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STATE OF ALASKA BILL NUMBER:  HB 154
1991 LEGISLATIVE SESSION

ANALYSIS ‘cent. Irom Dime h;

Uan/iatnrv Lights Siuns

Locations:
1) Border Xinsis
2) Towns over 1000 (airports)
3) Marine Hwv Pons 21
Total 54

Sign first cost:
Area 5sq ft
cost S5()/sq ft
Total =$50 x5 x54 =513.500

Maintenance:

long term Main 20% x $13,500
annual cost $2,700 say $3,000
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Co-Chair
House Finance Committee

Alaska State Legislature

Representative M ike N avarre P.0. box V
Juneau, Alaska 99811

(007) 465-3779

March 11, 1991

MEMORANDUM

TO: Representative Richard Fostei lan House Transportation
FROM: Representative Mike Navar

SUBJECT: House Bill 154, An Act requiring the use of headlights when
driving a motor vehicle.

PURPOSE OF HB 154

Safety is the main reason this bill was introduced. Statistics show a
definite reduction in accidents when motorists drive with their headlights
on at all times.

Studies of accident causes have shown that nearly half of all road
accidents are caused by driver recognition problems including both
perception and comprehension (Transport Canada Study January 1989).

BENEFITS OF HB 154

First and foremost is the reduction in fatalities and injuries.

Lowering the rate of vehicle vs. pedestrian accidents. After introducing
similar law is Sweden, pedestrian and cyclist accidents decreased more
than collisions between vehicles.

Transport Canada's studies indicate that there would be a 10 to 20 percent
reduction in daytime multiple vehicle collisions (excluding rear-enders).

If you would like more backup material on this issue please contact my
office.

DISTRICT 5
34824 K-Beuch Rond < Soldotna, Alaska 99669 < (9071 262-7S42

HUNTED OS RECYCLED 1'YHEH

IHABB



De artm nt of Transportation
PUbIC Facilities

&ION

1ILL NO: CSHI13154 APPROVED:

TITLE: "An Act requiring the use of headlights when driving a motor
vehicle."”

DATE:

The Department supports the bill.

There is only one section in the committee substitute bill and it requires a
person driving a motor vehicle to have the headlights illuminated.

The purpose of the bill is to increase the visibility of vehicular traffic
especially during period of poor lighting conditions (which can occur during
the long twilight conditions induce by the high latitudes in Alaska). This

increased visibility should reduce the accidents rate with minimal cost to the
traveling public.

The Department of Transportation and Public Facilities, as required by the

Alaska Traffic Manual, would be responsible for the required signing of the
highways.

It would cost approximately $28,500 to install and maintain the signs for six
years.



In e . I /' WALTER J. HICKEL, GOVERNOR

DITAKTMI-NT <)l IRANSI'OKTATION AND ITJHLIC | ACILITIIS P O. BO
rno!%lUNEA Nt SKA 09811 2500
ENGINEERING & OPERATIONS STANDARDS FOX:  (907) 46 52460

April 3, 1991

The llonorablc Richard Foster

Alnskn Stale Lc*},isl<ilmv

Chiiirnmn, Ilouse* Trnnsporinlion Committee
P. O. Box V

Juneau, AK 99811

Dear Representative Foster:

As requested at the hearing on MB 154 held on March 12, | have attached a
series of literature abstracts taken frorn the Dialog database of articles
published on transportation topics. They pertain to the use of headlights in
daytime or daytime ruhi.ing lights (DRL) as they are typically referred to. As
was indicated by Representative Navarre's staff person and my own
testimony, the evidence of daytime headlight use being beneficial in lowering
accident rates is quite strong. Canada, which in 1990 mandated DRL, is
estimating an overall accident reduction of 20% while the reports from the
Netherlands suggest a more modest 5-12% reduction.

In the most recent year of complete statistics (1989) Alaska experienced 79
accidents with fatal injuries and 3,622 accidents with non-fata'l injuries. Thus,
even the most conservative accident reduction rate cited in the literature
would have very positive effects in public safely, reduced medical costs and
lowered insurance rates.

| trust this information is useful in your consideration of this bill.

cc: Representative Mike Navarre
Katy McHugh, Legislative Liaison
Gayle Moretski, Deputy Commissioner, Dept, of Public Safety



SEE AND BE SEEN DRIVING

Spain, Robert F; kirn, Y. George; Fisher , Russell V.
General Motors Res. Labs.

Driver pi9-24 (Jul 1975) 1975 Monograph 8rcfs
REPORT NO: MS-017 090

The physiological limitations imposed on our abilities to perceive, recognize, decide,
react, and evade an accident are discussed. The four leading factors in accidents arc
considered to be improper lookout (particularly at intersections), excessive speed,
inattention, and improper evasive action. A chart is provided which illustrates the
estimated human-machine, lime-dislance relationships of two autos traveling can a
head-on collision course of 55 mph (or at a combined closing speed of 110 mph). An
elapsed time of 2.05 seconds is the bare minimum available under perfect conditions,
for both men and machines, for either driver to avoid collision. Perceptual lag, the
estimated one-tenth of a second for eye-lo-brain communication, is conside.ed.
Recognition of what the driver sees requires another half second. The decision time,
determined by the experience level of the driver, is the next crucial factor. Under ideal
conditions it can vary from .15 to .85 secondt but it can take as long as several seconds.
Following his decision, the driver then has a minimum of .3 seconds to physically
react. This, however, could take several seconds, depending on experience. The time
needed for the driver's vehicle to mechanically respond to his inputs to the controls
and to successfully change the collision course is the final factor. The estimated
minimum lime for this is one second. It is concluded thr.t the human demands of this
type of driving situation may exceed a driver's abilities, that collisions will continue to
be a constant threat, and that the only way to remedy these problem.; is to recognize the
limitations of driver and vehicle. The following factors can influence a driver's ability
to avoid an accident : headlight maintenance; the size of the driver's nose; a panoramic
rear-view mirror; an anti-glare rear-view mirror; sunglasses of high optical quality; rest
breaks on long trips; windshield wiper maintenance; a reminder of safe speed affixed to
the speedometer; and expansive window areas offering minimum obstruction and
optimum field of view. Presented at Automotive Engineering Congress, Detroit, Mich.,

12-16 Jan 1970.



DAYTIME RUNNING LIGHTS

Schreuder, DA

Institute for Road Safety Research SWOV P.O. Box 170 2260 AD Leidschendam
I *'Pierlands

i 88 66p Swedish

AVAILABLE FROM: National Technical Information Service 5285 Port Royal

Road Springfield Virginia 22161

Daytime running lights and their effect on traffic safety were studied in a literature
review in 1985. This research led to a further study of the use of dipped headlights. The
main conclusion was that the introduction of daytime dipped headlight use in the
Netherlands should reduce the number of I raffic accident victims in such a way that
the reduction was bigger than the costs. After many discussions on further resarch, and
on the results obtained in other countries, the use of daytime running lights is now
strongly recommended. It isemphasized that a light on the rear end of the vehicle is
also desirable. Available outside the North American Continent from Institute for
Road Safety Research SWOVV, P.O. Box 170, 2260 AD Leidschendam, The Netherlands



ROAD SAFETY AND DAYTIME RUNNING EIGHTS: A CONCISE OVERVIEW OF

THE EVIDENCE

Koornstra, MJ

Institute for Road Safety Research SWOV P.O. Box 170 2260 AD Leidschendam
Netherlands

1989 17p

AVAILABLE FROM: National Technical Information Service 5285 Port Royal

Road Springfield Virginia 22161

Studies of road accidents in Japan, Canada and the Federal Republic of Germany show
that the human perception errors and perception related to misjudgements form a
main causal factor in road accidents, ranging from 20% to 50%. Types of conflicts for
which daytime running lights (DRL) may be beneficial, such as overtaking collisions
and crossing collisions are over represented in daylight accidents. A reduction of
accidents would occur if DRL could match the selective perception of traffic in
darkness. Estimations of distance to other road users are shorter if DRL are used, while
visibility is only partially enhanced. These perceptual results point to an explanation of
the effect of DRL as based on the enhancement of timely perceptual selection and
judgement, instead of based on the enhancement of mere visibility only. The expected
reduction of the total number of accidents is at least 5%. The measure has surely a very
good cosl-benefil ratio: total costs will increase by less than 30 Dutch guilders per car per

year.



EVALUATION OF GLARE FROM DAYI'IME RUNNING LIGHTS

Kirkpatrick, M; Marshall, RK
Carlow Associates, Inc. 8315 Lee Ilighway, Suite 410 Fairfax Virginia 22031

Oct 1989 91p
AVAILABLE FROM: National Technical Information Service 5285 Fort Royal

Road Springfield Virginia 22161

Experiments were conducted to determine effects of Daytime Running Light (DRL)
intensity on driver discomfort glare when using internal and side rearview mirrors.
DRL lamps were placed behind a lest vehicle as if mounted on a following vehicle.
Discomfort glare was evaluated as a function of lamp intensity, vehicle/lamp geometry,
lamp-lo-lamp distance, and driver age. Field tests and experiments have suggested that
the use of DRL on vehicles may have potential for reduction of daytime collision
likelihood and severity. While enhancement of vehicle conspicuily in daylight appears
to increase with lamp intensity, questions have arisen involving possible counter-
productive effects of high DRL intensity such as production of discomfort glare under
dawn/dusk or overcast daytime illumination levels. Discomfort glare was found to be
largely independent of lamp-lo-mirror distance over the range studied. The finding
implied that DRL lamp luminance in candela per unit area and DRL lamp area as well
as intensity should be considered in recommending lamp design characteristics to limit
discomfort glare. The data did not support the hypothesis that elderly drivers would
experience more severe discomfort glare for a given lamp output than would younger

drivers.



