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EXECUTIVE SUMMARY

The National Highway Traffic Safety Administration (NHTSA) began to evaluate the
effectiveness of its Federal Motor Vehicle Safety Standards (FMVSS) in 1975. By October
2004, NHTSA had evaluated virtually all the life-saving technologies introduced in passenger
cars and in LTVs (light trucks and vans — i.e., pickup trucks, sport utility vehicles, minivans and
full-size vans) from about 1960 up through the later 1990°s. The agency is now ready to
estimate the number of lives saved from 1960 to 2002, year-by-year, by the combination of all
these life-saving technologies, and by each individual technology.

Past evaluation reports estimated the effectiveness of a safety technology — a percentage
reduction of fatalities — by statistically analyzing crash data on vehicles produced just before vs.
just after a make-model received that technology. Effectiveness, if accurately estimated, should
not change much over time. But the benefits of a technology — the absolute number of lives
saved in a year — readily change from year to year depending on the number of vehicles equipped
with the technology, their mileage and the crash-involvement rate of the driving population
(exposure). This report will:

e Review the effectiveness estimates in past evaluations of safety technologies for cars and
LTVs, describing how they work, and the history of the FMVSS that regulate them.

e Develop a model that uses Fatality Analysis Reporting System (FARS) data and these
past effectiveness estimates to calculate how many lives the following technologies have
saved, individually and in combination, in each year from 1960 to 2002:

Heavy

FMVSS: Safety Technologies Cars LTVs Trucks
105: Dual master cylinders & front disc brakes' X X
108: Conspicuity tape for heavy trailers X2
(201) Voluntary mid/lower instrument panel improvements X X
203/204: Energy-absorbing steering assemblies X X
206: Improved door locks X X
208: Lap belts X X

3-point belts X X

2-point automatic belts X

Voluntary NCAP-related improvements for belted occs. X

Frontal air bags X X
212: Adhesive windshield bonding X X
213: Child safety seats X X
214: Side door beams X X

Voluntary (pre-1994) side impact protection in 2-door cars X
216: Roof crush strength (eliminate true hardtops) X

! Applied to cars and LTVs, but also saves pedestrians, bicyclists and motorcyclists not hit by these cars and LTVs.
? Applied to heavy trailers, but also saves occupants of cars and LTV that avoid collisions with these trailers.

X



In addition to safety equipment installed to meet specific FMVSS, the model tallies lives saved
by installations in advance of the FMVSS, and by non-compulsory improvements, as shown in
the preceding list, such as the redesign of mid and lower instrument panels and modifications to
improve performance on the New Car Assessment Program. The model includes car/LTV
occupants saved by car/LTV technologies or child safety seats (99 percent of the total), plus
pedestrians/bicyclists/ motorcyclists saved by car/LTV brake improvements, and car/LTV
occupants saved by conspicuity tape on heavy trailers.

The model does not include technologies so recent that NHTSA has not yet evaluated them
based on statistical analysis of crash data, such as the dynamic-test standard for side impact
protection (1994-97 phase-in), or head air bags. The study is limited to technologies in cars and
LTVs, or that save lives of car/LTV occupants; for example, motorcycle helmets are not
included. It is limited to vehicle technologies. It does not estimate the effects of behavioral
safety programs (such as the reduction of impaired driving) — except, of course, to the extent that
programs to increase belt use have contributed greatly to the number of lives saved by belts;
roadway and traffic engineering improvements; and shifts in the vehicle fleet — e.g., from large to
small cars, or from cars to LTVs. The model is limited to estimating fatality reduction by the
safety technologies: NHTSA does not have enough “building blocks” (evaluation results) to
develop estimates for the numbers of nonfatal injuries prevented over the years.

How the model works Consider 1,000 cases of driver fatalities in directly frontal multivehicle
crashes in cars with 1960 technology: no energy-absorbing steering columns, all drivers
unbelted, no air bags. A NHTSA evaluation estimates that energy-absorbing columns reduce
fatalities of drivers in frontal crashes by 12.1 percent. Thus, if these cars had been equipped with
them, there would have been only 879 fatalities, a saving of 121 lives. Another evaluation
estimates that 3-point belts, in cars with energy-absorbing columns, reduce drivers’ fatality risk
by 42 percent in these types of crashes. If the cars had been equipped with 3-point belts in
addition to energy-absorbing columns, and the drivers had buckled up, the 879 fatalities would
have diminished to 510, saving another 369 lives. A third evaluation estimates that air bags
reduce fatality risk by 25.3 percent for belted drivers in these types of crashes, in cars with
energy-absorbing columns. Air bags would have cut the 510 fatalities down to 381, saving
another 129 lives.

The model uses 1975-2002 FARS data and performs the same calculations in reverse order: e.g.,
there might be 381 actual FARS cases of 3-point-belted driver fatalities in directly frontal
multivehicle crashes in model year 1999 cars, all of which are equipped with air bags and
energy-absorbing columns. If air bags, the most recent (1990°s) safety technology, had been
removed from the cars, fatalities would have increased to 510. In other words, there must have
been 129 potentially fatal collisions in these model year 1999 cars that did not become FARS
cases because air bags saved the driver’s life. If the 3-point belts, a 1970’s technology, had also
been removed from the cars, and the drivers had been unbelted, the fatalities would have
increased to 879. Finally, if the energy-absorbing columns, a 1960’s technology, had been
replaced by rigid columns, degrading these cars all the way back to a 1960 level of safety,
fatalities would have increased to 1,000. The three technologies, in combination, saved 619
lives: 129 by air bags, 369 by 3-point belts and 121 by energy-absorbing columns. In summary,
FARS cases of fatalities in vehicles equipped with modern safety technologies constitute



evidence of an even larger number of fatalities that would have occurred without those
technologies. This approach, based on “reverse chronological order” is not the only one that
could have been used in the model; however, alternative approaches would have generated the
same estimate of overall lives saved in 1960-2002, differing only in how they allocated that total
among the individual safety technologies.

FARS data have been available since 1975, but the FMVSS date back to January 1, 1968, and
some technologies were introduced before that. An extension of the model allows estimates of
lives saved in 1960-1974.

Lives saved in 1960-2002 Safety technologies saved an estimated 328,551 lives from 1960
through 2002. Table 1 shows that the annual number of lives saved grew quite steadily from 115
in 1960, when a small number of people used lap belts, to 24,561 in 2002, when most cars and
LTVs were equipped with numerous modern safety technologies and belt use on the road

achieved 75 percent. (Safety belt use continued to increase after 2002, and reached 80 percent in
2004.)

Figure 1 tracks the benefits of vehicle safety technologies. Fewer than 1,000 lives per year were
saved in 1960-67. Starting in 1968, vehicles incorporating most of the safety improvements of
the 1960’s superseded older vehicles; lives saved reached 4,000 in 1978, but remained at that
level for 6 years as belt use temporarily declined. The greatest increase, from 4,835 in 1984 to
11,265 in 1988, came with buckle-up laws. Since 1988, continued increases in belt use, air bags
and other recent technologies, and a steadily escalating “base” of more vehicles and more VMT
(vehicle miles of travel) have helped the fatality reduction grow steadily, exceeding 15,000 in
1994 and 20,000 in 2000, reaching 24,561 in 2002.
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TABLE 1: LIVES SAVED BY VEHICLE SAFETY TECHNOLOGIES, 1960-2002

(Car and LTV occupants saved,
plus non-occupants and motorcyclists saved by car/LTV brake improvements)

LIVES

cY SAVED
1960 115
1961 117
1962 135
1963 160
1964 203
1965 251
1966 339
1967 509
1968 816
1969 1,179
1970 1,447
1971 1,774
1972 2,226
1973 2,576
1974 2,518
1975 3,058
1976 3,240
1977 3,671
1978 4,040
1979 4,299
1980 4,539
1981 4,455
1982 4,057
1983 4,248
1984 4,835
1985 6,389
1986 8,523
1987 9,973
1988 11,265
1989 11,487
1990 11,711
1991 12,194
1992 12,483
1993 13,796
1994 15,154
1995 16,117
1996 17,813
1997 18,560
1998 19,380
1999 19,942
2000 21,789
2001 22,605
2002 24,561
328,551

xii
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Car/LTV occupants: actual fatalities, potential fatalities and percent saved Among the 328,551
lives saved in 1960-2002, 326,371 were occupants of cars and LTVs. (The remaining 2,180
were pedestrians, bicyclists and motorcyclists who avoided fatal impacts by cars or LTVs
because dual master cylinders or front disc brakes improved the car or LTV’s braking
performance.) The sum of the actual fatalities and the lives saved is the number of fatalities that
potentially would have happened if cars and LTVs still had 1960 safety technology and nobody
used safety belts. Table 2 shows 1,443,030 actual car/LTV occupant fatalities in 1960-2002;
without the 326,371 lives saved, there would have been 1,796,401 potential fatalities. Actual car
and LTV occupant fatalities only increased from 28,183 in 1960 to 32,737 in 2002. Without the
vehicle safety technologies and increases in belt use, they would have more than doubled, from
28,298 in 1960 to 57,242 in 2002.

Figure 2 compares the trends in actual and potential fatalities. Up to the early 1980’s, both trend
lines were fairly close together, and both moved up or down in response to baby boomers
starting to drive (1960°s), energy crisis (1970’s) and recession (early 1980°s). From the mid
1980’s, vehicle safety made a big difference. Potential fatalities kept rising as registered vehicles
and VMT increased in an affluent society. But increased belt use, air bags and other vehicle
safety technologies held the line on actual fatalities at about 32,000 a year.

The overall, combined effectiveness of the vehicle safety technologies is the percent of potential
fatalities that were saved, as shown in the right column of Table 2. The effectiveness grew in
every year from 1960 to 2002, from a humble 0.40 percent in 1960 to a very substantial 42.81
percent fatality reduction in 2002. Figure 3 charts the trend, showing:

e Not much effect before the FMVSS.

e Steady growth in the early-to-mid 1970’s as the early FMVSS phased in.

e A slowdown in 1978-82, when belt use declined prior to national buckle-up campaigns.
e The largest gains came with the buckle-up laws in the mid-to-late 1980’s.

e Steady progress since the late 1980°s thanks to continued increases in belt use, air bags
and other recent FMVSSS.

X1V



TABLE 2: ACTUAL OCCUPANT FATALITIES, POTENTIAL FATALITIES WITHOUT
THE VEHICLE SAFETY TECHNOLOGIES, AND LIVES SAVED IN CARS/LTVs

CAR+LTV OCCUPANT FATALITIES

W/0 SAFETY LIVES PERCENT
CcYy ACTUAL TECHS. SAVED SAVED
1960 28,183 28,298 115 0.40
1961 28,087 28,204 117 0.41
1962 30,544 30,679 135 0.44
1963 32,664 32,823 159 0.49
1964 35,603 35,805 202 0.56
1965 36,518 36,767 249 0.68
1966 39,130 39,465 334 0.85
1967 39,327 39,826 499 1.25
1968 41,019 41,818 799 1.91
1969 42,117 43,273 1,156 2.67
1970 39,556 40,972 1,415 3.45
1971 38,916 40,651 1,735 4.27
1972 40,103 42,281 2,178 5.15
1973 38,739 41,258 2,520 6.11
1974 31,145 33,608 2,463 7.33
1975 31,361 34,355 2,995 8.72
1976 32,222 35,398 3,176 8.97
1977 33,173 36,772 3,599 9.79
1978 34,988 38,951 3,964 10.18
1979 35,108 39,325 4,217 10.72
1980 35,097 39,554 4,456 11.27
1981 33,911 38,284 4,373 11.42
1982 29,855 33,834 3,979 11.76
1983 29,209 33,384 4,176 12.51
1984 30,177 34,935 4,758 13.62
1985 30,044 36,357 6,314 17.37
1986 32,380 40,827 8,447 20.69
1987 33,306 43,203 9,898 22.91
1988 34,217 45,407 11,190 24.64
1989 33,709 45,127 11,418 25.30
1990 32,830 44,470 11,640 26.18
1991 30,928 43,060 12,131 28.17
1992 29,542 41,966 12,424 29.60
1993 30,182 43,917 13,735 31.27
1994 30,979 46,075 15,096 32.76
1995 32,057 48,113 16,056 33.37
1996 32,534 50,289 17,755 35.31
1997 32,501 51,003 18,502 36.28
1998 31,940 51,263 19,323 37.69
1999 32,151 52,038 19,887 38.22
2000 32,234 53,968 21,734 40.27
2001 32,009 54,558 22,548 41.33
2002 32,737 57,242 24,506 42.81

1,443,030 1,769,401 326,371
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FIGURE 2: ACTUAL VS. POTENTIAL CAR/LTV OCCUPANT FATALITIES

(“A” = actual fatalities; “P” = potential fatalities without the vehicle safety technologies)
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FIGURE 3: PERCENT OF POTENTIAL FATALITIES SAVED BY VEHICLE SAFETY
TECHNOLOGIES, 1960-2002
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Estimates of lives saved by each FMVSS Car/LTV safety technologies saved an estimated
24,561 lives in 2002, comprising 14,175 car occupants, 10,331 LTV occupants and 56
pedestrians, bicyclists and motorcyclists saved by car/LTV braking improvements. Table 3
shows how many lives were saved by the individual FMVSS —i.e., by the technologies
associated with each FMVSS:

e Safety belts are by far the most important occupant protection, saving an estimated
14,570 lives’: over half the total of 24,561. The estimate includes safety belts of all types
(3-point, lap-only, automatic), at all designated seat positions. Safety belts are designed
to keep occupants within the vehicle and close to their original seating position, provide
“ride-down” by gradually decelerating the occupant as the vehicle deforms and absorbs
energy, and, if possible, prevent occupants from contacting harmful interior surfaces or
one another (however, NHTSA recommends correctly installed, age-appropriate safety or
booster seats for child passengers until they are at least 8 years old, unless they are at
least 4’9" tall). Safety belts are especially important in LTVs, where a large proportion
of unrestrained fatalities are ejections and/or rollover crashes; belts saved 6,872 lives in
LTVs, nearly two-thirds of the 10,331 LTV occupants saved.

o Frontal air bags saved 2,473 lives in 2002*, when 63 percent of cars and LTVs on the
road were equipped with driver or dual air bags. Benefits can be expected to grow in
future years as the on-road fleet approaches 100 percent air bag equipped. Air bags have
significant benefits in frontal and partially frontal impacts for nearly all occupants age 13
and older, including the oldest drivers and passengers, by providing energy absorption
and ride-down and by preventing head contacts with the windshield or windshield header.
Risk from air bags to child passengers age 12 and younger can be eliminated by riding in
the back seat, correctly restrained — or by turning off the on-off switch in pickup trucks
where children cannot ride in a back seat correctly restrained.

e Energy-absorbing steering assemblies meeting FMVSS 203 and 204 are an important
“built-in” safety technology that saved an estimated 2,657 lives in 2002. In the 1960’s,
they were the first basic protection for drivers in frontal crashes, designed to cushion their
impact into the steering assembly. Today, the combination of energy-absorbing columns,
safety belts and air bags provides far better protection for the driver in frontal crashes.

e Improvements to door locks, latches and hinges, generally implemented by manufacturers
in the 1960’s and regulated by industry standards subsequently incorporated into FMVSS
206, saved 1,398 lives in 2002. They reduce the risk of occupant ejection by keeping
doors closed in rollover crashes.

