792. 42 21.45
1971. 583. 52. 33. 36266.|3693k4. .30 18.09
1972. 680. 77. 3L. L8678.|L9LEY. 2k 15.99
1973. 657. 91. 37. 554L8.|56233. .28 13.96
1974, 503. 97. 36. L8025.|LB661. .73 13.07
1975. 307. 64. 30. 38942.|39343. .39 10.19
1976. 313. 63. 25. 50773.|5117k. .72 7.84
1977. 377. 75. 37. 63859.|64348. Tk 7.60
1978. 291. 65. 20. L55L47.|L45923. .85 8.19
1979. 1n. 7. 2. 2467.| 2487. .62 8.04

*Per 1000 crashed vehicles.

~ MICHIGAN CAR FIRE DATA*-1979

MODEL YEAR|LEAKS FIRES BOTH NONE | TOTAL|FIRERATE* LEAKRATE*
1960. g. 2 1 Loé6.| 418. 7.18 28.7
1961. 2. 0 0 16h. 166. 0. 12.05
1962. L, 2. 1 376.| 383. 7.83 18.28
1963. 25. 2. ] 688.| 716. L.19 39.11
1964 . L5, 5 1. 1291.] 1342, L.47 38.00
1965. 78. 3. 3. 2707.| 2791. 2.15 30.10
1966. 93. 11. 3. L4183.| k290. 3.26 2L.94
1967. 156. 10. 6. 6596.| 6768. 2.36 25.1
1968. 25, 20, 12. 11214.| 11491, 2.78 24,11
1969. 28L.  39. 12. 15361.|15696. 3.25 21.34
1970. 396. L1, 19. 17356.|17812. 3.37 25.60
1971. be5. L7. 17. 27413.)27942. 2.29 18.93
1972. 542, 68. LkL. 3895L.|39608. 2.83 16.51
1973. 524. 112, 21. L6726.|47383. 2.8 13.87
1974. LoL. 66. 22. L1785.|k2277. 2.08 11.6L
1975. 266. 55. 20. 3LL2k.|34765. 2.16 9.81
1976. 307. 66. 18. LL388.|LLTT79. 1.88 8.73
1977. 305. 58. 21. 54136.(54520. 1.L45 7.04
1978. 302. 72. 29. 58632.|59035. 1.71 6.83
1979. 250.  62. 20. 40367.|L0689. 2.02 7.91
1980. 2. 1. 2. 2k490.| 2495. 1.20 2.00
1960. 3. 2. 1. 323.] 329. 9.12 18.24

*Per 1000 crashed vehicles.
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TABLE Al

MICHIGAN CAR FIRE DATA 1980

MODEL YEAR|LEAKS FIRES BOTH NONE | TOTAL|FIRERATE* LEAKRATE%
1961. 1. 0. 0. 96.| 97. 0. 10.31
1962. 1. 1. 0. 219. 231.| 4.33 51.95
1963. 5. 1. 1. Lu1.| L48.|  L.L6 15.63
1964k 17. 0. 1. 861.| 879. 1.14 20.48
1965. b3, b, 0. 1614.| 1661.| 2.4 28.30
1966. 67. 6. 3. 2527.| 2603.| 3.46 29.20
1967. 83. 7. 5. 3922.| LO17.| 2.99 23.65
1968. 150. 16. 8. 6620.| 6794.| 3.53 25.61
1969. 191. 26. 6. 9346.| 9569.| 3.3k 23.30
1970. | 231. 24. 6. 13350.[13611.| 2.20 19.18
1971. | 303. 37. 19. 18437.|18796.| 2.98 19.10
1972. | 401. 51. 20. 27321.[27793.| 2.55 16.98
1973. | 410. 63. 39. 34859.|35371.| 2.88 14.48
197k, | 330. 67. 23. 314L4.[3186L.| 2.82 13.18
1975. | 210. 52. 16. 27109.(27387.| 2.48 10.15
1976. | 241. L5. 16. 3L4968.|35270. 1.73 8.56
1977. | 261. 59. 7. 43092.|L3419. 1.52 7.53
1978. | 221. 49. 18. 45072.|45360. 1.48 6.35
1979. | 235. 60. 24. 46386.|L46705. 1.80 6.83
1980. 129. 35. 12. 27581.(27757. 1.69 6.3k
1981. 8. 4. 0. 1201.| 1213.| 3.30 9.89