ROAD SAFETY AND DAYTIME RUNNING LIGHTS

Koornslra, MJ

Institute for Road Safety Research SWOV P.O. Box 170 2260 AD Leidschendam
Netherlands

1989 Mp 15 Ref.
AVAILABLE FROM: Institute for Road Safely Research SWOV P.O. Box 170 2260

AD Leidschendam Netherlands

Studies of road accidents in Japan, Canada and the Federal republic of Germany show
that human perception errors and perception related misjudgements form a main
causal factor in road accidents, ranging from 20% to 50%. Types of conflicts for which
daytime running lights (drl) may be beneficial, such as overtaking collisions and
crossing collisions are over represented in daylight accidents. A reduction of accidents
would occur if drl could match the selective perception of traffic in darkness.
Estimations of distance to other road users are shorter if drl are used, while visibility is
only partially enhanced. These perceptual results point to an explanation of the effect of
drl as based on the enhancement of timely perceptual selection and judgement, instead
of based on the enhancement of mere visibility only. It is concluded from different
studies that in Europe, and in particular in the Netherlands, an obligation for drl will
most likely reduce the number of daytime multiple accidents by about 25% and will
surely reduce accidents by more than 10%. Since in the Netherlands the number of
these accidents is about half of the total number of accidents, the expected reduction of
the total number of accidents is at least 5%. The measure has surely a very good cosl-
benofit ratio: total costs will increase by less than 30 Dutch guilders per car per year.



DAYTIME EIGHTS -20% FEWER ACCIDENTS

Finn, E

Transport Canada

Transpo VOL. 12 NO. 1 1989 pp 18-19

AVAILABLE FROM: Transport Canada Public Affairs Branch Ottawa Ontario KIA
ON5 Canada

The Canadian Motor Vehicle Safely Regulations require that all cars, buses, and trucks
sold in Canada will be equipped with automatic daytime running light (DRL) systems
starling with the 1990 models. This was the result of extensive research by Transport
Canada and successful experiments with such lights in Finland, Sweden and Norway.
These lights will be activated whenever a vehicle is operated without its regular
headlights. One study found 20% fewer accidents involving vehicles filled with
automated daytime lights. This means 120 lives will be saved annually, 11,000 fewer
injuries, and a $200 million savings in medical costs. Studies have shown that drivers
underestimate the speed of an approaching car that is unlit. DRLs will also be a boon for
pedestrians, cyclists and animals. The Yukon jurisdiction in Canada has a law (1987)
that compels all cars to have their lights on at all times when being driven. The use of
low-bcam headlights during the day, whether voluntary or compulsory, is an
important adjunct to the new federal DRL. regulation. It is hoped that non-owners of
1990 model cars will retrofit their older vehicles with DRL Kkits.



ANALYSIS OF APROPOSED REGULATION REQUIRING DAYTIME RUNNING
LIGHTS FOR MOTOR VEHICLES

Lawson, JJ

TRANSPORT CANADA ROAD SAFETY AND MOTOR VEHICLE REG Ottawa
Ontario Canada;

DIRECTORATE

Jim 1986 VIII+135P

A limited form of social cost-benefit analysis has been performed on the various
possible daytime running light (drl) devices under consideration for implementation.
These options include reduced intensity headlamps, increased intensity parking lamps,
modified turn signals, and separate special-purpose running lamps. Costs are
estimated in terms of manufacturing, maintenance and additional operating costs.
Estimates of benefits are based on the effectiveness of the daytime running lights in
reducing accidents, using data collected in other countries, notably Sweden, where drl
devices have been implemented. The total costs, benefits and net benefits of the
regulation are projected for the future fleet of vehicles in Canada to the year 2000. The
estimates indicate that reduced intensity low-beams would not produce a net benefit,
except for heavy trucks, while the other drl systems would produce total net benefits
over this period of between $500 million for special purpose drl devices up to $750

million for reduced intensity high-beam lights.



EVALUATION OF AUTOMATIC DAYTIME DRIVING LIGHT CONTROL DEVICES
George, D

Alberta Transportation 89lh Avenue and 114th Street Edmonton Alberta

Canada

Oct 1986 4p 8 Fig.

AVAILABLE FROM: Alberta Transportation 89lh Avenue and 114th Street
Edmonton Alberta Canada

Based on the reported success of automatic headlight devices in the province of
Saskatchewan.. Alberta transportation is currently testing the feasibility of these devices
for use on government vehicles in this province. This project has been initialed to
evaluate two different products available for automatically operating vehicle lights. It
will also assess driver altitudes as an indication of the potential successfulness of a
daytime driving light policy. From the responses received, the indication is that the
devices are reasonably easy to install and operate, and user acceptance is high. However,
the devices are fairly costly and since the time of this study more products have become
available on the market. If daytime driving light policy is recommended in the future
(including the use of an automatic device), consideration should be given to alternative
products available at a reasonable cost. (Author/TRRL)



STUDY OF DAYTIME RUNNING LIGHT DESIGN FACTORS

Kirkpatrick, M; Baker, CC; Measly, CC

Carlow Associates 8315 Lee Highway Fairfax Virginia 22031

Aug 1987 103p

REPORT NO: DOT-FIS-807 193

SUBFILE: IIRIS; NTIS

AVAILABLE FROM: National Technical Information Service 5285 Port Royal
Road Springfield Virginia 22161

Prior research has suggested that use of daytime running lights (DRL) on operating
vehicles can reduce the frequency and severity of collisions. Possible DRL
implementations include high-beam headlamps (with reduced intensity), low-beam
headlamps, turn signals, parking lamps and dedicated DRL lamps. Questions have,
therefore, arisen regarding the impact on DRL effectiveness of a number of lamp design
features and parameters. Research issues involve the effects on vehicle conspicuily
under daytime illumination but also potential negative consequences of DRL such as
masking of adjacent turn signals and glare under dawn/dusk conditions. The objective
of the effort reported here was to obtain data on perceptual effects of DRL intensity,
lamp area, color, number of lamps and lamp/background contrast in the above areas.
Three experiments were performed to investigate human performance as functions of
these design parameters in tasks involving peripheral vehicle detection, turn signal
detection and rearview mirror discomfort glare produced by DRL.



SURVEY OF VEHICLE LIGHT USE IN DAY LIME

Ng, IV

Transport Canada Transport Canada Building, Floor 27C, Place dc* Ville
Ottawa Ontario KIA ON5 Canada

87p 11 Fig. 18 Tab. Il Ref.3App.

REPORT NO: TP 5770E; 11S-038 369

AVAILABLE FROM: Transport Canada Transport Canada Building, Floor 27C,
Place do Ville Ottawa Ontario KIA ON5 Canada

To provide baseline information for assessing the effectiveness of daytime running
lights (DRL), national surveys of daytime use of vehicle lights was conducted in 3
seasons (fall, winter, summer of 1981-1982). Surveys were made at 200 road sites across
Canada selected using a multi-stage probability sample design. Observations were made
for 2 one-hour periods selected to cover the diurnal spectrum approximately from a
half-hour before sunrise to a half-hour after sunset. Information was recorded
regarding vehicle type, use of front lighting, headlamp configuration, as well as a
number of relevant environmental factors. A photographic light meter was used to
measure the ambient illumination. Analysis of survey data showed that weather was
the most influential factor affecting the use of vehicle lights. The ambient illumination
was found to show a fairly logarithmic relationship with DRL usage which increased
rapidly as the ambient illumination level fell below 15,000 areas. Overall, the usage was
14.8% in the fall, 19.6% in the winter and 8.0% in the summer. The annual DRL usage

in Canada was estimated to be 13.6%



PITOTOMETRIC TESTS OF DAYTIME RUNNING LIGHTS

Kirkpatrick, M; lleasly, CC; Bathurst, JR

Carlow Associates Incorporated 8315 Lee Ilighway, Suite 410 Fairfax

Virginia 22031; National Highway Traffic Safely Administration Crash
Avoidance Research Division Washington D.C. 20590

Feb 1984 Final Rpl. 69p Figs. Tabs. 9 Ref. 3 App.