3 NHTSA’s official estimate in Traffic Safety Facts 2002 — Occupant Protection, is 14,164 lives saved by safety
belts. This report uses slightly different computational procedures as it estimates the lives saved by all vehicle
safety technologies, not just belts, air bags and safety seats.

* NHTSA’s official estimate in Traffic Safety Facts 2002 — Occupant Protection, is 2,248 lives saved by air bags.
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TABLE 3: ESTIMATES OF LIVES SAVED BY SAFETY TECHNOLOGIES IN 2002

FMVSS & Car
Safety Technology Occupants
105: Dual master cylinders & front disc brakes 288
108: Conspicuity tape for heavy trailers 91
201: Voluntary mid/lower instrument panel improvements 631
203/204: Energy-absorbing steering assemblies 1,660
206: Improved door locks 704
208: Safety belts — all types, all seat positions 7,699
208: Frontal air bags 1,642
212: Adhesive windshield bonding 229
213: Child safety seats 223
214: Side door beams & voluntary (pre-1994) TTI(d) reductions 848
216: Roof crush strength (eliminate true hardtops) _ 161
TOTAL 14,175

LTV

Occupants

194
68
299
997
694
6,872
831
118
112
146

10,331

Pedestrians
Bicyclists
Motorcyclists TOTAL

56 538
159
930

2,657
1,398
14,570
2,473
347
335
994
__le6l

56 24,561

* NHTSA’s official estimates of lives saved by safety belts (14,164), air bags (2,248) and child restraints (376), published in Traffic Safety Facts 2002 —
Occupant Protection, were computed by a similar method. This report’s estimates are not identical; slightly different computational procedures were used to

estimate the lives saved by all vehicle safety technologies, not just belts, air bags and safety seats.
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Side door beams in cars and LTVs meeting the original static crush test of FMVSS 214,
plus modifications to 2-door cars in anticipation of the dynamic test requirement later
added to FMVSS 214 saved 994 lives in side impacts. Side door beams are primarily
effective in side impacts with fixed objects, such as trees or poles.

Improvements to mid- and lower instrument panels, not actually required by FMVSS 201
but historically and functionally associated with that standard to some extent, saved an
estimated 930 right-front passengers in frontal crashes in 2002. Instrument panels were
redesigned, using energy-absorbing materials, to decelerate occupants at a safe rate and
keep them in an upright position during frontal crashes.

Car/LTV braking improvements directly or indirectly associated with FMVSS 105
include dual master cylinders and front disc brakes. By eliminating brake failure or
helping cars and LTVs stop more effectively, they saved 538 lives in 2002, including 56
pedestrians, bicyclists or motorcyclists

Adhesive windshield bonding saved 347 lives in 2002 by keeping the windshield attached
to the vehicle in severe impacts and preventing occupant ejection via the windshield
portal. FMVSS 212 regulates windshield mounting.

Child safety seats meeting FMVSS 213 saved an estimated 335 young passengers in
2002." Child safety seats are the basic protection system for passengers who are too
small to obtain full benefits from safety belts. Newborns should start with rear-facing
infant seats, graduate to forward-facing toddler seats, booster seats and, finally, when
they are at least 9 years old or 4°9” tall, to adult safety belts.

FMVSS 216, roof crush strength, is associated with the redesign of true hardtops as
pillared hardtops or sedans during the 1970’s. True hardtops had no B-pillars to support
the roof, making it more susceptible to crush in a rollover. If cars were still built that way
there would have been 161 additional fatalities in 2002.

FMVSS 108 requires red-and-white conspicuity tape on heavy truck trailers. The tape
reflects another vehicle’s headlights strongly and it is highly visible in the dark.
Although this device is furnished on heavy trailers, not cars or LTVs, it is the occupants
of cars and LTVs who primarily benefit by avoiding collisions with the trailers. The tape
saved an estimated 159 car and LTV occupants in 2002.

Table 4 shows cumulative lives saved from 1960 through 2002: 232,255 car occupants and
94,117 LTV occupants, plus 2,180 pedestrians, bicyclists and motorcyclists saved by car/LTV
braking improvements, for an estimated total of 328,551. Safety belts (168,524) accounted for
more than half the total. Air bags, one of the most recent technologies, had saved 12,074 lives
by the end of 2002, and child safety seats, 5,954. The “built in” non-belt technologies regulated
by the remaining nine FMVSS in Table 4 (105, 108, 201, 203/204, 206, 212, 214 and 216) add

" NHTSA’s official estimate in Traffic Safety Facts 2002 — Occupant Protection, is 376 lives saved by child
restraints.
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TABLE 4: ESTIMATES OF LIVES SAVED BY SAFETY TECHNOLOGIES IN 1960-2002

FMVSS & Car
Safety Technology Occupants
105: Dual master cylinders & front disc brakes 7,993
108: Conspicuity tape for heavy trailers 683
201: Voluntary mid/lower instrument panel improvements 16,670
203/204: Energy-absorbing steering assemblies 41,545
206: Improved door locks 19,504
208: Safety belts — all types, all seat positions 109,519
208: Frontal air bags 8,770
212: Adhesive windshield bonding 5,248
213: Child safety seats 4,854

214: Side door beams & voluntary (pre-1994) TTI(d) reductions 14,002

216: Roof crush strength (eliminate true hardtops) 3.466
TOTAL 232,255

XX1

LTV

Occupants

2,880
422
4,373
11,472
9,398
59,004
3,304
1,462
1,100

701

94,117

Pedestrians

Bicyclists

Motorcyclists TOTAL

2,180 13,053
1,105

21,043

53,017

28,902

168,524

12,074

6,710

5,954

14,703

2,180 328,551



up to 142,000 lives saved; energy-absorbing steering assemblies, improved door locks, and
voluntary instrument panel improvements saved the most lives.

Comments on some assumptions in the model The effectiveness estimates used in the model
derive from past NHTSA evaluations. Estimates were based on statistical analyses of crash data,
comparing fatality risk in vehicles built just before and just after make-models were equipped
with the technology; the reductions were statistically significant, and the analyses attempted to
statistically control for factors other than the technology by using double-pair comparison,
control groups, logistic regression, or other techniques. However, in the preparation of this
report, the estimates in past evaluations were generally not updated with data that subsequently
had become available.

The basic assumption of the model is that FARS fatality cases with a safety technology are
evidence of additional crashes where that technology saved lives: if there are 100 belted fatalities
in a type of crash where statistical analysis shows 50 percent belt effectiveness, there must have
been another 100 people in potentially fatal crashes who were saved by the belt. This is a leap of
faith to the extent that we cannot identify those 100 specific crashes were occupants were “saved
by the belt” — we assume they must exist, based on our effectiveness estimate.

The model simulates “removing” safety equipment from a modern vehicle one piece at a time,
starting with the most recent technology and working backward. Some of these technologies
were introduced at about the same time, and it is not always obvious which was first: for some of
the earliest ones, there is limited written information, and the people who worked on them have
long since retired. A case could be made for changing the order of “removing” the technologies.
The model would still produce the same estimate of overall lives saved, but the allocation among
the FMVSS could change.

The model assumes that the belt use of fatally injured occupants (not survivors) on FARS is
accurately reported. NHTSA has long believed this to be true, based on statistical analyses
comparing FARS data with belt use observed in surveys. In the future, conceivably, event data
recorders could provide more direct evidence on belt use in crash data files.

Finally, when the model says vehicle safety technology saved 328,551 lives, it means there
would have been that many additional fatalities in 1960-2002 if everything else had stayed the
same: the same increase in VMT from 1960-2002, the same driving behaviors. It is somewhat of
a paper estimate. If safety belts and the other modern vehicle safety technologies had never been
invented, and if occupant fatalities had continued climbing toward 57,000 instead of remaining
near 32,000, as shown in Table 2, the public might have demanded much stronger regulation of
drivers (e.g., licensing) or the infrastructure (e.g., speed limits). Consumers might purchase a
different mix of vehicles (e.g., larger cars) and some people might be more reluctant to travel
during the riskiest hours (e.g., weekend nights). Those measures might have prevented at least
some of the additional 328,551 fatalities — but surely not as efficiently, and with as little
impairment of driving enjoyment and mobility as the vehicle safety technologies.
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LIVES SAVED BY THE FEDERAL MOTOR VEHICLE SAFETY STANDARDS
AND OTHER VEHICLE SAFETY TECHNOLOGIES, 1960-2002

FRAMEWORK FOR THE ANALYSIS

The National Highway Traffic Safety Administration (NHTSA) began to evaluate the
effectiveness of the Federal Motor Vehicle Safety Standards (FMVSS) in 1975, well before
Executive Order 12291 (February 1981), Executive Order 12866 (October 1993) or the
Government Performance and Results Act of 1993 required Federal agencies to evaluate their
existing regulations. By October 2004, NHTSA had issued 48 evaluations of individual safety
standards, programs or technologies.'

A typical evaluation estimates the effectiveness of a safety technology — a percentage reduction
of fatalities, injuries and/or crashes — by statistically analyzing crash data on vehicles produced
just before vs. just after receiving the technology. It estimates the benefits of that technology —
absolute numbers of lives saved, injuries avoided, or crashes avoided per year — by applying
effectiveness estimates to baseline numbers of annual fatalities, injuries or crashes. “Baselines”
have typically been the year that a report was written.

NHTSA has evaluated all the major crashworthiness standards and several crash avoidance
standards for passenger cars and LTVs (light trucks and vans — i.e., pickup trucks, sport utility
vehicles, minivans and full-size vans). The agency has studied consumer information on vehicle
safety such as the New Car Assessment Program and safety technologies that are not mandatory
for cars under Federal regulations, such as the redesign of mid and lower instrument panels.

By now, the agency has evaluated virtually all the life-saving technologies introduced in cars and
LTVs from about 1960 up through the later 1990’s. Having estimated the lives saved by each
individual standard, we are now ready to assess the overall effect of vehicle safety improvements
by essentially adding up the individual estimates. “Building up an estimate one standard at a
time” is the most empirical and defensible way to estimate how many lives are saved by all the
vehicle safety technologies. It is preferable to a complex statistical analysis of the long-term
reduction in overall fatality rates per 100,000,000 vehicle miles of travel (VMT) that attempts to
tease out the relative effects of vehicle, behavioral, roadway and demographic factors.

Estimating the combined net lives saved by the vehicle safety technologies, as well as the lives
saved by each individual technology in each year, has been a long-term goal for NHTSA. The
agency’s evaluation plan of 1998 proposed to start it in the near future, and the current
evaluation plan of 2004-2007 says it is underway and describes the proposed approach.”

! “Executive Order 12291 — Federal Regulation," Federal Register 46 (February 19, 1981): 13193; “Executive Order
12866 — Regulatory Planning and Review," Federal Register 58 (October 4, 1993): 51735; Gover nment
Performance and Results Act of 1993, Public Law 103-62, August 3, 1993; National Highway Traffic Safety
Administration Evaluation Program Plan, Calendar Years 2004-2007, NHTSA Report No. DOT HS 809 699,
Washington, 2004, pp. 37-47; www.nhtsa.dot.gov/cars/rules/regrev/evaluate/Summaries.html .

? Evaluation Program Plan, 1998-2002, NHTSA Report No. DOT HS 808 709, Washington, 1998, p. 12; NHTSA
Evaluation Program Plan, Calendar Years 2004-2007, pp. 2-3.



Basic analysis method

We will rely on the individual effectiveness estimates (percentage reductions) developed in past
NHTSA evaluations. But it is not as simple as merely adding up past reports’ estimates of lives
saved per year. The absolute estimates in the various reports are not directly comparable, and are
no longer accurate today, because they involve many different, past baselines.

Instead, a process is needed that applies the effectiveness estimates in a consistent manner and to
a consistent “baseline” number of fatalities. The Fatality Analysis Reporting System (FARS)
data serve as the starting point, indicating the actual number of fatalities during 1975-2002 in the
fleet of cars and LTVs that was on the road. It is a mix of vehicles, some built recently and
meeting many of the FMVSS, others quite old and pre-FMVSS.

Each 100 actual fatality cases on FARS represent a potentially even greater number of fatalities
that could have happened if the vehicles had not met any of the FMVSS. The process begins
with the actual FARS fatality cases and computes how many additional fatalities there would
have been if the vehicles had not been equipped with any safety technologies. The computations
rely on the effectiveness estimates from past evaluations. For example, given that 3-point belts
reduce fatality risk by 45 percent in cars, 100 belted FARS fatality cases are equivalent to
100/(1 - .45) = 182 fatalities without belts — i.e., there must have been 182 belted occupants
involved in crashes that would have been potentially fatal without belts, but 82 of them did not
become FARS cases, because the belts saved the occupant’s life. The process is repeated for
other FMVSS and safety technologies until all of them have been “removed” from the vehicle —
until the vehicle has been degraded to a level of safety performance characteristic of the 1950’s
rather than its actual model year. The technologies are removed in the reverse chronological
order that they were historically introduced into vehicles. At each step into the past, the model
tallies the lives saved by the latest safety technology — i.e., the additional fatalities that would
have occurred if that technology had been removed. This is the process that NHTSA already
uses to estimate the number of lives saved by air bags and safety belts, but expanded to also
count the benefits of the other FMVSS.? “Reverse chronological order” is not the only approach
that could have been used in the model; alternative approaches are considered in Part 2 of this
report (Summary of the Estimation Method). However, the various techniques would have
generated the same estimate of overall lives saved in 1960-2002, differing only in how they
allocated that total among the individual safety technologies.