*Per 1000 crashed vehicles.
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TABLE A2

MICHIGAN TRUCK FIRE DATA 1978

Model Year|lLeaks Fires Both None Total|Firerate® Leakrate%*
1960. 1. 0. 0 296. 297. 0. 3.37
1961. 3. 1. 0 77. 81. 12.35 37.0L
1962. 3. 0. 0 130. 133. 0. 22.56
1963. . 0. 0 211. 225. 0. 62.22
196L. 8. 0. 2 370. 380. 5.26 26.32
1965. 23. 1. 0 653. 677. 1.48 33.97
1966. 50. 2. ] 1010. 1063. 2.82 L7.98
1967. 33. 3. 3 1460. 1499. L.00 24,02
1968. 50. 3. 1 1833. 1887. 2.12 27.03
1969. 57. 6. 7. 2692. 2762. L. 71 23.17
1970. 69. 6. 2. 2706. 2783. 2.87 25.51
1971. 81. 10. 5. 3304. 3400, L. 41 25.29
1972. 9L, 6. 7. 5051. 5158. 2.52 19.58
1973. 116. 12. L., 6791. 6923. 2.31 17.33
1974, 115. 8. 7. 6956. 7086. 2.12 17.22
1975. 114, 10. 3. 6573. 6700. 1.94 17.46
1976. 147. 16. 5. 10153. 10321. 2.03 14.73
1977. 156. 16. 12. 13571. 13755. 2.04 12.21
1978. 9L, 14, 9. 10468. 10585. 2.17 9.73
1879. b, 1. 0 726. 731. 1.37 5.47

*Per 1000 crashed vehicles.

MICHIGAN TRUCK FIRE DATA 1979

Model Year|Leaks Fires Both None Total|Firerate® Leakrate
1960. 11. 0. 2 234, 247, 8.10 52.63
1961. 3. 0. 1 67. 71. 14.08 56.34
1962. 3. 0. 0 88. 91. 0. 32.97
1963, 2. 0. 0 160. 162. 0. 12.35
1964 . 7. 1. 0 300. 308. 3.25 22.73
1965. 22. 1. 0 L86. 509. 1.96 43,22
1966. 27. 2. 1 819. 849, 3.53 32.98
1967. 27. 2. 0 1124, 1153, 1.73 23.42
1968. 35. 2. 2 1435, 1474, 2.71 25.10
1969. 58. 8. 0 2067. 2133, 3.75 27.19
1970. Lg, 5. 6. 2064, 2124, 5.18 25.89
1971. 70. 7. 2. 2765. 284L, 3.16 25.32
1972. 76. 9. 7. L240. L4332, 3.69 19.16
1973. 80. 12. 8. 56L0. 5740. 3.48 15.33
1974. 102. 12. 3. 5956. 6073. 2.47 17.29
1975. 96. 5. 6. 5471. 5578. 1.97 18.29
1976. 128. 10. 8. 8530. 8676. 2.07 15.68
1977. 135. 20. 9. 11446. 11610. 2.50 12.40
1978. 119. 12. 10. 13185. 13326. 1.65 9.68
1979. 62. 13. 9. 9399. 9483. 2.32 7.49
1980. 1. 0. 0 163. 164. 0. 6.10

*Per 1000 crashes vehicles.
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TABLE A2

