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Research on the Winter Road Management Standards
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In this research, in order to establish a winter road management standard, indices for effective
winter road management and there levels were studied.
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Design method of a pedestrian space based on‘a_ concept of pleasantness
(BRI Fak 13~15 FE)
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Road Department  Advanced Road Design and Safety Division Head Nozomu Mori
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Senior Researcher  Susumu Takamiya

A pedestrian space such as a sidewalk has to have the space for passing and/or staying of
pedestrians. In recent years, a space where pedestrians can feel pleasantness is also required. In this
study, the method of deciding the width of a pedestrian space based on these viewpoints is examined.
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Research on design method of an intersection
based on the characteristics of elderly drivers
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Susumu Takamiya

With the progress of elderly society in Japan, the number of elderly drivers will increase in the
future. An elderly driver has various characteristics for driving. For example, it is difficult for him/her to
drive adequately at intersections and at curve sections. In this study, these characteristics of elderly
drivers are analyzed and road safety measures for them are examined.
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Road space reallocation and road structure based on new road functions
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In resent years, with improving road network in a region or change of needs for roads, there
are some cases that an existing road space should be considered to be adapted to new road functions.
Road space reallocation of an existing road, as this case, will be necessary for road construction and
management in future. In this study, road space reallocation based on new road functions is examined.
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Research on Road Safety Audit
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Road Safety Audit was institutionalized and has been carried out in the United Kingdom since 1990,
and it is appreciated that it has been introducing considerable effects on improving the road safety. In this
research, overview, cost and benefit of the audit, and requirement of auditors are studied in order to introduce it
into our country through investigation of them in the Australia.
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Study on Evaluation Method of Effect of Road Projects
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In this study it is tried to find out the evaluation method of effect of road accident reduction by road
projects in order to improve the Manual for Cost-Benefit Analysis. To do that, numerical formulas that indicate
the number of accidents based on road and traffic situations are examined, using the database in which Road
Traffic Censes Data and Traffic Accident Data are integrated.
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Research on Supporting System for Pedestrians
(FAFRHAIR: A1 1 ~ 1 746 )
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Head Nozomu Mori
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Senior Researcher Yuiji lkeda
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Road Department, Advanced Road Design and Safety Division

In this study, the development of equipment and systems of ITS for Pedestrian to ensure safe walking
for disabled and elderly people was investigated. In this year, we developed the system using RF-ID
tags and D-GPS positioning method. This paper presents both system, and the results of questionnaire

surveys for local government and private sector, about installing ITS for pedestrian.
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Safer road traffic environments in the elderly society
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Nozomu Mori

With progressing of elderly society in Japan and spreading of the concept of normalization,
improvement to provide the accessibility of sidewalks and pedestrian spaces is promoted. Such
improvement should be promoted in the area where elderly people live in as well as in the surrounding
areas of railway stations. In this study, the road that elderly pedestrians select were surveyed and

some problems on the road were identified.

[(FRBHRVER]

BRLEOERRL ) —<v 7MY — s DEZXFDEE
WV, R 12 FITERBRANY T 7R ETTEN,
BREXPLEL-EABBEICBWTL, HESEDOK
EREDLNTVWD, LixL, BE P EETIHRITIS
FTLHERBEHEREDLIRLT, FAoFEEHIZH
BEBER, EFELTWAIELEY, ZOXD 7 T,
HARERBRKICHERERSCHITEEMOLEISEND
TEDEBZBNDN, ZOX5HIRIC B TH, EREH
REROENWHFOTREZBEL T, @EENS B HHICE
EUGEI CEAIDICL QUK IERMELEZ HND,

AFE T, ZOISRMBAE R RICEEBE BN TH
HI 556 0OHITREL, BE LOMBERIZOWTRE
75, '
KA

AFETIE, FTERANOHSAREIZB W THES SR
HkAREL ., 65 L EOBEE 2 XTI, B HHRHN
HER L VT T 2R EORITRE ., MBELKLS
BERRREIZHOWTT Uy — M AT ER L, 7
r—rRERE-SITL, MBEESNAEFT2/ETHE
EHIZ, FOEBIRTLIZOWTHELEV XD,
1. AENSREOEE

TR 12EICITENERBE AT 7T, REx
P L X A A BRI ED T, BEARNICHT
BEMEOUELED VAN, ERICEHEREET
DU, EREMIXEFDEIIRLR, —F THEE
ERBETIHIRIC, BLARPEOEBXEIFE
T3 BEAPEBRONAILNHS, 20D

E T, ZOIRH - HERERETALELIC,. Fh
LOMBICH L THEBEPREBRELFE L TCEDOINC
KLU TWAIERET B,
WEICKELS, 22T, FERNOHSBIREICEW
THEXRHIEEREL, RESSS IR, SITEO
BITREEZEZERL T, 1km WHFREDENVEH KL
L7z, B EITEL T L TORSEBHEL,
FERNBRELRDBEBENRENRHIRIZBELT
WA, bLLIE, BEENRESRHRNICB S
72 BRHE R D | JHE ST R HUIR A 8 BRI A B
LT3,
R SR ER R IR EZSITREIT 5,
MEXSRHIENIZ, MRFOBITICXKELECIYE
HZBENDSHDAE K FERK TEIE BAA ., MR
EMNHEETS, IR, CRITEESEBEICEL
RERWERT) FORBEBATEETS,

2. 7o rREOHELER

MBELEBEREOEERE 77 (V" — Az ¥
— LA ZBU T, AESRIMENICEETLE
B0 (65 ML L) 2L THHV, BEE ICHAEFEE
ERAOIZ. BE~OBIEEE L, ZI TR, &1
DEBEEHIZOWTHTHAETDILOLL, 1 BFOBEEIZL
BEATV—FRELEL,

HAENGE (BRE) OBRMIIR2 OBV THS, T-
S B RESM RO ZBFREX K1, K-2 (ZRT, 5E
DRRET 756 R EOF K EEE S TR, x4
HEEETEEYRLBETONAENEL FOBEOXEF
BUIT i 3 % 7,



#-1 HEHEA
HEEE

1 | AEXNGE (BEE) OB (5,

2 | FEHM (1 BR) P OS5 HR B (BFZ

HIh, 233 FBY)

3 | BHITRBENC LD B M, KR &

4 | HITBBIORORIRNER RIZIEH) | RKRE

REH

5 | EREORIRAEFT (RIZIE) . T OHEH

#-2 REXNGE (BE) OB

F#E)
HrY, B

PR (A (%)) £ (N (%))
B 27 (62.8%) | 65~69 % 13 (30.2%)
g 16 (37.2%) | 70~74 8% 11 (25.6%)
75~79 B 11 (25.6%)
80~84 % 6 (14.0%)
85 Bk 2 (4.7%)
43t | 43(100.0%) [ &3 43 (100.0%)

B-1 S B X-2 ZEFE

HDTHH T B

BIZR->THREZZNIT, BHE BN TON RS %L,

ROTEHBERER>TVD, ZOHREORBERIZHE

?5%1%:%%%?:& . kRO IDITeB,

BYottE ERA~HPTIH 2 E D) @07

HORTRENTIL, HEREEZBRLTCOA5E08

%\,

ZOHBEITIE, ﬁ%&@%rﬁ%cz IERUTHY,

ZOBRORERNE AL BB —FEVDDIE

VLD THD,

NEE HBHE LTRSS THTDHE T, FRE

ERCTREBERDIGENREL. AEROR KRR
- ElRoTWNB,

- BREBEBIRERIZOVTARIIE. 20OEIHSTEHBH
IZ—FBIEVD EVOLDTHY, BEREERIRT
HEB B IOz, RSN DOBHREL T, TR
RUODHIEVILDONREL | ETABEDHDHE K X
TIXMHRBDB N | EWH BB TRERIRL TV A5
B,

2EFBLTEHHITEORKRRNEEZZNLE. O
BRERBERIRTAHEMPHDIIEL, QEDLL2VRES
BT HEE N HHE, QAKX ZIERL Z NI
UTREBEERIRTIEENHDIENERTEL,

3. BB ORR

BRENERL-EBOBEERIC VW TEEL 5
WOV EFE LI, BIEEREERR L AT
L=,

L S<IEHEN- PR, TEROMARNATH
BILVD R THD, ThEDEFTARELLLZS, BB
HEWTATERIE 8% E X DHLDONEL, ZOAEMLE LM
ITROXERLRZEEN, BB OEMII ORI
DEEZBND, BEOREWT AR HFACER T2 L8
Z\ 2o, EICITER O AREER /NS TERVGLD
LBbND, LELIOLIRB AT, flidmEhE b
ASHHERI LN CEBMBICFTIERBTHRLL
T\ BEIZEDFR BRI I2\ LS 725450
BEHENEZLND,

ZHUSORIEEE LTI, BiE O MR 5E 1R
BO%®S ERBRICHLTHTE - ORE-B8)
b::0 N AN AP =1 T Y o el
[(HRAER]

14 EEOREMELY, KDL HEBI,

@O A3 ADEBELNBIZ1BEOFATY
—ELERLEZA SMHEHIIEDR
BAENEL FOBEOREFERIIfE4 ) p54
HAEHz -,

@ HBWTHHTIHE, BB ORKERF

i, DIEFEHF LRI, BERBLZBIRTAH

BHHHIE ., DEDLIRVEREEBIRTHEMSH

L, AR X M & PRER L ZAUCE L TR BEEIR

THBAEBHHENBR T,

® ABENIERTLMEENLL T, EROARK
MAELHEFONTREY., ZOHEOHEIT AEDE
11 8%EH I ALDONRENoT, ZOXILEHTIT
Iz @B E TOES ITEEL LN TEA M EIZF
TOERBETHRELC, ARICIDZREERKRA
NN IIR A EDZENRE ZBND,

[RRRD;ERA] :

14 EEORETIL. BEHEORANLER EOF 2
MR A EIBLE, 5%i13, ThORIEA~D RS R
FRE-RITALLLIC, TO/BBELEFERLFI &L
TEVELD | BRI E I E K2 2 B8RRI A E
FIALRTVWIBITE R OEEICE TS,



RRERT—HE KK LERFRRICET HHRE

Research for Identification of Road Safety Measures based on Road Accident Data 7
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In this study the relation between traffic accidents and road environments such as geometric curvature,

vertical grade, traffic safety device and their combination are analyzed in order to realize of safer road, using

traffic accident data.
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This study is to develop the specification of ITS for Pedestrian, especially, the specification of
GIS(Geographical Information System) and positioning system for pedestrians.

