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SUMMARY

The most notable change in motor vehicle lighting during the

period 1965-75 was the installation of side marker lamps on most cars,

trucks and buses in 1968. Before that year, most vehicles did not have

any illumination visible from the side. The purpose of side marker
lamps is to enable a driver to see another vehicle that is approaching
at an angle at night (or is standing still with its side facing the
driver)--and to see it early enough that the driver can stop in time to
prevent a nighttime angle collision or, at least, slow down or take

evasive action to reduce the severity of the collision.

Federal Motor Vehicle Safety Standard 108 regulates the lamps,
reflectors and assoclated equipment for cars, trucks, trailers, buses,
multi-purpose passenger vehicles and motorcycles. It became effective on
Januafy 1, 1968, for vehicles wider than 80 inches (large trucks and buses)

-and on January 1, 1969, for the other vehicles.

Executive Order 12291 (February 1981) requires agencies to evaluate
their existing major regulations, including any rule whose annual effect
on the economy is $100 million or more. The objectives of an evaluation
are to determine the actual benefits - lives saved, injuries prevented,
damages avoided - and costs of‘safety equipment installed in production

vehicles in response to a standard and to assess cost-effectiveness.

This report is an evaluation of side marker lamps for cars, trucks,

vans and buses--the only significant change in the lighting systems of
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production vehicles that more or less coincided with the effective

date of Standard 108. They were introduced voluntarily by manufacturers,
typically one year before the standard's effective date. The other
lighting systéms of motor vehicles (headiamps, brake lights, etc.) for
the most part already met Standard 108 many years iﬁ advance because
they complied with SAE Standards and Recommended Practices that were

incorporated, by reference, into Standard 108.

Estimates of the number of accidents and casualties prevented by
side marker lamps were obtained by statistically analyzing accident data
from the North Carolina and Texas State files and the Fatal Accident
Reporting System. The analyses of nonfatal accidents resulted in precise,
statistically significant“effectiveness estimates. The analyses of fatal
crashes did not produce statistically significant estimates and were
supplemented by an engineering study: did drivers in fatal crashes have
enough rbom to stop or slow down after they saw the lamps? The cost of
‘side marker lamps was estimated by analyzing lamp components of a
representative sample of cars and by obtaining data on repair frequencies

and costs.

The evaluation does not develop a detailed model which predicts
gide marker lamp effectiveness as a function of their intensity, size,
luminance or as a function oflaccident parameters., That model could be
useful for studying the effect of potential changes in side marker lamp
requirements, but the in-depth accident and laboratory data that would

be needed to develop it do not exist at this time. Instead, the

Xiv



evaluation is limited to assessing the actual costs and benefits of
current production lamps--whose design has remained largely unchanged

during 1970-83.

The most important conclusion of this study is that side marker
lamps are effective in preventing nonfatal accidents and injuries--close
to 100,000 of each per year. The conclusion is based almost entirely on
statistical analyses of accident data, yet can be drawn firmly because

of the exceptional precision and consistency of those analyses:
o Identical results were obtained from North Carolina and Texas.

"0 Two virtually independent analysis techniques were used on
each file. One was straightforward (simple comparison of model years
1967 when most vehicles did not have the lamps and 1968 when most did)

and the other complex (regression): they produced the same effectiveness
estimate.

o Several techniques were used to check for biases in the

effectiveness estimates. They suggested that the estimates were unbiased.

The other conclusion is that side marker lamps had little or no
effect on fatalities. The conclusion is based on a combination of
statistical analysis and engineering judgement and it is less firm than
the preceding one. The statistical analysis of fatal crashes yielded an
effectiveness estimate just below zero but (because the Fatal Accident
Reporting System is a smaller file than North Carolina or Texas) with

relatively wider confidence bounds including a range of positive and

negative values. The engineering analysis did not yield a specific
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estimate but did suggest that the effect, if any, was a fraction of the
one in nonfatal crashes. The conclusion that the actual effect is

essentially zero is conservative and consistent with both analyses.

