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RESEARCH ON ACCIDENT REDUCTION BY
INTERSECTION LIGHTING

Osamu MINOSHIMA, Kunihiko OKA, Keiichi IKEHARA, Noboru INUKAI,
National Institute for Land and Infrastructure Management, JAPAN

ABSTRACT

On roads in Japan, fatal accidents that take the lives of pedestrians tend to occur frequently at
night. Every year, approximately 20% of all fatal accidents (about 1,500) occur at intersections
at night, despite the low traffic volume at that time. The government has announced the goal of
reducing the annual traffic accident fatalities to less than 5,000 per year by 2012, so fatal
accidents that occur at intersections at night consists an extremely serious problem because
they comprise such a high percentage of all fatal accidents.

The goal of this research is to clarify the conditions that intersection lighting must satisfy in order
to reduce nighttime traffic accidents by appropriately installing intersection lighting. The research
began with a survey of overseas standards for the brightness of lighting. This revealed that
overseas, the brightness of intersection lighting is stipulated in terms of road surface illuminance,
and is set in a range from 7.5 Ix to 50 Ix according to road traffic conditions at each installation
location.

Based on the results of the survey, evaluation testing was done to obtain the minimum
necessary illuminance and concept of luminaire layout to ensure safety when lighting is installed
at intersections. The test hypothesized an intersection that is not influenced by road traffic
conditions and roadside conditions to evaluate how visible pedestrians are to drivers and the
impression of the lighting on drivers as they pass through the intersection. The results show that
it is necessary to ensure average road surface illuminance of 10 Ix or more at an intersection at
night, and demonstrated that to obtain average road surface illuminance of about 10 Ix, the
layout stipulated by the commentary to the Road Lighting Facility Installation Standard (JRA,
1981) efficiently distributes illuminance and is the desirable layout.

Next, a field survey focused on intersections where many accidents occur was performed to
identify causes of accidents related to road traffic conditions and roadside conditions. Then
factors that impact effectiveness were analyzed by comparing the optical properties at locations
where the accident reduction effects of lighting are high and locations where these effects are
low. The results have shown that at locations with high nighttime accident rates, in addition to
inadequate brightness at the intersection, road traffic conditions and roadside conditions cause
problems, and at locations where nighttime accident reduction effects are high, vertical
illuminance above the crosswalks is high. Next a study of the illuminance necessary to reduce
accidents at intersections where many nighttime accidents occur was carried out focusing on
the relationship between the occurrence of accidents and the illuminance at intersections. The
results revealed that ensuring an average road surface illuminance of 30 Ix and uniformity ratio
of illuminance of 0.4 reduces accidents even more efficiently.

INTRODUCTION

According to traffic statistics from 2004 (ITARDA, 2005), 56.4% of all accidents caused by traffic
accidents occurred at intersections. Of all accidents that occurred at intersections, 27.8% of
accidents causing death or injury and 47.7% of fatal accidents occurred at night. Of fatal
accidents occurring at night, many were pedestrian — vehicle accidents, and serious injury
accidents involving pedestrians crossing streets occur frequently. That year, 1,539 fatal
accidents occurred at intersections at night, accounting for about 21.7% of the total of 7,084
fatal accidents that occurred in Japan. The government has announced a goal of lowering the
number of traffic accident fatalities to less than 5,000 per year by 2012, and considering the
high percentage of all fatalities caused by nighttime fatal accidents at intersections, they are an
extremely serious problem.



As an existing traffic safety countermeasure for nighttime intersections, the Road Lighting
Facility Installation Standard (JRA, 1981) stipulates the layout of intersection lighting facilities,
but this standard does not include standard values for brightness; only simple intersection
examples are presented in The Road Lighting Facility Installation Standard Explanation (JRA,
1981) (below called the “standard explanation”) for the layout of luminaires. Considering the
increasing complexity of intersection structures that has appeared in recent years as a result of
the enlargement of intersection areas by road widening, the construction of grade separated
intersections, and addition of right-turn lanes, in order to obtain appropriate accident reduction
effects through future lighting facility installation, the standard brightness values and concept of
luminaire layout must be clarified. The research obtained the conditions that intersection lighting
must satisfy in response to this situation.

DOCUMENT SURVEY AND RESEARCH GUIDELINES

This research begins with a survey of overseas standards for the brightness of intersection
lighting to study a method of confirming specific required lighting conditions. A report by the CIE
(1995) stipulates the brightness that intersections require as illuminance, specifying the lowest
average road surface illuminance to be maintained in an intersection within a range of 7.5 Ix to
50 Ix and uniformity ratio of illuminance of 0.4 according to the functions of the road and the
complexity of the traffic (Table 1).