REPORT NO: 11S-806 620

AVAILABLE FROM: National Technical Information Service 5285 Pori Royal
Road Springfield Virginia 22161

Current and prior field test data suggest that use of daytime running lights on
operating vehicles can reduce the frequency and severity of collisions. Currently
available data do not support the establishment of optimal or required daytime

running light output and light distribution parameters. Daytime running light
configurations which have been used in field tests range in output from low beam
headlights to vehicle parking lights. Considerations of cost and driver visual response
suggest that an optimal daytime running light would fall between these extremes.
Photometric measurements were taken using parking lamp units from vehicles
currently being used in daytime running light field tests. The vehicles in question all
use a special bulb having a 15 candela spherical intensity. Because of differences in lamp
housings and lenses, the vehicles in question vary in terms of apparent output and
angular distribution. Photometric measurements of the lamps in question were taken
over a range of viewing angles. A weighting scheme was developed to combine the
angular measurements into a figure of merit for each vehicle. These data can be used in
the final analysis of field test results to evaluate the functional relationship between
daytime running light output and accident rate.



DAYTIME RUNNING LIGHTS - A CONCEPT WHOSE TIME HAS COME
Richardson, DI3 (Toronto Metropolitan Road & Traffic Department)

Institute of Transportation Engineers

ITE journal VOL. 54 NO. 10 Oct 1984 pp 28-30 6 Ref.

SUBFILE: EIT; HRIS

AVAILABLE FROM: Engineering Societies Library 345 East 47lh Street New

York New York 10017

Considerable research has been carried out over the past 20 years, both in Europe and
here in North America, which indicates that the use of low beam headlights or the
installation of daytime running lights would significantly increase the conspicuily of all
vehicles on the road. The corresponding reduction in accidents with the associated
medical and social cost savings make the decision to proceed with mandatory running
lights an obvious one.



SEE AND BE SEEN

Steel, M

Association of Public Lighting Engineers

Public Lighting VOL. 44 NO. 187 Dec 1979 pp 241-242 9 Ref.

The question whether dipped headlights should or should not be used in well-lighted
streets is considered from the standpoint of practical law enforcement and safely of road
users. The results are presented, with comments, of roadside checks at two sites in
Ayrshire, Scotland, on the use of dipped headlights in streets with contrasting intensity
of illumination. The results confirm the recent increase in use of headlights and the
total casualty rates in Ayrshire and elsewhere are considered against this trend. A
review is included of legislation introduced since 1930 e.g. Introduction of speed limits
and use of the breathalyser test, and from figures quoted it is suggested that these
measures may well have reduced total road casualties. The author concludes that
legislation should now be introduced requiring headlights to be used in all situations
during hours of darkness except when vehicles are stationary. (TRRL)



TURN ON HEADLIGHTS’SAVES MANY LIVES
Estep, AC

Slate Public Works Bulletin

Feb 1970 Vol 4, P6, 1FIG

A REPORT IS MADE ON THE REQUIRED USE OF OF HEADLIGHTS DURING TI IE
DAYLIGHT HOURS ON A 25 MILE LENGTH OF THREE TWO-LANE, TWO-WAY
ROADS. COMPARISONS WERE MADE OF TI IE ACCIDENT RECORDS BEFORE AND
AFTER INSTALLATION OF THE SIGNS FOR THE TEST SECTIONS. T! IE
FOLLOWING CONCLUSIONS WERE MADE REGARDING TI IE IHIEADLIGI IT TEST
SECTIONS: (1) THEY DO NOT APPEAR TO REDUCE THE TOTAL NUMBER OF
ACCIDENTS, BUT THEY DO REDUCE SEVERITY; (2) THEY APPEAR TO BE
VALUABLE WHEN USED ON TWO-LANE SECTIONS LOCATED BETWEEN FOUR
LANE FREEWAY SECTIONS; (3) THE COST OF IMPLEMENTATION IS RELATIVELY
LOW; (4) TEST SECTIONS ARE WELL RECEIVED BY THE PUBLIC. /SRIS/



THE EFFECT OF RUNNING LIGHTS ON VEHICLE CONSIMCUITY IN DAYLIGHT
AND TWILIGHT

Ilorberg, U; Rumar, K (Uppsala University, Sweden; National Swedish Road

& Traffic Research Institute)

Taylor and Francis Limited
Ergonomics VOL. 22 NO. 2 Feb 1979 pp 165-173 6 Fig. 22 Ref.

These field experments were set up to investigate the eonspicuity afforded
approaching vehicles by running lights of different intensities under various levels of
ambient daylight illumination. The main criterion of eonspicuity used was the distance
at which vehicles appearing in the periphery of the visual field could be detected
(peripherical detection distance). A second criterion used was subjectively reported,
relative eonspicuity, between pairs of vehicles viewed directly, (subjective central
eonspicuity). In the first experiment, peripheral detection distances were measured in
full daylight for vehicles approaching at visual angles of 30 and 60 degrees and showing
no lights, or pairs of 50 cd, 150 cd, low beam and high beam lights. In the second
experiment, subjective central eonspicuity and response lime were recorded for paired
comparisons among six vehicles, 500 M distant, showing no lights, or pairs of low beam
lights of 50 cd or 100 cd intensity and of while or amber colour. In the third experiment,
peripheral detection distance was measured during the onset of twilight for vehicles
approaching at a visual angle of 20 degrees, over a dry asphalt or snow-covered runway,
and showing pairs of running lights of 0, 100, 200 or 300 cd intensity. As expected, there
was A strong interaction between illumination level, viewing angle and running light
intensity. The normal vehicle low-beam falls within the range of intensity found
acceptable for a daylight running lighi (300-1000 cd). Special running lights may,
however, be superior, because they can be optimally designed from a functional point
of view.(a) /TRRL/



THE USE OF HEADLAMPS BY VEHICLES DURING DAYTIME AND TRAFFIC
SAFELY

Institute for Road Safely Research 1’.0. Box 71, Deernsstraal 12119

Voorburg Netherlands

Jan 1974 Monograph 7 pp 2 Ref. Dutch

In some circumstances vehicles are insufficiently visible during daylight. Therefore it
is recommended that headlamps be used at all limes during daylight. An additional
benefit is that information is given concerning direction of travel. A brightly coloured
car forms a contrast with the background, but the brightness of non-dirly dipped
headlights will usually exceed the brightest colour. In certain circumstances rear lights
can be more easily visible than a bright colour, in other circumstances the reverse is the

case.



DAYTIME RUNNING-LIGHTS PROJECT IV: TWO-LANE PASSING PERFORMANCE
AS A JUNCTION OF HEADLIGHT INTENSITY AND AMBIENT ILLUMINATION
Attwood, DA

Ministry of Transport, Canada; Tower C, Place de Ville; Ottawa; Ontario

KIA ON5; Canada

Feb 1976 Final Rpl. 49 pp 22 Fig. 4 Tab. 17 Ref.

REPORT NO: TR-RSU-76/11

The experiment investigated the ability of subject drivers to perform a two-lane
passing task, with oncoming traffic, as a function of the level of ambient illumination
and the headlight intensity of the oncoming vehicle. Eight experienced drivers
performed both passing trials and gap-estimation trials, under closed-course conditions,
during, dawn and dusk hours. Levels of ambient illumination varied from
approximately 0.(12 to 200 fl-c during the experiments. Headlight conditions included no
lihgts, normal low-beam headlights and lovv-beams with fillers which reduced their
intensity to about 1/3 of normal. Results indicated that the gaps accepted by drivers in a
two-lane passing situation increased with an increase in the intensity of the headlight
of the oncoming vehilce. The range of gaps accepted across headlight conditions was
less, however, at higher levels of ambient illumination than at lower levels. Best
results in terms of mean gaps accepted and minimum variability in performance was
achieved with the reduced intensity low-beams. Results are discussed in terms of the
optimum intensities of daytime running-lights. Suggestion for future research are
presented. /Author/ SRIS 7601S2 in Part Il under the tille-Vehicle Detection as a
function of Headlight use and Ambient Illumination.
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3. Justification, the problem, benefits

Studies of accident causes have shown that nearly
half of all road accidents are caused by driver recognition
problems including both perception and comprehension.
Common among such problems is a driver®s failure to see

another vehicle or to judge its speed. Many methods of
improving vehicle eonspicuity (noticeability) in daytime
have been studied by road safety researchers. The use of

lights is considered to be the most effective treatment and
its benefits have been confirmed by many studies.

Transport Canada®s own research and studies done
in Sweden, Finland and the United States indicate that
daytime running lights (DRL) fitted to all vehicles would
result in a 10 to 20 percent reduction in daytime multiple
vehicle collisions (excluding rear-enders). This reduction
is equivalent to 3 to 6 percent of all road accidents in
Canada. DRL would result in approximately 38,000 fewer
multi-vehicle accidents annually. The consequent annual
benefits have been estimated at 120 fewer fatalities, 11,000
fewer injuries and a $200 million reduction in medical and
accident costs. These economic savings more than outweigh
the estimated total purchase and operating costs for daytime
running lights, which are estimated at $42 to $145 (present
value), depending on the DRL system chosen, over the life of
a passenger car or light duty truck.

The accident studies indicate that DRL is
effective in both urban and rural areas, summer and winter,
at intersections and away from them, and against accidents
involving pedestrians and cyclists as well as only motor
vehicles.
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12.. Masking

Some observers fear that increased use of lights
in daytime will make it difficult to see unlit vehicles.