The model produces unbiased estimates of the lives saved by the various technologies, and it is
not an exercise in double counting, because the effectiveness estimates in past evaluations are
based on analyses of vehicles produced just after vs. just before the FMVSS in question. They
estimate the incremental effect of that FMVSS on a vehicle that already meets all the earlier
FMVSS. For example, NHTSA’s evaluation of air bags was a study of cars, some without air
bags and some with air bags, but all equipped with 3-point belts and energy-absorbing columns.
The evaluation of 3-point belts was based on older cars equipped with energy-absorbing columns
but not yet with air bags. The evaluation of energy-absorbing columns was based on even older
cars without air bags or 3-point belts. These effectiveness estimates are incremental, and they

? Traffic Safety Facts 2002 — Occupant Protection, NHTSA Publication No. DOT HS 809 610, Washington, 2003.



may be applied in sequence to estimate the total fatality reduction for the combination of the
three technologies.”

What is included and what is excluded?

This will be a study of the lives saved in 1960-2002 by vehicle safety technologies that were
implemented in cars or LTVs from approximately 1960 until the later 1990’s, or that were
implemented in other vehicles but benefited occupants of cars and LTVs. The short explanation
for limiting the study to vehicle safety technologies in general, and to these vehicles and
timeframe in particular, is that they are the technologies that have been evaluated by NHTSA® —
inclusively enough to add up the lives saved by the individual technologies and say, “Here is the
net impact of the vehicle program.”

The benefits of roadway improvements or behavioral safety programs, such as the effort to
prevent drunk driving are not explicitly included here. One exception: the benefits of safety
belts, a vehicle technology, would not be anywhere near what they are today without all the
behavioral programs that have increased belt use; the benefits of the behavioral “occupant
protection program’ are implicitly and inseparably part of the benefit of safety belts. Unlike the
FMVSS, there are generally no easy statistical methods to estimate the effectiveness of
individual behavioral or roadway programs. NHTSA does not have a comprehensive set of
effectiveness estimates for behavioral or roadway programs, based directly on statistical analysis
of crash data, corresponding to what it has for the vehicle programs.

NHTSA has thoroughly evaluated the life-saving benefits of FMVSS and other technologies for
passenger cars. The set of estimates for LT Vs is almost as complete, and where there are some
gaps, estimates can in most cases be plausibly inferred from the results for cars. The list of

evaluations for motorcycles, heavy trucks and buses is not so complete (although this is a future
priority for NHTSA).

The timeframe of vehicle technologies is as up-to-date as feasible. However, some of the rules
or technologies introduced in the mid-to-late 1990’s, and anything more recent than that cannot
be included because NHTSA is only now acquiring, or has not yet acquired enough crash data to
evaluate their effectiveness in production vehicles.

For the beginning of the timeframe, it seems most logical to start with the technologies more or
less directly regulated by the initial FMVSS of January 1, 1968. Many of these technologies,
however, were actually introduced some years before 1968. For a full picture of the benefits of
the FMVSS-era technologies, it makes sense to take the analysis back to 1960, as long as we
keep separate accounts of lives saved in pre-standard and post-standard vehicles. The oldest
technologies more or less directly regulated by the initial FMVSS include lap belts, introduced in

* Kahane (1996), pp. 7-9; Kahane, C.J., Fatality Reduction by Safety Belts for Front-Seat Occupants of Cars and
Light Trucks, NHTSA Technical Report No. DOT HS 809 199, Washington, 2000, pp. 5-10; Kahane, C.J., An
Evaluation of Federal Motor Vehicle Safety Sandards for Passenger Car Seering Assemblies, NHTSA Technical
Report No. DOT HS 805 705, Washington, 1981, pp. 197-203.

> NHTSA Evaluation Program Plan, Calendar Years 2004-2007, pp. 37-47;
www.nhtsa.dot.gov/cars/rules/regrev/evaluate/Summaries.html .



the late 1950’s and early 1960’s; improvements to door locks throughout the 1960’s; and many
effective devices introduced in 1965-67. There does not seem to be much point in going back
before 1960 or attempting to predict how many fatalities there would be today if cars still had,
say, 1905 technology; in any case, NHTSA has not evaluated safety improvements that long
precede the FMVSS era, such as enclosed, metal car bodies, hydraulic brakes, safety glass, or
electric headlamps.

One feature of the estimation model in Part 2 of this report is that estimates for the later
technologies (such as air bags or 3-point belts) are unaffected by the inclusion or exclusion of
any technology that preceded them. Thus, readers have the option of just subtracting the benefits
for the earliest technologies on the list (e.g., lap belts or the 1960’s improvements to door locks)
if, in their opinion, they ought not have been included in this report.

NHTSA is also preparing a summary report of its past evaluations of the cost of individual
FMVSS, and estimates of the cost per car or LTV of all the FMVSS, by model year.® It will be a
companion to this report. A supplement to these two reports will compare overall lives saved
and costs on a substantial “core” group of FMVSS for which NHTSA has evaluated
effectiveness as well as costs.

List of FMV'SS, safety technologies and effectiveness evaluations

Part 1 of this report is a review of 19 FMVSS, plus the New Car Assessment Program (NCAP)
that provides consumers with information about vehicle safety performance. Part 1 is grouped
into 16 chapters. These FMVSS either regulate cars and/or LT Vs, or they regulate other
vehicles/equipment but result in benefits to occupants of cars and LTVs. Part 1 reviews 31
individual safety technologies directly or indirectly associated with FMVSS/NCAP that NHTSA
has evaluated based on statistical comparisons of the crash experience of vehicles built before
and after the introduction of those technologies.

Historically, the FMVSS have had numbers. The 100-series are crash avoidance standards; the
200-series, crashworthiness; and the 300-series, post-crash fire prevention. Within each series,
the numbering is chronological.

Each chapter of Part 1 presents the rationale for a FMVSS, the safety problem it addresses, and
its regulatory history, including major Federal Register citations. For each safety technology,
Part 1 summarizes what was added or changed in vehicles and how this equipment works, when
it was introduced and by whom, and why it was expected to reduce fatalities, injuries or crashes.
The data and statistical methods of NHTSA’s evaluations are summarized, with examples if
possible, and so are the principal findings on effectiveness, benefits, and side effects (if any).
For technologies that require some action by drivers or other occupants (e.g., safety belts, on-off
switches for air bags, ABS, head restraints), Part 1 describes how to use them most effectively.

% NHTSA Evaluation Program Plan, Calendar Years 2004-2007, pp. 3-4.



Table 1-1 lists the safety technologies reviewed in Part 1, grouped by chapter (FMVSS). It
summarizes the effectiveness of each technology in reducing fatalities, injuries or crashes (100-
series only) of cars and LTVs:

e Yes = NHTSA’s evaluation found a statistically significant reduction

e No = the evaluation did not find a significant reduction, despite ample data.

e (Yes),(No) =LTV results inferred by analogy from the passenger car results

e Mixed results = significant reduction on some crash types, significant increase on others.
e Unknown = NHTSA has not performed an evaluation

e N/A = the safety technology was not installed on this type of vehicle.

NHTSA’s evaluations demonstrated significant benefits of some type — if not a fatality reduction
then at least a reduction of injuries, crashes or fires — for 28 of the 31 technologies: all except
rear window defoggers, seat back locks and glass-plastic windshields (and of these three, only
seat back locks are required by a FMVSS).

Almost all the effectiveness estimates in Part 1 may be found in published NHTSA reports.
Those NHTSA publications are cited in footnotes and listed in the References at the end of this
report. Moreover, Appendix B provides capsule summaries of 48 evaluations published as of
October 2004, in chronological order. The only new analyses performed especially for this
report are: fatality reduction by front-seat lap belts, injury reduction by air bags, and fatality
reduction for riding in the back seat.

For many technologies, NHTSA has published only one evaluation, statistically comparing
vehicles just before vs. just after that technology was introduced, based on crash data for a
number of calendar years after introduction. The report assumes the effectiveness, in specific
crash types, has stayed about the same in subsequent years. It can be difficult to estimate the
effectiveness of a technology in later model-year vehicles. However, NHTSA has completed or
plans follow-up evaluations of:

e Technologies that have changed over the years, such as frontal air bags or child safety
scats.

e Front-seat 3-point belts, because of their exceptional importance.
e Crash avoidance technologies whose effectiveness may change over time as a result of
drivers’ response, such as ABS or Center High Mounted Stop Lamps.



TABLE 1-1: SAFETY TECHNOLOGIES EVALUATED BY NHTSA

FMVSS SAFETY TECHNOLOGY
103: Windshield defrosting and defogging

Rear-window defoggers
105: Hydraulic brake systems

Dual master cylinders

Front disc brakes

Rear-wheel ABS for LTVs

4-wheel antilock brake systems (ABS)

Electronic stability control (ESC)'
108: Lamps, reflective devices

Side marker lamps
Center High Mounted Stop Lamps

Retroreflective tape on heavy trailers’

Cars

Fatals Injuries

Unknown Unknown

Yes Yes
Yes Yes
N/A

Mixed results

Yes (Yes)
No Yes
No Yes
Yes Yes

! Preliminary evaluation; injury reduction inferred from the crash reduction and the fatality reduction.
? Tape installed on heavy trailers is effective in preventing cars and LTVs from hitting those trailers.

Yes

Yes

Yes

Yes
Yes

Yes

Effectiveness
Crashes Fatals
No

Unknown Unknown Unknown

Yes

Yes

Yes

No

Yes

LTVs

Injuries

Yes
Yes
Mixed results

Mixed results

(Yes)

Yes
Yes

Yes

Crashes

Yes

Yes

Yes

Yes
Yes

Yes



TABLE 1-1 (continued): SAFETY TECHNOLOGIES EVALUATED BY NHTSA

FMVSS SAFETY TECHNOLOGY
201: Occupant protection in interior impact

Voluntary mid and lower instrument panel improvements
202: Head restraints

Head restraints for front-outboard occupants

203: Impact protection from the steering control
204: Steering control rearward displacement

Energy-absorbing steering assemblies

205: Glazing materials
High-penetration resistant (HPR) windshields
Glass-plastic windshields

206: Door locks

Improved locks, latches and hinges for side doors®

3 Result for LTVs inferred from the evaluation of cars.
* Injury reduction and LTV fatality reduction inferred from the fatality reduction in cars.

Fatals

Yes

Yes

No

Yes

Effectiveness
Cars LTVs
Injuries Fatals Injuries

Yes Yes Yes
Yes (No)® Yes
Yes Yes  Unknown
Yes (No) (Yes)
No N/A N/A

(Yes) (Yes) (Yes)



TABLE 1-1 (continued): SAFETY TECHNOLOGIES EVALUATED BY NHTSA

Effectiveness
Cars LTVs
FMVSS SAFETY TECHNOLOGY Fatals Injuries Fatals Injuries
207: Seating systems
Seatback locks for 2-door cars No No N/A N/A
208: Occupant crash protection
209: Seat belt assemblies
210: Seat belt assembly anchorages
Lap belts for front-seat occupants Yes Yes Yes (Yes)’
Lap belts for back-seat occupants Yes Yes Yes (Yes)
Manual 3-point belts for front-seat occupants Yes Yes Yes (Yes)
3-point belts for back-seat occupants Yes Yes Yes (Yes)
Automatic safety belts Yes  Unknown N/A N/A
Frontal air bags Yes® Yes Yes Yes
On-off switches for passenger air bags in pickup trucks N/A N/A Yes  Unknown

> “(Yes)” indicates result for LTV injuries inferred from the results for passenger car injuries and LTV fatalities.
% Except that fatalities increased for certain groups of child passengers in cars and LTVs.



TABLE 1-1 (continued): SAFETY TECHNOLOGIES EVALUATED BY NHTSA

Effectiveness
Cars LTVs

FMVSS SAFETY TECHNOLOGY Fatals Injuries Fatals Injuries
212: Windshield mounting

Adhesive windshield bonding Yes Yes (Yes)’ (Yes)
213: Child restraint systems
225: Child restraint anchorage systems

Child safety seats Yes Yes Yes  Unknown

Riding in the back seat Yes  Unknown Unknown Unknown
214: Side impact protection

Side door beams Yes Yes Yes  Unknown

Voluntary (pre-1994) TTI(d) improvements in 2-door cars Yes  Unknown N/A N/A
216: Roof crush resistance

Redesign of true hardtops as pillared hardtops or sedans Yes  Unknown N/A N/A

7(Yes)” indicates results for LTVs inferred from corresponding results for cars.



