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ABSTRACT

One recently apparent trend in increasing traffic accidents in Japan is the increase in nighttime accidents. To
address this problem, various traffic safety measures have been introduced aiming at safer road traffic
environments. Among these measures, road lighting, in particular ‘local lighting’ has been introduced in an
increasing number as a countermeasure against nighttime accidents. However, in terms of number of fatal
accidents by road profile, the ‘at intersection’ accounts for the largest portion of the fatalities. Therefore, a more

effective intersection lighting measure must be studied.

This paper discusses the illuminance levels expected for intersection lighting from the viewpoint of traffic
accident reduction effect and reports the review result. The means used in reviewing were accident data before
and after introduction of accident countermeasure and statistical analysis. It was leamed from the result of
these review works that an average road surface illuminance at intersections maintained at 20 Ix or higher, asa
level expected for intersection lighting, can provide the effect of accident countermeasure, and that an average
road surface illuminance of 30 ix can further positively develop a statistically significant result as to reduction in

traffic accidents.

KEYWORDS : road lighting, traffic accident, intersection

1. Introduction

In 1999, the annual traffic accidents fatalities in Japan
was 9,005, which marks a continued decrease in traffic
fatalities over four years in succession since 1996. However,
in the year 1999, the number of the injured persons due to
traffic accidents exceeded one million for the first time and
the total of traffic accidents involving death and/or injury
topped 850,000, resulting in an increase over seven
running years.

One significant trend in recent traffic accdent statistics is
the increase in nighttime traffic accidents. The nighttime
traffic accidents often result in severe outcome, and the
fatality ratio with nighttime accidents is approximately
three times) as high as that with daytime accidents.
Therefore, the reduction of nighttime traffic accidents is
posing a greater challenge in promoting safe traffic
programs.

In addressing such a challenge, various safe traffic
facilities have been introduced to improve safety in road
traffic environments. In particular, since ‘at intersection’
account for a very large percentage in nighttime traffic
accidents by road profile?, lighting on intersections has
been one of the potential countermeasures against
nighttime traffic accidents. However, it has not yet been
clarified whether effectively introduced lighting into
intersections can decrease traffic accidents and which level
of illuminance positively develops the effect of lighting at
intersections. '

Focusing on ‘intersection lighting’ as a promising accident
countermeasure to reduce nighttime traffic accidents, this
paper reports the result of our investigation into the
luminance level needed for intersection lighting, by
survey. of traffic accidents both befox_'e and after
introduction of the countermeasure, and by statistical

* Paper originally published in Japanese in Proceedings of 2000 Annual Conference of TET Japan.
*One of the authors, Hiroshi Oya, belonged to Public Works Research Institute from April 1999 to March 2000. (On April 1, 2000, the Public Works
Research Institute was restructured into the National Institute for Land and Infrastructure Management.)
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Fig 1 Trends in number of traffic accidents and number of fatalites and
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analysis technique.

2. Unique Characteristics of Nighttime Traffic
Accidents
2.1 Recent Trends in Traffic Accidents in Japan
Fig. 1 summarizes the recent trends in traffic accidents
resulting in death or injury as well as number of fatalities
and injuries. The plotting in this diagram represents the
trends in the numbers of traffic accidents, fatalities and
injured relative to the numbers in 1990 that are taken as
100.
Although the fatalities has been decreasing since 1992,
the number of traffic accidents resulting in death or injury,
as well as number of injured, has been steadily increasing
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during the same period.

2.2 Occurrences of Traffic Accidents in Night and
Day _

Fig. 2 provides the 1999 data for both daytime and
nighttime accidents resulting in death or mjury (a),
number of fatal accidents (b), and fatal accident ratio
(number of fatal accidents divided by number of accidents
resulting in death or injury) (¢). Although the number of
daytime accidents resulting death or injury account for
70%,; the absolute number of nighttime fatal acadents is
greater than that of daytime fatal accidents. The proportion
of fatal accidents to total traffic accidents can be indicated
as a fatal accident ratio such as the one given in Fig. 2(c),
where the ratio is 0.66% for daytime and 1.86% for
nighttime (that is, approximately three times as high as
daytime). These trends have remained unchanged since
1992.

2.3 Trends in Nighttime Traffic Accidents

Fig. 3 illustrates the number of 1999 nighttime traffic
accidents resulting in death or injury by road profile (a) and
number of fatal accidents by road profile (b).

The accidents at intersections resulting in death or injury
account for 57%, and the fatal accidents also exhibit a
greater percentage.

.0 Daytime & Nighttime | 0 Daytime @ Nighttime

(a) Percentages of traffic accidents

(b) Percentages of fatal accidents

Nighttime 86%

45%

050  1.00 1.50 2.00

(%)

(¢) Fatality ratio

Fig2 Traffic accident occurrences for daytime and nighttime (as of 1999)
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Fig. 3 Percentages of nighttime traffic accidents by road profile
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2.4 Characteristics of Nighttime Traffic Accidents
and Possible Countermeasure

The nighttime traffic accidents can be characterized in
that:

Nighttime traffic accidents often lead to severe result.
Nighttime accidents at intersections account for a
relatively large portion of whole nighttime traffic
accidents.