Table 1. Lighting Categories in Areas Where Orderly Traffic is Disrupted (CIE)

Lighting Category Min. Maintained llluminance Uniformity Ratio of llluminance
Co 50Ix 04
C1 30Ix 04
Cc2 20Ix 0.4
C3 15Ix 04
C4 10Ix 04
C5 7.5lx 0.4

Lighting category judgment standard
(DRoad type @Traffic volume (3Complexity of road structure

@®Separation of road users from other forms of transportation

Based on the results, evaluation testing was done to obtain the minimum necessary illuminance
and concept of illuminaire layout to ensure safety at an intersection that is not influenced by
road traffic conditions and roadside conditions. The testing evaluated how visible pedestrians
are to drivers in the intersection and the impression of the lighting on drivers as they pass
through the intersection. Next, a field survey focused on intersections where many accidents
occur was performed to identify causes of accidents related to road traffic conditions and
roadside conditions, and at the same time, factors that impact effectiveness were analyzed by
comparing the optical properties at locations were the accident reduction effects of lighting are
high with that at locations where these effects are poor. Later an analysis focused on the
relationship between the occurrence of accidents and illuminance at intersections was carried
out, obtaining the requirements to reduce accidents at intersections where accidents occurred
frequently.

ILLUMINANCE AND LUMINAIRE LAYOUT REQUIRED AT
INTERSECTIONS NOT INFLUENCED BY ROAD TRAFFIC
CONDITIONS AND ROADSIDE CONDITIONS

This obtained the minimum illuminance necessary to ensure safety at intersections not
influenced by road traffic conditions and roadside conditions. It investigated the impacts on
drivers of the locations of luminaires to clarify luminaire layout concepts. Then evaluation testing
was performed focusing on the impression of both factors on the visibility of pedestrians to
drivers and the impression on drivers as they pass through the intersection.



Setting lighting conditions

Based on the results of the survey of overseas standards, lighting conditions confirmed by the
evaluation testing were set as shown in Figure 1. The illuminance values were set in four
categories, 15 Ix, 10 Ix, 5 Ix, and no lighting, according to the purposes of the study of the
minimum necessary illuminance. The luminaire layout includes three layouts; the layout shown
in the Standards Explanation (Layout A), corner layout (Layout B), and a layout combining the
two former layouts (Layout C). By combining these luminance levels and these layouts, a total
of 10 types of lighting conditions were set. Outside the intersection is a dark area with measured
level of 0.2 Ix where there is no lighting (below, the lighting conditions are indicated by the
symbols shown in Figure 1).

Testing method

The testing was done at a full-size intersection of two roads with two lanes in each direction and
a lane width of 3.25m to hypothesize the patterns shown in Figure 2. In the standing testing,
drivers sighted pedestrians from inside their stopped car in 1 second, and in the driving testing,
drivers sighted pedestrians while driving straight at 60km/h, and when turning left and right while
turning at normal left and right turning speeds to evaluate their visibility. Drivers also evaluated
the impression they obtained when passing through the intersection based on “danger to the
pedestrian”, “driving ease”, “brightness of the intersection”, and “safety”. Each evaluation was
done using the five-step evaluation shown in Table 2 to score the testing results from 1 point to
5 points. The test subjects were 15 non-elderly people and 5 elderly people, and the
pedestrians wore clothes in colors with low reflectance.

Table 2. Grading Terms used for the Evaluation

Evaluation score. 1. 2. 3. 4. 5.
Visibility. Invisible, Barely visible, Somewhat visible, Clearly visible, Extremely visible,
Danger to the Dangerous, Little dangerous, Permissible, Little safe,  Not dangerous,
pedestrian.

Driving ease. Difficult, Little difficult, Permissible, Little easy,  Easy,
Brightness of Dark, Little dark, Permissible, Little bright,  Bright,

the intersection.