MICHIGAN TRUCK FIRE DATA 1980

Mode! Year|Leaks Fires Both None Total|Firerate® Leakrate*
1960. 9 l. 1 179. 190. 10.53 52.63
1961, 2 0. 0 28. 30. 0. 66.67
1962. 2 0. 0 55. 57. 0. 35.09
1963. 3 0. 0 118. 121. 0. 2L.79
1964, 10 0. 0 168. 178. 0. 56.18
1965. 10. 0. 0 315. 325. 0. 30.77
1966. 23. 0. 0 503. 526. 0. 43.73
1967. 18 2. ] 756. 177. 3.86 24 .45
1968. 25 2. ] 1023. 1051. 2.85 24,74
1969. 35 L, 0 1541. 1580. 2.53 22.15
1970. L, 3. 0 1548. 1595, 1.88 27.59
1971. 38. 6. 1. 1918. 1963. 3.57 19.87
1972. 71. 10. 3. 3002. 3086. L.21 23.98
1973. 7h. 9. 6 3935. LO24. 3.73 19.88
1974, 61. 10. 2 k212, L4285, 2.80 14.70
1975. 59. 5. 2 3979. LoLus. 1.73 15.08
1976. 99. 15, 4 6327. 6hbhs, 2.95 15.98
1977. 118. 9. 7 8326. 8460. 1.89 14.78
1978. 78. 8. 5 9276. 9367. 1.39 8.86
1979. 81. 16. 5 10744, 10846. 1.94 7.93
1980. 20. 1. 1 3098. 3120. .6k 6.73
1981. 1. 0. 0 153. 154, 0. 6.49

%*Per 1000 crashed vehicles.
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TABLE A3

ILLINOIS CAR FIRES DATA 1975

MODEL YEAR | FIRES  NONFIRES  MISSING TOTAL | FIRE RATE*
1960. 3. 581. 326. 910. 3.29
1961. 2. 9L48. 376. 1326. 1.50
1962. 11. 2563. 1181. 3755. 2.93
1963. 23. VTN 2138. 6612. 3.L48
1964, 2k, 72L48. 3679. 10951. 2.19
1965. 43, 12905. 6652. 19600. 2.19
1966. 50. 16387. 8881. 25318. 1.97
1967. 68. 19669. 11309. 310L46. 2.19
1968. 81. 25821. 15100. L1002. 1.97
1969. 76. 29522. 17L401. 46999. 1.62
1970. 68. 30896. 17881. L8845, 1.39
1971. 91. 32843, 19124, 52058. 1.75
1972. 100. 39274, 24319, 63693. 1.57
1973. 114, L5171, 28421, 73706. 1.55
1974. 91. 41093. 26451, 67635. 1.34
1975. 57. 23045, 14699. 37801. 1.51
1976. 5. 1481. 898. 2384, 2.09

*Per 1000 crashed vehicles.
ILLINOIS CAR FIRES DATA 1976

MODEL YEAR | FIRES  NONFIRES  MISSING TOTAL | FIRE RATE*
1960. 3. 427. 183. 613. L.89
1961. L, 692. 263. 960. L.17
1962. 6. 1947. 750. 2703. .2.22
1963. 13. 3428, 1253. LegL. 2.77
1964, 24, 5889. 2292. 8205. 2.92
1965. 33. 10551. 4265. 14849, 2.22
1966. Ly, 14236. 5822. 20105. 2.33
1967. 73. 18400. 8057. 26530. 2.75
1968. 92. 24775, 10918. 35785. 2.57
1969. 125. 29946. 13437. 43508. 2.87
1970. 116. 31551. 1386k4. 45531, 2.55
1971. 115. 34487. 15204. | L9806. 2.31
1972. 140. L1920. 19298. | 61358. 2.28
1973. 131, L7256. 21894, | 69281. 1.89
1974, 116. 43050. 20119. 63285. 1.83
1975. 110. 36016. 17566. | 53692. 2.06
1976. 89. 32509. 15451, | L8OLS. 1.85
1977. L, 1867. 793. 2664, 1.50

*Per 1000 crashed vehicles.
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TABLE