The principal findings and conclusions of the study are the

following:

Principal Findings

Effectiveness of side marker lamps

o If none of the cars, trucks and buses operating on the roads
during 1980 had been equipped with side marker lamps there would have
been 661,000 police-reported nighttime angle collisions. If all of
.tﬁose cars, trucks and buses had been equipped with side marker lamps,
there would only have been 555,000 collisions. In other words, the
lamps reduce the number of nighttime angle collisions by 16 percent.
The accident reduction is statistically significant (confidence bounds:

10 to 22 percent).

o Side marker lamps reduce the number of personal injuries in
nighttime angle collisions by 21 percent. The reduction is statistically

significant (confidence bounds: 12 to 29 percent).

o The statistical analyses of fatal angle collisions did not
indicate a significant effect for side marker lamps (confidence bounds

for effectiveness: =25 to +13 percent). An analysis of crash speeds,
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sighting and stopping distances suggested that the effectiveness of side
marker lamps in fatal crashes, if any, is at most 1/4 as high as in
‘nonfatal crashes: at the travelling speeds prevalent in most fatal crashes,
either the lamps are seen too late for drivers to react to them and stop or

slow down or the headlamps are more readily visible than the side marker lamps.

Cost
o The costs per vehicle (in 1982 dollars) for side marker lamps

are the following:

Initial purchase price increase $16.76

Lifetime fuel consumption due to

2 pound weight increase 2.00
Lifetime fuel consumption: electric

power to light the lamps 2,19
Lifetime cost of replacement bulbs 0.27

TOTAL COST PER VEHICLE $21.22

o The annual cost of side marker lamps in the United States

(based on 12.3 million cars, trucks and buses sold) is $261 million.
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Annual benefits

o The annual benefits, when all cars, trucks and buses in the

United States have side marker lamps, will be:

Confidence Bounds

Reduction of Best Estimate
Police-reported accidents 106,000
Nonfatal injuries 93,000
Property damage $347M

Cost-effectiveness

65,000 - 149,000
51,000 - 132,000

$§213 - 488M

o Since side marker lamps save 93,000 injuries and cost $261

million, they eliminate 360 injuries per million dollars of cost

(confidence bounds: 200 to 500).

o Since side marker lamps save $347 million in property damages

and cost $261 million, they save consumers $86 million per year (confidence

bounds: =-48 to +227 million dollars saved per year).

xviii



Conclusions

o Side marker lamps have significantly reduced the number of

nighttime angle collisions that occur in the United States.

o The lamps have significantly reduced the number of nonfatal
injuries that occur in nighttime angle collisions, because they reduce

the severity of accidents and/or prevent them entirely.

o The lamps have little or.no effect on fatalities. Most
fatal nighttime angle collisions involve one of the vehicles travelling
at high speed or both vehicles travelliﬁg at similar speeds. 1In the
first case, by the time that the high-speed driver sees the other vehicle's
side markers, there is no ionger room to stop or substantially slow down;
in the second case, each driver can see the other vehicle's headlamps more

easily than the side marker lamps.

o Side marker lamps are a cost-effective safety device.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

1.1 Evaluation of Federal Motor Vehicle Safety Standards

Executive Order 12291, dated February 17, 1981, requires
Federal agencies to perform evaluations of their existing regulations,
including those rules which result in an annual effect on the economy
of $100 million or more [810 The evaluation shall determine the actual

costs and actual benefits of the existing rule.

The National Highway Traffic Safety Administration began to
evaluate its existing Federal Motor Vehicle Safety Standards in 1975.
Its goals have been to monitor the actual benefits and costs of safety
equipment installed in production vehicles in response to standards
and, more generally, to assess whether a standard has met the specifi-
cations of the National Traffic and Motor Vehicle Safety Act of
1966 [211: practicability, meet the need for motor vehicle safety,
protect against "unreasonable' risk of accidents, deaths or injuries,
provide objective criteria. The Agency has published 7 comprehensive

evaluations to date.