This is called the "masking"™ effect. However, masking 1is
probably worse now than it will be when DRL-equipped
vehicles are in common use. One reason is that, when

masking is most likely (at dawn and dusk, and in inclement
weather), drivers switch their headlights on or off at
widely varying times. In addition, a national survey
conducted by Transport Canada in 1981-82 showed that 15 to
20 percent of all vehicles in use in rear-darkness had no
lights on at all. These vehicles could be considered to be
masked. Automatic DRL systems will 1improve this situation
because the growing numbers of DRL-equipped vehicles will
increase the total proportion of "lit" vehicles on the
road. The number of potential masking situations is
therefore expected to decrease over time.

Another concern is that vehicles with lights on in
daytime will make pedestrians, cyclists, parked vehicles,
animals in the roadway, potholes, etc. les.s visible.

However, even full-intensity low beam headlights are not

sufficiently bright 1in comparison with natural daylight to
cause the "veiling glare™ that would interfere with driver
vision. Neither would it be safe or reasonable for drivers
to interrupt their normal visual scanning patterns to stare
at daytime running lights on approaching vehicles and thus

miss seeing a potential obstacle. It should be noted that
DRL will also benefit pedestrians, cyclists and animals by
alerting them sooner to approaching vehicles. In fact,

after DRL was introduced in Sweden in 1977, pedestrian and
cyclist accidents decreased more than collisions between
vehicles.
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14. Relevance of foreign accident, studies and traffic
characteristics to Canada

Some observers have expressed doubt that DRL would
be as effective in reducing accidents 1in Canada as it has
been in Sweden and Finland due to the different geographic
locations. A study done for Transport Canada by the
Atmospheric Environment Service of Environment Canada
indicates that the distributions of daytime hours by level
of ambient brightness in Sweden and Canada overlap to a
great extent and that the total hours of daylight are the
same 1in both countries. The study showed that the
proportion of total daylight hours classified as bright or
very bright in Sweden was 40%, compared to 54% 1in Canada.
Sweden had correspondingly more hours of average and dull
conditions. The differences are not sufficiently large to
conclude that DRL would be 1ineffective in Canada, especially
because shadows, cloud cover, precipitation and background
all affect visibility of objects 1in complex ways that cannot
be readily analyzed. However, a study of the effects of the
Swedish DRL regulation showed that accident reductions 1in
summer (when there is more daylight than in southern Canada)
were comparable to those 1in winter (when there 1is less).

North American accident studies also support the
conclusion that DRL will be effective in Canada. In a study
conducted by Transport Canada on Department of National
Defence vehicles 1in 1975-76, vehicles operated with
automatic headlights were 1involved in 20 percent fewer
accidents than were unmodified vehicles. In addition, a
recent study by the U.S. Insurance Institute for Highway
Safety of several U.S. fleets 1in which half of the vehicles
were specially equipped with DRL showed that the DRL-
equipped vehicles had 7 percent fewer accidents than the
non-DRL group. These results suggest that DRL 1is effective
over a wide range of latitudes and in many different light
conditions.

The Canadian accident reduction estimates for DRL
were based on the Swedish experience because of the quality
of the Swedish data and the fact that it included two years
of almost-universal daytime lights use. Some observers have
suggested that DRL will be less effective in Canada than 1in
Sweden because of differences 1in traffic conditions.

However, the department is confident in its estimates for
Canada because they take account of differences between the
two countries in terms of accident configurations (head-on,
angle, etc.), accident location (urban/rural) and driving
season (summer/winter). Similarities in Canadian and
Swedish driving and accident patterns, and in annual vehicle
kilometres driven, also lend weight to Transport Canada“s
accident reduction estimates.
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16 . tj.S . Position

The National Highway Traffic Safety Administration
(NHTSA) of the U.S. Department of Transportation issued a
proposal on March 24, 1987 that would have permitted new
vehicles sold in the U.S. and manufactured on or after
September 1, 1908 to be equipped with DRL. The proposal was
harmonious with Transport Canada®s requirements and would
have made DRL 1legal in all states, 1including those whose
traffic laws may unintentionally prevent the use of DRL and
thus could 1impede Canada-U.S. vroad traffic.

NHTSA terminated this rulemaking on June 16, 1988
because 1its non-mandatory nature meant that it might conflict
with some state laws that could affect daytime lights use.
Termination followed release of a White House Executive Order
on federalism, 1iosued after the DRL proposal, that requires
evaluation of the impact of all federal regulations in order
to limit preemption of state laws, unless preemption 1is
necessary to address a national safety need. If NHTSA
demonstrates at some future time that DRL would significantly
improve traffic safety in the U.S., a federal mandatory DRL
standard could be introduced that would automatically preempt
any inhibiting state laws.

The termination notice states that NHTSA does not
yet have sufficient safety evidence to mandate DRLs, noting
that the benefits demonstrated 1in Scandinavia may be due to
the lower average ambient light level, as compared to the
U.S. However, as there 1is potential merit in using DRLs 1in
the U.S., the agency plans to work with the states to remove
any legislation that would prevent the use of Canadian DRL
systems, and has requested the American Association of Motor
Vehicle Administrators (AAMVA) and the National Committee on
Uniform Traffic Laws and Ordinances to urge states to revise
any laws that might prohibit or inhibit the use of DRLs. The
AAMVA passed a resolution to this effect in October 1988.

NHTSA 1is continuing research on DRL, and will be
taking into account the operational effectiveness of DRLs in
Canada, after the Canadian regulation takes effect in 1989,
in determining whether there may be sufficient jJustification
to require DRLs on new vehicles 1in the U.S.

The Society of Automotive Engineers (SAE) Lighting
Committee has conducted several outdoor visibility
experiments in recent years to determine the most suitable
DRL light characteristics for U.S. ambient conditions. It is
now preparing an SAE Recommended Practice for DRL.

Citing considerable evidence of the effectiveness
of DRL, the U.S. National Transportation Safety Board issued
a formal recommendation in November 1985 to the National
Safety Council that it develop and conduct a program to
encourage motorists to drive with their low beam headlights
on during the day.
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2.0 ACCIDENT RATE FIELD TESTS

Field tests involve comparison of the daytime accident rate of a group of vehicles equipped
with some version of DRL with that of a similar group of vehicles not having DRL. In some cases,
all vehicles in a given sample have been equipped with DRL at a certain point in time and the
experimental accident rate was determined during a period of time following installation. The
control accident rate was then determined from a like period of time prior to installation. This
general approach has been termed a before/after test In interpreting data from such a test, it is
always possible that an observed accident rate reduction is due to extraneous non-DRL factors
confounded with the pre-DRL and post-DRL time periods. These could include changes in
weather, changes in vehicle density, changes in driving practices, etc. The preferred type of test
uses a vehicle sample which is split into two matched groups. One of these is equipped with DRL
and constitutes the experimental group. The other is not so equipped and constitutes the control
group. This approach has been termed a concurrent groups test. Assuming that location, vehicle
type and driver factor distributions are matched in the two groups, any observed differences in
accident rate between groups can then be attributed to the operation of DRL. The concurrent
groups approach is generally preferred on experimental design grounds because it provides control
of extraneous variables which might otherwise produce spurious results.

Results of a number of DRL field tests are summarized in Table 2-1. These studies have been
reviewed by Attwood (1981), with the exception of the Insurance Institute for Highway Safety
(HHS) test (Stein, 1985). The IIHS study used approximately 2000 DRL equipped automobiles,
trucks and vans and compared the accident rate of these with a similar number of control vehicles.
The DRL configuration used was vehicle parking lights with special bulbs having a 15 candela
(cd.) minor filament. For all vehicles in the test, a seven percent reduction in daytime accident rate
resulted from the use of DRL.

The overall pattern of results in Table 2-1 shows a considerable range of effects of DRL. For
automobiles and trucks, the accident rate reduction figure of seven percent was found in several
studies. Reduction percentages in other studies ranged considerably above this. The degree of
reduction due to DRL appeal s to be roughly associated with DRL intensity. The IIHS study and
the Swedish before/after study both reported a seven percent accident reduction. The lighting
configurations in the latter were highly variable including auxiliary DRL lamps in the range of 300 -
800 cd. which were required on vehicles manufactured after the law went into eflect, headlamps
and city lamps which have an intermediate output. The IIHS study used increased intensity parking
lamps which generally fell into an intensitylrange somewhat lower than that of the the Swedish
DRL standard. For many of the studies listed in Table 2-1 in which headlights were used as DRL,
somewhat greater accident rate reductions can be noted. There is some suggestion of an increasing



Source

Greyhound Bus
Lines (1960s)

AT & T Long Lines
(1972)

Checker and Yellow
Cab Companies

Norlh Carolina
Motorcycle
Headlight Law
977)

Port ol NewYork
Authority (1965)

Transport
Canada (1977)

Swedish DRL Law
(1975-1979)

Insurance Institute
for Highway Safety
(1902-1984)

Vehicle
Type

Buses
Automobiles/
Trucks

Automobiles

Motorcycles

Automobiles/
Trucks

Automobiles/
Trucks

Al Vehicles

Automobiles/
Trucks

DRL

Configuration

Headlights

Headlights

Headlights

Headlights

Parking Lights
Headlights
Headlights cr
Auxiliary DRL

Parking Lights

Test

Approach

Before/After
Before/After
Concurrent

Groups

Beforo/After

Concurrent
Groups

Concurrent
Groups

Before/Afier

Concurrent
Groups

Table 2-1. Summary of Daytime Running Light Field Tests

Approximate
DRL
Intensity (cd.)
6,000 - 15,000
6,000 - 15,000
6,000 - 15,000

6,000 - 15,000

20-50
6,000 - 15,000
300 -15,000

60 -360

12-24 % roduction

33 -44 % reduction

7 % roduction

5 % reduction

18-23 % reduction

22 % reduction

7 % reduction

7 % reduction



DRL effect with lump center intensity.