Reflecting these findings, the efforts of our study were
focused on the intersection lighting as an accident
countermeasure by road illumination for reducing
nighttime traffic accidents, thereby the current situation
was reviewed and more positive measures in the coming
future were evaluated.

3. Overview of Guidelines for Illuminance at
Intersections .
3.1 Roles of Intersection Lighting
By intersection lighting, an obstacle on a road surface can
be identified as a darker silhouette against a lighter.
background that is illuminated with luminaires. Therefore,
the luminaires must be situated so that the resultant
luminance pattern can provide a good background for an
obstacle. Once such a luminance pattern is established,
intersection lighting provides illumination for a particular
region at intersection not illuminated by the headlamps on
a car that is switching over lanes. When adequately
" installed, a lighting arrangement in an intersection allows
the driver of a car approaching that intersection to readily
identify a pedestrian, obstacle or other car possibly present
in the intersection.

3.2 Overview of Guidelines for Intersection
Lighting

According to the installation guideline in Japan for road
lighting facilities, the lighting installation system is roughly
categorized into continuous lighting and local lighting.
Local lighting is installed on intersections or pedestrian
crossings in order to help a driver (or a road user) dearly
identify traffic situation or road conditions at a location
where traffic flows and road lanes are locally complicated.
An available guideline for intersection lighting offers
example luminaire layouts by purposes of local lighting.
Although not specifically defining necessary road surface
illuminance contributable to local lighting, this guideline
sets forth the luminaire layout examples which when
followed correctly can provide required illuminance. This
scheme is valid also in other nations.

International standards that clearly define illuminance
needed at intersections as numerical guideline include a
CIE recommendationd. The result’ of calculation of
luminance with luminaire layout specified in the
installation guideline in Japan for road lighting facilities
was found to be virtually equivalent to the illuminance
level  defined in that recommendation. The
recommendation additionally defines lighting categories
based on road types, complication status and other factors,
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and specifies the minimum level requirement of average
luminance by the categories. For example, the minimum
level requirement of average illuminance for ‘intersection
in important city route’ is set to 20 Ix.

4. Before and After Study About Road Lighting
Introduction

In our present study, the effect of road lighting in
reducing traffic accidents was evaluated through
investigation into traffic accidents both before and after
introduction of lighting faciliies. To select intersections
subjected to investigation, the result of investigation into
achievement from a separately undergone road traffic
safety program (hereinafter referred to as ‘investigation
into road traffic safety programs) was used. At the same
time, the road traffic accident data both before and after
introduction of road lighting were taken from the
Comprehensive Database for Traffic Accident. The
investigation performed is outlined below. Incidentally
each road traffic safety program was investigated as to the
site for executing the program (route number, distance
from the starting point), scope and schedule.

4.1 Overview of the Comprehensive Database for
Traffic Accident

The Comprehensive Database for Traffic Accident was
constructed by integrating the traffic accident information
derived from the traffic acadent statistics data collected by
the National Police Agency of Japan and the road
structureftraffic status information derived from the Road
Traffic Census data collected by the Ministry of Land,
Infrastructure and Transport of Japan into one database
by way of matching data.

Traffic accident statistic data Matching data

Data zbout accidents

Data about accidents

Accidents document No.
Census section No. for accident site [
o |

Type of accident g
Accidents document No. =&

Road traffic Census data

Data about Census section

Census section No.
Traffic density
Median extension

Fig 4 Scheme of the Comprehensive Database for Traffic Accident
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Note that this matching data includes the site
information about the site of each traffic accident
occurrence (route number and distance from the starting
point). The concept of the Comprehensive Database for
Traffic Accident is schematically illustrated in Fig. 4. This
database covers the roads that are included in the Road
Traffic Census (that is, national highways, prefectural
highways and municipal roads in ordinance-designated
cities), not the national expressways administered by
expressway public corporations.

4.2 Selection of Intersections Subjected to
Investigation
From the result of the research into traffic safety
programs, the intersections subjected to our investigation
were selected.
Many traffic safety programs involve a plurality of safety
measures in one intersection. Since the objective of our
study was to investigate the effect of road lighting onto
reduction in traffic ~ accidents, the intersections
incorporating only road lighting as a traffic safety measure
were selected. The procedure for selection was as follows:
Step 1:
The intersections incorporating road lighting were
selected from the traffic safety program survey data
aooordmg to the criteria below:
Prefectures covered: Tochigi,
Saitama, Chiba, Tokyo, Kanagawa
Roads covered: national highways administered by
Ministry of Land, Infrastructure and Transport of
Japan.

+ Year of executing safety measure: Fiscal 1991

Consequently, 113 sites were selected.

Step 2:

As to the intersections having incorporated road lighting
and selected in step 1, the accident data associated with the
site information in the data of these intersections were
selected based on the site information within the
Comprehensive Database for Traffic Accdent (More
specifically, an error of 100 m was allowed to accommodate
the limited precision in site data within both site
information sets.)