1.2 Evaluation of Standard 108

Federal Motor Vehicle Safety Standard 108 regulates lamps, reflec-
tive devices and associated equipment for passenger cars, trucks, trailers,
buses, multipurpose‘passenger vehicles and motorcycles [61. sStandard 108

took effect for motor vehicles wider than 80 inches (mostly large trucks and



buses) on January 1, 1968, and for motor vehicles less than 80 inches
wide (cars, light trucks, motorcycles, etc.) on January 1, 1969, with

a number of subsequent amendments. The lighting systems covered by

the standard include headlamps, taillamps, brake, license plate, parking,
side marker, backup, warning, identification and clearance lights, turn
signals, and the lenses, reflectors, and flashers associated with the

lights.

Standard 108 incorporates by reference a large number .of SAE
Recommended Practices and Standards concerning lighting and makes them
mandatory for vehicles sold in the Unifed States. The SAE Recommended
Practices cover each of the lighting systems in détail and in many cases
were written well before Standard 108, in some cases before 1940. The
development of lighting systems for vehicles has proceeded on a
more or less continuous basis during the 20th century. In most of the
lighting systems, Standard 108 did not result in dramatic changes but
tended to codify existing practices. Likewise, in most of the lighting
systems, there were nc major ch;nges made voluntarily by manufacturers

during, or just before, the period when Standard 108 took effect.

Side marker lamps are the one important exception. They were
voluntarily installed on most model year 1968 cars and light trucks—-two
years before Standard 108 required them and 4 years after the SAE issued
Recommended Practice J592 for optional side marker lamps--whereas most
1967 models had no side marker lamps or other form of illumination

visible from the side. Their objective is to enable a driver to see



another vehicle approaching at an angle, at night. Since nighttime
angle collisions are extremely common events (660,000 per year reported
in the United States), side marker lamps address an important safety

problem and, potentially, have large safety benefits.

By contrast, other vehicle lighting changes took place
many years before or after the implementation of Standard 108. They
were modifications of existing systems rather than introductions of
new ones and/or had wore limited potential for safety benefits.
Other principal changes were: the use of 4 headlamps with sepérate
high beams, introduvced in many 1958 models--but the earlier 2 headlamp
systems with combined high and low beams performed basically the same
functions. Backup lights were introduced in 1962, 7 years before
Standard 108-~but collisions involving a backing vehicle are much
rarer than nighttime angle collisions, especially at higher levels of
severity. Standard 108 was amended to allow a more powerful upper beam
in headlamps beginning model year 1979~~10 years after the effective
date of the original standard. Mofeover, the use of more powerful
headlamps is an option, not a requirement and the lamps were only

installed on certain makes and models.

1.3 Side marker lamps

Standard 108 currently requires that passenger cars, trucks,
buses, trailers and multipurpose passenger vehicles have side marker
lamps at the front end and rear of each side of the vehicle. The front
lamp must be amber and.the rear lamp red. They should be as close to

the end of the vehicle as possible and not less than 15 inches above the



ground. There are to be reflex reflectors, also, at the same general
location and of the same colors. If the vehicle is more than 30 feet
long, there shall be additional amber lamps and reflectors, one on each

side, at the midpoint of the side of the vehicle.

Standard 108 incorporates, by reference, SAE Recommended
Practice J592 on side marker lamps (and also clearance and identification
lamps) [23]. The Recommended Practice itself has been revised many times,
but its clauses referring to side marker lamps have remained virtually
unchanged since 1964: it requires a minimum candela of 0.62 for the
amber lamps and 0.25 for the red lamps from each of 9 measurement

points.

The lamps and reflectors became mandatory on vehicles over
80 inches wide on 1/1/68 (large trucks and buses). Narrower vehicles
(mostly cars and light trucks) were required to have the lamps and
reflectors after 1/1/70. Between 1/1/69 and 1/1/70, several options
yere available for these vehicles. Manufacturers could use a lamp only,
a reflector only (or both, together) on the front. They had similar
choices available for the rear. They could choose different options
for the front and for the rear. Motorcycles do not have side marker

lamps.