The exception to this trend is the Port of New York Authority study (Cantilli, 1970). In this
study, the DRL configuration was standard parking lights which generally involved rated spherical
intensities on the order of 3-6 cd. and center intensities at H-V on the order of 20-50 cd. Despite,
the low intensity range, accident rate reductions of 18-23 percent were reported. It should i>e noted
that rear parking lamps were on during daytime in this study and the analysis used rear-end
accidents as one of the accident types analyzed. When rear-end accidents were excluded then the
lower reduction figure (approximately 18 percent) was obtained.

Perhaps the most interesting characteristic of the Table 2-1 data is that all DRL accident rate
field tests conducted to date have shown a positive effect In all cases, use of DRL has been found
to resul' in apparent accident reduction. In most of the studies summarized in Table 2-1, cither
statistical analyses were not performed or the results failed to reach statistical significance.
Attwood's (1981) argument in this regard is well taken. He noted that if there is, in fact no benefit
of DRL in the general population, then multiple field tests should show about as many negative
results as positive ones. The fact that all known studies have produced positive re; ults suggests
that the accident reduction in the population due to DRL is not zero, and probably lies in the range
from 10-15 percent. The types of collision accidents which appear to be influenced by DRL
include head-on and conflicting path (right angle) accidents on main highways. These arc often
severe in terms of injury and damage. Indeed Cantilli's (1970) analysis suggested that when
accidents were graded for severity, using a point scheme based on insurance practice, the reduction
in severity due to DRL was considerably greater than that for accident rate alone.
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IMITIUK RUHHIHC L.ICHITS A POTEXT TRAPPIC SAPETT MRASURBT

by Gain lei Helmet s
Swedish Road and Traffic Research Institute (VTI)
S SO Ol I.IHKOPIHG Sweden

ABSTRACT

This report consists nl a literature survey and an analysis ol
the eflerts ol notor-vehicles equipped with Daytime Running
lights (DRI') on tralllc accident* and dtlvet behavior. The grow-
ing use ol DR. (ton the very beginning In the early 1960' to
present limes Is also revleved. Finally, DRL are evaluated as a

tralllc salely measure.
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| DEFINITION

Daytime Running lights (DRI.) stand* (ot daytime dilving with 1l
head | Igbts «*' gspecial lamps mounted on the liont o( Ihe tat.
TIlh> main pm pose ol DR Is a general Illielease of vehicle vlisl

Il 11ty/delet latil 11ly/ronspltul ly lor the Icllnv road users.

The purpose ol tills report Is tvnlold. The (list goal Is to make
a vorld vide review ol the growth ol DRI. driving. The second
goal Is to make an unbiased evaluation ol empirical findings In

support ol as well as against URL as a potent Italllc safety

mrasnt e.

An eflorl has also been made to combine these two goals with the
goal to write a report easy to grasp (ot readers specialized

neither In DRI. nor In scientific methods.

Having studied the first part ol section 4 (page 8), each ol the

following sections can be understood separately without reading

the previous ones.

) DRL IN A HISTORICAL PERSPECTIVE

*).! The Idea ol daytime driving with headlights on

According to Allen and Clark (196*) the Idea ol daytime driving
with lit headlights probably originates In Texas. In 1961, there
was a salety campaign requesting daytime driving with headlights
on during major holidays as a sign ol compliance to the campaign
to dtlve safely. As early as the fall of 1961 the Idea was
adopted by the American Trucking Association In a nationwide

campaign.
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I A E»t jy atjlItildes toward* and enpoilruteg ol DHI. ill

Sweden
The 1lequenc)/ of daytime driving wllli low beam on wan observed
In different |>ails ol Sweden In the spring o( I'll./ An no aver
«(*'« | ? pet cent ol Itie vehicles lied Hie 11 headlights on A
second observation sliowril tli.it about j per mil ol the ililvris

did not switch on tlielrheadlights ev*n In vny bad daylight
visibility conditions. A Ihlid Indicated lhal specular teller
lions on vehicles ill daylight as well as lit headlights aie la

pottant (actots In vrlilcle detection. (llnaai 196B).

Daytime dilvlog with low bean was lecoaaended by the Swedish
Tralllc Safely Olflce asa ttafllc safely arasute when Sweden
changed Iron left to light hand Itafflc In 196/. Rumat (1960)
lecoaaended low beaa driving In daylight on the basis of the

AartIran expel It-nces and the icmilis of Ills obseivallon studies

suam.it iled above.

Svrnsson (19611) has leleited to some eaily Swedish tteods and

experiences as follows!

In 196/, allot a slim | test pcilud the Swedish Stale Hallways
Introduced IlIl  high beans un llielr trains dm log dayllac

longer delectlun distances were reported by workers along the

track.

In 1960 the Swedish Araed Forces Introduced daytime use ol
low bean headlights on the roads. This decision was based on

subjective Judgacnls of Improved traffic safety during a pie

ceding test period.

All new vehicles delivered to the Swedish Police iron 1960

unwards nirsl have their headlights 11l over the Ignition.
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1 Pingress 413**"a in j..Jom.iw ic .... e
arid 19B0’s

In the 19611's, Svetlan was In the load In Introducing DRI. driving

In  Si andlriavla Rul In 19/0 Finland Iniik river tills rule the
I'liinlsh  HlInlslty ul liarispurl decrred Iliral "Motor velili Irs
should lion October I, 19/(1, to Hatch 11, 19/1, dtlvr no Inv

hrams outside hoilt op airas*. I|bis act vat meant as a reco«»en
datloo, hot was Inletlireled as a lav by the public. The elletl
vss a vast majority ol drivers obeying Ihr recommend*l lon: about
90 per trotlin the period October February, and aboutli pet

rent In Hatch 19/I.

Ttie same lerommrndat lon was valid lot the wintrt 19////) but the
observance decreased. An analysis ol the accidents occurring
during the winter 1910//1 showed a decrease In daytime actlideol

lair compared In exprrled or predicted numbers.

This Inloima:loo In iomblnatlon with an omhllloos national liat
tic lately goal was lire main basis ol Ilie Finnish Transport
Hinlslry for changing the recnmmpiidatlon to a compulsory DRI
law In ilie Ills! winter (129/711)) (lie law was valid (nr 1
months, Ilie oral winter (ul / months andthen finallylor 1

months doling Ihr lot loving winter periods.

Aodcissoo and co workers were commissioned by the "Scandinavian
Tralllc Safety Council* (DTP) to evaluate trends In the Finnish
accident statistics before and aflet the Inttoducllcin of DRI.
They found a large decrease In 'multiple* daylight accidents as
compaied to single and 'multiple* accidents In datkness (Anders-
son and co-votkers 19/6). "Hulllple* accidents are accidents In
which two oc mote toad users ace Involved. Consequently, pedest
tlan as well as cycle and moped accidents ate Included In tills

concept.

The next step towards d general use of DRI. was taken by the ITIR
after publication of the teporl by Andersson (Andersson and co-

workers 19/6). Based on available Scandinavian as well as Inler.
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4 A TIL'URT ABOUT Tilt HEIATIOM BETWEEN VEHICLE
VISHIII.It? AND ACCIDENT RISK

sM. irly on in assumption lhal there Is ¢ relation between
irlilrlf vislhtllly/drlet labll1ly/c tirisplciil Iy stiJ accldrnl 11it.

The it.roly can hr staled In Hie following way:

laptove*enla In vehlrle visibility create beltei rnndllluna Ini
echicle deled lon and dilter Judgmenta. TTir general ellerl ol
laproved condlllona lor detection and Judgments will be an In
creaae In thescan detection dlalancea and aalely Malgina lo
sehlclea on tbhe road. The soal laporlanl consequence lot road
aalely Is a decrease In llie occurrences of loo ahor| detection
dlalancea and too aaall aalety xuttjlna In tralllc. Too short
detection dlalancea and too aaall aalety aarglna arc poatulated
lo he direrlly related lo perceptual driver Mistakes, near acci-

dents and accidents.

The lapl leal Inn ol |llie llienly ahove la that there Isa positive
net efleclol OKIl, laplylng a decrease In The nualieiol tialllc
accidents and Iliell lulal costs o soclc-ly. (Heather this

mensure Is cost ellectlve or not Is a separate ijuesl lon.)

This does nol aean that DHI. have no oilier ellecls related lo
road salety. Il Is quite possible and even probable that certain
lypea ol accidents will Increase In nuaber. There can he novelty

ellects, ellects related lo lhe proportion ol DRI.-vrhicles on
tlie road, Masking ellecls, accident nigral lon ellecls elc, hul
Ilhe aain point ol Ihe theory ahove Is that Ihe net ellecl ol DRI

on Iralllc safely Is positive.