TABLE 1-1 (concluded): SAFETY TECHNOLOGIES EVALUATED BY NHTSA

Effectiveness
Cars LTVs
FMVSS SAFETY TECHNOLOGY Fatals Injuries Fatals Injuries
301: Fuel system integrity
1975-77 upgrade: rollover, rear- and lateral-impact tests No Yes® No No
NCAP: New Car Assessment Program
Frontal NCAP-related improvements, vehicles w/o air bags Yes  Unknown Unknown Unknown

¥ Significant reduction of crashes with post-crash fires.
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Part 1 also summarizes the vehicle modifications and rationale for 12 safety technologies that are
already available in production vehicles cars and LTVs, but are still too new for NHTSA to have
completed an evaluation based on statistical analysis of crash data. The agency’s evaluation plan
of 2004-2007" outlines these ongoing and future studies:

e FMVSS 201 — head impact protection upgrade

e Head air bags

e Pretensioners and load limiters for safety belts

e 1998-99 redesign of air bags

e Advanced air bags

e Upper tethers and anchorages for child safety seats

e LATCH (lower anchors and tethers for children)

FMVSS 214 — side impact protection, dynamic test standard for passenger cars
Side air bags

Frontal NCAP-related modifications in vehicles with air bags
Side NCAP-related modifications

Rollover resistance NCAP-related modifications

The agency’s evaluation plan of 2004-2007 also outlines two ongoing, but not completed studies
of safety technologies for heavy trucks that will likely prevent collisions with cars/LTVs or
reduce injury risk to the car/LTV occupants (but the technologies are not discussed in Part 1 of
this report):

e FMVSS 121 — Antilock Brake Systems for vehicles with air brakes
e FMVSS 223/224 — Rear impact guards for heavy trailers

In addition to the 19 FMVSS listed in Table 1-1, there are 24 other FMVSS (in effect as of April
2004) that regulate new cars, new LTVs, or car/LTV components that have not been evaluated
by NHTSA. The following FMVSS definitely or quite possibly resulted in tangible changes to
vehicles, but were not evaluated because existing or potentially available data do not adequately
identify what vehicles were modified; or because the type of crashes/injuries mitigated by the
FMVSS cannot be singled out in available data (or cannot be identified at all); or because there is
no hope of obtaining enough data for a statistically meaningful analysis of the limited effect, if
any, that could reasonably be expected for that FMVSS:

e 114: Theft protection

e 116: Motor vehicle brake fluids

e 118: Power-operated windows

e 124: Accelerator control systems

e 125: Warning devices

e 129: New non-pneumatic tires for passenger cars
e 219: Windshield zone intrusion

e 302: Flammability of interior materials

" NHTSA Evaluation Program Plan, Calendar Years 2004-2007, op. cit.
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The following standards have not been evaluated even though they may regulate vehicle
subsystems that are important for safety (e.g., tires, mirrors). The agency believes they by and
large did not result in extensive changes to those subsystems, or does not know if they have
resulted in changes. In many cases, the FMVSS may have largely incorporated other
organizations’ standards or industry-wide practices that vehicles had already been meeting for
quite some time before 1968:

e 101: Controls and displays

e 102: Transmission shift lever sequence

e 104: Windshield wiping and washing systems

e 106: Brake hoses

e 109: New pneumatic tires

e 110: Tire selection and rims

e 111: Rearview mirrors

e 113: Hood latch systems

e 117: Retreaded pneumatic tires

e 119: New pneumatic tires for vehicles other than passenger cars
e 120: Tire selection and rims for vehicles other than passenger cars

The following standards went into effect recently. NHTSA has not yet begun an evaluation, or
proposed one in its 2004-2007 evaluation plan:

135: Passenger car brake systems

303: Fuel system integrity of compressed natural gas vehicles

304: Compressed natural gas fuel container integrity

305: Electric-powered vehicles: electrolyte spillage and electrical shock protection
401: Interior trunk release

Part 1 ends with Tables 1-2, 1-3 and 1-4 summarizing the effectiveness of safety technologies:
their estimated percentage reductions in fatalities, nonfatal injuries and crashes (always
specifying to what group of crashes/injuries these percentages apply). Tables 1-3 and 1-4 also
summarize the estimated annual benefits of nonfatal injury reduction and crash avoidance, as
stated in NHTSA’s evaluation reports. However, those estimates of benefits, in general, are not
directly comparable and do not add up to the overall crash avoidance and injury reduction by all
the FMVSS in, say, 2002. NHTSA does not have enough “building blocks” to develop models
for overall crash avoidance and injury reduction comparable to the analysis of fatal crashes in
Part 2 of this report.

Estimating lives saved by safety technologies, 1960-2002

Part 2 of this report focuses on the safety technologies that have significantly reduced fatality
risk. The individual effectiveness estimates and the basic analysis method, described above, are
applied to FARS data to estimate how many lives were saved in 1960-2002. The tables in Part 2
also estimate how many lives were saved:

12



e In each calendar year
e By each individual safety technology, and grouped by FMVSS
e By vehicle type:
0 Car occupants
0 LTV occupants
0 Pedestrians and motorcyclists saved by car/LTV braking improvements
e Distinguishing between lives saved by a FMVSS in effect and “voluntary” saves such as:
0 Improvements introduced before the effective date of a FMVSS
0 Technologies not required for meeting any FMVSS, although perhaps indirectly
associated with a FMVSS because they address the same general safety problem

Part 2 compares the actual number of fatalities in 1960-2002, or in any specific year to the
number that potentially would have occurred, given the same driving exposure, if none of the
cars and LTVs had been equipped with any of the safety technologies. It computes the
percentage of the potential fatalities that were saved by the technologies. Part 2 also compares
the trends in fatalities per 100,000,000 VMT — with and without the vehicle safety technologies.

Every life-saving technology in Table 1-1 is included in Part 2 except electronic stability control
(ESC) systems and “riding in the back seat.” ESC systems began to appear in the late 1990’s,
and NHTSA has so far only conducted a preliminary evaluation. The back seat is not a new
technology of the FMVSS era, but has been available since the early days of the automobile.

The FMVSS 213 chapter of Part 1 only discusses the fatality reduction for riding in the back seat
because it is highly relevant to the child passenger safety issue. Just as Part 2 does not count
lives saved by the recent shift from front to back seats among the “benefits of the FMVSS,” it
does not count the effects of other market shifts between existing vehicle types, such as between:

e 2-door cars and 4-door cars
e Large cars and small cars
e Passenger cars and LTVs

While these shifts can and do affect the number of fatalities, they cannot be considered benefits

of new safety technologies of the FMVSS era. Part 2 considers only their implicit effects on the
year-to-year changes in actual and potential fatalities.
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PART 1

REVIEW OF 19 FEDERAL MOTOR VEHICLE SAFETY STANDARDS
AND THE NEW CAR ASSESSMENT PROGRAM

COMPRISING 43 SAFETY TECHNOLOGIES

AND THEIR EFFECTIVENESS IN REDUCING FATALITIES, INJURIES AND
CRASHES FOR PASSENGER CARS AND LIGHT TRUCKS

Following the review of the FMVSS and NCAP, Tables 1-2, 1-3 and 1-4 summarize the fatality-,
injury- and crash-reducing effectiveness (percentage reductions) of the safety technologies.
Tables 1-3 and 1-4 also summarize annual benefits of individual technologies: injuries and
crashes avoided per year. Part 2 of this report estimates the annual fatality reduction, for each
technology individually and for all of them together.
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FMVSS 103: Windshield defrosting and defogging systems

A vehicle modification whose safety benefits have been evaluated by NHTSA is grouped with
this standard merely because the functions are similar:

e Rear window defrosting and defogging systems

FMVSS 103 only regulates windshield defrosting and defogging. One of NHTSA's initial safety
standards, effective on January 1, 1968, it required passenger cars and SUVs to have windshield
defroster/defoggers and it set performance requirements for them, incorporating SAE
Recommended Practices dating back to 1964. Cars and LTVs had windshield
defroster/defoggers well before 1968. They remained unchanged during the mid-to-late 1960’s."

FMVSS 103 has never required, or proposed to require rear-window defoggers. Their
development has been voluntary on the part of the industry, in response to customer demand.
Drivers obviously want a clear rear window, and they like a device that clears it for them
automatically, so they don’t have to wipe or scrape it repeatedly.

History of rear window defoggers \Ward' s Automotive Yearbooks (Ward’s Publications, Detroit)
began to include rear window defoggers in MY 1973 among their statistics for factory-installed
equipment in domestic cars by make-model. In that year, 16 percent of new cars were equipped
with them; presumably, they were offered in smaller numbers some years before that.
Installations grew steadily in the 1970’s and 1980’s. By 1992, over 90 percent of new cars were
equipped with them. By MY 2001, they were standard equipment on most cars, SUVs and
minivzans, but not pickup trucks or full-size vans; 94 percent of new cars were equipped with
them.

How they work Current rear-window defoggers are grids of electric wires attached to the rear
window. The wires are thin enough not to obstruct vision. Controlled by a switch on the
instrument panel, they heat up to evaporate condensation or melt ice and snow. The switch
automatically turns off after a certain number of minutes, in order to save wear and tear on the
system, and the driver has to turn it back on if the window is not clear. During the 1970’s some
defoggers consisted of an electric heater and blower-motor. That type was gone by 1982.

Two things must happen for rear-window defoggers to “work™: (1) There has to be some
environmental factor such as rain, snow or cold that fogs or ices up the window; (2) The driver
has to be aware of the problem and turn on the switch. In warm, dry, sunny conditions, windows
are normally clear and defoggers are not needed. The situations that might put condensation,
snow or ice on the window include any kind of precipitation; early morning hours when water
vapor in the outside air condenses as dew; and very cold weather that can make water vapor
inside the vehicle condense on windows. Whereas rear-window defoggers rapidly dispel
condensation, they cannot melt large amounts of ice, but they make it easier to scrape off.

! Code of Federal Regulations, Title 49, Government Printing Office, Washington, 2002, Part 571.103; Federal
Register 32 (February 3, 1967): 2414.

? Morgan, C., Evaluation of Rear Window Defrosting and Defogging Systems, NHTSA Technical Report No. DOT
HS 809 724, Washington, 2004, pp. 1-4.
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Expected benefits Rear-window defoggers might help prevent collisions by allowing a driver to
see through the back window, either directly or via the inside rear-view mirror — but only when
there are environmental conditions that are fogging or icing up the windows, and when the driver
has activated the defoggers. Specifically, there are two maneuvers where a driver must know, or
at least ought to know what is behind the vehicle. The maneuvers could result in rear-impact
collisions if performed in an unsafe manner:

e Backing up: obviously, the driver needs to know what is directly behind the vehicle, and
that is much easier if he or she can look through a rear window that has been cleared by
a defogger. Without a defogger, the driver’s alternative strategies would be relying on
outside mirrors, getting out of the car to look around/wipe the window, or just backing
up a short distance very slowly and hoping for the best.

e Changing lanes: good, defensive driving includes periodic scanning to the rear of the
vehicle to know if it will be safe to change lanes should it suddenly become necessary.
Obviously, this is easiest with a correctly positioned inside rear-view mirror and a clear
window. Without them, the driver would have to rely more on outside mirrors, change
lanes with less confidence that it is safe, or even forego lane changes unless they are
absolutely necessary.

Analysis of crash avoidance — passenger cars NHTSA’s study, published in 2004, used crash
data from Michigan (1981-91) and Florida (1986-99). The basic analysis method was to
compare the number of rear-impacts involving either of the pre-crash maneuvers where rear-
window defoggers might be effective — backing up or changing lanes — to the number of rear-
impact involvements where the vehicle had been standing still for some time and was hit by
somebody else. The latter are a control group, because the drivers did nothing to cause the crash,
and rear-window defoggers would not have prevented it. Did the ratio of impacts while backing
up or changing lanes to impacts while standing still decrease with rear window defoggers — in the
types of 3environmental conditions when defoggers might be in use (precipitation, early morning,
winter)?

This is a difficult statistical analysis. Neither the police-reported data elements nor the VIN
included on the Michigan and Florida files indicate if any specific vehicle was equipped with
rear-window defoggers. The VIN only identifies the make-model and the model year. Ward's
Automotive Yearbooks indicate the percent of vehicles with rear-window defoggers by make-
model and MY. However, unlike most other safety technologies that went from 0 to 100 or near-
100 percent of vehicles from one MY to the next, rear-window defoggers increased their market
share of nearly all make-models gradually, a few percent more each year. That precluded a
relatively simple 3-way contingency table analysis (yes/no defogger, impact type, environmental
condition) and necessitated logistic regressions on each State’s data. The dependent variable was
the type of rear impact (backing-up or changing-lanes vs. control group). The independent
variables were the proportion of vehicles of that make-model and MY equipped with defoggers,
the environmental conditions (precipitation, early morning or winter vs. none of the above),
vehicle age, driver age/gender, calendar year, and the specific make-model. However, the key
independent variable was the interaction term between rear-window defogger and adverse

3 Ibid., pp. 9-14.
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environmental conditions. If defoggers are effective, there should be a significant reduction in
backing-up/changing-lanes involvements under adverse environmental conditions.*

The statistical analyses showed little or no effect for defoggers in either State. The evaluation
was unable to conclude that rear-window defoggers reduce police-reported crashes. It may be
that the complexity of the analysis, necessitated by the data, made it harder to identify an effect.
It may also be that rear-window defoggers are not that essential to bottom-line safety. As
explained in “Expected Benefits,” drivers usually have alternative strategies to compensate for
the absence of a defogger: more reliance on outside mirrors, getting out of the car to look around
or wipe the window when that can be done safely, or simply backing up and changing lanes less
frequently/more gradually. These alternatives are, at best, inconvenient and sometimes
unnerving. Therefore, we would expect most drivers will continue wanting to have rear-window
defoggers on their vehicles.’

* Ibid., pp. 4-8 and 14-17.
> Ibid., pp. v-vi and 18-27.
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FMVSS 105: Hydraulic and electric brake systems

NHTSA has evaluated five innovative braking technologies for passenger vehicles:

Dual master cylinders

Front disc brakes

Rear-wheel antilock (RWAL) brake systems for light trucks

Four-wheel antilock brake systems (ABS) for passenger cars and light trucks
Electronic stability control (ESC) systems (preliminary evaluation)

The goal of dual master cylinders is to provide dual hydraulic circuits, so that a fault in one
hydraulic system will not lead to a catastrophic loss of all braking power. They have been
standard equipment on most passenger cars since model year 1967. Front disc brakes enhance a
driver’s control by providing a more linear pedal “feel” than drum brakes. They are also less
prone to “fade” from overheating or exposure to water. They have been standard on most cars
since model year 1977. Rear-wheel antilock (RWAL) brake systems are designed to prevent
rear-wheel lockup and loss of control during braking. Four-wheel antilock brake systems (ABS)
do what RWAL does and additionally allow drivers to keep control of a vehicle and steer it
during severe braking. Since the mid-1990’s, antilock brakes have been installed as standard or
optional equipment on approximately 60 percent of new cars (4-wheel) and light trucks (4-wheel
or rear-wheel). Electronic stability control (ESC) systems detect when a vehicle is about to go
out of control and automatically apply the brakes to individual wheels and/or reduce engine
torque to help the driver stay on course. ESC systems were first offered on selected model year
1997 cars, and they were installed on 7.4 percent of vehicles in model year 2003.