In this year, we developed the database of pedestrian way, and the systems using RF-ID tag, and
D-GPS, and researched the feasibility of other positioning systems using wireless LAN and
Pseudo-GPS. This paper presents these positioning systems, and draft specification of database for
pedestrians.
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Research on Roadside Facilities for Various Road Surroundings
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This research examined two subjects related to the improvements of roadside facilities which
are mainly prepared for narrow streets and side walks. One of them is to develop a pole collision
protecting fence. The damage of a car which hit a pole structure like sign posts or lighting poles tends
to be severer than to hit other roadside facilities. The collision protecting fence reduces the damage of
cars and protects drivers from collision. In this study, structure and specification of a pole collision
protecting fence were examined. Other subject is to evaluate colors of lamps which affect to the
visibility of sidewalks at night. The results of the research will be intended to use for preparing

adequate lighting systems for sidewalks.
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Evaluation method of effectiveness of road space reallocation
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In resent years, with improving road network in a region or change of needs for roads, there
are some cases that an existing road space should be considered to be adapted to new road functions.
Road space reallocation of an existing road, as this case, will be necessary for road construction and
management in future. In this study, examples of road space reallocation based on road functions were

surveyed and compiled.

[(AREBRUZRE]

AR 2EEBHEZOERPBRERSTOBBATFHRE
N5E | BEREFRVEGESHBRERIE{LL TV,
TeEERHZ EFEREANCERALEWEWIATFEED
AR EREHEEORDEROE( (BERREOR
BOEAIEC TERERETINENELIHARY
BHY, S HOERER - FHICBWTH, BEEEKZEM
EIENUIE R ER S EITo TV ER L EEE XL
nd,

AFRETE. BRAEICBVWCEHKERMABEEL-F
BIZANEEL . & -2l BARBIRHR, 5% ORERFIC
HLUTHBEREERFIIOVWTERT S,

RS EATESS]
1. ERTEMBEBESHOINE

ARE T, EREMOFERICEOAFECHSE
REERL 6 5 BISEEHHL, BYFITHLTE
-1 ORERIZMETALTIL I B ER LI, TV BT
B EETOIRECERER AR EREHHEOTE
R AL TNEL, FHETVL 7 RICIT Y E RS
BRLERERE ST,

2. BHIRERBELEKDORE

R-2IZ5EIREL-FROS TR REE T T, 5 1~3
BHEERFR TCREEE LB >-EHTH B, F
MR 41X, B ERo CGERZERME BRI AL EH T
HD, LTFTHR, Zhemdbah 2 EHICELT, &
BB, BEEXE, ChoEH 2B L LTI E
B ~&EEEESLTT,

(1) BERBEIREBITE - AEREZEOILR

X REFATED 3km KAl 3 T, ZOF%K

BUL A 2 BERTho7, FHBLEROERAE A

#-1 e7V S EHE

HE FEAE

XP R MK - E | BRI EOME
BOBE Xt SR I - E R OB - IR

FHEEEMERN | FE XSG
2| & EHEANE
- HERFEONE

FHEETE TO
3 | BEHA

BEEROHIE
EERRICAT - EEFE, T
KUIER EFHFE

Zhg. S ELHEAIRNE . RIBEAS (R INAY) %)
4 2
S8 e S i AL A ]
5| SHBOFE SHOFEEEDLES)
FDAth, BR%
6 ESH-HEECONEDLE
£
£-2 NEFEFOHHE
S HEINE %
BEREHIBEHITE - QR | ¢
1 DT (FBATH -BiE - G818 | 1 F4)
: TADEFAL) _
EEHEEE WMIIEEERY.
2 | BRI = — A~ RS L #51
BIEHICBIA51TE ORER
3 BE-BEOREORIH (SR Nv | 1 EH)
TyhE—))
LR ERIC BT B SR EN
4 ORI (F—F v FFA A — | 3 HH
A ES

TEOFELEINERICRDERER > TV, 2O,



HBBEORKBIHOELEMOER TR FEFENREAEL,
FERERTOARHLEmMLH LD AFLALDEE
BRI EROILOPREREFIAL TV, £ZTERE
ZREEELITO. ARl 2 EREEITERELOERE
L= (BE-1), -2l 8b 8 T, B ETOBRITHEL
BIREOEELZHIE T, HEEHITEEREAE
BHZEMIZKSLE, ZOBE. BRI EOEFHBENE
BeEHIT, BITELABEIODVWTIIENENDZE
M&F A TaEmsHLLNE,

AEFICBWTT, SEEEROMELERETDHET
WIEBIL T, BEEOAE ., EEDCIBE O THEENT
bhiz, ZEEEROMEBEZEETIL. FhicdbtE
THHCEKRER, BERERREDEREREOED
B I S EIOWE TIIZIETO KRB IGHIX
BraELisnZtThsd, SEOREMNEICHIZ>THE,
HEELTIOLI RIS BLEEE XD,

(2 BEEHICBISHITEORELRBE - HWBEDA

H (3R bFo Dy =)

BEHE-1 BREZRORR

BEVEEKFEIBD THWHFHTIZRBWT, AiAD
AFZ BT EICARBRTERIN T2, hidl
HTOSRRIRZE A HUIRO FERLET Y — L RADEEA
RIREL A>T, FRIBRIC, PO H# O TR,
ER L OE RIS BB F B - FIEM M EARET
Hol-, 0D, OBEDOBBEEFLIRELALR
BEOEFELNNTURERERTIIE, ILITEOERE
REULHRO, PLHEHMA~OT I/ ERAORES Y B
2 RRRT VY= AR EALRE (BE-2),

AL T, BE - mERNARE CHIEERBN
AEDBBE TR B0 BITRMH R USEITREZER
FRBERRBIIRE L, FLFANREIERER
FRBELL, BRICEER~DIE—F— K EME~DHL
Nz, POHEOR I EEEETHREBI AR,
BEE-2OBYVTOETEER 105121 ARLL, BITY—

ERAE THRAE CEEL,

BE-20@EVIBTERERTHY, BREBLOFREI
BT, BITHEREIIMAAZE, NADEITEL K
WCHPRT A LR EBHEINT:, BT L HHE
ERPERLC. BRESERICERTILLLIC. K
Ze FRRORWZ AR UL, &bz, EITHGICH
720, FF00 T ybh, IRHEERBEL TAROET
LREXMRERILI,

SNADETHRICIK, BEHOEEEDNEmEY, LR THE
BEXyoN—r®T57E ., BRNREHILORVE R
HHNTVWA,

[FRR]

14 EEOTEMEICLY, RO REH/T,

O FHEIHTZ-oTE. MEAEHEICE IS EELIZ,

BH-2 NAOETRER

BREOTKINH BT, B BRI RO A Tixiel
EEOENEFELEB LU, RN R L EEE
TNTATHZERBETH S,

@ BRERNOTHRPLEREREOBMRERLOMEL
HRILKEEERHEDDTENFETHS,

@ HEERBRZEFEU T, FRCEGESKRLUEMRY
T, ZHUCIV BB EZEDDIIENEETHD,

[REDFEM]

14 EEICNE - S LFERZLVEEDHDHELBIC. £
NENROEFRFICBOTELNIZ/ONURER R
BHMESHTL, BEREMEHECBELIBERBLTD,
FREMIIE, BIRRNPOERERBERE =2
TAIEEbYE T, BBEOE K ZEREEEIIE TS,



3. 4 RBEwX

— 47—






3. 4. 1 ZERHNN. LBBEHNERICHTIHR






Current Situation of Traffic Accidents in Japan
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Abstract: This paper describes the present traffic accident trend and the road safety measures taken in Japan. It also
discusses the characteristics of traffic accidents and the effects of accident reduction measures in recent years. Fatalities have
recently been decreasing in Japan, but traffic injuries have been continuously breaking records. One of the characteristics of
recent traffic accidents is that about 70% of total fatal accidents happen on arterial roads. Rear-end collisions in particular are
more than any other type of accidents and have been increasing rapidly. On non-arterial roads, numerous accidents involve
pedestrians and bicyclists. Crossing collisions are notorious. The road safety measures taken so far have yielded a certain
result. In future, however, they may not be highly effective for reducing traffic accidents.

1. ROAD IMPROVEMENTS AND been under severe conditions.
CHANGES IN TRAFFIC VOLUME Japan had a satisfactorily low level of traffic
accident deaths per vehicle-kilometer among

In Japan, roads have been constructed steadily in developed countries in the early 1980s, but has not
accordance with successive Five-year Road seen much improvement since then. In recent
Improvement and Management Programs, and years, the fatalities have been about double those in
contributed to Japan's economic’ growth and the United Kingdom, that has the lowest level
improvement of public life. However, roads are (Figure 6).
insufficient to accommodate increasing vehicles due
to rapid motorization since the high economic 200000 (——d * 4 7 000
growth period. The length of improved roads Lo0Qog | | —®— General roads 1 k000
steadily increased sixfold from about 107,000 km in 00 000 —— Expressuays 1 sa0a
1960 to about 640,000 km in 1999 (Figure 1). The v00.000 | | I
distance driven, vehicle-kilometers also increased i F
threefold from 449 million in 1971 to 1,116 million | 174
in 1999 (Figure 2). The number of owned motor © 200000 1890
vehicles went up at a much higher rate. It rapidly io0d.goa 1 40ce
increased 30.7-fold from 2.3 million .vehicles to a SR ———
70.6 million. Motorization is still progressing 19611967 1973 1979 19885 1991 1997
(Figure 3). \

, FIGURE 1 Changes in Length of Improved Roads
2. CHANGES OF TRAFFIC ACCIDENTS e —

00000 /
Traffic accidents o e P

A traffic accident in this paper describes about an - " —
accident resulting in injury or death. Traffic 00000 // T4 Generalroads |
accident deaths increased since 1955 to a peak of Ho0aa —®—Expressuays ||
-16,765 in 1970. Then, they started decreasing and ﬁ:‘gz
reached an all-time low in 1979, but was on the 100000 —u 00
increase again. Traffic accident deaths continuously 0 e
exceeded 10,000 until 1997. In the recent five-year T LT ST 1780 1983 1985 1988 1T 1T 1T 1T
period between 1997 and 2001, traffic accident FIGURE 2 Changes in Distance Driven

deaths were constantly below 10,000 (Figure 4).
Traffic injuries and traffic accidents have been
increasing since 1977, and traffic injuries have
Successively worsened at a record level since 1995
(Figure 5). Thus, the road traffic environment has ' ,
%
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Traffic Accident Deaths by Road User
Type

Automobile occupant deaths account for the largest
percentage, 43.9%, pedestrian deaths account for
28.5% of traffic accident fatalities in 2000. The
combined percentage of the two types exceeds 70%
of all.