One ol lhe purposes ol tills report Is lo wake an unbiased evalu-
ation ol eaplilcal findings In suppoil ol as well as against
DRL. Al ihe end ol tills report we can hopefully accept or reject

the theory above.
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DIRECT AND INDIRECT TRAIfIC SAITT MEASURES

The wultlaaie purpose ol DRI. la ihe prevention nl llafllc accl
drills. A drrreaae In dayllae “Multiple” tralllc arcldenls la lhe
evident and dlied salely aeasnle, which ve should like lo use

In an evaluation nl DRI .

A srilnns iclrnllllr [ilulllew Is, huvevrr, encouulei*d. Tialllc
anldenia are au Infrequent that ve anal study hug* groups ol
vehlclev (In llrrl studies) ot a whole vehicle population ol a
country 01 a slate (In before and alter atudlea) In older to
reach dlllriences which are slallstleally significant. This la
lhe case even In those Instances wheie lhe "true* effect of a
counter aeesure Is as large as 10 lu TO per cent. Another l«-
pnilanl condition In all before and aftei studies Is lhal no

othri salely neasures are Introduced during the period of study.

The obvious consequence ol these lacls Is lhal we cannot expect
slal 1stleally significant traffic salety effects of DRI, frnu II-
mlied aiililrnl studies Illn the olhei hand, If there Is a "Hue*
and sliung ellecl, we ran expert consistent trends In lhe accl

dr-ill dais ul such studies.

As a cuapleaent tu studying traffic accidents as a direct traf-
fic salely aeasute, there Is lhe possibility of studying In-
direct traffic salely Measures. These aeasutes are related lo
the theory about Ihe causal conned lon between Ihe actual

countei Measure and the faclurs generating tralllc accidents.

In the case of DHL, the theory postulates that an Increased
wotor vehicle vislblllly/detectablllly/consplculty will decrease
the frequency of loo short detection distances and too satall
salety Margins In traffic. This Is directly related to a de-
crease In driver perceptual Mistakes, near accidents and accid-
ents. The Indirect traffic safety Measures of DRL are therefore
neasureoertls of Increased detection distances of aotor-vehlcles,
Improved driver Judgnrnts or overt driver behavior related to an

I net eased Motor -vehlcle visibility/delectabl111 ly/conspleully.
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pirl|mjnaty until tliry havr been mill Itneil nt cotiliaiUrted by
luilhfr research. But what |Is most Inteirsting as to thrli
results so tar Is lhal they are very well In arrunlanre with ihe
theory above! THit positive ellecl ol DRI on traffic salety Is
directly relaied lo an Increase In v|slbtll,y/deteclablllly/con

splrully.

6.7 Proportion ol DBL-vthlcles and accidents

The propoilion ol DPL-vchicles In traffic can be an Impoilanl
laclor directly related to lhe accident risk. Several possible
oulco.es can be described. Soae possible cases are discussed

below.

Statement: When a lull proportion ol vehicles using DHL, the

accldrnl risk lor lheae vehicles will decrease

There are a ralher large nunbet ol studies supporting tills sta
learnt, Aaong those are ihe early results Iroa Ihe Cceyhound
Cot potal lon already mentioned (Allen and Clatk 1964) and Ihal ol
Canlllll  (1969), bul also tecenl tesulls as lot example lhe
fleet study teporled by Stein (19B6). In a trpntl Iroa ihe US
Orpar Intuit ol Transput tat lon (19871.) a summary table ol knnvn
Illeld lesl tesulls Is presented. In lhe teporl, these tesulls
ate commented on as (ollovs: "Perhaps I|he most Interesting
characlerlIsllc ol ihe ... dala Is Ihal all DRI accident rate

Illeld tests conducted lo dale have shown a positive ellecl."”

There are also several studies showing a decrease In accident
tlsks lor motor-cyclcs when this category ol vehicles Is using
DRL exclusively. See lor exaaple Janoll 6 Cassel (1971) and

7.ador (1986).

The staleaent above Is therefore accepted.
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Statement: The decrease In accident risk lor vehicles using DRL
Is coapensaled for by an Increase Inaccident risk
for those vehicles ot road users which ate nol using

DRI.

Il this statement Is coiled, a lav on general DRI.ilt Ivtog would

have nolnlluroce on the total number of accidents In daylight.

Their ate two studies which can tonltlbiile lo accepting ot tc
Jectlng this statement. The llrsl Is lhe evaluation of accidents
allet ihe rinnlsh Innodnclinn ol DRL driving (Andersson and
co votkets 1976). The second Is lhe evaluation of the Swedish
accident statistics before and afiei the Introduction of the

compulsory DRL-law (Andersson and co-workers 1981).

The Finnish conditions and results ace sumaarlied as follows.
The (list period studied was a period characterized by propa-
ganda lot using DRl outside built-up ateas dutlog Ihe winter
season. The frequency ol DRL-dtlving was reported to vaty bet-

ween 40 and 76 per cent with an aveiage ol 66 pet cent.

The second period was chatacletlzcd by a Ilia official tecum
mrnd.lt Inn ol DHL ill Iving In lhe conditions mentioned ahove. The
Iteqiirucy ol DRL dtlving Inc teased. It was teporled lo vaty be-

tween 61 and 96 pet cent with an avnagc ul 04 pet cent.

The lasi period was when lhe cumpulsoiy law tl DRL-dtlving was
In lotcr dotlug lhe datker period ol Ihe yeat outside built-up

ateas. The (tequcucy ol use vatled between 9) and 99 pec cent

wlllt an average ol 97 pet cent.

Andptsson and co-votkers (1976) have analyzed the accident sta
tistlcs lot these three periods. In the analysis ol the accident
dala, single accidents and "multiple” night lime accidents have
been wused as contents. Thrlt results ate summarized as follows.
The avetage Itu'pvnctr" n( DRL-dtlving during the three periods
wete 66, 84 and 97 p«» cent. The relative numbers (ot risky cl

"multiple” accidents In daylight lot these three petlods wete
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with an Increasing proportion ol motor<vrhicles using DHL. Thr
sire of (his reduction Is laiger then the reduction of daytime
mul | I-motor -well Iclr accidents. This lesull Is ilso fiitiliinrd by

Ilif Norwegian evaluation (Vaale 1906).

Thr latter of Ihr (tin processes pustulated above seems to hr Ihr
predominant. Holm vrhlile eonspicuity Is most lapmlani lo: Ihr
unproiecied load usrt In avoiding conflicts and collisions with

motor-vehicles.

The alaleaent above la theteforc rejected.

6.3 ?Saultaneous use of tear presence lights with DHL and

rear-end collisions

Rear presence lights In daylight can have two counter-actIng
effects. One proaollng detection of Ihr vehicle, the olhrr mask
Ing the braking lights. Allwood (1981) drnvs lhe following con-
clusions aflei studying this topic: The red rear presence lights
"ate bright enough to be useful as tunning lights during ihe
period one-half hour pilot to sunset to one-half hour after sun
rise”. "The current presence lights are not so bright that they

would aask the onset of brake or turn signals....”.

Canl1111 (1969) lound In Ills study that real end collisions was
(he category of accidents which showed lhe largest reduction.
This result has not been tepeated In the before-aller analyses
of Finnish and Swedish accidents conducted by Andersson and co-
workers ({9)6 and 1981). In these studies the reduction ol reat-

end collisions has been very saall.
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2.1

The

INDIRECT MEASURES Of DRI. EFTECTS:
VISIBILM/DETECTABILITY/COMSPICUITT, MASKING,

DRIVER JUDGMENTS, AND OVERT BEHAVIOUR

An Introduction to Indited safely measures

aaln scientific pioblea with Indliect traffic safety aea

sines Is that their relation lo

behavior In ordinary traffic, dr

dents Is not sufficiently known

aeasutes can

One

aaln pioblea Is how our eye

significant features of driver

iver Mistakes and traffic acci-

The validity of each of these

lheiefore be questioned.

fixations and eye aoveaents are

related to dtlver visual Input froa the road scene. Vhat Import-

ance

has central vs pherlpheial v

Another Important problem |Is

judgments

ralized lo driver Judgments In no

Vhat

relation Is there between d

tion? Anobject can for example

know

It s there, but Its eons

looking somewhere else.

One

isual cuesT

to what degree conscious driver

In an artificial experimental situation aay be gene-

rmal autoalzed driving?

ifferent visual cues and detec-
be perfectly visible when you

picuity can be bad when you are

way lo overcome these difficulties Is to ohtaln ¢ number of

Indirect measures In each area of

"1

Investigation.

Studies of Vfslbllity/Oelectabllity/Consplcufty

In an experiment Attwood (1975) has shown that detection In cen-

ttal

vision o( a vehicle without DRL Is very much dependent on

ambient Illumination. Vhen the vehicle uses the ordinary low

beams asDRL the opposite Is the

large and Independent of ambient

VTI

REPORT 333A

case: Oetectlon distances are

Illumination.