FMVSS 105 regulated hydraulic brake systems until 2000-2002, when it was superseded by
FMVSS 135.! FMVSS 105 is a performance standard, specifying stopping distances or
deceleration rates for a series of stopping tests under various conditions. It does not prescribe
technologies. However, dual master cylinders satisfied the FMVSS 105 requirement for a dual
or split braking system. Front disc brakes helped vehicles pass the fade and water-recovery tests
added to FMVSS 105, effective September 1, 1975. Antilock brakes have never been required
for vehicles with a GVWR less than 10,000 pounds, but Congress asked NHTSA in 1991 to
consider an ABS requirement in FMVSS 105. Electronic stability control systems, likewise,
have never been required on motor vehicles. NHTSA’s evaluations of these five technologies
will now be discussed, one-by-one.

Dual master cylinders

Regulatory history Before it was superseded by FMVSS 135 in 2000-2002, FMVSS 105
applied to all motor vehicles with hydraulic brakes. The first version of FMVSS 105 was one of
NHTSAs initial safety standards, with an effective date of January 1, 1968 for passenger cars.
To a large extent, it incorporated SAE Recommended Practices dating back to 1966. FMVSS
105 allows two alternatives for hydraulic brakes: (1) Vehicles may have a “split service brake

! Code of Federal Regulations, Title 49, Government Printing Office, Washington, 2002, Parts 571.105 and
571.135. However, after 2002, FMVSS 105 continued to apply to vehicles with a GVWR of 7,716 pounds or more.
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system” —i.e., “a brake system consisting of two or more subsystems actuated by a single
control, designed so that a single failure in any subsystem (such as a leakage-type failure of a
pressure component of a hydraulic subsystem...) does not impair the operation of any other
subsystem” that enables the vehicle to stop within a specified distance even “in the event of any
one rupture or leakage type of failure in any component of the service brake system.” Dual or
tandem master cylinders met the requirement. (2) Alternatively, vehicles may have a single
hydraulic circuit if they can meet even more stringent stopping tests in the partial failure mode.”
Dual master cylinders were installed on 9 percent of model year 1962 and 1963 cars, 7 percent of
model year 1964 and 1965 cars, and most new cars from model year 1967 onwards. It is likely
that dual master cylinders were also installed in LTVs at about the same time (although FMVSS
105 was only extended to LTVs effective September 1, 1983).

How dual master cylinders work Without dual master cylinders, a significant loss of pressure
in the hydraulic system due to a leak can result in a complete, catastrophic loss of braking power.
Moreover, when there is a slow leak that will eventually lead to a loss of pressure, the vehicle
does not send an early warning that can be easily understood by the average driver. The Indiana
Tri-Level Study of the Causes of Accidents suggested that approximately 2 percent of all
accidents in cars with 1960’s technology were caused by some type of catastrophic brake failure,
most commonly hydraulic failures.*

A dual braking system consists of two separate hydraulic circuits — typically split front-and-rear
in rear-wheel-drive cars, or diagonally in front-wheel-drive cars. Both circuits are activated by
the brake pedal through one master cylinder that has two chambers, called a “dual master
cylinder.” If one of the circuits fails, the other is still available. The car can be stopped from
high speeds, although of course not as quickly as when both circuits are intact. A second
important feature is that the dual master cylinder has a sensor to detect the relative pressure in
the chambers. If there is an imbalance, it activates a warning light on the instrument panel. It is
an unambiguous early warning that the brake system needs repair.’

Expected benefits Dual master cylinders should prevent many of the crashes involving
catastrophic brake failure, specifically those due to failures in the hydraulic system. Possible
exceptions could include certain types of failure within the master cylinder or cases where the
driver ignores the warning light. Since catastrophic brake failures can occur in fatal and injury
crashes, dual master cylinders ought to have an effect on fatalities and injuries. Moreover, when
brake failure in one vehicle results in a collision with another vehicle or pedestrian, preventing
the brake failure in that one vehicle will prevent the fatalities or injuries of every crash partner,
including the other vehicles’ occupants and pedestrians.

*Ibid., Part 571.105 S4, S5.1.2.1 and S5.1.2.2; Federal Register 32 (February 3, 1967): 2414; 1967 SAE Handbook,
Society of Automotive Engineers, New York, 1967, pp. 856-857.

? Kahane, C.J., A Preliminary Evaluation of Two Braking Improvements for Passenger Cars, NHTSA Technical
Report No. DOT HS 806 359, Washington, 1983, pp. 1-7; Federal Register 46 (January 2, 1981): 55.

* Treat, J.R. et al., A Tri-Level Sudy of the Causes of Traffic Accidents, Vol. 1, NHTSA Technical Report No. DOT
HS 805 085, Washington, 1977.

> The sensor in some vehicles also detects low fluid level in the master cylinder reservoirs.
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Crash avoidance — passenger cars NHTSA’s evaluation was published in 1983. It is based on
crash data from North Carolina (1971-81) and Texas (1972,74,77).° The data allow comparison
of the proportion of crash involvements in which “defective brakes” are a “contributing factor”
for cars with single vs. dual master cylinders. However, it is important to control for vehicle age,
since the rate of brake defects increases strongly as a vehicle ages. The analysis method is linear
regressions of the proportion of crash involvements (in a given model year and calendar year) in
which defective brakes are a contributing factor, by percentage of cars with dual master
cylinders, vehicle age, and other control variables. The regressions attributed an unequivocal,
statistically significant reduction of brake defects upon the introduction of dual master cylinders.
The effectiveness estimate is an 0.7 percent reduction of all police-reported crashes involving at
least one car, when all cars are equipped with dual master cylinders.” The incidence of
“defective brakes” was reduced by approximately 35 percent (0.7/2.0). Using 1979-80 as the
“baseline” years, the evaluation estimated that dual master cylinders would prevent 40,000
police-reported crashes per year when all cars on the road were equipped with them.®

Injury reduction — passenger cars Estimates of injury reduction were obtained by limiting the
preceding analyses of North Carolina and Texas data to injury-producing crashes — i.e., crashes
where at least one occupant in any of the involved vehicles (not necessarily the vehicle equipped
with a dual master cylinder) was injured.” The regression showed virtually the same
effectiveness in injury-producing crashes as in property-damage crashes. The evaluation
estimated that dual master cylinders prevent 0.7 percent of injury-producing crashes, resulting in
a reduction of 24,000 injuries per year.'

Fatality reduction — passenger cars The preceding regression analyses were also performed
with 1975-81 FARS data.'' They showed a statistically significant reduction for dual master
cylinders, proportionately about the same as in the nonfatal crashes. The evaluation assumed
that brake defects are a contributing factor in similar percentages of fatal and nonfatal crashes
(i.e., 2 percent of crashes, in cars without dual master cylinders). It estimated that dual master
cylingers prevent 0.7 percent of fatal crashes that involve passenger cars, saving 260 lives per
year.

Light trucks The 1983 evaluation addressed only passenger cars. However, FMVSS 105 also
applies to light trucks. Both types of vehicles use fairly similar hydraulic braking technology. It
seems likely that dual master cylinders could have about the same effect in LTVs as in cars: a 0.7
percent reduction of crashes, injuries and fatalities.

¢ Kahane (1983 Brakes), pp. 15-38.

" 1bid., p. 43; 90% confidence bounds: 0.58 to 0.82 percent.

¥ 1bid., pp. 55-57; 90% confidence bounds: 33,000 to 47,000 crashes prevented.
% Ibid., pp. 28-29.

1 |bid., pp. 55-57; 90% confidence bounds: 19,000 to 28,000 injuries prevented.
" bid., pp. 38-40.

2 |bid., pp. 55-57; 90% confidence bounds: 220 to 310 lives saved.
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Front disc brakes

Regulatory history Front disc brakes began to appear on domestic passenger cars in model year
1965. Consumers welcomed the new technology. It jumped from 13 percent of new cars in
1968 to 86 percent by 1973. In 1970, NHTSA proposed FMVSS 105a, incorporating more
stringent stopping distance, fade- and water-recovery tests than the original FMVSS 105, with a
proposed effective date of October 1, 1972. After several revisions, this regulation took effect
for passenger cars on January 1, 1976 and LTVs on September 1, 1983. Although some cars
with four-wheel drum brakes could and did pass the new tests, it was easier to meet them with
front disc brakes. Furthermore, the superior self-adjusting characteristics of disc brakes allowed
for increased vehicle stability during the high-speed stopping tests in FMVSS 105. By model
year 1978, most cars and LTVs produced for sale in the United States were equipped with front
disc brakes. (FMVSS 105 or 135 have never been explicitly required disc brakes.)"

How front disc brakes work Disc brakes are calipers equipped with abrasive pads that squeeze
rotors, metal plates parallel to the wheels that rotate with the wheels. Drum brakes are shoes
with abrasive linings that press against the insides of drums that rotate with the wheels. Whereas
drum brakes readily heat up from overuse or fill up with water upon immersion, resulting in
losses of braking ability, disc brakes are ventilated to dissipate heat or shed water quickly.
Furthermore, drum brakes have a “self-energizing capability” (friction building up more rapidly
than pedal pressure) that makes drivers prone to lock the wheels. Disc brakes have a more linear
relationship between pedal pressure and vehicle deceleration, making it easier for drivers to
deliver just the right amount of pressure short of locking the wheels."

Expected benefits Front disc brakes might prevent some crashes involving catastrophic brake
failure, especially on mountain roads, where brakes could fade from overuse on the downhills, or
on flooded roads, where water gets into the wheels. If drivers use the more linear pedal feel to
advantage, that could manifest itself in two ways in the crash data: if locking the wheels is
reported as “defective brakes,” a reduction in lockup could result in fewer reported brake defects.
If drivers can better optimize their deceleration rate short of lockup, they will stop in a shorter
distance, possibly reducing the risk of frontally hitting other vehicles in the rear. Since brake
failures/defects can occur in fatal and injury crashes, front disc brakes could have an effect on
fatalities and injuries. Moreover, when brake failure in one vehicle results in a collision with
another vehicle or pedestrian, preventing the brake failure in that one vehicle will prevent the
fatalities or injuries of every crash partner, including the other vehicles’ occupants and
pedestrians.

Crash avoidance — passenger cars NHTSA’s 1983 evaluation has several analyses of the
proportion of crash involvements in which “defective brakes” are a “contributing factor” for cars
with drum vs. front disc brakes. The most reliable one is based on North Carolina data (1971-

P |bid., p. 7; Federal Register 35 (November 11, 1970): 17345, 37 (September 2, 1972): 17970, 38 (May 18, 1973):
13017, 39 (February 22, 1974): 6708, 40 (June 9, 1975): 24525, 46 (January 2, 1981): 55; Ward’ s Automotive
Yearbook, Ward’s Communications, Detroit, 1975-79.

" |bid., pp. 6-10; Ballard, C. and Andrade, D., Systems and Hardware Effects of FMVSS 105-75, Paper No. 760216,
Society of Automotive Engineers, Warrendale, PA, 1976; Kahane, C.J. and Ichter, K.D., Satistical Evaluation of
Brake Safety Improvements for Passenger Cars, Paper No. 841236, Society of Automotive Engineers, Warrendale,
PA, 1984.
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81). It subdivides the data by make-model as well as model year, since front disc brakes were
introduced earlier in some models than in others.'> The analysis method is a linear regression of
the proportion of crash involvements (in a given make-model, model year and calendar year) in
which defective brakes are a contributing factor, by percentage of cars with front disc brakes,
vehicle age, and other control variables. The regressions attributed a statistically significant
reduction of brake defects upon the introduction of front disc brakes, equivalent to an 0.17
percent reduction of all police-reported crashes involving at least one car.'® Using 1979-80 as
the “baseline” years, the evaluation estimated that front disc brakes would prevent 9,800 police-
reported crashes per year when all cars on the road were equipped with them.'” Other analyses
of North Carolina data showed reductions of “defective brake” crashes on hilly and wet roads
with front disc brakes, but not necessarily greater reductions than on other roads.'® The analysis
of front-to-rear crashes attributed to front disc brakes a 0.2 percent reduction in the likelihood of
being the striking car, but this was not statistically significant.'’

Injury reduction — passenger cars Estimates of injury reduction were obtained by limiting the
preceding analysis of North Carolina data (by make-model) to injury-producing crashes.”’ The
regression showed virtually the same effectiveness in injury-producing crashes as in property-
damage crashes. The evaluation estimated that front disc brakes prevent 0.17 percent of injury-
producing crashes, resulting in a reduction of 5,700 injuries per year.”'

Fatality reduction — passenger cars Regression analyses of 1975-81 FARS data (not subdivided
by make-model) attributed a statistically significant 0.55 percent reduction of “defective brake”
involvements to front disc brakes.”> However, the evaluation estimated, more conservatively,
that front disc brakes would have proportionately the same effect in fatal as in nonfatal crashes: a
0.17 percent reduction of fatal crashes that involve passenger cars, saving 64 lives per year.23

Light trucks The 1983 evaluation addressed only passenger cars. However, front disc brakes
have superseded front-wheel drum brakes in light trucks as well as in passenger cars. Both types
of vehicles use fairly similar hydraulic braking technology. It seems likely that front disc brakes
could have about the same effect in light trucks as in cars: a 0.17 percent reduction of crashes,
injuries and fatalities.

'3 Kahane (1983 Brakes), pp. 26-28.

' bid., p. 44; 90% confidence bounds: 0.10 to 0.24 percent.

7 Ibid., pp. 55-57; 90% confidence bounds: 5,800 to 13,800 crashes prevented.
¥ 1bid., pp. 29-31.

¥ 1bid., pp. 45-47.

2 |bid., pp. 28-29.

2L 1bid., pp. 55-57; 90% confidence bounds: 3,400 to 8,100 injuries prevented.
22 |bid., pp. 38-40.

3 1bid., pp. 55-57; 90% confidence bounds: 38 to 90 lives saved.
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Rear-wheel antilock (RWAL) brake systems for light trucks

Regulatory history and voluntary installations No type of antilock brake system (ABS) has
ever been required for passenger vehicles with GVWR less than 10,000 pounds. However, the
Highway Safety Act of 1991, Section 2507 instructed NHTSA to consider requiring ABS in
passenger vehicles. NHTSA published an ANPRM at the beginning of 1994 asking for
information about the effectiveness and potential benefits of ABS technologies.”* Based on
responses to the 1994 ANPRM, including statistical studies by NHTSA and others that failed to
show significant net benefits for voluntarily installed ABS, NHTSA issued a second ANPRM in
1996 deferring indefinitely the ABS requirement.”