Automobile occupant deaths declined since
1970, increased since 1987 and decreased again
since 1996.

Pedestrian deaths decreased since 1970 as
automobile occupant deaths, but increased again
since 1985. They started decreasing again in 1996
and the trend has been continuing.

(deaths) OGm allest no.af deaths)

7400
400 _J\ Autom obile cccupant
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N\Q\} ——"/’_\\ —
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Largest no.of deaths) .
F IGURE 7 Changes in Traffic Accident Deaths by
Road User Type

Traffic Accidents by Age Group

This section focuses on the age of the person who is
held mainly responsible for the accident. More
were killed in traffic accidents in the 16-24 age
group than in other age groups since 1970. Deaths
among the elderly aged 65 or -older started
exceeding those in other age groups in 1992 (Figure
8). Deaths among the elderly accounted for about
36% of all traffic accident deaths in 2000, a very
high level in the world (Figure 9). Traffic accident

" deaths in the 16-24 age group, on the other hand,

declined to about half those among the elderly. In
other age groups, traffic accident deaths have
represented more or less a constant percentage of all
traffic accident deaths (Figure 8).
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FIGURE 8 Changes in Traffic Accident Deaths by
Age Group
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FIGURE 10 Traffic Accident Deaths by Age Group
and by Road User Type in 2000

Figure 10 shows traffic accident deaths by age
group and type of road users. Most of the
pedestrians killed in traffic accidents are elderly
people. Deaths among the elderly accounted for
about 60% of pedestrian deaths and about 50% of
bicyclist deaths (Figure 11).

Automobile occupant deaths aged 65 and over
increased more in 2000 from 1992 than the deaths
by other road user types (Figure 12). In 2000,
7,201,000 elderly people had a driver's license,
accounting for 33% in the age group. The number
of elderly drivers is expected to increase further in
view of the trend in the past ten years (Figure 13).
Thus, traffic accident deaths among the elderly are
also expected to increase.

Summary

Traffic accident fatalities have been declining with
time in Japan. Injuries have, however, been
continuously increasing at a record-breaking rate.
Thus, the traffic environment is still under severe
‘conditions.

The percentage of deaths among the elderly in
all traffic accident deaths has been increasing year
by year. More that half of pedestrian deaths

involves the elderly. Automobile occupant deaths
have also been increasing among the elderly.
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FIGURE 11 Percentages of Traffi¢c Accident
Deaths by Age Group in 2000
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FIGURE 12 Changes in Traffic Accident Deaths by
Age Group in 1992-2000 period
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FIGURE 13 Changes in Number and Percentage of
Licensed Drivers among the Elderly

Number of licensed drivers among the elderly

This is ascribable to greater participation of the
elderly in social activities.

3. CHARACTERISTICS OF RECENT
TRAFFIC ACCIDENTS BY TYPE
OF ROAD

General Roads

Arterial Road ?
Figure 14 shows traffic accident deaths by type of
accident on arterial and non-arterial roads in 2000.

W
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Traffic accident deaths on arterial roads exceeded
those on non-arterial roads regardless of the
accident types. Traffic accident deaths decreased
during the 1992-2000 period except those due to
rear-end collisions on arterial roads (Figure 15).

Figure 16 shows the number of accidents by
type of accident on arterial and non-arterial roads in
2000. On arterial roads, rear-end collisions were
more than double those of other accident types.
Rear-end collisions on arterial roads increased more
than the other types of accidents during the 1992-
2000 period (Figure 17).

Figure .18 shows the congestion degree and
accident rate ® on national highways of ordinary
roads. The more congested roads were, the more
accidents were likely to occur. The accident rate in
sections with congestion degree “ of 2.00 or higher
was more than double that in sections with a
congestion degree of less than 0.80.

Figure 19 and 20 show that occurrence of traffic
accidents tend to concentrate in some certain
sections and at some certain intersections on arterial
roads. Half of traffic accidents occurred in the non-
intersection road sections for three years
concentrated in 6 % length of all length of non-
intersection arterial road sections. Half of the;traffic
accidents ‘at the intersections of arterial roads
happened at 4 % intersections of all on arterial
roads. Thus, traffic accidents on arterial road tend to
be concentrated at certain points.

Non-arterial Roads @

Figure 21 shows traffic accident deaths and injuries
by road user type on arterial and non-arterial roads.
Although the total of arterial roads was more than
non-arterial, deaths and injuries of pedestrians and
bicyclists on non-arterial roads were about 1.5 and
1.8 times those on arterial roads, respectively.

Crossing accidents occurred more frequently on
non-arterial roads (Figure 16) and increased most
compared to other types of accident (Figure 17).

Accidents increased more in urban areas than in
suburbs either on arterial or non-arterial roads. The
accident rate on non-arterial roads in urban areas
was more than double that on arterial roads (Figure
23). i

Accidents involving deaths or injur

FIGURE 14 Traffic Accident Deaths by Accident
Type on Arterial and Non-arterial
Roads in 2000

Bangkok, Thailand 12-13 June 2002

FIGURE 15 Changes in Traffic Accident Deaths by .
Accident Type on Arterial and Non-arterial Roads in
1992-2000 period
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FIGURE 16 Traffic Accidents by Accident Type on
Arterial and Non-arterial Roads in
2000
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FIGURE 17 Changes in Traffic Accidents by
Accident Type on Arterial and Non-
arterial Roads in 1992-2000 period
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Expressways

Figure 25 shows accident rates on expressways and
ordinary roads. The accident rate on expressways
was about one-eleventh of that on ordinary roads.
However, the fatality rate on eXpressways was
about three times that on ordinary roads (Figure 26).
This means that traffic accidents on expressways,
once they occur, are likely to be serious.

The driving condition is examined below. Figure
27 shows fatal traffic accident rates during the
daytime and at night. The fatal accident rate at
night was about four times that during the daytime.

Figure 28 shows fatal accident rates under
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different weather conditions. Fatal accidents occur
four times more often in rainy than in fine weather.
Thus, serious accidents are highly likely to occur on
expressways at night or during a rain when the
driving conditions are severe.

Figures 29 and 30 show changes in length of
expressways in service, and in accident rate and

accident deaths. Deaths increased with the length of

expressways in service. Accident rate was high at
the beginning, decreased and has been flat in recent
years. '

Summary

The characteristics of recent traffic accidents are
summarized by type of road below.

General Roads
1) Arterial roads
-About 70% of fatal accidents occur on arterial
roads. Rear-end collisions in particular have rapidly
been increasing.
-Accident rate increases with the increase of
congestion.
-Accidents are concentrated at certain spots- on
arterial road. '

i) Non-arterial roads

-Numerous accidents of pedestrians and bicyclists
occur, especially due to crossing collisions.

-Traffic accident rate in urban areas is higher on
non-arterial roads. '

Expressways
-The accident rate on expressways is one-eleventh
of that on general roads. The fatality rate is three
times higher.
-Serious accidents occur frequently on expressways
under severe driving conditions at night or during a
rain.

4. EVALUATION OF ROAD SAFETY
MEASURES

Renovation of Road safety Facilities

To ensure road safety on existing roads and
expressways, the Emergency Measures Law For
Provision of Traffic Safety Facilities enacted in
1966. The public safety commissions and the
Ministry of Construction (present Ministry of Land,
Infrastructure and Transport) comprehensively
improved traffic safety facilities such as sidewalks,
bicycle -and pedestrian tracks, traffic signs and
markings, road lighting systems and traffic signals
through mutual coordination, and produced a
certain effect. Today, however, current measures are
no longer expected to produce more effects for
reducing traffic accidents. In future, new additional
traffic safety measures may be required.

Bangkok, Thailand 12-13 June 2002

Recent Measures for Accident Black
Spot

Efficient reduction of traffic accidents demands that
measures are taken exclusively at the black spots.
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TABLE 1 Traffic Safety Measures Taken so Far

Traffic Safety Measures taken in the late1960s thought the 1970s

Traffic Safety Measures taken since 1980s to pre]

Traffic accident reductid
by the improvement of]
traffic safety facilities

1966 The Emergency
Measures Law Relating
to Provision of Traffic
Safety Facilities was
established.

Granting of subsidies w3
started for the
improvement of traffic
safety facilities such as

1971The Emergency
Measures Law Relating
to Provision of Traffic
Safety Facilities was
revised.

It was decided to make
joint national and local
efforts for traffic safety
based on the Five-year

sidewalks and pedestriag Program for Improving

overpasses.

Traffic Safety Facilities

1979 Construction of
community roads was
started for traffic, safety
on non-arterial roads.

The installation of road|
lighting systems and
information
dissemination equipmen|
was promoted to reduce
night accidents or
accidents involving
vehicle occupants.

1996Projects were
launched Urgent
Measures for Accident
Black Spot and
Community Zones.

Traffic accident reducti
by traffic control and
safety education

L

1968 The Tokyo
Metropolitan Police
Department launched ths
traffic ticket system.

1968 The Japan Traffic
Safety Education
Association was’
established.

1969The Tokyo
Metropolitan Police
Department started takir
administrative measures
based on the penalty
point system.

1972 The safe driving
Supervisor system was
launched.

1970Two-wheel vehicld
users were obliged to
wear a helmet.
1970The Japan Safe
Driving Center was
established .