Step 3: »

From the intersections selected in step 2, those not
experiencing nighttime accidents during fiscal 1990 (a
previous year before the road lighting was incorporated)

Gumma, Ibarak,
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Table 2 Percentage reduction in accidents at intersections having
lighting (Overall average)

Percentage reduction in nighttime accidents(%) | 43

Percentage reduction in accidents(%) 41
Percentage reduction in daytime 3

were excluded. Consequently, 18 intersections were
selected. Each intersection selected was within a major
trunk line (ordinary national highway) and had a daily
traffic volume of 10,000 vehicles or greater.

4.3 Summation of Traffic Accidents
For the selected intersections, the number of traffic
accidents both before and after the introduction of road
lighting were tabulated. The fiscal years covered in the
summation were as follows:
Before: fiscal 1990
After: fiscal 1992 — 1995
The reasons for why the period for summation of ‘Before”
was limited only to one fiscal year are that the traffic safety
program survey was intended for the safety measure
executed in fiscal 1991 and that the accident data in the
Comprehensive Database for Traffic Accident became fully
available in fiscal 1990.
For summation of traffic accidents, not only nighttime
accidents but also daytime accidents were included.
The data for “before” (resultant summation for fiscal 1990
alone) was compared with that for “after” (the average for
summations of four years from fiscal 1992 to 1995).

4.4 Ihvestigation into INlumination Levels

" Survey by interview was performed with administrators
of the roads that involved the selected intersections. The
items investigated were as follows: -
Size of intersection (profile of intersection, road width,
type of road surface, etc.)
Situation for installing road lighting (locations and
number of luminaires, types of luminaire and light
source, height of poles, overhang, etc.)
The investigation into lumination level, which was a
major objective of our survey, was achieved by calculation
based on the luminaire arrangement diagrams maintained

Table 1 Investigation results for intersections having incorporated lighting ( nighttime average)

Judgment for accident reduction effect Item Before | After | Difference
O Road surface illuminance (x) 12.8 28.9 16.1
(9 sites ) Number of accidents (accidents/year) 2.9 0.9 -18
x | Road surface illuminance (x) - 4.3 20.1 15.8
(9 sites) Nuber of acddents (accidents/year) 12 13 0.8
Total Road surface illuminance (%) 85 245 16.0
(18 sites) Number of accidents (accidents/year) 1.9 1.1 —0.8
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by road administrators as well as the previously méntioned
survey result. As a criterion for illumination level, the
average road surface illuminance was used since with
certain intersections, the number of installed luminaires
per intersection or the area being illuminated could be
small. :

Table 1 shows the tabulated information about the
averages obtained from the results of our investigation. In
this study, the threshold for judging whether or not a
measure is effective in reducing traffic accidents was set to
30% by considering the technical report from CIE9.
Additionally, Table 2 summarizes the information about
the percent reduction in nighttime accidents; overall
percent accident reduction reflecting percent reduction in
daytime accidents; and for a comparison purpose, the
percent reduction in daytime accidents. For calculating
these factors, the formulas below were used:

Percent reduction in nighttime accidents
={1—(Na/Np)} X 100 (%)

Percent reduction in daytime accidents
={1—(Da/" D)} X 100 (%)

Percent reduction in accidents

= [1~{(No/ M)/ (Ds./ Du)}] X 100 (%) _

where, Na: number of nighttime accidents after
introduction of road lighting, M: number of nighttime
accidents before introduction of road lighting, Da: number
of daytime accidents after introduction of road lighting, D:
number of daytime acrndents before introduction of road
lighting.

As can be understood from the knowledge obtained from
our investigation, the traffic accident reduction measure by
lighting helped reduce nighttime traffic accidents by 40%.
This understanding is supported by a fact that the percent
daytime accident reduction in the same intersections
remained virtually unchanged. The average road surface
illuminance in the whole investigated intersections
increased from approximately 9lx “before” the
improvement at intersection lighting to approximately 25
Ix “after” the improvement in intersection lighting.
Furthermore, after introduction of road lighting, the
average road surface illuminance reached approximately
30Ix on the intersections that were judged to exhibit
acaident prevention effect.

5. Statistical Analysis
5.1 Analysis Technique
Based on the results of investigation into the “before” and
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“after”, the interrelation between illuminance and
nighttime traffic accidents was further evaluated by
statistical analysis technique. The illuminance class of the
intersections subjected to our analysis was essentially 20Ix,
which is common to both the illuminance guideline in -
Japan and CIE recommendation.

Taking 30lx (the average of illuminance values in the
intersections that showed reduction in accidents) as a
threshold, these intersections were classified into three
illuminance groups—20ix to 30k, 30Ix and greater, and
less than 20lx. Then, for each illuminance group, the
statistical significance in the accident percentages with
“before” and “after” was analyzed. The number of
intersections analyzed was five with “20Ix or less” group,
seven with “20lx to 30X group and six with “30kx or
greater” group.

Incdentally, the term “accident ratio” means the number
of accidents per traffic volume.

5.2 Results of Analysis

The results of analysis are summarized in Table 3, where
the nighttime accident ratios are indicated as annual
averages, and the nighttime traffic volume for the route on
each site is also reflected.