Rear-wheel antilocks were installed as standard equipment in 1987 Ford F-Series pickup trucks,
Bronco and Bronco II. In 1988-90, they were phased into most domestic pickup trucks and
SUVs as well as many vans, as standard equipment. During the 1990°s, RWAL was increasingly
superseded by 4-wheel ABS; by model year 2001, only 8 percent of new domestic LTV's were
equipped with RWAL.%

How RWAL works The fundamental safety problem addressed by any ABS system is that few
drivers are able to modulate pressure on the brake pedal optimally, given a sudden emergency
situation or unexpectedly slippery surface. If excess pedal pressure locks the rear wheels, the
vehicle can lose control. Light trucks are especially prone to rear-wheel lockup when they are
not heavily loaded, and especially crash-prone once they are out of control. RWAL senses if any
of the rear wheels have locked, and if so, quickly releases the brakes on that wheel and lets it
start rolling again. Cycles of releasing, holding and reapplying brakes are repeated many times
per second. RWAL, however, will not prevent front-wheel lockup or assure steering control
during braking. If the front wheels lock while the rear wheels turn, the truck will just slow down
on a straight line, without yawing. NHTSA conducted stopping tests on five surfaces with
RWAL-equipped trucks, and also for the same trucks with the RWAL disabled. RWAL
substantially but not completely reduced the frequency and severity of yawing in spike stops.
That benefit, however, was offset by a slight (6 to 18 percent) increase in stopping distances on
four of the surfaces.”’

Expected benefits 1f RWAL prevents or substantially reduces yawing, it will help keep trucks
from running off a straight road. By keeping the truck on the road, it may prevent the rollovers
or impacts with fixed objects or pedestrians that can occur after a vehicle has left the road. Side
impacts with fixed objects are especially characteristic of vehicles that have yawed out of
control. RWAL would be less effective if the driving task requires steering as well as braking
(e.g., on a curved road). It will not affect yawing caused by reasons other than brake-induced

* Federal Register 59 (January 4, 1994): 281.

* Federal Register 61 (July 12, 1996): 36698.

%% Kahane, C.J., Preliminary Evaluation of the Effectiveness of Rear-Wheel Antilock Brake Systems for Light Trucks,
NHTSA Docket No. 70-27-GR-026, Washington, 1993, p. 15; 2002 Ward’ s Automotive Yearbook, Ward’s
Communications, Detroit, 2002, p. 333.

27 Kahane (1993 RWAL), pp. 7-14; Hiltner, E., Archart, C. and Radlinski, R., Light Vehicle ABS Performance
Evaluation, NHTSA Technical Report No. DOT HS 807 813, Washington, 1991; Arehart, C., Radlinski, R. and
Hiltner, E., Light Vehicle ABS Performance Evaluation — Phase ||, NHTSA Technical Report No. DOT HS 807 924,
Washington, 1992.
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rear-wheel lockup (e.g., going around a curve too quickly). To the extent that RWAL is
associated with a slight increase in stopping distances, there could be an adverse effect on
multivehicle crashes that require a truck to stop in time to avoid hitting another vehicle.

Crash avoidance NHTSA’s preliminary evaluation was published in 1993. It is based on crash
data from Florida (1990-91), Michigan (1990-91), and Pennsylvania (1989-91). These data
show consistent, statistically significant reductions of nonfatal rollovers and side impacts with
fixed objects in trucks equipped with RWAL.*® Involvements in rollovers or fixed-object
collisions are compared to a control group: crash involvements in which the truck, standing still
or moving 5 mph or less, was struck by another vehicle (where the truck’s RWAL could not have
been a factor in the crash). For example, the results for pickup trucks in Michigan indicate a 42
percent reduction of nonfatal rollovers™:

MICHIGAN, 1990-91 Control Ratio of
PICKUP TRUCKS Rollovers Group Rollover/Control
Last 2 model years without RWAL 1,095 3,634 301

First 2 model years with RWAL 737 4,215 175

On the average, the analyses showed about a 30 percent reduction of nonfatal rollovers and a 20
percent reduction of nonfatal side impacts with fixed objects.*”

A similar analysis investigated the effect of RWAL in multivehicle crashes. Involvements as a

frontally impacting truck in a multivehicle collision, traveling faster than 5 mph, were compared
to the control group of vehicles struck while standing still or moving 5 mph or less. The ratio of
striking to control-group involvements was about the same for trucks with and without RWAL.*!

Fatality reduction Statistical analyses of 1989 —mid-1992 FARS data did not show an overall
reduction of fatal rollovers or side impacts with fixed objects, relative to fatal control-group
involvements.”> The FARS analysis of fatal involvements as a frontally impacting truck in a
multivehicle collision (traveling faster than 5 mph) showed mixed/negative results: little or no
effect for RWAL when the data were limited to trucks of the first model year with RWAL vs. the
last model year before RWAL; an increase in collisions for trucks of the first two years with
RWAL vs. the last two years before RWAL.*>® Pedestrian crashes were the only type that the
data hinted at a reduction with RWAL, possibly on the order of 10 percent.’*

¥ Kahane (1993 RWAL), pp. 19-44.
*Ibid., p. 23.

% Ibid., p. 108.

1 Ibid., pp. 100-109.

32 |bid., pp. 42-49 and 100-109.

3 Ibid., pp. 78-85.

*Ibid., pp. 93-99 and 108.
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NHTSA performed another statistical analysis of 1989-93 FARS data, using logistic regression
of the ratio of relevant crashes to control-group crashes. This study, likewise, associated RWAL
with a statistically significant increase of fatal involvements as the striking vehicle in a
multivehicle collision. It did not find a reduction for RWAL in fatal rollovers or side impacts
with fixed objects. Pedestrian crashes were not considered in that study.”

RWAL is apparently effective in preventing yaw in the relatively low-speed situations where
rear-wheel lockup would have caused the truck to run off the road with nonfatal consequences.
It may be less effective in high-speed scenarios that precipitate fatal crashes. Also, many of
these fatal crashes do not involve pre-crash braking — e.g., when the driver is impaired. Since
RWAL usually does not reduce, and may even increase stopping distances, the absence of
benefits in multivehicle crashes is not surprising.

Four-wheel antilock brake systems (ABS) for passenger cars and light trucks

Regulatory history and voluntary installations As described above (regulatory history of
RWAL), NHTSA considered, but eventually deferred any requirement for ABS on passenger
vehicles with GVWR less than 10,000 pounds.

Modern 4-wheel ABS was first offered as standard equipment in 1985 on some lines of BMW,
Lincoln and Mercedes and in 1986 on Chevrolet Corvette. Availability of ABS increased
gradually in 1987-90 and dramatically in 1991-92, when it became standard on the majority of
GM cars. Throughout 1994-2001, about 60-65 percent of new passenger cars were equipped
with ABS. In general, ABS is usually standard on the larger and more expensive cars, optional
and not too frequently sold on small economy cars. Four-wheel ABS installations for light
trucks began in 1989 on some GM Astro/Safari minivans, Jeep Cherokee and Jeep Wagoneer.
The market share for 4-wheel ABS in new light trucks steadily increased during the 1990’s, as
RWAL was phased out, and had reached about 80 percent by 2001.*

How ABS works Few drivers are able to modulate pressure on the brake pedal optimally, given
a sudden emergency situation or unexpectedly slippery surface. If excess pedal pressure locks
only the front wheels, the vehicle will continue in a straight path, but the driver will be unable to
steer it and avoid obstacles. If it locks the rear wheels, the vehicle can lose control. ABS senses
if any of the four wheels have locked, and if so, quickly releases the brakes on that wheel and
lets it start rolling again. Cycles of releasing, holding and reapplying brakes are repeated many
times per second.

ABS activation causes noise and pedal vibration in some vehicles, and steering may not be as
easy as in normal operation. Nevertheless, a reasonably alert driver familiar with the system will
maintain pressure on the pedal, stop in a minimum distance and be able to steer the vehicle
throughout the crash avoidance maneuver.

3% Hertz, E., Hilton, J. and Johnson, D.M., An Analysis of the Crash Experience of Light Trucks Equipped with
Antilock Braking Systems, NHTSA Technical Report No. DOT HS 808 278, Washington, 1995.

36 Kahane, C.J., Preliminary Evaluation of the Effectiveness of Antilock Brake Systems for Passenger Cars, NHTSA
Technical Report No. DOT HS 808 206, Washington, 1994, pp. 9 and 119-128; 2002 Ward’ s Automotive
Yearbooks, Ward’s Communications, Detroit; Kahane (1993 RWAL), pp. 15.
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NHTSA conducted stopping tests on straight and curved paths and various surfaces with ABS-
equipped cars, and also for the same cars with the ABS disabled. Results were impressive.
Yawing was nearly eliminated and steering control maintained. Furthermore, on most surfaces,
especially wet pavements, cars stopped in a shorter distance with ABS activated and steady pedal
pressure than with ABS disabled and the trained test driver attempting to modulate and optimize
the pedal pressure. The principal exception was a gravel surface, where ABS, although
maintaining directional stability and control, took 28 percent longer to stop than just slamming
on the brakes and sliding.*’

Expected benefits The experience on the test track suggested that ABS could have safety
benefits in many crash situations. Maintaining steering control and cutting stopping distances,
especially on wet roads, could reduce frontal impacts into other vehicles and collisions with
pedestrians. By preventing yaw and preserving steering control, ABS can help drivers keep their
vehicle on a straight or curving road, and could prevent run-off-road crashes such as rollovers or
fixed-object impacts. However, there could be some adverse impact due to longer stopping
distances on gravel and other loose surfaces away from the road.

Crash avoidance NHTSA’s preliminary evaluation of 4-wheel ABS for passenger cars was
published in 1994. It is based on 1990-92 crash data from Florida, Missouri and Pennsylvania.
Crash involvements as a frontally impacting car in a multivehicle collision, traveling faster than
5 mph, were compared to the control group of cars struck while standing still or moving 5 mph
or less (where the car’s ABS could not have been a factor in the crash).® On wet roads, cars
with ABS experienced a statistically significant, 28 percent reduction of frontal impacts, relative
to the control group and relative to cars of the same make-models without ABS™:

WET ROADS Multivehicle Control Ratio of
FL-MO-PA 1990-92 Frontals Group Frontals/Control
Last 2 model years without ABS 1,220 922 1.323
First 2 model years with ABS 841 879 957

On dry roads, the reduction was 5 percent, not statistically significant. For all road conditions
(wet, dry, snowy, icy), the overall reduction in multivehicle frontal impacts with ABS was a
statistically significant 9 percent.

Run-off-road crashes, however, increased rather than decreased with ABS. Relative to the
control group, rollovers and fixed-object impacts increased overall by a statistically significant
19 percent in the ABS-equipped cars. The rate of increase was about the same on dry, wet and

37 Kahane (1994 ABS), pp. 4-9; Hiltner et al., Op. cit.; Arehart et al., Op. Cit.
3¥ Kahane (1994 ABS), pp. 10-57 and 106, especially 51, 53 and 55.
*Ibid., p. 53.
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snowy/icy roads.*® The issue of ABS performance in run-off-road crashes will be discussed in
the next section.

Fatality reduction The analysis was based on 1989-93 FARS data. In multivehicle crashes on
dry roads, the ratio of involvements as a frontally impacting car to involvements as a car that was
struck in the rear or side, or while standing still, was nearly the same with or without ABS. That
suggests ABS has, at most, a small effect on multivehicle crashes on dry roads. For the
remaining analyses, multivehicle crash involvements on dry roads (regardless of impact type)
serve as the control group.*!

Multivehicle crash involvements on wet roads were reduced by a statistically significant 24
percent with ABS*:

FARS 1989-93 Wet Dry Ratio of
MULTIVEHICLE CRASHES Roads Roads Wet/Dry
Last 2 model years without ABS 246 1,021 241
First 2 model years with ABS 158 858 184

Multivehicle crashes on snowy/icy roads decreased by 13 percent (not significant). Fatal
collisions with pedestrians, bicyclists, trains or animals, on all road surfaces, were reduced by a
statistically significant 27 percent.”’

On the other hand, fatal run-off-road crashes (rollovers and impacts with fixed objects) increased
by a statistically significant 28 percent on all road surfaces, with ABS**:

Rollover + Dry Road
FARS 1989-93 Fixed Object Multivehicle Ratio
Last 2 model years without ABS 431 1,021 422
First 2 model years with ABS 463 858 .540

The increases were about equally large on dry, wet and snowy/icy roads. In particular, side
impacts with fixed objects, a crash type typically preceded by loss of directional control,
increased by a statistically significant 57 percent. The increase in run-off-road crashes nearly

“ |bid., p. 84-92.
*I'Ibid., p. 57-62.
2 |bid., p. 65.
“ |bid., p. 63-68.
* Ibid., p. 95.
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offset the reductions in pedestrian and wet-road multivehicle crashes, resulting in a near-zero net
effect on overall fatal-crash risk.*

NHTSA performed another statistical analysis of ABS in passenger cars, based on 1989-93
FARS data as well as 1989-92/93 data from four States, using logistic regression of the ratio of
relevant crashes to control-group crashes. This study confirmed the statistically significant
increases of rollovers and side impacts with fixed objects in the ABS-equipped cars, in both fatal
and nonfatal crashes. It also confirmed the benefits of ABS in fatal and nonfatal multivehicle
crashes on wet roads.*® Furthermore, NHTSA’s initial analysis of 4-wheel ABS in light trucks
showed similar increases (although not statistically significant) of rollovers and side impacts
with fixed objects in the light trucks with the 4-wheel ABS.*” A 1996 study by the Insurance
Institute for Highway Safety likewise observed a 28 percent increase in run-off-road crashes with
ABS.*® Since all these analyses of United States data are based on more or less the same make-
models (and could conceivably have the same biases), it is noteworthy that a Swedish study,
based on a quite different vehicle mix, also showed a substantial increase of run-off-road crashes,
relative to multivehicle crashes on dry roads, with ABS.*

Hypotheses for the observed increases in run-off-road crashes included:

e Driver inexperience/lack of knowledge about ABS. Drivers might remove their foot from
the pedal in response to the [unanticipated] noise and vibration of ABS, or try to pump
the pedal as with conventional brakes.

e More aggressive driving due to a misperception of how much ABS reduces stopping

distances or enhances control.