1985 Vehicle occupants
were obliged to wear a
safety belt.
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FIGURE 31 Changes in Improvements of Road safety Facilities and Number of Traffic Accidents

Analyzing a traffic accident statistics database that

the Institute for Traffic Accident Research and Data’

Analysis (ITARDA) prepared by combining the
traffic accident data of the National Police Agency
and the road traffic data of the Ministry of
Construction  (present  Ministry of Land,
Infrastructure and Transport) revealed that accidents
were concentrated in certain sections and
intersections on arterial roads (Figure 19, 20).

As a result, the public safety commissions and
the Ministry of Land, Infrastructure and Transport
have been energetically implementing wrgent
measures for the black spots through mutual
coordination, taking road safety measures in recent
years.

S. CONCLUSION

The road safety measures that have been taken so
far have produced a certain effect on the
improvement of road traffic environments in Japan.
Today, however, current measures are no longer
expected to produce more effects for reducing
traffic accidents.

In future, the traffic accident statistics database
will be used, causes of accidents at accident-prone
spots will be analyzed scientifically, and then
effective measures will be developed and
implemented.

Knowledge and know-how will also be
accumulated through proper follow-up evaluation to
take effective measures according to the causes.

NOTES

(1) Roads renovated to comply with the
specifications of the Road Structure Ordinance
(Cabinet Order No. 320 of 1970).

(2) Roads that form national, local or urban

backbone road networks.

(3) Accident rate divided the number of traffic
accident occurrence or involving deaths or
injuries by vehicle-kilometers.

(4) The ratio of traffic volume to traffic capacity of
the block.

(5) Roads supplementary to backbone roads. Most
of the non-arterial roads are local streets.

(6) A fatal rate is divided the number of the deaths
by the number of deaths and injuries. In
addition, deaths mean the case that was lifeless
from traffic accident occurrence for less than 24
hours.

(7) Institute for Traffic Accident Research and Data
Analysis ITARDA) was established 1992 for the
purpose of comprehensive research and analysis
of traffic accidents with the cooperation of the
National Police Agency and Ministry of Land,
Infrastructure and Transport. o
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Proposal for a Standard “Basic”
Road Accident Report Form for ASEAN Countries

Nozomu Mori

DIRECTOR, Advanced Road Design and Safety Division
National Institute for Land and Infrastructure Management
Ministry of Land, Infrastructure and Transport

1. Introduction

The pr"es‘eﬁt report proposes an accident report form that is intended to be used in ASEAN
member countries in common.  Since items other than those proposed in this report might be
necessary to be reported depending on the road/traffic/social conditions in the individual
countries, it is assumed that optional items could be added to the minimum requirement

proposed here.

2. Selection of Data Items as the Minimum Requirement
2.1 Criteria of Selection

- Fig. 1 shows a routine task flow of road safety measure implementation/evaluation.

Routine tasks comprise mainly of:

(1) strategic implementation of measures onto particular “targets” in terms of groups of road
users, types of vehicles, types of accidents, features of road, etc.

(2) treatment/improvement of hazardous spots

Scope for proposed data items [ Statistical Analysis of Accidents |
. 4 R
Identification of targets of national/regional L Identification of hazardous spots

strategic safety actions

Finding cut characteristic features of the
accident on the hazardous spots

A

Decision and implementation of strategic [ Field survey of the spots I
actions
« Engineering y
roads, vehicles, registrations [ Identification of the causal factors J
+ Education ¢
drivers, children, general public

drunk driving, speeding measures for the individual spots

* Enforcement ¢-—-p| Stlection and implementation of safety
i
]
1
1

I Evaluation of Measures Implemented 6

Fig.1 Flow of Tasks for Routine Measures



Statistical analysis of road accidents are indispensable for those routine tasks. The data
items that are proposed in this report are those which are required for the statistical analysis in
order to:

(1) identify “targets” of national/regional strategic safety actions and

(2) identify hazardous spots.

Thoﬁgh there are non-routine/ad-hoc tasks for road safety such as revision of standards on
road design and vehicle safety features in addition to the routine tasks, data items needed for
those non-routine tasks are excluded from the proposal of the minimum requirement because
those tasks are carried out quite infrequently and usually in-depth investigation of particular

interests are required for those tasks.

Effectiveness of various safety measures should be known in order to be able to select most
appropriate measures for individual targets and evaluation of safety measures that have been
implemented is needed for finding the effectiveness of those safety measures. It was
attempted in the beginning to include data items needed for the evaluation of safety measures
but it was found that the number of data items becomes unrealistically too large. Therefore,
separate investigations should be made for the purpose of evaluating effectiveness of safety

measures.

2.2 Data needed for identifying targets of strategic safety actions

National/regional strategic safety actions comprise implementing measures targeting on the

three elements of road traffic that are road users, vehicles and roads, such as:

(1) for road users, driver education, work hour manageraent/control of professional drivers, |
“school children education, safety campaign for general public,

(2) for vehicles, on-road vehicle inspection, mandated periodic vehicle inspection, and

3) for_rdads, surface maintenance, signs/markings, guard fences, lighting, medians, etc.

Table 1 shows the data items that are needed for identifying “targets” through statistical
analysis.



Table 1 Data needed for identifying "targets” of strategic actions

Typs of Accidents

Overviews
Common to other objectives

- Tim, Location of accidents
- Damage (number of fatalities, injuries,
amount of property damages)

Identifying types of accidents to be
targeted

- Types of accidents
- multi-vehicle (right angle, head-on)
- single-vehicle (out-of-road)
- vehicle-pedestrian (pedestrian
crossing)

Road Users

Education

- Attributes of road users involved in
accidents
- age, sex
- license
-'hours of driving until accidents
- profession
- Maneuver before accident
- turning, braking
- crossing, walking along

Enforcement

- Causal factors of road users
- fatigue, doze
- use of mobile phone
- drunk, drug-intoxicated
- speeding, running against red light

Vehicles ”

Vehicle inspection
Enforcement
Safety Standards

- Attributes of vehicles

- type, make, model, year
- Causal factors

- brake, light, steering

Roads/Environment

Road improvement
Traffic control improvement

- Attributes of location
- types of road
- geometry of location
- safety features (markings, median,
lighting)
- road surface (pavement, wet/dray)

- Traffic control
- signal, police manual, stop
- one-way/two-way
- speed limit

- Weather/Light condition

Immediate Action for Road
Improvement

- Causal factors of roads
- sharp/blind curve
- lack of signs/markings
- damage on surface




2.3 Data needed for identifying hazardous spots and determining the
measures

Hazardous spots can be identified when location of accidents are recorded as data items. For
determining the measures for the identified spots, such detailed information are needed as
who were involved where, when in what type of accidents in what environmental conditions
resulting in what damage. Those details do not necessarily have to be analyzed statistically.
Some of them can be recorded in the individual accident reports in the form of collision

diagram.

'fable 2 shows data needed for hazardous spot treatment.

Table 2 Data required for Hazardous Spot Treatment

Identification of Time, location of accidents - Coded/digital data
Hazardous Spots - Weather, light, dry/wet
Determination of - What, how, when, where the - Collision diagram
Measures for the accident took place? ’
Individual Spots - Who were involved and how?
' |- In what conditions?
- Details of the accidents

3. Proposal on accident report form

Appendix 1 shows the proposal on the minimum requirement of the accident report form to
be used in ASEAN countries. The report form comprise of two parts: one is coded or
digitized data set to be needed for statistical analysis for (1) identifying “targets” of strategic
safety actions and (2) identifying hazardous spots, and the other is collision diagram to be .
used for analyzing the characteristic features of the accidents at the individual hazardous spots

in order to screen out the effective measures.

4. Current report forms of ASEAN countries compared with the proposed
form

Appendix 2 shows comparison between the report forms of the proposed and of the nine
ASEAN member countries that were submitted on the request of the Secretariat of the

Seminar. Followings are the major findings form Appendix 2.



(1) ID of the report, location, time and damage of accidents are commonly included in all of
the forms of the nine countries, o

(2) information on road design of the accident spot is recorded only in a few countries.

3) As to the type of intersection control, signalized/non-signalized is reported in the majority
of the countries though “stop” registration/non-registration is recorded in a limited

- number of the countries.

(4) Accident causal factors of road users, vehicles and roads are reported only in a few
countries. '

(5) Collision diagrams are recorded in about half a number of the countries.

(6) Information is described by words instead of by codes or digital data in some of the

countries.

5. Closing remarks
The proposal was devised so that it does not deviate too much from the current accident report
forms of the ASEAN member countries. As the result, however, it turned out that addition

of data items are requested in some of the countries if the proposal is to be adopted.

The author expresses his sincere appreciation to the representatives of the ASEAN member
countries for their assistance in providing him with their accident report forms.



Proposed Accident report form for ASEAN countries

1. Basic information for data management

Information for data management

Time eeeaevshour

date month year, * 9

Damage

Fataleeseesesencacncccsncacccansonce o

Appendix 1

(2)-A Non-intersection

Spegd Speed limit at the accident sites s *eewee  «o  km/he |
wer  limit
Wlth median divider‘l es0srvcevssmsssOsRRNSRIY ¢
Medign |
divider I .
Without median| With centerlings e eeseeccccsce ¢
divider Without centerlings » sosseeeese «
Sidewalks on both sidese e ****= 4
. With or without 1 " .Sl es
Sidewalks | . Sidewalk on one sides s s =e=e= «
sidewalk .
Without sidewalk e¢eoeosaccws

*1« With median divider : median divider that help prevent vehicles

Property Damageoo feacesancncecsscsvs e o

from crossing over into the
opposing lane-«

Three-leg (T intersection)e ¢ seseeessasas
Three-leg (Y intersection)s s sesessccesse
Four-lege tecsscncscnccccvacacensase
With five or more legse e *eeeovesscaacs
Roundaboutss sceesescscncescsccaacs
Merging or diverging section® ses=esese

Large* Mediume +Small

Widthofleg1eess o » o o o o o o o ofe
WidthoflegZ---- e o ®» @ @ © & o 8 @

Widthofleg3ooo' e o e o s o s o ¢

Width ofleg 4oves o o ¢ ® o o o o o e
Widthof leg 5o s » o o © * o o o o of¢
Widthofleg6.c.. e @« 06 o o s o o o ole

Leg No. should be indicated in
“ Collision daiagram * again.