6 COST BtNEFIT STUDIES OF UHI.

|
Crucially, It Isa vriy illlllriilt task to aakr msl lirnrllt i.il
eolations which will tie agu-rd upon.Tlirtr ate scvn.il I<-a;nus

Ini  this condition. Onr wain reason Is llul the lirnrllt ni thr
saved costs lot irilnrtlons In frequency ami srvrilty nl arrl
drills ansi trly on norrtlaln assuaptlons. Annthrt trason Is that
thr costs are also illlllcnll to calculate when the Inctrase In
costs Is a vety saall pact ol the total cost ot buying and

dtlving a vehicle.

Itoaaf (1901) has calculated the costs ol DRI. lo Increase the
total costs by about |I per cent. The U.S. Depattaent ol Trans-
portation (1901) has calculated lhelnitial cost to be S19.26
and the annual aalntenance and luel costs lo be $26.97 lot pass-
enger cars. The latter calculations would correspond lo a total

Increase In costs by between 2 and ) per cent.

In a leceut report lion Transport Canada (19067) aucli lower
costs have been predicted. The average Illellae cost per vehicle
has been calculated to be S330 lor ordinary low brans {Including
all lights slaultaneously 111), $160 lor reduced low beans and
$70 lor high Intensity parking lights or separate new daytinr
running lights. The corresponding Increase In the total costs
due to these DRI. alternatives would be less than | per cent,
less than .$ per cent and less than .2 per cent, respectively.

These costs are calculated to be balanced by accident reductions
ol the lollowing sizes: 1l per cent (or the ordinary low beaa, 5
per cent (or the reduced low heaa and 2 per cent lor high Inten-

sity parking lights nr (or separate daytlae running lights.

Il the latter calculations are realistic and the "true" accident
reduction Is above Il per cent there Is a profit in Introducing
coapulsory driving on ordinary low beaas. By Introducing a sepa-
rate daytlae running lanp the cost is reduced to about 20 per

cent ol Ihe original one.

VTl REPORT 3)3A

9 CONCLUDING REMARKS

DHL rely on an assuaptlon that there Is a causal relation bet
wren an Increase In aotur vehicle vlllhi11Iy/detectab|llly/ton
splrulty and a decrease In lhe risk ol tralllc accidents, thee

secllnn A).

This assuaptlon Is strongly supported by the tesulls ol Ihe
accident studies lound hr literature. (See section 6). In a
recent analysis ol casualties In tialllc accln'enis In Sweden
during lhe period 1970 1986, Hllsion (1980) has Identified three
effective salely counter erasures, which have been Introduced: A

coapulsory use of salely bells, DRL and helaels (lor aotor-cycle

and aoped riders).

There Is further support |Iroa a laiRc enjorlly ol studies In
which the effect ol DRL on vislblllty/deleclablllty/consplculty
ol vehicles, on driver Judgaents and on overt driver behavior

has been studied- (See section 7).

Support Is also given by lhe results Iroa "on-the spot" accident

Investigations. Two such studies are given as exaaples below.

Sabey and Staughton (197$) classified observed driver errors |In
a nuaber of categories. Aaong the 6 aost frequent classliflca
lions used, lhe following A are directly related to vehicle
vtsiblllty/detectablllty/consplcultyr "Looked, but failed to
see", "Lack of care", -Distraction" and "Failed to look". For
'observed pedestrian errors 33 per cent belonged to the two cate-

gories "Failed to look" and "Looked, but tailed to see".

llantula (1907) reported “"perception errors" In 51 per cent ol

all studied aotorcycle Intersection accidents.

Taking all evidences pro and con DRL, which have been found In

the literature, Into account, there Is a strong support lor a
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L/AYTIME LIGHTS -
20% F ewerAccidents

Next year's cars,
trucks and buses will
come with automatic

daytime running

lights, a move that
reduces their chances
of being in an

accident by 20%

18 TRANSPO/89 Vol. 12/1

o I didn tsee the other car
in time!'

That's the most often heard
excuse from drivers involved in
automobile collisions — if
they're lucky enough to survive.

Faulty perception — the fail-
ure to see an oncoming vehicle
dearly and soon enough — has
been cited in some studies as
the cause of nearly half of all
road acddents.

That's why the federal gov-
ernment has decided that all
cars, buses and tracks sold in
Canada, starting with the 1990
models, must be equipped with
automauc daytime running light
(DRLI systems.

These lights will be activated
whenever a vehicle is operated
without its regular headlights on.
They'll go out when the head-
lights are turned on or the motor
turned off.

Some carmakers have already
installed DRLs in a few of their
1989 models, but they won't be-
come mandatory until next years
cats come on the market.

Ottawa's decision to amend
the Motor Vehicle Safety Regula-
tions was not made lightly. It
came only after extensive re-
search by Transport Canada and
successful expenments with day-
time lights in Finland. Sweden
and Norway.

Fmdland became the first
country to require DRLS as stan-
dard motor vehicle equipment,
back in 1972. Since then, the
numberof collissionslhere has
HmpppH hv 978C—Thp results in
Sweden, which made DRLs com-
pulsory in 1977. have heen
equally impressive. Multiple ve-
hicle collision rates during the
winter months have gone down
by 20%jn urban areas and hy

m ruralareas. with slightly

«smllTerreHuctions during the

summer.
The success of DRL use in the
northern European countries had
a strong influence on Canadian
road safety experts, because
Canada's climate and light condi-
tions are very similar. Tests in
Canada have also been conclu-
sive. One study be Transport
Canada of Department of De-
fence vehicles fitted with auto-
mated dayume lights found they
were involved in 20% fewer acci-

NOH"C: Jhis muiens: mrrylirt

dents than were the unmodified
vehicles.

Crant Smith. Transport Can-
ada s chief of road safety pro-
motion, predicts that the intro-
duction of mandatory DRLs in
Canada will prevent as many as
TyQOOMrhulti-vehicle accidents
*each-year.-

'Such a reduction.’ he says,
'means that at least 120 lives
will be saved annually, there Il
be 11000 fewer iniunes and a
5200-million savings in medical
costs. These henefits greatly
outweigh tne estimated pur-
chase and operating costs of
daytime running lights."

The costs will be low. The
new regulation calls for DRL sys-
tems that are very economical,
having two low-intensity lights
and extended bulb life. They'll
add no more than SI5a yearto
the costs of operating a caror
light truck, and probably no
more than $120 in total over the
life of an average vehicle.

Dennis Attwood. a specialist
in human factors engineering,
says that scientists have seldom
been as unanimous as they are
in supporting the federal DRL
initiative.

His research has focused on
the ability of the human eye to
detect and respond to moving
objects. He found thatdnver
habitually underestimate the
speed of an approaching car
that is unlit That miscalculation
can have tragic consequences,
not just in passing other cars on
a two-lane highway, but also in
city driving.

Intersections, for examcle.
are notorious 'accident black

bv Cw?yr.gh: jaw (Tiiia J7 |



TECHNICAL NOTES October 1984

diunvintigts in mul timodal iin, vhich can facilities for bus users to righting other
best be explained for bus and rail in trrai “wrongs").

of patronage-, terminal facilities, parcel

trace, image, and operations. Conclusions

The rail node has slightly more to
gain from MPTs than the intercity bus. The conclusions one might draw from
Rail has large overcapacity 1in many of its the above are-
terminals. Joint use of this would reduce
its costs and make more efficient use of 1. Multimodal passenger terminals are
the space. The intercity bus mode should a subject of continuing and
benefit from new terminals and improved current Interest to many of the
public access, but these carriers fear the actors involved in passenger
cost and supporting the role of the rail transportation throughout the
mode . The 1local transit operation worild.
complements the intercity modes, because it 2. MPT may prove beneficial to the
distributes the intercity travelers at the Canadian passenger transportation
end cf their trips. The actual mix of system In developing an
benefits and disadvantages to the local environment of cooperation to the
transit operator depends largely on the benefit of the traveling public
location of the MPT. and system users.