As a result of the analysis, the “30Ix or greater” group
was judged to have a significant difference of 1%. Although
“201x to 30Ix” group failed to exhibit a significant difference,
comparison between the “before” and “after” within this
group suggests the effect of accident reduction measure.
“20Ix or less” group did not show any sign of the effect of
accident reduction measure. For this reason, from expected
variation in accident reduction effect due to the difference
in average road surface illuminance, the road surface
illuminance of 20lx or greater by incorporation of road
lighting as accident reduction arrangement can reduce the
possibility of accidents at intersections, and the illuminance
of 30Ix or greater will positively reduce the accidents at
intersections. This coincides with the finding obtained from
the survey for “before” and “after” (that the average road
surface illuminance at the sites that showed positive
accident reduction effect is 301x). '

6. Level of Lighting at Intersections

6.1  Preferable Illuminance Level at Intersections
The lighting at intersections not only provides ordinary

road lighting but also allows the driver of a car approaching

an intersection to identify the intersection and clearly judge

Table 3 Analysis of effect by average road surface illuminance groups

Average road surface lluminance | Night accident ratio (accidents/100 million cars/year) | Significant difference judgment | Number of sites
() Before After Difference ' for betore and after n
200r less 12,071 15,797 3,726 - 5
2010 30 15,602 9,485 6,117 - 7
30 or greater 20,180 | 5,098 15082 1% significant difference 6
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the situation in roads around the intersection. For example,
if a lighting arrangement is incorporated into an
intersection in the road whose surface is brightly
illuminated with a continuous lighting arrangement, it will
be necessary to make the intersection ‘conspicuous by
rearranging the layout of lighting faclities in it so that the
illuminance in the intersection is greater than that in the
road section illuminated with continuous lighting.

As desaibed previously, the guideline in Japan for
installing road lighting facilities does not mention the road
illuminance with intersection lighting and only describes
the typical arrangements for luminaires at intersections.
By installing the luminaires according to the example
layout in this guidehne, the illuminance at intersections
will be approximately 1.5 times as high as that with
continuously illuminated sections.

Incidentally, in urban areas, adaptation luminance of
driver's eyes increase owing to illuminance around the
driver, possibly causing the visibility at intersections to
drop. The illuminance level in an intersection, even when
that intersection is luminated with local lighting rather
than with continuous lighting, should be determined by
considering the surrounding luminous environment.

6.2 Recommended [lluminance Level at
Intersections

The effectiveness of lighting in reducing traffic accidents
in the previously selected intersections was evaluated by
analytical method. As a result, it was found that an
average road surface illuminance of 20 Ix or greater can
help attain the effect of accident countermeasure. This
value coincides with the value in guideline in Japan for
installing road lighting facilities or CIE recommendation.

Also, an average road surface illuminance of 30 Ix or

greater resulted in more positive effect of the accident
countermeasure by lighting. Based on these facts, the
following illuminance levels expected for intersection
lighting have been determined:

[[Huminance level expected for intersection lighting)
Basiclevel: average road surface lluminance 20 Ix
Recommended level: average road surface illuminance
30Ix

Note, however, that the values above are intended for

major trunk roads such as national highways (intersections
associated with lighting category C2 per CIE
recommendation).

7. Conclusion

From the viewpoint of effectiveness in traffic accident
reduction, the levels expected for intersection lighting were

The Illuminating Engineering Institute of Japa_n
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investigated. Generally, the number of traffic accidents
occurring in one intersection is very small, and, at the same
time, many mutually affecting factors are contributing to
these accidents. Therefore, in this study, sites having only
road lighting as an accident countermeasure were selected
and subjected to investigation. First, the numbers of
accidents both before and after introduction of an accident
countermeasure were surveyed. Then, the effect of
installed lighting facilities was statistically analyzed. -

From the result of these review works, it was learned
that an average road surface illuminance at intersections
maintained at 20 Ix or higher, as a level expected for
intersection lighting, can provide the effect of accident
countermeasure, and that an average road surface
lluminance of 30 Ix can further positively develop the effect
of accident countermeasure. However, other measures will
be needed for sites where a hazardous situation can be
expected or accidents have been frequently occwrring, or
where heavy traffic and complex environment can lead to
complicated illumination requirements.

In this study, the authors believe to have successfully
demonstrated the effectiveness of traffic  accident
countermeasure at intersections that have adequately
bright lighting facilities. Thus, when providing intersection
lighting, the lighting facility must be at least capable of
providing the iltuminance that is needed according to the
road lighting installation guideline cwrrently in effect in
Japan.

As the importance of project assessment in executing
public works is increasingly recognized, it will be
increasingly necessary to construct traffic safety faclities,
attempting to provide more efficent traffic safety

- programs. The authors hope that this report can con’mbube

to improved safety in road traffic.
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An Experiment on Interpretation Time of Traffic Sign Information
Kazuhiko Ando
(National Institute for Land and Infrastructure Management)

Public information for road users are presented by traffic signs and variable message sign boards
on roads. It has not been argued fully until now about the amount/form of information for those
facilities. In this study, an experiment and analysis on the amount/form of information were conducted
using intcfpretation time of information as an index of understanding degree of information. The
results of the study indicate that interpretation times of familiar information were shorter than

unfamiliar information and road signs are understood as pattern and there are few influeace of colors.
Key Words: visibility, road, /Amount of information, Chinese character, traffic sign
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RENEHHENFTIRMAML. HFRE TR
CHBBE (XFEHH. REHES) SHBETIRELO
MEEER  BFLEDLOTH 5.