TI'aﬂ'iC Cont[ol by Signalsu escsccacsss e

No traffic | Police manual controles e e <=+
control | With STOP SigﬂS' sencsconae we
by Slgnals W][hout STOP signso snccesmes

2. Information on accident location (2B Intersection
(1) Accident location
3 peee Type
of
re intersection
Locaiion poeel
W XN |
. st[aightroadn0-0..0.-..-.....0.......oo o] Wldths of
;ryp:io‘ lntersecﬁonooo.....--...-.o.....-....~ ouf indlvidua] legs
ccaion H
Raih—oadcrossin tseeverecansoscsccsne s o . (S‘z.e Of
ntersection area)
OnZ:Nay One wayuajﬁcot.-l...c.c....o.......nu ol
Two way Two Waymmc""""""""""". es o
Goodnn.-.n-.cu Gloud-oo-..-.o...-.to .
Weather Raine s eescceco e 'Heavyrajn""'"'"“ -
Fogc’ooo-o--ooo SnoWe e escvsnncccnncs op
Road Wete soecacceacncesnncascacncccsasncce o
surface Dry- PP e EOEENEEEsOR00000E0ORRCaRRABRr o Trafﬂccontrol
Pavement Pavedoo..oao-o.--...--ooo----.ouco..--..
a Unpavednooo..-.a..-.--o---o---o-o..u .
I“lght Daylight"""' wdimee®eeee oarkeecosose op

L-cor.dition



3. Type of accident

¢ Pedestrian to vehiclge *@2evcsceccacannsoncsnse

* Mulii-vehicle

Right angle(head to-side)collisions s e *»esesescecsssace
Head-on collision® * *+*sscssecccscscascnsacacass o
Rear-end collisions e seeeeenscccaccccsvsvacscacs of
Side-to-side collision® * seeeeccsccasscscsssscanm o

Otherss e #evesscoescoceacscsseveacscanseconsancs

+ Single-vehicle

Collisicn with fixed object-o.oocoooo..oooa.-oce. - o
LeaVing roadway' 0000000000000 0200CCREI00OLOOES

Qtherse »»eseevecnscesseasscencocsnsacsoscncnssce

cc| cc
I 4. Parties involved. « Parties involved
(1) Attributes of Partms Ip | 2p
* *Types of parties * Age (enter the age)
Only some examples of types are listed below. . Sex
Vehicle types should be defined for individual countries. Male
Ip | 2p Female e
* People * When a party is a driver
BRnE With driver's license ('specify
- - . . the number of years since
Drivershicense |ticensed) " | years | years.
Without driver's license
(2) Movement right before the accident
Ip | 2p
* Pedestrian
Crossing street .
Walking along street
Others
* ¥ehicle (light, powered two-wheeled ,three or
more-wheeled vehicle)
Moving straight forward 1]
Tumingright L1
Tumingleft T
Movingbackward )
Utumning T
Overtaking T
Changinglanes
Decelerating TN
Stopping” T
P"“kmgorsmppmg
Others UUUTTTTITOTT
*3 Stopping : Stopping while waiting on a red signal or before
turning right or left ;right before an accident.

*2 Light vehicle : Non-powered vehicle such as a rickshaw or a
bicycle



(3) Details of damage
enter the number of those affected in boxes below

Deaths .. | Seriously injured | Light injured Non-injured Total

Pe&esm'an

Light vehicle

Powered Rider

two-wheeled
vehicle Passenger

Three or )} Driver

more wheeled
vehicle - Passenger

Total

Deaths Seriously injured | Light injured Non-injured Totgl.-

Pedestrian

Light vehicle

| Powered Rider’
two-wheeled -
vehicle Passenger

Three or Driver

more wheeled
vehicle Passenger

Total




5. Causal factors

The police officer at the accident site is requested to

specify the "possible causes of accident" and "factors that
led to increased damage” based on the site conditions and

the results of site interviews with those involved in the

accident.

(1) Human factors

(2) Vehicle factors

Specify the vehicle conditions considered to have caused the

accident (disregard conditions not related to the accident)

2p

Possible causal factors of accident

Driver

Overloading of passengers

Speeding
(specify the excess speed)

Others (Please specify)

2p

Pedestrian

Disregarding traffic signal

Others (Please specify)

ess-Brunk driving :

applied.

Standards for allowable blood alcohol
concentration in individual countries are

Possible causal factor of accident Ip
Headlights not working
‘Taillightsnotworking |
Turning signal not working |
P | 2| 'Brakelights notworking |
.............. Brake pedal not working T
AR A :l:ir.e_s-i?i/-o-l:r; ---------------------------------
..t | Steeringnot working properly |
-------------- Windshield wipers not working properly |
ooweeotee| [ Side view mirors missing, not working |
-------------- Engines not working properly |
e B e
"""""""" (3) Road factors of the accident
------------- Specify the road condition considered to have caused the
------------- accident
------------- (disregard no road conditions not related to the accident)
| Kmvh {Kmvh Pogsible causal factor of accident Ip
_____________ Vehicles are parked or
stopped
Taffic flow | 3 o
| due toroad construction |
ol ] e | Others (Please specify) |
""""""" Inadequate signs and
------------- Traffic  Lmarkings ..l
control Breakdown of signal system
oooeoe.n...] Others (Please specify) |
| Curve with poor visibility |}
Road design i?;?gﬁi;on with poor
ememeenneen... Others (Please specify) 7T
Rutting
[Holes |7
| Wetroad surface |
Road surface | Dust |
Falling objects |
| Bumpy surface |
| Others (Please specify) |




6. Collision diagram

(guidelines for entry are given below)

e ®
LI ]
o o
. e
e o
e o
LI ]
e o

.

3

.

 Skeich of the accident and the location

.

.

* DBescription of the accident (how it occurred for what reasons)

® 9 0 5 o & ¢ ® * S 2 O s 0 8 P e e 0 s s T 08 0 e 6 @




Illustrate in a sketch the location of an accident (e.g., the relevant lane or spot in an intersection), as well as

traffic conditions in the vicinity at the time of the accident (e.g., level of congestion and locations of parked

Guideline for Sketching and_Describing Accident

vehicles).

(1) Accident Information

* Keilopost or identifiable landmark in the vicinity

*» Direction (indicate with an arrow pointing north - )713,

* Location of accidents tndicate with- ®- .

» Position of vehicle, travel direction prior to crash, and mode of travel
* Travel direction: * +, Mode of travel: Walking (% ); Bicycle or motorcycle under 50 cc («<93; *
Vehicle with two-axles (@82 )» Vehicle with three or more axles ({3 '

* Pavement markings including lane lines and crosswalks (indicate explicitly individual lanes)

Intersecting movements in the case of an intersection (indicate number of legs)

(2) Traffic conditions in vicinity at the time of the accident
* Leve! of congestion and factors affecting traffic flow such as road construction

* Include any other relevant matters

(3) Process that led to accident (examples)

* Example 1: Accident on an mid-block sectione *

* **DPescription of accident

The first party was traveling in a
motor vehicle at speed of 70 km/hr
on a straightaway of a four-lane
highway (two lanes per direction).
Both of the two lanes in the opposite
direciion were congested. A
pedestrian walked out from a queue
of vehicles in the opposing lanes to
cross the road way to a bus stop on
the other side of the road. The first
party saw the pedestﬁan, but failed
to stop the vehicle in time to prevent
the vehicle from hitting the

pedestrian.

ABC Shop

» With curb but no
Walked  ["p adside facility ; ers:
Opposing lane was congested ~ towards roadside barriers
bus stop
Crosswalk O\ ‘ Sidewalk

I I ] X I I ]

£ l i > >é }\Nithout median

L
r % 1N

Sidewalk

These lanes were not congested Bus stop

— 93—




(Example 2: Accident at an intersection)

* Description of accident

The first party tried to ascertain
if there were -ény vehicles going
straight from the oppoging lane,
but could not see because of a
truck waiting to turn left in the
opposing lane. The first party
then slowly started to turn lef,
when the second party advanced
froﬁl behind the truck in the
opposing lane and collided into

| the first party.

Legl

No pavement
markings in the
mtersection

. Alarge truck was
waiting before
turning left.

Leg3

Avatiable for
one-way
traffic

Y

Leg4




Appendix 2

Comparison of data items between the proposed form and the current forms of ASEAN countries

ASEAN countries
. Category Sub-category Item in the proposal collecting data
o i . (number of countries
corrently collecting)
s o[t B e e
1.Basic data - 1%
: Time .
Type of damage
location
Type of location (intersection,non-intersection or railroad
. crossing)
Acc1d.ent One-way traffic or two-way traffic
location. Weather conditions (fair, cloudy or rainy)
Road surface (wet or not)
Light condition(daytime or nighttime)
Speed limit at the accident site
2,Data on Non- With or without median strip
‘laccident location| intersection |With or without centerline
With or without sidewalk
Number of legs of the intersection
Type of
intersection roun@about - - - .
Identify the merging/diverging section
. Size o_f Size of intersection
intersection

Traffic control

With or without a traffic control by signals

With or without a STOP sign

3,Type of accident

in the accident

Type of accident
Type of parties
Attributes  [Vehicle capacity
of load capacity
parties Year of make of vehicle by party to the accident

Engine displacemeat )
4 Parties Age group
involved People involved|Sex

With or without a driver's license

The number of years since licensed to drive

Detail of  |Number of casualties by degree of damage
Damage Numbers of casualties by degree of damage and by party
Movement right before the accident by party

Human factors

Accident-inducing human factors

5,Causal factors | Vehicle factors

Accident-inducing vehicle factors

Road factors

Accident-inducing road environment factors

i (sjwnjnpb= bl |O|WILIOINICIn|Win © [NWwh|=]I=|]w]vle]a|lun] v |lvilvloiun|v

*1 Classification of parties involved in an accident varies from country to country. Data on parameters for
- individual parties are assumed to be collected if relevant information is provided for individual parties.