A3

ILLINOIS CAR FIRES DATA 1977

MODEL YEAR | FIRES  NONFIRES  MISSING TOTAL | FIRE RATE*
1960. 1. 373. 80. L5l , 1.10
1961. 1. 523. 126. 650. 1.54
1962. 5. 1508. 354, 1867. 2.68
1963. 6. 2774, 653. 3433, 1.75
1964, 1. 489k, 1181. 6086. 1.81
1965. 23. 9031. 2139, 11193. 2.05
1966. 38. 12848. 2976. 15862. 2.39
1967. 43, 17817, 4185, 21645, 2.03
1968. 58. 24840, 6236. 31134, 1.86
1969. 96. 31154, 8120. 39370. 2.L46
1970. 67. 35918. 8909. L4894, 1.51
1971. 90. LO166. 9749, 50005. 1.80
1972. 110. 50498, 12493, 63101. 1.74
1973. 144, 57118. 14423, 71685, 2.01
1974. 104, 51392. 12863. 64359, 1.61
1975. 90. 42959, 110L0. | 54089. 1.66
1976. 103. 56615. 14495, 71213, 1.44
1977. 72. L6006 . 11002. 57080. 1.26
1978. 1. 2372. 507. 2880. .35

*Per 1000 crashed vehicles.
ILLINOIS CAR FIRES DATA 1978

MODEL YEAR | FIRES  NONFIRES  MISSING TOTAL | FIRE RATE*
1960. .0 251. 52. 303. 0.00
1961. 2. 349, 91. N 4.51
1962. 2. 996. 220. 1218. 1.64
1963. 2. 1964 . 380. 2346, .85
1964, 17. 3365. 701. L083. L.16
1965. 15. 6129. 1375. 7519. 1.99
1966. 24, 9121. 1939. 11084, 2.16
1967. 33. 13086. 2811, 15930. 2.07
1968. Lo. 19081. 4303, 23424, 1.71
1969. 6L, 25446, 5859. 31369. 2.04
1970. 60. 30875. 7100. 38035. 1.60
1971. 83. 36216. 8255. Lus5L , 1.86
1972. 95. L7818, 10708. 58621. 1.62
1973. 122. 54732, 12L435. 67289. 1.81
1974. 14, 49590. 11006. 60710. 1.89
1975. 83. L4o742, 9784 . 50609. 1.64
1976. 104. 54679. 12303. 67086. 1.55
1977. 119. 63823. 14657. 78599. 1.51
1978. 83. L45701. 10530. 56314, 1.49
1979. 4. 2357. 560. 2921. 1.37

*Per 1000 crashed vehicles.
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TABLE A3

ILLINOIS CAR FIRES DATA 1979

MODEL YEAR FIRES NONFIRES  MISSING TOTAL FIRE RATE®*
1960. .0 191. L9, 240. 0.00
1961. .0 269. 53 322. 0.00
1962. 3. 653. 139. 795. 3.76
1963. .0 1308. 269. 1577. 0.00
1964 . L, 2204, L2171, 2629. 1.52
1965. 9. LoLy. 809. L865. 1.85
1966. 7. 6145, 1170. 7322. .96
1967. 13. 8755. 1690. 10458. 1.24
1968. 29. 13159. 2511. | 15699. 1.85
1969. L, 18236. 3710. 21990. 2.00
1970. 55. 23822. 4971. 28848. 1.90
1971. 67. 29497. 5925. 35489. 1.89
1972. 79. 1554, 8435, 50068. 1.58
1973. 100. 4L8528. 10141, 58769. 1.70
1974. 88. L4663, 9185. 53936. 1.63
1975. 73. 37424, 7785. L5282. 1.61
1976. 99. 50626. 10178. 60903. 1.62
1977. 102. 58874, 12083. 71059. 1.45
1978. 107. 64091, 12900. 77098. 1.40
1979. 81. 40014, 8035. L8130. 1.68
1980. L, 2013, 351. 2368. 1.69