HFEHHEDELME. RRER. HHIERRR, RE,
BREEHROUBRMSIVERE L. HHENVIVET
EREFRL THCEEENHZT 2 X TORM (LATHZE
BRLn3, ) KEDBRET 3.
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3. 1 EREHOBE
ERICHVBEEEL T, Table HORTHBENY T
CETRRTESLICMELE,
ZIZT, BFOMERHHEZDOHBIT. %?Eﬁi:iﬂ‘f%tﬂﬁﬁ

*REAEZRCEFERECRBESLS. BWHITEIA

Table.1 Contents of Information Used in the Experiment

Kind Form Content _
' Chinese High use frequency : 5 strokes(E. 5). 10 strokes (¥, X) . 15 strokes (BX. 78)
character Low use frequency : 5 strokes (4. ) . 10 strokes (#%. %) . 15strokes (H. #%)
Character Place Name Familiar name : #i(Kashiwa). 18 (Tsuchiura). 7K¥3i8(Mitsukaido). # R&A H(Hitachi-Ohta)
* | Unfamiliar name : ¥ (Maki). =#i(Mitsuse). K% F(Ohtaki). ¥ HIF(Uji-tawara)
Regulate Stop (led background-black letter, led background-white letter),
Sign Warning Under construction (black background-orange pictograph, yellow background-black pictograph),
Admit approach to directions pointed out only (black background-orange allow, blue background-white allow)

Variable 1 : %M (Strong wind), 2 : ¥#L - 7K (Accident- Covered with water),
Message Text 3a: %G - BITLL - EE¥FH (Falling of rocks* Road closed There is a detour)* & meaning combination of words
Sign Board 3b: Bk - BRS - ¥5HF(Covered with waves: Freeze - Congestion)** * * mcaningless combination of words
Graphic Symbol Snowman(Snow fall) (black background-orange figure, blue background-white figure)
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Abstract

One recent apparent trend in increasing traffic
accidents in Japan is the increase in night-time
accidents. To address this problem, various ftraffic
safety measures have been introduced aimed at
safer road traffic environments. Among these
measures, road lighting, in particular ‘local lighting’,
has been introduced in increasing numbers as a
counter-measure against night-time accidents.
However, in terms of the number of fatal accidents by
road profile, the ‘at intersection’ accounts for the
largest portion of the fatalities. Therefore, more
effective |ntersectlon lighting measures must be
studied.

This paper discusses the illuminance levels
expected for intersection lighting from the viewpoint
of traffic accident reduction and reports the results.
The means used were a review of accident data and
statistical analysis before and after the introduction
of accident counter-measures. It was learned that an
average road surface illuminance at intersections
maintained at 20 lux or higher, can provide an
effective accident countermeasure, and that an
average road surface illuminance of 30 lux can
further develop a statistically significant reduction in
traffic accidents.

1. Introduction

In 1996, the annual traffic accidents fatalities in
Japan was 9,005, which marks a continued decrease
in traffic fatalities over four successive years since
1996. However, in the year 1999, the number of the
injured persons due to traffic accidents exceeded
one million for the first time and the total of traffic
accidents involving death and/or injury topped
850,000, resulting in an increase over seven years.
One significant trend in recent traffic accident
statistics is the increase in night-time traffic
accidents. Night-time traffic accidents often result in
severe outcomes, and the fatality ratio with night-
time accidents is approximately three times™ as high
as that with daytime accidents. Therefore, the
reduction of night-time traffic accidents poses a

In addressing such a challenge, various. traffic
safety facilities have been introduced to improve
safety in road traffic environments. In particular,
since ‘at intersection’ accidents account for a very
large percentage of night-time traffic accidents by
road profile®, lighting for intersections has been one
of the potential counter-measures against night-time
traffic accidents. However, it has not yet been
clarified whether effectively introduced lighting at
intersections can decrease traffic accidents ~ and
which levels of illuminance positively develop the
effect of lighting at intersections.

Focusing on ‘intersection lighting’ as a promising
accident counter-measure to reduce nighttime traffic
accidents, this paper reports the result of our
investigation into the illuminance levels needed for
intersection lighting, through a survey of traffic
accidents bbth before and after the introduction of
the counter-measure, and through statistical
analysis.

2. Unique Characteristics of Night-
time Traffic Accidents

2.1 Recent Trends in Traffic Accidents in Japan
Fig. 1 summarises the recent trends in traffic -
accidents resuiting in death or injury, as well as
number of fatalities and injuries. The plotting in this
diagram represents the trend in the numbers of traffic
accidents, fatalities and injured, relative to the
numbers in 1990 (taken as 100). '

Fig 1: Trends in the number of traffic acc:dents and number of
traffic fatalities and injuries
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(a) Percentages of traffic accidents

(b) Percentages of fatal accidents
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Fig 2: Traffic accident occurrences for daytime and night-time (as of 1999)

Although the fatalities have been decreasing since
1992, the number of traffic accidents resulting in
death or injury, as well as number of injured, has
steadily increased during the same period.