*2 In some countries, open-ended questions are used to collect data on vehicle factors and thus no data are
collected on specific vehicle components that are not functioning properly. Data on vehicle factors are included

in the data on veh




Category

Sub-category

Item in the proposal

ASEAN countries
- collecting data
(number of countries
corrently collecting)

5,Details of
causual factors

Human factors

Driver

Overloading of passengers

QOverloading of cargo

Loosening of cargo drowse

Fatigue or drowse

Drunk driving

Drug-intoxicated

Use of a cellular phone

Disregarding traffic signal

Violate stop control

Violation of one-way regulation

Use of wrong lane

Travel in the opposing lane

Driving on sidewalk

Over taking on right-hand side

Speeding (specify the excess speed)

Not using headlights

Not using turn signal

Pedestrian

Disregarding traffic signal

Jumping onto roadway

Walking in the roadway.

Vehicle factors

Headlights not working

Taillights not working

Turning signal not working

Brake lights not working

Brake pedal not working

Tires Worn :

Steering not working properly

Windshield wipers not working properly

Side view mirrors missing, not working

Engines not working properly

Vehicles are parked or stopped

" Traffic C -
ongestion ..
flow Disturbance in traffic flow due to road construction
Traffic |lnadequate signs and markings
control |Breakdown of signal system
Road [Curve with poor visibility
Road factors design |Intersection with poor visibility
Rutting
Holes
Road |Wetroad surface
surface |Dust
Falling objects
Bumpy surface

olo|~lal~|lol~|lol—|ololclolo|ololv|o|Niclo[—|wCiO|C|O = W|C|O[CIC[QI= INO NN |= IO N {=—
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GPSHENEE 2R/ L, NEFREFTRL Y
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BEINHAZEOME L. BANKIN 2 ik
L7zF o X (K-1 H8) » 6. B DT
»HoHh, BRI FEITE L S ENTEHRZ2FIH
HITRBLET,
3.1.1 ERRT ) 7OBME L BEROHERR
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1) ¥E
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(BYIDEEE S b DREHE) DEENKEWER
R THETHOERLIZE LW EZ6FT, £
72, BERZEMRTHAYT 2546, FAARFIZE-T,
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HES—EREFICLIVERFL. EL
BHRREEELRET I L 2RET 2L
BEVHBEEZTHET,

Fro, MEBEHEHECELTI. HITE
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— ECH—ABITLIER O §

—127—



1ok W OB B 44-9 (2002

-5 €= —DBEHN (2)
PERBTAITICIA LTI IHHEI s, #
DEEZHI0cm BEZF TEOLILE®RITE N &
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FZE WY, BERLEY, SHERENAKL
JEFERANDIME. FITICHT TITVW % Lz,
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—130—



3. 4. 6 FHITHEHR INUF7T7V-) ICHTAIHE

— 140 —




L & W R B 44-9 (2002)

O BE 2o RELBRTERELHELT ©

n977u—ﬂm@5ﬁ%mmﬂ
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4%74/{§%ﬁh1)_TLThiT(E1)

i EmE . BRREESOAATEBEE
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. RS OF 2 HRoRESE, BESENE
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R E™
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Ql THEMERT 2 HEICO VT, KEICTREE
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ZWEZ A, BEEL E0SE I AiRE R
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TSI DU A 2R TARESI LT
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- O
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Lighting for Pedestrians Considering Handicapped People
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MEEEEB S CERTEREOWTRL 88
BTOND, HD ) D WHEEBITRICMHBOSE
FIEZICESDEEIFBHEIN T ERE )
REFBLTWAREREL ) F L, REETSE
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WA ICER 52 TB N ETE -2
Eﬂf%é%@@{%W%EVNwQMKJM@

H-7 HEBTENDRRZS

—143 —



+ K & #F K B 44-9 (2002)

fum%ﬁmgwh;éﬁsﬁmﬁmﬁi%io
EbbL$ 35~45NHWEN( TEBLLELERL
wJ~r¢ﬁmﬁ¢Tmeﬁ)u%éﬁ%t&
h% L7,

WITEDRZF D, % . BUBRAT, @iTHmIiz
ENEDIILBELZITTWEDDE, R2H
DFHE EFICRR T W ~FEFITRICC W) LBE
B, THhHENE—L/ETE—L4, BEH/KME
BREETLLTERBICIDSWLERTIE

WENOREFIBITENDRZ FICHEEE LT
5 Lb ), BEOEAWI, BE > EBITMK

B> BIRTONEICZ ), HiEflh s SEDBITE
ZICRERDICIE, BHOBEZEDLI &
PEROLMRENTHDLENZET,

2.2.3 HEBITEOEH E BKOERE (K-8)
SEBTEOTEE (PITE. BEH) L 20y

CELKHBTETW A RFHEL 3 Lz, BEL

NNUBEWEIEEREIIEL. —F T, TEW
E—A2B1T 2 3Lx DEREIIRBICETFTLTY
3, ‘

- ThIL\E—A - ThBUE—L

TE EFE—L [ EFE—A
mHER =

B ERE®

A=
o

D - T )
o & o

»
o

ﬁﬁﬁﬁ%k&biﬁé,'
- (98) :

o

S Sk L tox 20k L
. n?ﬁwxn,. -

lsﬁﬁkﬁﬁmmﬂﬁ
3. BEAECERRIOGDOLIZE

3.1 EEREOI LY
BEDKEDSERECHITERRIRICH LT
BoTwaBEHRPI LD LUTOEBNTY,
(1) BRRDOKMBITERE
BT b L BRESEEY BT E L WiFE
#z<ﬁELTEO FNLOMAEEED B2
OICRBRREZZBELTHLLTIELVWE WS
B AR
(2) HEBEOE N
- OBEEYRRE. BEHOEMFERT LS
QMAD» LEHFHINRT % &
@OALEFFEL L., BELLS LS
@EREIICHRE L ChHILIHITESR L LTHE
T&5%

@ﬁﬁ D%Lﬁufmwué«@ﬁ%ﬁﬁ§
QEFTHEAS IS I RN 2 L 2ERg
TECRIELZIC 7, 5 72O T 2 EilH 1Ic $15R
2RXTb, CNOEEZERLEEHEIGLE
32 XBRHERDI D
EERERD» LALBTERBBEOES XIZON
TEEDLEUTOEBY TY (F-1).

) BRESHLELT M S

HLPRE  ROPOREISETT 3 DILE
%5 &3 10Lx LIk
()ﬁﬁ%FE$ﬁ%Eéa RLEETHH5E

CRE2RETL LT, EREEED L
%n Lﬁ%mﬁmﬁémmém%ﬁﬁéo
F-1BEVRNL AN

CBEE |- ,
22017 FUE

=7 v
Ry

RET

* OB
OFf : A T2 33 2
K GERLOM S 2 L BRI (12 B RS E S

DEBRLE) k- CSEATE 595 3
INLDZ XL, BEEEEEFREICE
THEEFEZRE - %D;Lﬁ?é’u%%m&@
REVEDLFETH BILFHLRPIRL»T2E
W2 ET, L Lied s, HICHMBER P EET
ZNTII %, EREFATIRRALALLDOS
EEFEICERT A LN 77 ) —iZxfn L7z

BEBRICRD 6N EpEIETE Z LA,

4. YT 7 -7 ERRAOE - E
fHedhrinoT

HUEF 36 RTIE, YUY T 7Y —RICET (&

BOBMICH2> T, SITERANOBALRET

BIrihoTwET (F2).

-2 BEEBRKIC 51T 2 BHOMELO b BB
EEB O 1B 2 K4 (8 36 &3k

5 36 & (RAAME R

PEE R OSTERITERICIZ, BRAERTER
LTHITA2LDET 2, 72750, BEICBITAY
EREOBE;TSICHERENIFAICBV T
ZDORY) Thewv, (2THARK)

— 144 —



T & W ' # 44-9 (2002)

KEICTB T, %ﬁ%gﬂkéﬁom(ﬁﬁﬁ
DCEHRFLRBELHERT 2023, Kol
%Eﬂ%%@%%ﬁﬁ%%@Lfﬁ%%ﬁ%ﬁ%
DEEB L URBHEZIT) 2 EPFVLETT,
4.1 XY 77 =IO FTEBRADKESE
O B2 12 & 2T EROTER (BE-1)

BITERBRICL > THEBICHXTHLES
SNTHEEIIAZFET ZREALIDLERF T
£9, Lzh->T, ZEEBEOR)BRIRLEEDR

HERT E~NOBERSTEFICEL T, Bl
DREZEDICRE LEREDNHLIXNF M %
B L 72 BREAME R D BB AR T T, \

@ HERE L T OHEGHORE

BT EE IR B S EET BIERT (5
B2 WIEF D LEE VST~ OB E)) T3, BA)E
BF 2DIEERD LI LA b—BRIICR I
CWREEICZ D 23, oz s, BEFEID
LERRBELEEZZRICANT Y L, FER
BEFOBEGHEDEICHLIINEIKRECELD
WS )BT B2 L AKRYTT, BIERMICIIER
BRFRZIEITS. 5> 7ORK (ROE) b7z wn
(WEAPEN) b EHTELE LTHSLE %
FETLIIELEFKEZONET,

@ HATHR & BH 2 & D

KERDBEIZIERICL 5 LHTEENRBE
PRESEDL T, HEORIHKIR IS L THA
L3R LERLENERPHIET A EIC)
FESVETT, EEIiE. 94 ~—8#EIc k-

EE-1 BeAREH @%63ki6$ﬁ%ﬁ@ 751
(FAREREIR ) .