Throughout this report, units that consist of a reflector but
no lamp are not counted as side marker lamps. Thus, the model year
1968 and 1969 cars that have reflectors only, front and rear, are
considered unequipped with SML. Those that have a reflector in the

front and a lamp in.the back, or vice versa, are considered "half"

4



equipped with SML. The report does not separately evaluate the

benefits of reflectors, only of the lamp/reflector system.

The side marker lamps are lit whenever the vehicle's parking

and taillights are on.

In actual practice, two systems have been used to meet the.
requirement for lamps. The more common one is to mount small lamps on
the side of the vehicle--in or on the fenders. The lens of the lamp
usually serves as a reflex reflector when the lighits are off. 'Manu—
facturers typically use 2 candlepower bulbs (but the colored and
reflectorized lens reduces the amount of light emitted from the vehicle
to values close to the SAE minimum specifications). The other system
is to design parking and taillamps In a manner to make them visible
from the side of the vehicle--they are called "wraparound" parking

and taiilights in this report and are counted as side marker lamps.

As noted above, the domestic manufacturers installed SML
on most model year 1968 vehicles, one year before reflectors were
required and two years before lamﬁs were mandatory. Nevertheless,
there were some 1968 and 1969 models that only had reflectors at the
front, rear, or both positions (see Section 3.5). All 1970 and
subsequent models have had the full lamp/reflector system at both
positions. Side marker lamps, (usually wraparound parking and tail-
lights) appeared on a number of domestic passenger car models, beginning
in 1964, including all ﬁhe luxury cars and also such high volume cars

as 1966--67 Chevrolet Impala (see Table 3-2). (There were occasional

(@]



models with wraparound lights even prior to 1964.) The voluntary
installation of SML on luxury cars, as well as the marketing of
retrofit kits for unequipped cars by a mumber of suppliers seems to

indicate that the lamps were appreciated by the public.

The objective of side marker lamps is to make a vehicle
visible from the side to drivers of other vehicles, at night or at
other times when there is reduced visibility including dawn and
dusk [5], p. 5-13. The advance warning provided by the lamps has the
potential to enable drivers to avold a collision when approaching one
another at an angle, at night. The purpose of locating the lamps as
close to. the ends of the wehlcle as possible 1s to reveal its length;
the purpose of making the front lamp awber and the rear lamp red is to

reveal the vehlcle's direction of travel.

S5ide marker lamps cannot be expected to prevent daytime
collisions because they are too die to add appreciably to a vehicle's
conspicuity by day [5]. They cannot be expected to prevent head-on,
rear-end or sideswipe collisions because they are considerably dimmer
than the headlights or taillights of the other vehicle, which are

usually visible prior to such collisions,

Thus, vehicle—~to-vehicle nighttime angle collisions are the
specific type of crash which side marker lamps have the potential to
reduce In frequency or severity. Moreover, installation of SML on
either vehicle in a froont-to-side collision-—the "striking” or the
"struck" vehicle--might have been beneficial in preventing that

collision: when two vehicles approach each other at an angle, each



driver potentially has an opportunity to see the side of the other
vehicle and take action to avold a collision (see Section 3.1).. Also,
the determination of which vehicle is "striking" and which is "struck"
is not made until the last moments before contact: i1in many cases the
faster moving vehicle ends up being "struck" in the side. In other
words, SML could reduce the likelihood of a vehicle's involvement in

an angle collision, as a striking vehicle or as g struck vehicle.