*Per 1000 crashed vehicles.
ILLINOIS CAR FIRES DATA 1980

MODEL YEAR | FIRES  NONFIRES  MISSING TOTAL FIRE RATE®*
1960. .0 148. 38. 186. 0.00
1961. .0 169. 32. 201. 0.00
1962. 1. LLo. 98. 539. 1.86
1963. 3. 816. 162. 981. 3.05
1964, 9. 1442, 252. 1703. 5.28
1965. 7. 2463, 450, 2920. 2.39
1966. 4. 3691. 627. 4332, 3.23
1967. 11. 5232. 927. 6170. 1.78
1968. 11. 7761. 1451, 9223. 1.19
1969. 31. 10759. 2081. 12871. 2.4
1970. L9, 14934, 2889. 17872. 2.7h
1971. 56. 19150. 3786. 22992. 2.43
1972. 57. 27800. 5608. 33465. 1.70
1973. 79. 34194, 6905. 41178. 1.92
1974. 67. 32367. 6540. 38974. 1.72
1975. 51. 27680. 5389. 33120. 1.54
1976. 66. 36952. 7121, 44139. 1.49
1977. 101. 42732. 8372. 51205. 1.97
1978. 93. L46681. 8909. 55683. 1.67
1979. 81. L8265. 9362. 57708. 1.42
1980. 57. 25750. 4L897. 30704, 1.85
1981. 2. 986. 202. 1190. 1.68

*Per 1000 crashed vehicles.
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TABLE Ak

ILLINOIS TRUCK FIRE DATA 1975

MODEL YEAR FIRES NONFIRES  MISSING | TOTAL FIRE RATE#*
1960. .0 140. L5, 185. 0.00
196.0 1. 111, 37. 148. 0.00
1962. 1. 200. 72. 273. 3.66
1963. 2. 294, 86. 382. 5.2k
1964 . 5. 407. 126. 538. 9.29
1965. 1. 578. 185. 764, 1.31
1966. 2. 694 . 215. 911. 2.20
1967. L, 903. 293. 1200. 3.33
1968. 1. 993. 352. 1346, JTh
1969. 6. 1222. 412, 1640. 3.66
1970. 3. 1245. 423, 1671. 1.80
1971. 2. 1384, L73. 1859. 1.08
1972. k. 2091. 701. 2796. 1.43
1973. 10. 2731. 950. 3691. 2.71
1974, 10. 3238. 1147, 4389, 2.28
1975. 5. 2009. 640. 2654, 1.88
1976. .0 139. 50. 189. 0.00

*Per 1000 crashed vehicles.
ILLINOIS TRUCK FIRE DATA 1976

MODEL YEAR FIRES NONFIRES  MISSING | TOTAL FIRE RATE=*
1960. .0 104. 33. 137. 0.00
1961. .0 97. 21. 118. 0.00
1962. .0 147, 51. 192. 0.00
1962. .0 227. 63. 289. 0.00
1964 . L, 393. 121, 518. 7.72
1965. 3. 597. 167. 767. 3.91
1966. 3. 719. 192. 91k, 3.28
1967. 1. 812. 272. 1085. .92
1968. 2. 957. 290. 1249, 1.60
1969. 7. 1271. 361. 1639. 4,27
1970. 2. 1331. 351. 1684, 1.19
1971. 9. 1399. 360. 1768. 5.09
1972. 4. 2118. 655. 2787. 5.02
1973. 13. 2860. 8L5. 3718. 3.50
1974. 10. 3293. 948. L2517, 2.35
1975. 8. 2868. 866. 3742, 2.1k
1976. 3. 2995. 786. 3784, .79
1977. 1. 181, 50. 232. 4.3

*Per 1000 crashed vehicles.
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TABLE AL

ILLINOIS TRUCK FIRE DATA 1977 -

MODEL YEAR | FIRES NONFIRES  MISSING | TOTAL | FIRE RATE®
1960. 2. 103. 19. 124. 16.13
1961. 1. 105. 17. 123. 8.13
1962. 3. 150. 26. 179. 16.76
1963. 1. 257. 57. 315. 3.17
1964, .0 430. 90. 520. 0.00
1965. .0 530. 110. 6LO. 0.00
1966. 2. 766. 140. 908. 2.20
1967. 1. 892. 184. 1077. .93
1968. .0 1113. 21k, 1327. 0.00
1969. L, 1427. 263. 1694, 2.36
1970. 5. 1455, 294, 1754, 2.85
1971. 3. 1602. 303. 1908. 1.57
1972. g. 2428. L71. 2908. 3.09
1973. 10. 3286. 6L1. 3937. 2.54
1974, 10. 3707. 751. LL4L68. 2.24
1975. 7. 3317. 657. 3981. 1.76
1976. L. 5181. 961. 6146. .65
1977. 7. k187, 708. 4882, 3.48
1978. .0 234, 52, 286. 0.00