THFE DOREEAR ICIREE 2 SUATOHAT (LU, s
EWVI)HEVIIFARIELHFR, HBE I 2R
LTHENICRRI 2 RERBESE AR, A
PRET HHEICH. SIT3E. Ani %
5 EHITT AN NER o — ﬁﬁ&t#%OiTo
4.2 EEBEEEOSFEEEERE L /-EIBRE
@ BHOORERE
FREMRERE., TILE) N\OBZOHAT2m
LE3E2 LD ICMDBERITEREREETF
LHRBEBINCTL L UNEIFHTFETE LN T,
SEBEOBERIEDICKET 22 L HFVETT,
ERERDP L I0Lx LIEXrLEE L i FT,
@ 45Dk L7 R
MEEEZ IR SNDLT L 2 eEEY L
RIETEERNY DL ERE/BFEL LTHIHL
TWBIEDS, BEICHZZNDLTHAE LW
&£ HOH—ICBHINTwEZE, ZLT—F
ﬁ%fﬁﬁﬁ’%%fé EVRETT,
BA3NLTIE, HUTHXMEOBEBE K
$ﬁ%%@EW®$ﬁﬁf%Ltﬁf&2uL§
RT A LAkOLNFET,
® FXHLE~DERE

WEEEZIIRAERDE ?Lt%&ofﬁ%
BB BT, T HLESHTI LK
REHENTWET, 7o, ERTHEHEZRIERKD
FEENDICEFNE I L EL 2EMEICKIE
2L OBMABRICEIZELLEIEZHCODEIEDT
VREELDFET,

THL3E. BRESERERSOA»ITOKE
ERFDEEM (B2 3) BLUETAICAZZD
B BBREFORBLEOLTAEB L UREEL Y

BH-2 HiTERBANREEF
(BAEBE 10Lx : FE=2 -5 7V ITIIF)

—145—



+ A& #% #1 ” B 44-9 (2002)

CBEINT T, BTOLBEIKEVDIIEES
BEoRYFHTES LBEETT,
@ R—NLBBEEFR

BEAZEZ R—NVELEICRYMFITT, B3 %2H
ARELDILITE->T, HITEEDRE L KE
EDLTAHESHEEIENTEFLLEEZERTSE
% LIRS, i E0ZEMRRKIE & ISR
BETHRETELINT. BAEIEMETILER
HWeRRENFERTCE 9. KA. $EEELUSD
ooy kBT 256055 50 THEY)
B2 H L-RASEEEETILEIFHD T,
® FREBEERA

$ENE EPE BEIC T XA B 2R F DH—
HEDFER T E L W, BRRA w772 ET
DEABRRLDEMTRIAGE LR T ILENH S
BAICIE. MERFBICETOA %R B 5 REA
BREHZRTILEDEREIFLETT,

4.3 HFITERBAREOEEFRS b
©®© FHLRLEMBEATLEE (K-9)

FRRRZSEIC
FIEEANT
W B RIS
. EESIT
FEDOHITA
LiwEji
FRLIEZM
Zl2bD%E,
F7:, BiERK
mUSN DAL
B ook
AP 7 WEL
KEHLBHESEZEEL T T, BT,
FEBBMIZHADT 2 VAT Y Xahy bR
L5 2% L TREIERIE TV S LR,
RATAR 0B FeAR 7 & THREAZR B A & DB il 4E
BRTWBLDREEHNET,

SRR e R

X-9 HHAR & D BRET 5

@ RtiENf LB

EEME I, RETEBEINYEEOERE
2HOLLIEHBEOIEEDNI LR ET,
KBFEOBEDENCELE ST, BLARPELI 2
L2 g kL E2BERT L7209 LET,
g, BHEEOEWERIETRERLINS L ADER
HMEFET o9 7EVWRRDBIZR I LI ED
HBNT, INbLEEELTEY AR RE L
7,

5. HEh &

RN T 7Y —ica e L2 T B AR OWT
VELRL P2 INFTOREE - EBREREZE
DTN LE LR, BB LAAFIE> TERIC
FREARE X DB ED SN, ShE R FEKE
EREPREICBET 8. SEOEHEEZERL.

 BEoRNEES LUvReEsmEFRILNS Z &

DR TEET,
BHICL->THONERHEOMS ], Tl

b3, A2xHEE, HikbWeEHEZT

{nEd, LrL, b LEFETEMICHBRRERX

DERBEFITbND L, Lo THAKCELER

EZTLEIBNLDYET. MRALAPFAT

ZRAEZEMIIBWTIE. ZOFHEDSEFES

HMEREL IUCEREEICOERE L x2S, B

ROEHE  BETEIT) LML NERICL - TS

5EEZET,

& £ X &

1) ErREEERRE  BROBBIMELERELA F 5
4 v (EEEHR), PR 13F 11 A

2) HARAEHS AR JIS Z 9111 (1988), BEFI
6343 A1 B&E

3) () MY  HITENLHNBADKRALE
JIEC-006 (1994), 1k 6 4 3 A

4) RKF. &5, Wl BHEOFRILVT —REELD
RIfG—, BRAR S5, & 77 &5 6 §, pp.24~31, P
546 A

E 2 EE B BRNBCR S0
WA BRI SR EMEEL
MRERRIARA
Kentaro HAYASHI

FREE A HT* & e LRRRN
. [l EREMESELCHAREE
Nozomu MORI

e
P

R A
F EREMEEARREEL
WRE
»Kazuhiko ANDO

— 146 —



3. 4. 7 REREHMEK (A=az=F4 -V—-) ICBBTIHE

— 147 —






+ K & # ¥ B 44-9 (2002

@ BE Re - RELEBRTEREAHSLT

I 2=F 4« V—rOitl & FiEk

1. FUsic

AT, T32=F 4V OBRICET
p2WEHw=2T N (X#K 1), 2) 2%, 2
2T 4 V= OME, BHE - &it AR
BEE. SRLY. BREELRL L EENZ
EHOTWET, 33a=F4V—VvOEKEX
BECIE, e a PACEMLG RSN T
DT, FboHITBRITE N,

1.1 &SRB THOTBER & HE

HRERI, XBREOZVWHIRERTEZ 513
P Tl BECEEEBTORELE T, &
BEROEKL EAEERRNE L E T BAEE
BRTRETLLELNTEN, EBOEI A,
HTEHE D b R BEROM LRI TENEE

Crnd T

M-1232=F4 VDL A=Y

Planning and Practicing of Community Zone Projects

aE £ HF E
75 500m UIATRE L, FFRSITHFOERES
Fat (FEELT) Tl B 6 SILLEL BES
5 500m N TRET L LOH|MED b HN 7,

1997 £ iIcHfF TRE L7z T E»HEH 535
BEE 2 REBLANE» OS5 TH L. F e
BERK (BREBRUNOER | 22 T3, EiFE
X IZIZRAE) TOHTESRIE. BRETRE
T 52 EHFRBNE L. SITBEISEER DL
WEBRERBITLTWARRIZ, BihdWidEA»
LR-BHFE OB TERICESTF—XPEZWN
Eerby )T ( THEETHEERL & TH
BATHEHG ORE)D, ChbnBIcIIUL, &
1ZADEL LOPTHORBREEEFRVIEE L V)
ZETHY, HHEEBEENXSG SN WEGER
BWThH, RO AREER L TRESER?

g | BHRL T 2 e
VETT,

FAE TR, B
TORMESEZE L L
DD, TN ek
HER T, HER
23 2T 4 EED
Bt EHDTEEL
T2e & T AN, HIE
EETHORBERIL,
BEOSICERL
THEIBEIIIEY F
YA, FDI2H, B
BIEEEBLTDH,
MEEERL T
WIBRTTHT 2 ICRIRE
PHELLIELEZ
bR, TRESE
EBETIR. ZTLD
Pl & EHIEDRX7H
TELEIIEN FE
Ao T DT 1996
FE»L, RETH

—149—



I oK B W K R 44-9 (2002)

DI IRAT) EROEERREIC K LT, BEREAT
T <HEMNICHEZERTS 232271
V= PEARRE LI (R-1), I TOME
. R SOFERD I 22T 1 BREOERHD
fAs, NI Y NFERE L THEE
DREMH 2K 5% &, FEERFH S L0
BRTOMCEKREEATVWET (32274 -
V= iZonwTid, KELBETZEDOERS # #8
L),

TB, EEERICBITARBEEMEL LT,
23a=F 4 V= rHBY—DHFEENGZET
3H 0 FRA, fERDHDOFEEREFES, ~VT
RPELORBL LR CEEI N SEER S
D7 VBB TOMIEE (S - 5% 22 ne
NEMTEBETAZEIMENT, 232=7F 1
V=Y UAMC L. SRS DMISE R EYICE LT,
EEERTORBELEERL TV 2L HUE
T7,
1.233az=Fq4YV—>

DI2=F 4V =Uld THFITEDOEITEEL
TNREEERMRECB VT, HEANRLHE -
o - FEEoOmEE R E R HBE LT,
B OBAN L RENELYERT . 52 —%F
DELENZ LMK, LEEIFLNIT Y,

G R TR BERLSMC b IE 2 DRTES R
EL T, BESADEASAHEEED FHL,
BB HTEEELRY, BEPEHOREL S
EEOREELEL 7200 LET, & 5iTi,
22T A OGETHFIEEI LrhFEA,
FOlDH, TNHLOBSLBEL 2R ENERIE
FNTHY, 332=F4-V—UHBEEINE
L7z, .

TIa=F 4V —vid, AEZBSERL Y
THE N 25~100ha FREDILAT) 2 b D FEEM
REZHHE LTRES N, 22Tl K@
L EBEEOWE & B A S b R R
PFHOEBINET, ETV -V EHART 27201
r30km/h £ &8 E O KEHLE (V' — 8K »
BHEESN., V—rDADIIHREES ®IT LN
$4., V= RTRKBICE LT, —HBTHRE
ENRBBREIDBEHS N, AV TRRELLED
EEAGIE U, WERT/ S 2 LU
T+, ) I NET (K-1).
2Ia=T4 S —rDOERNIZDICIE, EEC

CERICH L, 2 DREIRCRERE

EXISROFTE - REHIBEY 2iRET 0T, HEE
THE, BE. AR, BREE (- K3 B
BRANRSHE) MTOEENVETT, LITFTIE,
IIa=TF4 V- rOFE - FBi REERT
& HRCEALT, EELRAL v FRBFHLEN
LT,

2. BtE - BE

2.1 MR DEE
IIa=F4 V= CDORBMEEREICH 2>
Tk, REEBERENDRBENT— 7 2FH L2,
INETORERLMYEDHBT 2 H ) FLz L2
T2HENHYZT, LAL, wFHIRLTHXK
DBEFEALTEL ZEHEETT,