2.2 Occurrences of Traffic Accidents by Night and
Day .

Fig. 2 provides the 1999 data for both daytime and
night-time accidents resulting in death or injury (a},
number of fatal accidents (b), and the fatal accident
ratio (number of fatal accidents divided by number of
accidents resulting in death or injury) (c). Although
the number of daytime accidents resulting in death or
injury accounts for 70 per cent, the absolute number
of night-time fatal accidents is greater than that of
daytime fata! accidents. The proportion of fatal
accidents to total traffic accidents can be indicated
as a fatal accident ratio such as the one given in Fig.
2(c), where the ratio is 0.66 per cent for daytime and
1.86 per cent for night-time (that is, approximately
three times as high as daytime). These trends have
remained unchanged since 1992.

2.3 Trends in Night-time Traffic Accidents

Fig. 3 illustrates the number of 1999 night-time traffic
accidents resulting in death or injury by road profile
(a) and number of fatal accidents by road profile (b).
The accidents at intersections resulting in death or
injury account for 57 per cent, and the fatal accidents
also exhibit a greater percentage.

2.4 Characteristics of Night-time Traffic
Accidents and Possible Countermeasures
Night-time traffic accidents can be characterised as

follows:

e Night-time traffic accidents often lead to severe
resuits. .

e Night-time accidents at intersections account for a
relatively large proportion of all night-time traffic
accidents. ’

Reflecting these findings, the efforts of our study
were focused on intersection lighting as a counter-
measure to reduce night-time traffic accidents.-

3. Overview of Guidelines for
llluminance at Intersections

3.1 Roles of Intersection Lighting

By intersection lighting, an obstacle on a road
surface can be identified as a darker silhouette
against a lighter background that is illuminated by
luminaires. Therefore, the luminaires must be
situated so that the resultant [luminance pattern can
provide a good background for an.obstacle. Once
such a luminance pattern is established, intersection
lighting provides illumination for a particular region of

Fig 3: Percentages of night-time accidents by road profile
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an intersection not illuminated by the headlamps of a
car that is switching lanes. When adequately
installed, a lighting arrangement at an intersection
allows the . driver of a car approaching that
intersection to readily identify a pedestrian, obstacle
or other car present at the intersection.

3.2 Overview of Guidelines for Intersection
Lighting

According to the installation guidelines in Japan for
road lighting facilities, the lighting instaliation system
is roughly classified into continuous lighting and local
lighting. Local lighting is installed on infersections or
pedestrian crossings in order to help a driver (or road
user) clearly identify the traffic situation or road
conditions at a location where traffic flows and road
lanes are complicated. An available guideline’ for
intersection lighting offers sample luminaire tayouts
for the purpose of local lighting. Although not
specifically defining the necessary road surface
illuminance contributed by local lighting, this
guideline sets forth luminaire layout examples, which
when followed correctly, can provide the required
illuminance. This scheme is also valid in other
countries.

International standards that clearly define the
iluminance needed at intersections as numerical
guidelines include a CIE recommendation®. The
result of calculating the illuminance with the

luminaire layout specified in the installation guideline -

in Japan, was found to be virtually equivalent to the
illuminance level defined in that recommendation.
The recommendation additionally defines lighting
categories based on road types, complication status
and other factors - and specifies the minimum
average illuminance according to those categories.
For example, the minimum level requirement of
average illuminance for

programmes’) was used. At the same time, road
traffic accident data, both before and after the
introduction of road lighting, was taken from the
Comprehensive Database for Traffic Accidents. The

investigation performed  is outlined below.
incidentally each road traffic safety programme was
investigated as to the site for executing the
programme (route number, distance from the starting
point}, scope an schedule.

4.1 Overview of the Comprehensive Database for
Traffic Accidents

The Comprehensive Database for Traffic Accidents
was constructed by integrating the traffic accident
information, derived from the traffic accident
statistics data collected by the National Police
Agency of Japan, and the road structure/traffic status
information derived from the Road Traffic Census
data collected by the Ministry of Land, Infrastructure
and Transport of Japan. This was put into one
database by way of matching data.

Note that this matching data includes the
information about the site of each traffic accident
occurrence (route number and distance from the
starting point). The concept of the Comprehensive
Database for Traffic Accident is schematically
iflustrated in Fig. 4. This covers the roads included in
the Road Traffic Census (that is, national highways,
prefectural highways and municipal roads in
ordinance-designated cities) — but not national
expressways administered by expressway public
corporations.

Fig 4: scheme of the Comprehensive Database for Traffic Accidents
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4.2 Selection of the Intersections- Subject to
investigation '
From the result of the research into traffic safety
programmes, the intersections subjected to our
investigation were selected. Many traffic safety
programmes involve a plurality of safety measures at
one intersection. Since the objective of our study was
to investigate the effect of road lighting on the
reduction in traffic accidents, intersections
incorporating only road lighting as a traffic safety
measure were selected. The procedure for selection
was as follows:

Step 1:

The intersections incorporating road lighting were
selected from the traffic safety program survey data
according to the criteria below:

e Prefectures covered: Tochigi, Gumma, lbaraki,
Saitama, Chiba, Tokyo, Kanagawa

e Roads covered: national highways administered
by the Ministry of Land, Infrastructure and
Transport of Japan :

e Year of executing safety measures -- Fiscal Year
1991

Consequently, 113 sites were selected.