%Per 1000 crashed vehicles.
ILLINOIS TRUCK FIRE DATA 1978

MODEL YEAR | FIRES  NONFIRES  MISSING | TOTAL | FIRE RATE#
1960. .0 65. 13. 78. 0.00
1961. 1. 68. 7. 76. 13.16
1962. 1. 114, 19. 134. 7.46
1963. .0 200. L2, 242, 0.00
1964 . 1. 351. 72. L2k, 2.36
1965. 3. 505. 95. 603. L.98
1966. 3. 669. 115. 787. 3.81
1967. 1. 8Lk, 146. 991. 1.01
1968. L, 1006. 17k. 1184, 3.38
1969. 3. 1338. 242. 1583, 1.90
1970. 3. 1375. 216. 1594. 1.88
1971. 5. 1469, 252, 1726. 2.90
1972. 8. 2175. Log. 2592, 3.09
1973. M. 3051. 536. 3598. 3.06
1974. 19. 3510. 589. 4L118. L.61
1975. . 3204, 5L48. 3763. 2.92
1976. 7. 4931, 808. 57L6. 1.22
1977. 4. 5893. 959, 6866. 2.04
1978. 17. 4295. 756. 5068. 3.35
1979. .0 286. 56. 342, 0.00

*Per 1000 crashed vehicles.
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TABLE Ak

ILLINOIS TRUCK FIRE DATA 1979

MODEL YEAR | FIRES  NONFIRES  MISSING | TOTAL | FIRE RATE%
1960. 0 60. 16. 76. 0.00
1961. .0 L6. 13. 59. 0.00
1962. .0 92, 16. 108. 0.00
1963. .0 177. 37. 21k, 0.00
1964, .0 293. 39. 332. 0.00
1965. 1. 395. 73. L69. 2.13
1966. 2. 573. 98. 673. 2.97
1967. 3. 768. 1hi. 915. 3.28
1968. 2. 855. 128. 985. 2.03
1969. L, 1135. 207. 13L46. 2.97
1970. 3. 1183. 208. 1394, 2.15
1971. 2. 1335. 224, 1561. 1.28
1972. 5. 2084, 363. 2452, 2.04
1973. 9. 2765. L2, 3216. 2.80
1974, 1. 3293. 538. 38L2. 2.86
1975. 8. 3030. Ll , 3482. 2.30
1976. 12. L524, 736. 5272. 2.28
1977. 13. 5387. 823. 6223. 2.09
1978. 9. 6281. 943, 7233. 1.24
1979. 15. L5L6. 696. 5257. 2.85
1980. .0 104, 16. 120. 0.00

*Per 1000 crashed vehicles.
ILLINOIS TRUCK FIRE DATA 1980

MODEL YEAR | FIRES NONFIRES  MISSING | TOTAL | FIRE RATEx
1960. 1. L, 6. L8. 20.83
1961. .0 L. 6. L7. 0.00
1962. .0 72. 9. 81. 0.00
1963. .0 123. 12. 135. 0.00
1964. .0 213. 21. 23k, 0.00
1965. 1. 281. 37. 319. 3.13
1966. .0 390. 61. L51, 0.00
1967. 1. 506. 86. 593. 1.69
1968. 1. 618. 92. 711. 1.4
1969. 1. 826. 125. 952. 1.05
1970. L, 8Lk, 14k, 992. L.03
1971. 6. 903. 106. 1015. 5.91
1972. 7. 1420. 207. 1634, L.28
1973. 7. 1916. 25k, 2177. 3.22
1974. 2. 2190. 309. 2501. .80
1975. L. 1959. 286. 2249, 1.78
1976. 6. 3062. 437, 3499, 1.71
1977. 8. 3557. L88. Lo53. 1.97
1978. 12. 4306. 546, L86L. 2.47
1979. 1. 5432, 708. 6151. 1.79
1980. 3. 1877. 253. 2133, 1.4
1981. 1. L5, 7. 53. 18.87

*Per 1000 crashes vehicles.
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APPENDIX B

ACCIDENT REPORT FORMS

This appendix contains copies of the police accident reporting form
used in Michigan. Also included is the back page of the accident forms
booklet. This page includes the description of the Michigan accident

severity variable used in the analysis.