Safety. Dangerous, Little dangerous, Permissible, Little safe, Safe,

Results of optical measurements

Figure 3(a) shows the results of measurement of vertical illuminance at an elevation of 0.8m
above the crosswalk at set illuminance of 15 Ix. And “Outside” shown here is a case where a
luminous flux from outside the intersection was measured, and “Inside” means a case where a
luminous flux from the intersection was measured. As the results, the outside vertical
illuminance was highest in layout A followed by layout C and lowest in layout B, and this gap is
particularly large on the “side where a luminaire were laid out in layout A and layout C” that is on
the left side of the figure. Turning to the inside vertical illuminance, differences based on layout
are smaller than in the case of the outside vertical illuminance, but near the center of the
crosswalk, the difference is larger than in the other part, with the difference largest in layout B
followed by layout C and smallest in layout A.

Figure 3(b) shows the results of measurements of the illuminance distribution on the road
surface of the intersection at set illuminance of 15 Ix. The results reveal that in all layouts, the
road surface illuminance near the crosswalk is higher than at other parts. And in layout A, the
road surface illuminance is high along the vehicle lane, but in layout B and in layout C, it is high
where pedestrians wait to cross the road and is lower than it is at and around the center of the
intersection.

Evaluation testing results

Visibility of pedestrians



Figure 4 shows the average evaluation score and permissible rate (%) of the evaluation of the
visibility of pedestrians at each of the set illuminance levels. And the permissible rate shown
here is the percentage of test subjects who gave evaluations of “3. Somewhat visible” or higher.

1) Impact on evaluations by differences in illuminance

The higher the average road surface illuminance, the higher the evaluation, and at average road
surface illuminance of 10 Ix or higher, the average score was 3 or more regardless of luminaire
layout. But the higher the illuminance, the smaller the percentage of improved scores, and at an
average road surface illuminance of 10 Ix and 15 Ix, the results do not fluctuate very much.

2) Impact on evaluations by differences in luminaire layout

At set illuminance of 15 Ix, the evaluation of layout C was higher than that of other layouts. In
layout C, the visibility was higher because, even in a case where the set illuminance was high,
the uniformity ratio of illuminance was higher than in other layouts and the road surface
illuminance close to the crosswalk was higher than it was at other parts. At set illuminance of 10
Ix and 5 Ix, the evaluations of layout A are higher than those of other layouts. In the case of
layout A, visibility was improved by the fact that a pedestrian can be seen as a silhouette,
because the road surface illuminance was high from the crosswalk to the vehicle lane outside
the intersection and the inside vertical illuminance above the crosswalk was low.

Impression as the drivers pass through the intersection

Figure 5 shows the evaluation scores and the permissible rate (%) obtained as evaluations of
drivers’ impression as they passed through the intersection at each illuminance.

1) Impact on the evaluation by differences in illuminance

In the layout C case, the average score was highest at set illuminance of 15 Ix, but in layout A
and layout B, it was highest at the set illuminance 10 Ix, and it fell at 15 Ix.

2) Impacts on the evaluation by differences in luminaire layout

Like the evaluations of the visibility of pedestrians, at set illuminance of 15 Ix, evaluations of
layout C, and at set illuminance of 10 Ix and 5 Ix, evaluations of layout A were higher than those
at other layouts. A reason for low evaluations cited is the abrupt change of brightness near the
intersection, and it is presumed that the uniformity ratio of illuminance in the intersection has a
great impact on the psychological state of drivers.

Study of conditions lighting must satisfy

The following are the results of a study of conditions that lighting must satisfy at intersections
that are not influenced by road traffic conditions and roadside conditions.

1) Average road surface illuminance that is required

Even at an intersection that is not influenced by road traffic conditions and roadside conditions
such as the intersection confirmed by this testing, the average road surface illuminance within
the intersection should ensure 10 Ix.

2) Concept of luminaire layout

If the average road surface illuminance inside an intersection is set at 10 Ix, the layout shown in
the standard explanation (layout A) should be used, because it is the most efficient. When the
illuminance is set at a high level in a large intersection, the illuminance is often lower in the
center of the intersection than around it, so the uniformity ratio of illuminance of the overall
intersection should be increased by adding more lighting at the corners of the intersection as it is
done in layout C.

REQUIRED ILLUMINANCE AND LUMINAIRE LAYOUT AT
INTERSECTIONS WHERE ACCIDENTS OCCUR FREQUENTLY

This survey focused on intersections where many accidents occur was performed to identify
causes of accidents related to road traffic conditions and roadside conditions, and at the same
time, factors that impact effectiveness were analyzed by comparing the optical properties at
locations were the accident reduction effects of lighting are high with that at locations where
these effects are poor. Later, the relationship of the state of occurrence of accidents with



intersection illuminance at 367 intersections designated as frequent accident locations was
analyzed to obtain the intersection illuminance that efficiently reduces accidents.