Step 2:

For intersections having incorporated road lighting
and selected in Step 1, the accident data associated
with the site information was selected, based on the
Comprehensive Database for Traffic Accidents (more
specifically, an error of 100 metres was allowed to
accommodate the limited precision in site data within
both site information sets).

Step 3:

From the intersections selected in Step 2, those not
experiencing night-time accidents during the fiscal
year 1990 (a previous year before the road lighting
was incorporated) were excluded. Consequently, 18
intersections were selected. Each intersection
selected was within a major trunk line (ordinary
national highway) and had a daily traffic volume of
10,000 vehicles or greater.

4.3 Summation of Traffic Accidents

For the selected intersections, the number of traffic
accidents both before and after the introduction of
road lighting was tabulatéd. The fiscal years covered
in the summation were as follows:

e ‘Before’: fiscal year 1990
e ‘After’: fiscal years 1992-1995

The reasons for why the period for summation of
'before' was limited to one fiscal year are that the
traffic safety programme survey was intended for
safety measures executed in fiscal year 199; and the
accident data in the Comprehensive Database for
Traffic Accident became fully available in fiscal year
1990. :

For the summation of traffic accidents, not only
night-time accidents but also daytime accidents were
included. The data for ‘before’ (resultant summation
for fiscal year 1990 alone) was compared with that
for ‘after’ (the average for summations of four fiscal
years, 1992 to 1995).

4.4 Investigation into lllumination Levels
Surveys by interview were performed with
administrators of the roads involving the selected
intersections. The items investigated were:

e Size of intersection (profile of intersection, road
width, type of road surface, etc.)

o The installation details of the road lighting
(locations and number of luminaires, types of
luminaire and light source, height of poles,
overhang, .etc.)

The investigation into illumination levels, which
was a major objective of our survey, was achieved by
calculation based on the luminaire arrangement
diagrams maintained by road administrators, as well
as the previously mentioned survey result. As a
criterion for ‘iflumination level, the average road
surface illuminance was used, since with certain
intersections, the number of installed luminaires per
intersection or the area being illuminated could be
small.

Table 1: Investigation results for intersections having incorporated
lighting (night-time.average)

Judgment for accident reduction effect Before After Difference
(6] : Road surface ilfuminance (Ix) 12.8 28.9 16.1
(9 sites) Number of accidents (accidents/year) 2.7 0.9 -1.8
X Road surface illuminance (Ix) 43 20.1 . 15.8
(9 sites) Number of accidents (accidents/year) 1.2 1.3 0.8
Total . Road surface illuminance (Ix) 8.5 245 16.0
(18 sites) Number of accidents (accidents/year) 1.9 1.1 -0.8
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Percentage reduction in night time accidents (%)| 43

Percentage reduction in accidents (%) 41

Percentage reduction in daytime ' 3

Table 2: Percentage reduction in accidents at intersections having
lighting (overall average)

Table 1 shows the tabulated averages obtained from
the results of our investigation. In this study, the
threshold for judging whether or not a measure is
effective in reducing traffic accidents was set at 30
per cent by considering the technical report from
CIE®. Additionally, Table 2 summarises the
‘information about the percentage reduction in night-
time accidents; the overall percentage accident
reduction, reflecting the percentage reduction in
daytime accidents; and for comparison, the
percentage reduction in daytime accidents. For
calculating these factors, the formulas below were
used:

e Percentage reduction in night-time accidents:
= {1-(Na/Nb)}x100 (%)} ’

e Percentage reduction in daytime accidents:
= (1-(Da/Db)}x100 (%) '

e Percentage reduction in accidents:
= [1-{(Na/Nb)/(Da Db)}Ix100 (%)

Note: Na is the number of night-time accidents after
the introduction of road lighting; Nb is the number of
night-time accidents before the introduction of road
lighting; Da is the number of daytime accidents after
the introduction of road lighting, and Db .is the
number of daytime accidents before the introduction
of road lighting.

As can be understood from our investigation,
lighting as a traffic accident reduction measure
helped reduce night-time traffic accidents by 40 per
cent. This understanding is supported by a fact that
the percentage daytime accident reduction at the
same intersections remained virtually unchanged.
The average road surface illuminance at all the
investigated intersections increased from
approximately 9 lux ‘before’ the improvements to

approximately 25 lux ‘after’ the improvements in,

intersection lighting. Furthermore, after the
introduction of road lighting, the average road
‘surface illuminance reached approximately 30 lux at
the intersections that were judged to exhibit accident
prevention effects.

5. Statistical Analysis

5.1 Analysis Technique

Based on the results of the ‘before’ and ‘after’
investigations, the interrelation between illuminance
and night-time traffic accidents was further evaluated
by statistical analysis. The illuminance class of the
intersections subjected to our analysis was
essentially 20 lux, which is common to both the
illuminance guideline in Japan and the CIE
recommendation. . )

Taking 30 lux (the average of illuminance values in
the intersections that showed reductions in
accidents) as a threshold, the intersections were
classified into three illuminance groups: 20 lux to 30
lux; 30 lux and greater; and less than 20 lux. Then,
for each illuminance group, the statistical
significance of the accident percentages ‘before”and
‘after’ was analysed. The number of intersections
analysed was five in the ‘20 lux or less’ group, seven
in the ‘20 lux to 30 lux’ group and six in the ‘30 lux or
greater’ group.