1.4 Evaluation objectives and limitations

This report, then, consists of analyses of vehicle
involvements in nighttime angle collisions. The risk of nighttime
angle collision involvements, for vehicles of a certain model year,
is expressed as a ratio of nighttime to daytime involvements (the
latter being unaffected by SML) in Chapters 4 and 5 or as a rate of
nighttime involvements per 1000 exposure years in Chapter 6. Since
1968 was the first year in which SML were installed in most vehicles,

the analyses of Chapter 4 focus on the accident experience of model

vear 1968 versus model year 1967 vehicles. Chapter 5 considers a

wider range of model years (1964-72) and performs regressions on the

ratio of nighttime to daytime crashes as a function of SML installation,

vehicle age and other factors.

Since cars, trucks (including vans) and buses are equipped
with side marker lamps, all 3 types of vehicles are included in the
data. In fact, this is the first NHTSA evaluation that is not limited

to passenger cars.



The objective is to find out how many fewer nighttime angle
collisions there would be each year if every registered car, truck
and bus in the United States were equipped with side marker lamps
than if none of the vehicles on the road in this country had any side

marker lamps.

Likewise, the cost of side marker lamps is the average
annual fleetwide costs of lamps relative to a baseline case of vehicles
that have no side marker lamps at all. The cost includes the increase
in the initial purchase price of a vehicle, incremental fuel cbnsumption

and any growth in repair costs,

The evaluation does not contain in-depth accident analyses
to show how side.marker lamps helped prevent (or failed to prevent)
an individual accident. It does not develop a detailed model which
predicts SML effectiveness as a function of their intensity, size,
" luminance or as a function of accident parameters (although the
rudiments of such a model are discussed in Section 7.3.2). Accident
and laboratory data are unavailable for either of those efforts.
Instead, the evaluation is based on statistical analyses of accident
data files that are considerably larger than any that were previously
used to study SML (see Chapfér 2) and which, as a result, have generated

unambiguous, statistically significant results.



CHAPTER 2

EARLIER STUDIES OF SIDE MARKER LAMPS

There are four published studies of side marker lamp
effectiveness based on statistical analysis of State accident data.
All were performed under contract to NHTSA. One engineering study

of side marker lamps was found in the Agency's public dockets.

2.1 New York State Department of Motor Vehicles (1973)

New York State accident files for 1968 and 1969 were
analyzed by the Department of Motor Vehicles under contract to NHTSA
{22]. The effectiveness of side markers lamps was studied by tabulating
vehicle involvements in two-car intersection accidents. The vehicle
involvements wefe tabulated by

o side marker lamp status: MY 1968-69 - Yes; MY

1965-67 - No;

o 1light condition: Daylight; Dawn, dusk, or night

The resultant table was

65-67 68-69
Daylight 38,116 30,410

Reduced light 18,262 14,252

The table is comparable to those shown in Chapter 4 of

this report and can be analyzed by the same method. In other words,

it indicates that the installation of side marker lamps on one car
reduces its likelihood of nighttime intersection collision involvements

by

14,252 18,262
30,410 ' 38,116

-~

= 2 percent



Since the chi-square for the table is 2.64, the reduction is not
statistically significant (one sided«{= .05) although it comes close.
_(Note that the chi-square of 74.2 reported for Table 4 of[gilis
-inappropriate for the analysis of side marker lamp effectiveneés
because the table includes an irrelevant control group.) The reduction
is lower than the 7-8 percent observed in the North Carolina and
Texas analyses of this report. A possible explanation for at least
part of the difference is that the category of "intersection accidents,"
as defined in New York data, may contain many crashes that were
not really angle collisions, but merely occurred at an intersection.
The study contains data that make it possible to
analyze effectiveness by a different approach (although the analysis
itself is not presented in[}z]). The next table is a subset of
preceding table, limited to those accident involvements where

.

both cars in the collision were in the same model year group (pre or post - SML) :

65-67%  68-69""
Daylight 26,791 5,016

Reduced light 12,823 2,208
* Other car in the collision: MY 50-67

*k Other car in the collision: MY 68-69

This table is essentially comparable to the approach used by Knoop,
Ball and Northrop to calculate "full effectiveness" (see Section 2.3).

It indicates that the installation of side marker lamps on two

cars reduces the likelihood of nighttime intersection collisions by
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