Two forms from [llinois are included--the driver report form and

the police accident report form. Note that the fire variable is on the

second page of these.
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RESTRAINT USE BY OCCUPANT POSITION

Restrants by
occuant pos,

EXAMPLE: A, 2] 3

us‘g

Totd
occupents

The numbers 1 through 6 identify occupant positions.

When an occupant is unbelited on the lap of another, that
occupant pasition restraint code would. be ‘‘Beit Not
Used” (c).

Do not code restraint information for. occupants in buses,
motorcycies, snowmobiles, etc.

When occupant position is unknown, use judgement as to
where restraint information shouid be coded.

Indicate total occupants for each vehicle.

RESTRAINT CODES

Enter the appropriate ALPHA code in the occupant.
position box.

A. No beit(s) available.

B. Beit(s) used.

C. Beit(s) not usad.

0. Air bag activiated.

E. Air bag not activated.

F. Restraint failure (bag, beit or child restraint devics).
G. Unknown.

VEHICLE MAKES AND TYPES

PASSENGER CARS

MAKE MAKE

00 American Motors 10 Mercury

01 Buwck 11 Oldsmobile
02 Cadillac 12 Plymauth

03 Chewroiet 13 Ponusc

04 Chrysier 14 Volkswagen
05 Dodge 15 GMC

06 Ford 18 Internationsl
07 imperial 17 Not assigned
08 Jeeo 18 Other foreign
03 Lincoin 19 Other domestic
TYPE

0 Passenger car under 1,500 Ibs.

1 Passenger car 1,500 1bs. 10 2,499 (bs.
2 Pamsenger.car 2,500 Ibs, to 3,500 lbs.
3 Passenger car move then 3,500 ibs.
4 Carryaill

5 Jeso type

TRUCKS

MAKE maxe
27 Mack
28 Peterbilt
23 Reo

23 Federai 30 White
31 Jeen
ntMqummm
3 her trucks

TYPE

6 Pickuo, penel, or ven

7 Stake truck, dump, step ven, flat bed, mator home, etc.
8 Truck tractor (semi

9 Othaer or not known

CLASS OF CARGO

1. Commercial - no cargo.
2. Commercial - flammable or explosive = no cargo.
3. Commercial - flammablie or expiosive — with cargo.
4. Commercial — general freight ~ non-buik.
S Commerciai — general freight = bulk.
8 Non-commercial — (private use, i.8., ampers,

motor homes, misceilanecus articies and empty.)

Class the cargo and describe in the appropriate box.

HAZARDQUS ACTION CODE

Enter the hazardous action code numbaer for all drivers,
pedestrians, -bicyclists. If any of thess units, do not have a
hazaraous action enter 3 code “0°.

Q No hazardous action.

1 Soeed too fast.

2 Soeed 100 slow.

3 Failed to yield right-of-way, disregard of traffic mol
4. Drove wrong way.

S Drave left of canter, improper cmmkmq and passing,
improper |ane usage.

improper turn, improper or NO signal.

Improper backing, unsafe start.

Following too closely, unabie to stop within assured cleas
distance ahead, failed to use due care and caution. )
9 Qther or not known.

® N B

SPECIAL VEHICLES

MAKE MaKE

40 M 47 Police Equioment
41 School Bus 48 Snowmobile

42 Commercial Bus 49 Other or Not Known
50 Oft-Rosa Recreational Vehict

44 Road Comtruction Equipment  S1 Go Cant

48 Fire Equipment 52 Moped
48 Amoulance, Heerse
TYPE TYPE
O Passenger car under 1,500 Ibs. 8 Pickup, panet, or van
1 Passenger car 1,500 1bs. 10 2,499 Ibs. 7 Stake truck, dumm, ste
2 Passenger car 2,500 Ibs. to 3.500 tbs. van, flat bed, motor hc
3 Passenger car. more then 3,500 Ibs. e
4 Carrvall 8 Truck tractor (semi)
S Jeep type: 9 Other or Not Known
TRAILERS
O None *
; ¢ll mthrl. except below SINGLE BOTTOM
*3 Single bonom i
**4 Doubdie bottom combination .o
S Houss travier
9 Unknown OQUBLE 80TTOM
CODE OF INJURY

K=FATAL INJURY=Any injury which resuits in desth.