5.2 Resuits of the Analysis

The results of the analysis are summarised in Table
3, where the night-time accident ratios are indicated
as annual averages, and the night-time traffic volume
for the route on each site is also reflected. The term
‘accident ratio’ refers to the number of accidents per
traffic volume.

As a result of the analysis, the ‘30 {ux or greater’
group was judged to have a significant difference of
one per cent.sAlthough the ‘20 lux to 30 lux’ group
failed to exhibit a significant difference, comparison
between ‘before’ and ‘after’ within this group
suggests the effect of the accident reduction
measure. The ‘20 lux or less’ group did not show any
sign of the effect of the accident reduction measure.
For this reason, from the expected variation in
accident reductions due to the difference in average’
road surface'illuminance, a road surface illuminance
of 20 lux or greater achieved by the incorporation of
road lighting can reduce the possibility of accidents
at intersections; and an illuminance of 30 [ux or
greater will positively reduce the accidents at
intersections. This coincides with the findings
obtained from ‘before’ and ‘after’ surveys — that 30
lux is the average road surface illuminance at the
sites that showed a positive accident reduction
effect.

Table 3: Analysis of effect by average road surface illuminance
groups

Average road surface illuminance | Night accident ration (accidents/100 million carsfyear | Significant difference judgment | Number of sites
(tx) Before After Difference for before and after n
20 orless 12,071 15,797 3,726 . - 5
20to0 30 15,662 9,485 C-6,117. - 7
30 or greater 20,180 5,098 -15,082 1% significant difference [}
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6. Level of Lighting at Intersections

6.1 Preferable liluminance Level at intersections
The lighting at intersections not only provides
ordinary road lighting, but also allows the driver of a
car approaching an intersection to identify .the
intersection and clearly judge the situation in roads
around the intersection. For example, if a lighting
arrangement is incorporated into an intersection on a
road whose surface is brightly illuminated with
continuous lighting, it will be necessary to make the
intersection conspicuous by rearranging the [ayout of
its lighting facilities, so that the illuminance at the
intersection is greater than that on the road section
illuminated with continuous lighting.

As described previously, the guidelines in Japan
for installing road lighting facilities does not mention
road illuminance at intersections — it only describes
typical arrangements for luminaires at intersections.
By installing luminaires according to the sample
layout in these guidelines, the illuminance at
intersections will be approximately 1.5 times as high
as that on continuously illuminated sections.

Incidentally, in urban areas, the adaptation
luminance of driver's eyes will increase, owing to
illuminance around the driver, which possibly causes
the visibility at intersections to fali. The illuminance
level at an intersection, even when that intersection
is illuminated with local lighting rather than with
continuous lighting, should be determined by
considering the surrounding luminous environment.
6.2 Recommended I[lluminance Levels at
Intersections ,

The effectiveness of lighting in reducing traffic
accidents in the previously selected intersections
was evaluated by analytical method. As a result, it
was found that an average road surface illuminance
of 20 lux or greater can attain an accident counter-
measure effect. This value coincides with the value
of the guidelines in Japan for road lighting facilities,
as well as the CIE recommendation. Also, an

average road surface illuminance of 30 lux or greater

resulted in more positive accident counter-measure
effect. Based on these facts, the following
illuminance levels expected for intersection lighting
have been determined:

e Basic level: average road surface illuminance of
20 lux .

e Recommended level: average road surface
illuminance of 30 lux

Note, however, that the abave values are intended
for major trunk roads, such as national highways
(intersections associated with lighting category C2 in
the CIE recommendations).

7. Conclusion

From the viewpoint of the effectiveness of traffic
accident . reduction, the flevels expected for
intersection lighting were investigated. Generally, the
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number -of traffic accidents occurring in one
intersection is very small, and, at the same time,
many mutually affecting factors contribute to these
accidents. Therefore, in this study, sites having only
road lighting as an accident counter-measure were
selected and subjected to investigation. First, the
numbers of accidents both before and after
introduction of an accident counter-measure were
surveyed. Then, the effect of installed lighting
facilities was statistically analysed.

From the result of this review, it was learned that
an average road surface illuminance at intersections
maintained at 20 lux or higher, can provide the effect
of an accident countermeasure; and that an average
road surface illuminance of 30 lux can further
positively develop the anti-accident effect. However,
other measures will be needed for sites where a
hazardous situation can be expected or where
accidents have frequently occurred — or where heavy
traffic and a complex environment can lead to
complicated illumination requirements.

In this study, the authors have successfully
demonstrated the effectiveness of adequately bright
lighting  facilities as a traffic accident
countermeasure at intersections. Thus, when
providing intersection lighting, the lighting facility
must be at least capable of providing the illuminance

- that is needed according to the road lighting

installation guideline currently.in effect in Japan.

As the importance of project assessment in
executing public works is increasingly recognised, it
will be increasingly necessary to construct traffic
safety facilities, in an attempt to provide more
efficient traffic safety programmes. The authors hope
that this report can contribute to improved safety in
road traffic. .
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