QR BEHR D REKI

QB BRBEDKIN

G BEEAITEREDOKR

QEERS 2\ IELERERX TH 2 55
OHX ., SEHERXOFEL Y. BROIKR
@R, I THLZE, HXOF LY
OERN=—X, RBLELICHET 2B
T, NLDBEESEIERE SN

Xizxl, 2a32=F4 V= ELTEHETS

CEDBEYHE ) PO AVECL)ET, &
I, 1) RBBRFOMBEHIEIITE L T
5. 7203 2) BRI A « AT H B2 ERICH
REeEBETIHPIRNTH D, &k EOEFAIC,
32T 4 V= ELTEETHIENER
LNET, INsUNDHEICIE. BHOFER
AR E B - BRCERT 2 F RN T,
2.2 ERBEEDHRT L ENMNICRDOER
MEHEIZBNTII2=F 4/ = 25HET
BRI, V—UBROBRENKR. ETHREAND
RETHI LXK
PTT, it HERNDEEOEFERLEEE
b, FOEBREPHEOEBEIRERSLZEFINE
EEBICOET A LICM ) A, HEDE
HERTIE. HEIBREOAFHENBITHIER TN
5T, RBEROPHEDDITIE, SEHEDXS
PEZLNFET, ERERTIISEENRTIN
3 EIHT, BEERSTEOFREICEELY
ALBITT 22 EAMFEINE T, S 0EREAE
NEEIZ, HITE - aFELAFNHFIATEHE
B2EICESTA2I b, RBEEDE

— 160 —



R O R # 44-9 (2002)

BIPOCHBEETHLEELET,

<ftH> <BE&)> <F - EBE>
FLERBREOREEZRT. B — RS —— kIS CBEEOD N4
RIS TR ERBOXEFER X ERREE T2 B E RE=F7 52 ay
pIlicnh) 37, MEORE B BB TR R A B ———E??ﬁﬁ
BT, SREOKHOLHE — BEECREREOBEE —T 777
EEEIrEZ ONET, —F. & Co3¥D TX?G—.A
EEBTIE, BEICRE L TREI B B TR % BT B AT
EAT B LS BTN 2 B L R —— KA N—REEAEOE RESEAONYT
S A 2RENES 2 5 L ismemios
O — BEEEFEE AN —— REAEEL
Lf:")?‘é;é’.f?‘%‘&%ﬂi'@‘"o ——E@JELJ}@F%‘I‘&]@%@@D% Tzo—4)—
2.3 MBI F /A4 R L,E: 5 [:ﬁiﬁv74v
YIEBRT 54 22132 DB BB RTS8 T D ——— b

LR-2ND L5 %TEEFHN T,

R Y A

X-2 T4 R DESE
-1 ABERDO DR FE

R . %%E'jmé}iﬁ D P
T mBmmE

T3, —H@ITHES

ENRBERHD H by o
TEEENET, . RAAEHL AT
Wt f ang  BROEDR

WA H BT
LNBHZALHNET
A ENLDOMEERR
TRARLC. @I
AEbETHLNS
LB ET. BIZ

., BT EEE
DEE LITE 233 . S 6ITIEITEE L EA
fb¥bI izt ), HEEOEEIN & FRC,
SITEOERMEINICN LT, $EHEROSEE:
NELUTHBERER LY, ﬁﬁﬁ%@ﬁm
EERELLNTAIENTEET,

N7 BEIEOEEMEICHROTS S 2
ERELNT e ETH, BRiC L > TRk E 2B
F-REFEFESEI LrhERA, T VT
NI LY, RFAMICHESHEORE 25T 2
MEHT 34 22D TUE, 728 AN ZHERIE
PREL L -TEET., 2D, ANy 7TORK
RREHMRICEL T, SRR EHLNT
W 4),5) ’:rt'o

3. EEBRERFE

II2=2F 4V —VOEBITBWTE, &5
KOS L FEC, BREROAEERIEE
TY. AR LOORENFEELE-1ITFEL

£,

AEERICET B AR & LTIE, H 552
BAUN—RBEZELTT) "THiES - B2, D
Zwitadesm-st#HmEROL Y- ay
7y b FEMMRLNET, MBELTIRA Y
N EE L THENCERTAIZLIRED, 3
mEBOMEER I, RESINLE T, ~ﬁ7—?
Say 7T, ZEMESHERABHRICER 2 RHR
Lb-72h), kEHEEZT 720 LH b, Eﬁ
BEEREED T BIEHEIH Y £,
INHABERTEE. HRICE- TERNGFS
. BREAERE RBE- REHICKNTEET,
FAFRE L MIBEEREL, BEREr—RICL&L
TEERORABE 247 Lo T¥, FHE - BIERL.
BEREF—RIICET B &2, XELZDOENKE
HoTERARBETLII LN ABHERERS
FETT, INLFEE, HHUOEL S DWW
PIFFETEET, WToFEL KA - AT
BT EhbH, FEOERIIHI- TR, FED
SMEBRCEMEE., MBRMXORRELEEN S

?2{

— 151 —



K W R B 44-9 (2002) -

LT, WROFHEEMASDETEAT 52 £

FlwrF2ongd,
4. EHEHR

TR, KRRz EmIcEHINT a3
=74V =v (R-3, V'— vEH# . # TTha,
V'—HAD #9400 A) TORBEEHIH

BRIZOWTATAET (£-2)9,

BHGRIIBHRICERLTEY, 232=
T4 =R COMROEEER EICKE L
HELTWrI b Ed, T LEET
ANIE, TEEIENBBIE,, TEEIEM BT
) DBFHYRL PP LTWET, —F T,
T & A IR OFEUIMN 3 BT, B

| BHRRRS L CHRER Y F LI,

5. b YIZ

LlETd, 232=54-V—2iC
BLT., 2OME. &HE - &
ERFE SH5IIIHROBE» S F
EHF LR, BIRNETLMNE LR
B, AI2=T 4 V= DERBEEL
BN RIIMR T, L L—F T,
aHE - RETRABHERICBELTE KR,
HHELBEETIOLEETT, 4%
3, 23a2=74 - V—VOEKRICLH
TR ) AT R B L LD,
B%d23I2=74 - V—rOERE
EDTW T EPHFEEEZ 2T,

& E X B

=S
BE

0 500m : L\[
| 1 . A L J 7’\

A NUTRERT s REER

V=R ® oo REIFER

(Ti5EEY)

R-3=ZBMa3ia=Fq:V—>

F£-2 V- AORBEREE

CwmEs

U1 19944

oL EE L | B
1995 4 3 1997 %

. BE/EEM

w0

BUEAEEE |

BEENRE |

BB EEE |

BTEABTE

CCERENTRE |

BN EERR

T

CTEREADRTE |

AR

1)

%‘%ﬁiﬁ‘ﬁiﬁ%/&%%ﬁ‘é‘%ﬁﬁﬂ?} -EBRERES 222
T4 VYR 2 TA- RS A T R VA
¥ bR, (3) RELEHRS, 1996.5
EETRER/ERENHR - ERAEE 232
T4 V—YREC=2TN, (H) RBILEFHRES,
2000.7

B+ 2@ EE T RIS AR E Rk
EHEEANEE 232254V —2, [on-line]
http://www.nilim.go.jp/lab/gdg /intro/zone.htm
5B, ARHE., 554, GHE: ~r 7ok
KHET2EBRNNE ~DRLELSERVESEY
DR, E0RRBIFHERELHNREE,
pp.169-172, (#t) Z&E T ¥#HFFE4, 2000.10

ek, Y EEERICIZPREN LA VTERE
MFRICEET 2%, 24 M HABRSE RARE
(A), pp.38-39, (#) HAERH S, 2001.10

6)

WA, WABE, BEE. AREY: SEH2
TazF 4 VOB L EERER EICET
B 5P, £AEHESAE - X, No.17, pp.797-804,
(1) £ARES A ELHESEES, 2000.9

BE  f#* oyt
Erx@EEELEMEE B EREEEERR
RAMTEAERTASTE =&

BRZe B VIFIEE M Nozomu MORI

ik

RE, FHE

Dr.Susumu TAKAMIYA

— 1562 —



3. 4. 8 RBERLMERICEETIHR

— 153 —






J. Light & Vis. Env. Vol.26, No.1, 2002

Paper | :

29

A Research on Interrelation between llluminance at Intersections and

Reduction in Traffic Accidents

Hiroshi OYA

Development and Technical Service Division, Industrial Equipment Dept., SEIWA ELECTRIC MFG. CO,LTD

36, Shin-ike, Terada, Joyo-city, Kyoto-prefecture 610-0121, Japan
Kazuhiko ANDO and Hideyuki KANOSHIMA -
Advanced Road Design and Safety Division, Road Dept.,

National Institute for Land and Infrastructure Management, Ministry of Land, Infrastructure and Transport

1-Asahi, Tsukuba-city, Ibaraki-prefecture 305-0804, Japan

Received May 30, 2001, Accepted September 21, 2001

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.)

The Illuminating Engineering Institute of Japan
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Fig 1 Trends in number of traffic accidents and number of fatalites and
injured
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

J. Light & Vis. Env. Vol.26No.1 2002

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)

The others
1%

Road section of
uninterrupted flow
42%

ntersection

Number of
: 57%

(a) Percentages of traffic accidents

'Road section of

The others

ntersection

Number of 42%

atal accidents

uninterrupted flow
58%

(b) Percentages of fatal accidents

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

1. RUBIC 2. REEER

EaEF OIFWE - BREHGZEREICET2ER

ABERCEBH BRI R RN AR, ARERIC
SNTIE ERERRHBEED | ABEHR TS EBE
BRTOBBIIDNWTY LRETEENARREBEIGREN
Twa, LirL., BEORERRZRES L. —DORICE
RENZEHENE RDHEAICH D, BEENER2ICE
RTZ2HROBOBELITEBL, EEEITE>THAMD
PTVHEBRHEETo TV CENEBEREITRD 51
T3, 2HRR. ERCHERCHT 5EEEOBRRE
ZIREBETIEDORBHTFREL T, NVICETLICER
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.

3. REAZE
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

The others
1%

Road section of
uninterrupted flow
42%

Intersection
57% .

(a) Percentages of traffic accidents

The others
0.4%

Road section of
" uninterrupted flow
58%

Intersection
42%

(b) Percentages of fatal accidents

The Lighting Journal I January/February 2003 I 15

—174—



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

The Lighting Journal IJanuary/February 2003 I .21

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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