Longer stopping distances with ABS on the loose surfaces vehicles encounter after they

leave the road.

The enhanced steering control while braking with ABS could allow unsafe panic steering

maneuvers.

Possible flaws in ABS performance in certain maneuvers or on some roadway surfaces.

NHTSA undertook a multiyear research program to test out these and other hypotheses.”
NHTSA, the manufacturers and suppliers and the insurance industry also developed media to
educate vehicle owners about how ABS responds when activated, and how to use it properly
(“Don’t let up [on the brakes]”). The research, in fact, has not identified any significant
problems with ABS other than owners’ initial lack of knowledge and experience with the
systems.

lbid., p. 115-117.

* Hertz, E., Hilton, J. and Johnson, D.M., An Analysis of the Crash Experience of Passenger Cars Equipped with
Antilock Braking Systems, NHTSA Technical Report No. DOT HS 808 279, Washington, 1995.

*" Hertz et al. (1995 Light Truck ABS).

* Farmer, C.M., Lund, A K., Trempel, R.E. and Braver, E.R., Fatal Crashes of Passenger Vehicles Before and After
Adding Antilock Brake Systems, Insurance Institute for Highway Safety, Arlington, VA, 1996.

¥ Kullgren, A., Lie A. and Tingvall, C., “The Effectiveness of ABS in Real Life Accidents,” Proceedings of the
Fourteenth International Technical Conference on the Enhanced Safety of Vehicles, NHTSA, Washington, 1994,
Paper No. 94-S4-0-07.

%0 Kahane (1994 ABS), pp. v-viii.
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Three reports published in 2000-02 suggests that the increase in run-off-road crashes may have
been largely or entirely temporary. NHTSA’s follow-up analysis based on 1995-96 FARS and
State data showed that the increase in fatal run-off-road crashes was of lower magnitude than in
the earlier years. In fact, ABS did not have a statistically significant effect on any type of fatal
crash, except for an increase in LTV rollovers, whereas several types of nonfatal crash
involvements were significantly reduced with ABS.”" The ITHS follow-up, while reconfirming
the increase in run-off-road crashes of MY 1992 vehicles with ABS during CY 1993-95, found
that these same MY 1992 vehicles did not experience any increase in run-off-road crashes during
CY 1996-98, when they were 4-6 years old. However, this study did not find a statistically
significant overall effect for ABS on fatal crashes in 1996-98; it did not analyze nonfatal
crashes.”® Harless and Hoffer confirmed the ITHS results and, moreover, demonstrated that the
increase in run-off-road crashes during the earlier years was virtually confined to drinking
drivers. It was especially prevalent in young, drinking drivers or in drinking drivers with a
history of high-risk driving behavior.”

These recent results suggest that the problems with ABS may have been largely due to owners’
inexperience and lack of knowledge about the systems. Thanks to the efforts to educate the
public about ABS, and as owners simply accumulated years of experience with their vehicles, the
increase in run-off-road crashes may have faded away. Moreover, the Harless paper suggests
this wasn’t everybody’s problem, but was concentrated among drinking drivers. The
combination of impairment with a sudden, unexpected noise and vibration may have led to
inappropriate panic reactions. Furthermore, ABS technology has evolved over the years with
improvements in the response and feedback to the driver, or with added features such as “brake
assist” that amplifies input from the driver.

ABS may be due for a fresh look. If the effect on run-off-road crashes continues to be neutral,
even if there is no significant overall effect on fatal crashes, the reductions of various types of
nonfatal crashes could mark ABS as a technology with net safety benefits.”

Electronic stability control (ESC) systems (preliminary evaluation)

Voluntary installation history Mercedes-Benz first offered electronic stability control systems
in 1997 as standard equipment on the top-of-the-line S600 and SL600 and as an option on some
other luxury cars. The next year, ESC was standard on Cadillac DeVille Concours, BMW 700-
series and a few additional Mercedes models. By 2000, it was standard on most BMW and
Mercedes cars, Cadillac Seville and a few other GM luxury models, Lexus LS and GS and Acura
RL. Among SUVs, ESC was standard on Mercedes in 1999, on Lexus LX in 2000, followed by
Toyota 4Runner and Landcruiser and Lexus RX in 2001. ESC was installed on 7.4 percent of

*! Hertz, E., Analysis of the Crash Experience of Vehicles Equipped with All Wheel Antilock Braking Systems (ABS)
— A Second Update Including Vehicles with Optional ABS NHTSA Technical Report No. DOT HS 809 144,
Washington, 2000.

32 Farmer, C.M., “New Evidence Concerning Fatal Crashes of Passenger Vehicles Before and After Adding
Antilock Braking Systems,” Accident Analysis and Prevention, Vol. 33,2001, pp. 361-369.

>3 Harless, D.W. and Hoffer, G.E., “The Antilock Braking System Anomaly: A Drinking Driver Problem?,”
Accident Analysis and Prevention, Vol. 34, 2002, pp. 333-341.

3 National Highway Traffic Safety Administration Evaluation Program Plan, Calendar Years 2004-2007, NHTSA
Report No. DOT HS 809 699, Washington, 2004, pp. 26-27.
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vehicles sold in model year 2003. No FMVSS requires ESC systems. However, NHTSA
believes ESC is a promising safety technology; since 2001, the agency’s annual Buying a Safer
Car brochures have been informing the public what make-models are equipped with ESC.

How ESC works ESC systems detect and automatically assist drivers in situations that lead to
loss of control (e.g. understeer and oversteer) and occur especially in unfavorable conditions
(rain, snow, sleet, ice). Sensors monitor the speed of each wheel, the steering wheel angle, and
the yaw rate and lateral acceleration of the vehicle. The yaw rate is the rate of change of the
vehicle’s heading. The system compares the measured yaw rate to the intended rate of change of
heading consistent with the speed and lateral acceleration of the vehicle. For example, a yaw
rate measurement greater than that consistent with the speed and lateral acceleration of the
vehicle indicates oversteer. ESC would make a rapid automatic intervention to correct the
vehicle heading by applying the brakes to individual wheels and possibly reducing engine torque
to help the driver stay on the road. If the vehicle was experiencing the onset of oversteer in a left
curve, ESC would momentarily apply the brake to the right front wheel to counteract the
excessive yaw rate and stabilize the vehicle. Some systems may then slow down the vehicle to a
speed more appropriate for conditions. All current vehicles with ESC are also equipped with
ABS and traction control systems; the ESC to a large extent builds on ABS technology and
shares ABS components.>

Expected benefits ESC would appear to be most effective in preventing single-vehicle run-off-
road crashes including rollovers and collisions with fixed objects. That is because many of them
involve a loss of directional stability or control during the pre-crash sequence of events. For
example, if adverse conditions on the road trigger a skid, ESC could stabilize the vehicle and
prevent the entire off-road excursion. Even if a careless driver has already drifted off the road
with two wheels, ESC may help maintain directional control and stability, making it easier for
the driver to get back on the road and avoid a crash. Presumably, ESC would have much less
effect on collision involvements on the road with other vehicles, pedestrians or animals, because
a smaller proportion of these crashes are preceded by a loss of directional stability. A unique
feature of ESC that could make it especially effective is that it can activate without any action by
a driver (unlike, for example, ABS, which cannot activate unless the driver applies the brakes).

Crash avoidance — passenger cars NHTSA’s preliminary evaluation was published in 2004.%°
It is based on calendar year 1997-2002 crash data from Florida, Illinois, Maryland, Missouri and
Utah for model year 1997-2002 cars of make-models that received ESC as standard equipment at
some point during those model years. Involvements in single-vehicle crashes (excluding
collisions with pedestrians/bicyclists, animals or trains) were compared to a control group of
involvements in multivehicle crashes. Cars with ESC experienced a statistically significant 35
percent reduction of single-vehicle crashes, relative to the control group and relative to cars of
the same make-models without ESC”:

> Dang, J.N., Preliminary Results Analyzing the Effectiveness of Electronic Stability Control (ESC) Systems,
NHTSA Evaluation Note No. DOT HS 809 790, Washington, 2004.
56 :
Ibid.
>795% confidence bounds: 29 to 41 percent.
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FL-IL-MD-MO-UT Single-Vehicle  Multivehicle Ratio of

1997-2002 Involvements  Involvements Single/Multi
Cars without ESC 1,483 19,044 0779
Cars with ESC (same make-models) 699 14,090 .0496

Fatality reduction — passenger cars A similar analysis of fatal single- vs. multi-vehicle crash
involvements in 1997-2003 FARS data showed a statistically significant 30 percent reduction of
fatal single-vehicle crash involvements with ESC.®

Crash avoidance — light trucks In model years 1997-2002, the only LTV make-models
equipped with ESC were SUVs. The analysis of single- vs. multi-vehicle crash involvements by
SUVs in five States (a database about %4 as large as the car sample) showed a statistically
significant 67 percent reduction of single-vehicle crash involvements with ESC.>

Fatality reduction — light trucks Fatal single-vehicle crash involvements of SUVs were reduced
by a statistically significant 63 percent with ESC.%

Comments on the findings Logistic regression analyses on the proportion of car crash
involvements that are single-vehicle, controlling for vehicle age and make-model group, driver
age and gender, attributed nearly the same crash reduction and fatality reduction to ESC as the
preceding contingency table analyses.

Multivehicle crash involvements are not necessarily an ideal control group, as they, too, could be
influenced up to a point by ESC. Because nonfatal multivehicle crashes are far more common
than single-vehicle crashes, it is at least conceivable that a small relative increase in multivehicle
crashes could offset the reduction in single vehicle crashes (not that there is any intuitive basis
for anticipating such an increase). However, linear regression analyses of multivehicle crash
involvement rates per 100,000 vehicle registration years, controlling for vehicle age, attributed
significant or borderline-significant reductions in those rates to ESC. In other words, the
preliminary evaluation did not see a negative side effect for ESC in multivehicle crashes, and
possibly even a benefit.

However, a caveat on these preliminary findings is that the database consisted primarily of
luxury make-models; BMW and Mercedes-Benz constituted 61 percent of the passenger car
sample. A single manufacturer, Toyota/Lexus, contributed 78 percent of the SUVs in the
database. NHTSA will feel more confident about the overall effectiveness of ESC when the data
comprise a more representative cross-section of the fleet including non-luxury vehicles and a
wider variety of manufacturers.

%%95% confidence bounds: 10 to 50 percent.
%9.95% confidence bounds: 60 to 74 percent.
5095% confidence bounds: 44 to 81 percent.
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FMVSS 108: Lamps, reflective devices, and associated equipment

This standard regulates three innovative safety technologies that have been evaluated by
NHTSA:

e Side marker lamps
e Center High Mounted Stop Lamps (CHMSL)
e Retroreflective tape on heavy trailers

The goal of side marker lamps is to make the sides of vehicles more visible in the dark, and to
prevent nighttime angle collisions. They have been standard equipment on all cars and light
trucks since model year 1970. CHMSL are designed to enhance the effect of stop lamps and
reduce front-to-rear collisions, by day and night. They have been standard on cars since model
year 1986 and were phased into light trucks during model years 1991-94. Retroreflective tape
makes heavy trailers more visible from the side and the rear, in the dark, so other vehicles won’t
hit them. It has been standard on new trailers over 10,000 pounds GVWR since December 1,
1993 and also has to be on older trailers still on the road as of June 1, 2001.

The second paragraph of FMVSS 108 states, “The purpose of this standard is to reduce traffic
accidents ... by providing adequate illumination of the roadway and by enhancing the
conspicuity of motor vehicles ... so that their presence is perceived and their signals understood,
both in daylight and in darkness.”’ FMVSS 108 regulates many lamps, reflectors, bulbs and
flashers on the vehicle exterior, and the systems for controlling them. Most of those devices
existed well before NHTSA, were specified in SAE standards subsequently incorporated into
FMVSS 108, and remained unchanged or at most, underwent gradual or subtle changes during
1968-99. Side marker lamps, CHMSL and retroreflective tape are three exceptions where a
fundamentally new safety device was required. NHTSA’s evaluations of these three
technologies will now be discussed, one-by-one.

Side marker lamps

Regulatory history FMVSS 108, one of NHTSA’s initial safety standards, took effect for
vehicles over 80 inches wide (large trucks and buses) on January 1, 1968. It was extended to
passenger cars and light trucks, effective January 1, 1969. Side marker lamps and/or reflectors
were required from the start. Vehicles must have two combination lamp/reflectors on each side,
an amber one as close as possible to the front and a red one close as possible to the rear.
(Vehicles more than 30 feet long require an additional amber lamp/reflector at the midpoint.)
However, to give manufacturers of cars and LTVs some more lead time, the standard allowed
use of just a lamp, or just a reflector, in lieu of a lamp/reflector, during calendar year 1969.
Since January 1, 1970, all cars and light trucks must have four lamp/reflectors. The side marker
lamp requirement primarily incorporates SAE Recommended Practice J592. Although issued by
the SAE in 1964, it did not immediately put side marker lamps on all domestic cars and light
trucks, because it was only a Recommended Practice, not a Standard. Instead, the proportion of
new cars and light trucks with side marker lamps increased gradually from 5 percent in model

' Code of Federal Regulations, Title 49, Government Printing Office, Washington, 2002, Part 571.108.
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year 1964 to 13 percent in 1967, then jumped to 88 percent in 1968 and reached 100 percent in
19707

How side marker lamps work Before side marker lamps, a car or light truck was very hard to
see from the side, in the dark. A vehicle entering a right-angle intersection, or pulling out of a
driveway onto unlit or weakly illuminated roads was virtually invisible to cross traffic, or at least
did not provide any visual cues to catch the attention of other drivers. Headlamps, in particular,
focus their beams straight ahead and may barely be visible from the side (unless the approaching
vehicle is still a substantial distance to the left or right, and there are no vision obstructions such
as trees or buildings).