An MPT terminal complex offers 3. The federal government appears to
travelers numerous advantages over unimodal be the most appropriate authority
terminals, mainly: improved transit to guide the development of MPTs
connections and thus easier terminal access in Canada.
from various parts of the city, improved
opportunities to transfer between intercity Bell Is in program Evaluation.
modes to complete a wider range of Transport Canada, Ottawa, Canada.

multistage trips, and possibly some
schedule coordination among the carriers.
For many intercity bus travelers, an HPT

may be the first good terminal facility ' ' '

they will have available. a tlme Urnmg I tS—
The municipality has an Interest |In . -

MPTs because the terminal area is often the A OnceptWhose TI e HJLb

only portion of Intercity transportation

coming under municipal influence. An MPT Come
contributes to a municipality"s self-image

as being progressive and vital, and may be

part of a larger municipal redevelopment By David B. Richardson
scheme. The municipality 1is usually

Involved in large commercial real estate

development, trading off certain benefits

(e.g., taxes) to induce development, and The announcement by Canada"s Federal
thus this joint development may increase Minister of Transport on May 31, 1984, that
the degree of municipal benefit from a the installation of daytime running lights
multimodal terminal project. for all new vehicles 1is to become

For the provincial and federal mandatory, represents a major breakthrough
governments, the benefits and disadvantages for road safet in Canada. The effective
of MPTs are more complex and thus more date of Septem €l 1986,1s two years away,
difficult to generalize. There are varying however, and a substantial public relations
levels of provincial Interest, Ontario and program must be undertaken in the Interin.
Saskatchewan being perhaps the most The purpose of this marketing campaign will
interested in MPTs. Provincial Involvement be not only to ensure that the motoring
results from the provinces* responsibility public is convinced of the necessity for
for commuter rail and local planning. Also these new regulations, but also to persuade
important for the provinces 1is the drivers who own or operate older vehicles
trade-off between public modes of intercity to utilize their low beam headlamps
transportation (with few demands on whenever they are behind the wheel.
provincial funds) and the automobile mode Considerable research has been carried
(providing roads 1is an enormous provincial out over the past 20 years, both in Europe
expenditure). The federal government also and here in Horth America, which indicates
sees the same trade-off, and may see MPTs that the use of low beam headlights or the
as a way to promote public transport (thus installation of daytime running lights
saving energy and subsidies). would significantly Increase the

Proponents of multimodal terminals eonspicuity of all vehicles on the road.
often suggest ‘government* as the MPT The corresponding reduction in accidents
builder. Reasons for this include: 1) with the associated medical and social cost
Inadequate/unclear rate of return for savings make the decision to proceed with
investment by carriers, (2) proponents ~ mandatory running lights an obvious one..
lack of resources, and (3) MPTs fulfill Despite the wealth of resaarch and a
some federal |Interest in the national reasonably widespread effort to Inform tha
transportation system from “energy saving* public of the benefits of driving with

0 providing ‘equitable® terminal their headlights on during all roadway and
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Canada may see the light
Law ivould add safety device

By OEORQE M OORE
the si*nt Auro coiron

Daytime running lights on

mr.inr vehicles. advocated Iw
Thr liHtliiwiiHtlis St.tr more 11,in
Iwo decades ago, mny soon lie-
come mandatory liirmighnul
Canada

I'liilCanadian Orparlmrni of
Transportation Is proposing a
law In millin’ all new vrlili Irs
llial arr rllii’r manill.li’liiri-d nr
Inr salt- In Can.ida nllrr “rpi I
ItiHh 111 rififi]i]iidd wal ilv*
iini’ riiiim 1.gl.is

lali’iimvi’ n-simg "l ilir lights
liv srvrral large inninr IIrr|I§
simwi’d lhal there wrri’ up in 2
pcrrenl Irwrr accidents mvnlv

signal’type bulbs of 21 candle'
[xiwrr.

Running lights had shown
Iheir vnlur during extensive test-
ing by Greyhound Lines nnd In
studies conducted nl Indiana
University. The newspaper advn-
c.itrd Ihe use of running lights

The premise for running
lights Is based on the fnrt that
motorists arc less likely to run
Into ench other If they can see
each others' vehicles, particular-
ly In the dawn nnd dusk hours.

Several tests through Ihr
years have proven lhal running
likes do make Il easier for vehi-
cles to Ik- seen and do actually
reduce nccldcnl rales.

In a paper released In 1970,
Dr. Merrill J. Allen, n doctor of
optometry at Indiana University,
reported that Greyhound Lines
experienced an 11 percent re-
duction In accidents system-wide
after company buaes began oper-
ating with the headlights turned
on during the daytime hours

More recently. Southern New
Dnginnd Telephone Co.. South-
west Fleet and divisions of Dow

89:A4

Inn vehicles equipped with the
devices than lhour without.

Industry nflirinl.s hrlirvc ttint
If Canada wrrr (n make Ihr
lights riifiiiri’d rinilpmrnt, Ihe
Uniii’d Stairs iniiilil follow suit,
allhnngh lap engineers for trad-
ing Anit’rinin  nmpanlrs warn
lit.it IThr mniii-r Is not as slmplr
as n srrais

I'lir Caiiad'an drparlinrnl's
prn|Hisal would rnlllll Iwo limits
nu ihr Irani nl rnrli motor vrhh
ilrs with a minimum of GOO can-
dlrpawrr  I'hry would be re-

Chemical USA have Incorporated
daytime running lights on por-
tions ol their fleets for test pur-
poses. All showed marked reduc-
tions In ncddcnt rates for
vehicles equipped with the
lights,

In this country, the National
Highway Traffic Safety Adminis-
tration says ft might consider
requiring vehicles manufactured
In (he U.S. to be equipped with
runung lights at some time In
the future.

"We're wnlling lo see whul
Canada docs before we do any-
thing." says Taylor Vinrent. se-
nior staff attorney who handles
all of the safety administration's
lightning mnttrrx.

Finland and Sweden already
have mandated the use of run-
ning lights. Although the laws of
those two countrtrs nrc not lden-
tical. they serve the same our-
pose — to assist drivers to see
other vehicles In periods of poor
daytime visibility.

Reduced daytime light condi-
tions arc prevalent In such
places as Finland and Sweden,

All nowspapoi an.cioa mo lho oo-.i copy ava.inpii’

to all vehicles

quired lo oprrnlr at any timr lhr

vehicle Is running during day-
light hours.

Known by Ihr shorlrnrd title
of Trans|>orl Canada, thr departe
mcnt has askrd far cuinuiriiis
on use of thr lights from ihr
automobile Industry and nlhrr
Intrrrsird parlies by Oct. 13 of
this yrar

In March 19G4. Tlic Slur
npiipprd its 75 staff rare and
trucks with running lights aflrr
Il had liern shown they could
miner daytime arclricnts by as
much as 15 prrcrnt  Those
lights were equipped with turne

which experience long dawn- or
duak-llkc periods bccuuse thr till
of the northern polar region to-
ward (he sun creates dim day-
light conditions for hours at n
lime.

It made those Scandinavian
nations prime candidates for the
use of running lights.

Finland took the lend by
mandnting their use In IB72.
Even before then, many motor-
ists drove with thilr headlumps
on during (he daytlmr as the
result of n government educa-
tional campaign dating tuirk In
IBtJH. Sweden adopted lhe run-
ning lights four yearn Inter.

In the 198H-1974 period, the
crash rate In Finland decreased
as much os 27 percent, depend-
ing on the year.

The Insurance Institute for
Highway Safety, based In Wash-
ington. D.C.. reported that when
the Swedish law went Into effect
In 1977, multlple-vchlclc crash-
es In daylight decreased 20 per-
cent In urban areas and 17 per-
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rent in rural arr.is -turing iiir
winter months Thr vimr t\prs
ol arrtilents decreased 12 |>rr
cent in urban arras and :| |>rr
cent in rural areas during sum-

mer months, thr institute
reported
Transport Canada first ap.

preached the feasibility of run-
ning lights In early 1984 when Il
sun.cycd automakers on how lo
Incorporate the lights on cars
manufaclurcd or sold In Canada

The survey covered a myrind
of subjects, ranging from modifi-
cations to passenger cars. lrurk
and vnr.s. to the cost and penal-
ties Involved. Most of the subjert
matter Is relevant to what Is
being proposed today, but lherr
has been .some change In direc-
tion In the automakers' techni-
cal thinking.

"There are several problems,
and we're working on how lo
overcome them," said Korlr Wei-
chcl. director of public relations
for CM of Canada. "We didn't
have much time following Trans-
port Canada's official promised
final rule. They gave CM 'JO days
to reply."”

The Transport Cnnada pro-
posal eliminated the use nl a
turn signal/parking light system
us a posslb'llty. In standard
form, there Isn't sufflelrnt light
Furthemore. lhe required 01)0
cnndlcpowcr per light 1s ten
much heat for lhe plastic, turn-
signal componentry lo handle

The most practical approach,
engineers believe. Is lo use an
existing hcadlump system of re-

duced intensity. In (he ease of
vehicles with hidden, pop-up
headlamps. U would te nrers-

sary to use a secondary set of
headlamps Integrated into the
body work

Motorists con be assured that
running lights won I romr free

They will entail an Increase
to the cost of the vehicle, al-
though automakers woo | say
how much. Kstlrnales run from
820 on up.

Anolhcr cost Is going to be

t.iri Pi»is',m|'lini. \ot onl> s
there going in lie a drop in lurl
mileage tail running lights also
eausr prnlilems wdh Ihr Irdrral
CAFK |<'nr|Mirnlr Average Furl

Kennomvl reijuirrmrnl for auto-
mukrrs

An automakrr must mrcl pre-
scribed standards for thr aver-
age furl consumption for Its sc-
ries of vehicles (CAFK) nr be
subjert lo fines. For 1087. the
average Is supposed to be 27.5
miles prr gallon. Genrrnl Molors

and Ford arc not going to tnccl

th.d figure even without runmnt
lights With them Ihr estimate.’
mileage would Is- down aunttin
hall mile jK-r gallon

A simple way around Ihal
pmhlrm would be for mnkers to
irst without the running lights
bring activated Hut. the way the
Canodlan standards are present
ly written, fuel consumption
lesls must be conducted w.th lhe
lights turned on.