Analysis of the causes of accidents according to the field
survey

Because it was necessary to identify causes other than insufficient illuminance at the
intersections that were surveyed, the survey was done at a total of 12 intersections: at six where
the daytime - nighttime accident ratio (nighttime accident rate/daytime accident rate x 100%) is
high even though adequate illuminance is ensured in the intersection (category X) and at six
where the daytime - nighttime accident ratio is low even though the illuminance is relatively low
(category Y). Figure 6 shows the relationship between the daytime - nighttime accident ratio with
the illuminance within the intersection at the intersections that were surveyed. The following are
characteristics of accidents at each of the survey locations in category X (table 3). Photo 1
shows the road traffic conditions and the roadside conditions that caused problems at these
locations.

Table 3. Characteristics of Accidents at the Surveyed Locations
Survey Number Characteristics of Accidents

X1 Many accidents involving cars entering and leaving a convenience store parking
lot and cars traveling straight on the road.

X2 Many accidents involving cyclists crossing the road and cars traveling straight on
the road.
Many accidents occurring when cars are turning right.

X3 Many accidents involving cars turning right and pedestrians crossing the road
Many rear-end collisions

X4 Soaring accident rate in recent years.
Many rear-end collisions
Many accidents involving two cars turning right

X5 Many rear-end collisions

X6 Many accidents involving two cars turning right

The survey clarified the state of road traffic during the nighttime at the surveyed locations and it
included optical measurements of the vertical illuminance above the crosswalk and the road
surface illuminance. Figure 7 shows the vertical illuminance above crosswalks at various survey
locations. Based on the results, in category Y, regardless of the low road surface illuminance,
vertical illuminance above the cross walk is ensured, suggesting that a high level of vertical
illuminance above crosswalks is an important element in obtaining the effects of improving
lighting systems.

llluminance that efficiently reduces accidents at Hazardous
Spots

For Hazardous Spots, actual accident data and lighting conditions were abstracted, and based
on these, the relationship of the illuminance inside the intersection with the accident reduction
effects were analyzed. The nighttime - daytime accident ratio was used as an index to
quantitatively represent accident reduction effects. The locations where these data were
abstracted were 367 locations registered as Hazardous Spots in the Kanto Region, these were
sampled for two three year periods—1996 to 1998 and from 1999 to 2001—with those where no
accident had occurred during the daytime or nighttime omitted from the samples.

Figure 8 shows the relationship of the illuminance and the illuminance symmetry within the

intersections with the daytime - nighttime accident ratio. A tendency for the daytime - nighttime
accident ratio to fall as the illuminance rose was observed, and near 30 Ix in particular, the



inclination of the daytime - nighttime accident ratio increases. It is assumed that the
effectiveness of lighting was clearly represented because, in addition to the effects of increasing
illuminance, the uniformity ratio of illuminance approached 0.4 (CIE, 1995) that is among values
recommended by the CIE to obtain a good lighting environment.

Study of conditions that lighting must satisfy

The conditions that lighting must satisfy at intersections where accidents occur frequently under
the influence of road traffic conditions and roadside conditions were studied. The study obtained
the following results.

1) Required average road surface illuminance

At intersections such as Hazardous Spots where accidents occur readily, average road surface
illuminance of 30 Ix and illuminance symmetry of about 0.4 should be ensured.

2) Concept of luminaire layout

At locations, where frequent car — pedestrian accidents occur, the layout of luminaires and
luminous intensity distribution should be those that increase the vertical illuminance above the
crosswalk.

CONCLUSION

This research has clarified concepts of illuminance and luminaire layout that are necessary at
intersections not influenced by road traffic conditions and roadside conditions and at
intersections where accidents occur frequently.

The National Institute for Land and Infrastructure Management (NILIM) has carried out many
surveys and research projects concerning intersection lighting. In the future, the NILIM will study
the appropriate provision of intersection lighting that provides safety and comfort to road users
and the enactment of standards that can be fully applied by the newest lighting technologies.
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(b) Crosswalk visibility obscured by a structure (X3)  (c) Traffic flow confused by a driveway to a shop (X1)

(d) Intersection on a crest so the headlights of the oncoming cars are blinding (X6)

(e) No crosswalk, forcing pedestrians to cross dangerously (X4)
Photo 1. Problems Caused by Road Traffic Conditions and Roadside Conditions at the Surveyed
Locations
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