A—INCAPACITATING INJURY=Any injury other than
fatal which prevents normal activities and. generally
requires hospitatization.

B NON-INCAPACITATING INJURY=Any injury not
incapacitating but evident to others at the scene.

C-POSSIBLE INJURY =No visibie injury but complaint of
pain or Tary unconsci Tess

0-NQ INJURY~No indication of injury.

(Refer to training manual for+mury details)




VEHICLE SEVERITY | =mp —

Select the degree i
of severity.

1 being least
savere and 7 -y <
most severe, for
each vehicle.

If a vehicie
sustained no
damage a ‘0" (zero)
rating is used.

DRINKING CONDITION

HBD~Had been drinking.

HN=Had not been drinking.

TEST-When chemical test is taken record the resulits in the
test space.

| For EACH Driver, Pedestrian, and Bicyclist |

1. Indicats YOUR CONSIDERED OPINION as to the
drinking conditions.

2. IF TESTED (breath, blood, urine, autopsy) indicates the

"0

3. IF NOT TESTED or resuits of tests (chemical—~autopsy)
are not known, you MUST indicats as follows:

Chemical Test, Autopsy,
No Test No Resuits No Resuits
®

PARKED CARS

DO NOT put owner’s name in the driver’s position. Indicate
owner’s name and address in the LOCAL USE line. Vehicle
identification shail be carried in its usual position.

DIAGRAM

1. Compiets the accident diagram o}v the accident report sven

though a more detailed additional diagram is completed.

2. Usa of the standard accident tempiate is encouraged for
uniformity, and include ail traffic controi devices.

BICYCLISTS ~ PEDESTRIANS — WITNESSES

8-B8ICYCLIST—List name and address of bicyciist in the
space normaily used for passengers. For example:

Pos | Age| Sex| Inf
Joey Doe, Lansing, Mich. 8 |Jio| M| A

DQ NQT carry bicyclist’s name in area used for driver.
P=PEDESTRIAN--List name and address of pedestrian in
the spacs normaily used for passencers. For sxample:

PN

Pos )\ Age | Sex [ Inj
Janas Doe, Langing, Mich. CP 2 (7|38

0O NQT carry pedestrian’s name in area used for driver.

W-—WITNESSES—List name and address of witness in the
space normaily used for passengers. For example:

DESCRIPTION

1. Record in narrative form the investigating officer’s descrip-

tion of the accident.

2. Record the explanation of the reportad vision obstruction,

vehicle defects and driver re-exam.

3. Record ail unusual conditions and circumstances, excessive

speed, drag racing, hood flying up, etc., which may have
cantributed to the cause of the accident.

4. The officer’s considered opinions shoulid be given if facts
are not obrainable.

Pr—-

Pos \ Age | Sem | Inj

John Doe, Lansing, Mich. w )25 M| -
SEATING POSITIONS

A. 1 through 6 identifies where passengers are sitting.

8. Position 7 to be used for passengers of motorcycles,
bicycles, snowmobiles, and buses.

C. Use 9 for unknown positions.

D. When passengers are sitting on laps, use same number.

E. Indicate total occupants for each vehicle.

(Caver Rewision 12:78)

IMPACT CODE 2 3 s
Identify of
carmege oy e poution N

of the FIRST IMPACT
ONLY for esch vehicle. |

CODEQ ~ Used to

0 — Rotlover

=

CODE 9 ~ Used for all other accidents — For Exampie: All “"Other
Non-collision Accidents’ such as too damage caused by vehicies
TTHMPTING tO g0 UNAEP |OW UNCETDESISS, Of UNCErCIITIae AIMaQe.
CODE 99— Used for ail unknowns — For Exsmpie: A hitend-un
vehicie lseving the scane and immpace is unknown,

i chein resction sccidents, the vehiciss in the canter shail show
resuiting damage to both front (1) and rear (5).
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