Side marker lamps make cars visible from the side, in the dark, and enable other drivers to avoid
collisions. Moreover, the use of amber in the front and red in the back sends a visual cue: “You
are approaching the side of a vehicle — here’s how big it is, and it’s not necessarily getting out of
your way.” The two colors distinguish the front of a car (white or amber light) from its rear (red
light). Side marker lamps are on whenever the parking lights are on, and when they aren’t (e.g.,
on a parked vehicle), the reflectors throw back some of the light from other vehicles’ headlamps.

Two systems have been used to meet the standard. One makes the existing parking lamps and
tail lamps visible from the side by designing their lens/reflectors to “wrap around” the sides of
the vehicle. The other approach is to install dedicated side marker lamps, separate from the
parking lamps and tail lamps. Both methods are acceptable under FMVSS 108 and are believed
to be essentially equivalent. FMVSS 108, like SAE Recommended Practice J592, requires at
least 0.62 candela for amber side marker lamps, and 0.25 candela for red ones, as measured from
9 specified observation points. That makes them considerably less bright than, for example, tail
lamps, let alone stop lamps. Side marker lamp/reflectors are too dim to make vehicles more
conspicuous by day, and perhaps even to be seen from a long enough distance, in the dark, to
avoid high-speed, potentially fatal collisions.’

Expected benefits Side marker lamps ought to reduce the number of angle collisions in reduced
lighting conditions: dark not lighted, dark lighted, dawn or dusk. The definition of an “angle”
collision varies but generally include crashes where two vehicles approach one another at an
angle, typically 90 degrees, or where the front of one vehicle hits the side of the other. The
lamps should have little or no effect on daytime crashes. When two vehicles approach at an
angle in the dark, there could be benefits if either one is equipped with the lamps, and doubly so
if both are equipped: lamps on vehicle 1 can help driver 2 avoid a crash, and lamps on vehicle 2
can help driver 1 avoid it. When the lamps prevent a crash, they not only save the lamp-
equipped vehicle from damage, but also the other vehicle that would have been in the crash.
Furthermore, if any occupant of either vehicle would have been injured, these injuries are
prevented. As stated above, it is doubtful if the lamps would have much effect on fatal crashes.

? Kahane, C.J., An Evaluation of Side Marker Lamps for Cars, Trucks and Buses, NHTSA Technical Report No.
DOT HS 806 430, Washington, 1983, pp. 1-7 and 29-32; Federal Register 32 (February 3, 1967): 2414, 32
(December 16, 1967): 18033; 1983 SAE Handbook, Vol. 2, Society of Automotive Engineers, Warrendale, PA,
1983.

3 Kahane (1983 Side Marker Lamps), pp. 1-7 and 29-32; Cole, B.L., Dain, S.J. and Fisher, A.J., Sudy of Motor
Vehicle Sgnal Systems, HSL Publication No. DOT HS 022 690, Road Safety Information Service, Melbourne, 1977.
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Crash avoidance NHTSA’s evaluation was published in 1983. It is based on crash data from
North Carolina (1971-80) and Texas (1972-74).* The data allow a tally of vehicle involvements
in angle collisions under reduced-light conditions. They also allow counting a control group of
involvements in daytime angle collisions. Tallies are compared, for example, in model year
1967, when only 13 percent of cars, trucks and buses had side marker lamps, and model year
1968, when 88 percent of cars, trucks and buses were equipped with the lamps:

Angle Collisions
Ratio of
Night’ Day Night/Day

NORTH CAROLINA

Model year 1967 (13% with side marker lamps) 5,971 20,755 288
Model year 1968 (88% with side marker lamps) 7,075 26,351 268
TEXAS

Model year 1967 (13% with side marker lamps) 7,738 30,324 255
Model year 1968 (88% with side marker lamps) 8,715 36,618 238

In both states, the ratio of nighttime to daytime crashes is a statistically significant 6.7 percent
lower in the 1968 vehicles. The arithmetic in the preceding tables works out to 8.8 percent fewer
nighttime angle collision when one of the two vehicles has the lamps than when neither has the
lamps.® That means 16.8 percent fewer nighttime angle collisions when both vehicles have the
lamps than when neither have them.” Nearly identical effectiveness estimates were obtained
when the data were expanded to two, three, or four model years before and after the 1968 shift to
side marker lamps, or in regression analyses of the ratio of nighttime to daytime angle-collision
involvements by presence of side marker lamps and other factors such as vehicle age.® The
evaluation concluded that the best estimate of side marker lamp effectiveness, based on one of
these regressions, is a 16 percent reduction of nighttime angle collisions when both vehicles have
the lamps.” Using 1979-80 as the “baseline” years, the evaluation estimated that side marker
lamps would prevent 106,000 police-reported nighttime angle collisions per year when all cars,
trucks and buses on the road were equipped with the lamps."°

Injury reduction Estimates of injury reduction were obtained by limiting the preceding analyses
of North Carolina and Texas data to injury-producing crashes — i.e., crashes where at least one
occupant in any of the involved vehicles (not necessarily the vehicle equipped with side marker
lamps) was injured. All of these analyses show a somewhat stronger reduction of injury-
producing crashes than property-damage-only crashes. The evaluation’s best estimate of side

* Kahane (1983 Side Marker Lamps), pp. 39-48.

> Includes dark not lighted, dark lighted, dawn and dusk.

6(1-.067)=1[.88(1-.088) +.12]/[.13(1-.088) + .87]

7168 =1—[(1-.088)(1-.088)]

¥ Ibid., pp. 69-85.

% Ibid., pp. 120-122; 90% confidence bounds: 10 to 22 percent.

1 1bid., pp. 136-139; 90% confidence bounds: 65,000 to 149,000 crashes prevented.
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marker lamp effectiveness is a 21 percent reduction of injury-producing nighttime angle
collisions when both vehicles have the lamps.!' The evaluation estimated that side marker lamps
would prevent 93,000 injuries in nighttime angle collisions per year.'?

Fatality reduction When the preceding contingency-table and regression analyses were
performed with 1975-81 FARS data, they did not show any reduction of fatal angle collisions, in
the dark, with side marker lamps. A case-by-case review of Multidisciplinary Accident
Investigations (MDAI) showed that the great majority of fatal nighttime angle collisions (but not
nearly so many nonfatal collisions) involved at least one of these two factors that would make
the lamps unlikely to help prevent a crash: (1) a vehicle traveling at least 50 mph, too fast for the
driver to see the relatively dim lamps in time to take evasive action; (2) two vehicles approaching
at right angles at relatively similar speeds, where drivers ought to see each others’ headlamps
more easily than the side marker lamps. In addition, many nighttime fatal crashes involve
alcohol-impaired drivers who are not likely to be alert to the lamps. The evaluation concluded
that side marker lamps, although highly effective in reducing nonfatal crashes and their injuries,
have little effect in fatal crashes."

Center High Mounted Stop Lamps (CHMSL)

Regulatory history After much experimental research (1974-79), on-the-road testing (1976-79)
and regulatory analysis, NHTSA amended FMVSS 108 in October 1983 to require CHMSL on
new passenger cars, effective September 1, 1985. CHMSL were standard equipment on all
model year 1986 cars; also on 1985 Cadillacs. In addition, consumers welcomed the lamps,
purchased about 4,000,000 retrofit kits and installed them on their pre-1986 cars. An April 1991
amendment extended the CHMSL requirement to pickup trucks, vans and SUVs manufactured
on or after September 1, 1993. All light trucks had the lamps in model year 1994, some make-
models as early as 1991."

How CHMSL work Stop lamps are a basic tool for preventing rear-impact collisions, daytime
and nighttime. When a driver applies the brake pedal, the lamps alert the following driver to
slow down immediately, maintain a safe distance, and be ready to stop. Conventional stop lamps
are less than optimal for accomplishing their mission. They are low and off toward the sides of
the vehicle, not where the following driver is looking most of the time. During quick scanning,
they might be confused with adjacent taillights and turn signals, and misinterpreted to mean a car
is proceeding or turning, rather than slowing down.

NHTSA and the insurance industry tested various configurations of experimental stop lamps, in
the laboratory and on the road, and concluded that the best system combined the two existing
stop lamps with a third red lamp, mounted in the center of the vehicle, and if possible higher than

" Ibid., pp. 48-53, 86-89, and 123; 90% confidence bounds: 12 to 29 percent.

"2 Ibid., pp. 141-143; 90% confidence bounds: 51,000 to 132,000 injuries prevented.

" 1bid., pp. 62-66, 100-112 and 125-130; Cole, Dain, and Fisher, Op. Cit.

!4 Kahane, C.J. and Hertz, E., The Long-Term Effectiveness of Center High Mounted Stop Lampsin Passenger Cars
and Light Trucks, NHTSA Technical Report No. DOT HS 808 696, Washington, 1998, pp. 1-2, 9 and 62-63;
Federal Register 48 (October 18, 1983): 48235, 56 (April 19, 1991): 16015; Final Regulatory Impact Analysis,
Federal Motor Vehicle Safety Sandard 108, Center High-Mounted Stop Lamps, NHTSA Docket No. 81-02-N02-
001, 1983.
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the other two. The central and raised location of CHMSL puts them in the area where the
following driver most often glances. It separates them from tail lamps and turn signals and
minimizes confusion. The high mounting might make it visible through the windows of a
following vehicle and enable the driver of the third vehicle in a chain to react to the first
vehicle’s braking. The three lamps form a triangle that might be an additional cue to get a
driver’s attention and a warning to keep a safe following distance. As a consequence, CHMSL
significantly reduced the average time for drivers to apply their brakes in response to the signal
from the vehicle in front of them."

Road tests with fleets of taxicabs and telephone-company cars were very encouraging, showing a
35 percent reduction of rear-impact collisions in the CHMSL-equipped cars relative to control-
group cars with conventional stop lamps. They paved the way for the CHMSL regulation by
suggesting the lamps would be highly beneficial and cost-effective.'®

Two questions arose during the CHMSL rulemaking in the early 1980’s. One was if the high
effectiveness in the fleet tests would persist after the lamps became standard equipment on
millions of vehicles, or if drivers would gradually become acclimatized to the lamps and less
conscious of them. This would be examined by repeated evaluations of CHMSL for about 10
years after they became standard on passenger cars. The other was if CHMSL would be
effective on pickup trucks, where they would likely be on top of the cab, far away from all other
lamps, or on full-sized vans, where they might be above the following driver’s usual line of
vision. As a consequence, CHMSL were only required on passenger cars as of September 1,
1985, and the requirement was extended to light trucks as of September 1, 1993 only after
additional research satisfied NHTSA that they would be effective there."”

Expected benefits CHMSL ought to reduce the probability of being struck in the rear by another
vehicle, daytime or nighttime.'® That will help prevent simple two-vehicle front-to-rear
collisions and chain collisions involving three or more vehicles. When the lamps prevent a
crash, they not only save the struck, CHMSL-equipped vehicle from damage, but also the
striking vehicle. Furthermore, if any occupant of either vehicle would have been injured, these
injuries are prevented. To the extent that fatal rear-impact crashes involve much higher speeds
and different crash conditions from the nonfatal ones, it is not clear if the lamps would have
much effect, if any, on fatal crashes.

' Kahane and Hertz, pp. 1-2; Digges, K.H., Nicholson, R.M. and Rouse, E.J., The Technical Basis for the Center
High Mounted Stoplamp, Paper No. 851240, Society of Automotive Engineers, Warrendale, PA, 1985.

'® Kahane and Hertz, pp. 2-3; Kohl, I.S. and Baker, C., Field Test Evaluation of Rear Lighting Systems, NHTSA
Technical Report No. DOT HS 803 467, Washington, 1978; Rausch, A., Wong, Jackson I. and Kirkpatrick, M., A
Field Test of Two Single Center High-Mounted Brake Light Systems, Submission to NHTSA Docket No. 81-02-
NO01-031, Insurance Institute for Highway Safety, Arlington, VA, 1981; Reilly, R.E., Kurke, D.S. and Buckenmaier,
C.C., Jr., Validation of the Reduction of Rear End Collisions by a High Mounted Auxiliary Stoplamp, NHTSA
Technical Report No. DOT HS 805 360, Washington, 1980.

'7 Evaluation Plan for Center High-Mounted Stop Lamps, NHTSA Docket No. 81-02-N02-002, 1983; Final
Regulatory Impact Analysis, Amendment to FMVSS 108 to Require Center High-Mounted Sop Lamps on Light
Trucks and Buses, NHTSA Docket No. 81-02-N10-001, 1991.

'8 Unlike side marker lamps in angle collisions, CHMSL are beneficial only on the struck vehicle. When two
vehicles approach at a 90 degree angle, either driver may see the other vehicle’s side marker lamps, but when two
vehicles travel in the same direction, only the following driver can see the other vehicle’s CHMSL.
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Crash avoidance — passenger cars NHTSA evaluated CHMSL in 1987, 1989 and 1998; only
the last evaluation, which superseded the earlier results, will be discussed here.” 1t is based on
1986-95 crash data from eight states: Florida, Indiana, Maryland, Missouri, Pennsylvania, Texas,
Utah and Virginia. These state files identify each crash-involved car’s model year and impact
site (rear impact vs. other). The basic contingency tables compare the last model year(s) before
CHMSL became standard equipment to the first model year(s) they were standard. They tally
how many cars were struck in the rear, and how many cars were involved in any other kind of
impact (the control group). The following example is based on Florida data for calendar year
1987, comparing the crash experience of model year 1985 and 1986 cars:

Collision Involvements

Ratio of
Florida, CY 1987 crashes Rear Impacts Others Rear/Other
Model year 1985 ( 10% with CHMSL?) 6,773 22,959 295
Model year 1986 (100% with CHMSL) 7,161 25,989 276

In this example, the ratio of rear impacts to other-type crash involvements is a statistically
significant 6.6 percent lower in the model year 1986 cars than in the 1985 cars, indicating a
benefit for CHMSL. However, this analysis understates the effectiveness of CHMSL because it
does not adjust for vehicle age. Newer cars in general have relatively more rear impacts (and are
less often the striking vehicle), inflating the “ratio of rear/other crashes.” The evaluation
developed a regression analysis that adjusted for vehicle age and yielded unbiased estimates of
the effectiveness of CHMSL. The effect was positive and statistically significant in each of the
eight states. When the results from the eight states are combined, the weighted-average
effectiveness of CHMSL is statistically si