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Abstract

Driver’s capability of identifying the change in freeway alignments and environments is one of important
factors associated with traffic safety on freeways. In particular, driver’s visibility and recognition capability are
highly dependent on the altitude of the sun by sunset, sunrise, and nighttime. The purpose of this study is to
identify the characteristics of geometric conditions affecting crash occurrences at sunset, sunrise, and nighttime.
Poisson and negative binomial regressions were adopted to predict freeway crash frequency in this study. Freeway
crash data during 2007~2010 were used for developing the crash frequency models. A set of wvariables
representing the characteristics of geometric conditions were identified as significant ones affecting crash
occurrences. The results of this study would be useful in deriving effective countermeasures for preventing traffic
crashes that mainly occur at sunset, sunrise, and nighttime on freeways.
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<Table 1> The area to be studied

Name of Study Area Except

Route
Seohaean All

Jungbu Nami J%é Hanam Daejeon-Tongyeong
Jungbu- All Gimcheon JC-
naeryuk Hyeonpung JC (2007)

<Table 2> Classification according to crash severity

Level A Level B Level C Level D
- More than
3 fatalities or
10 casualities or
20 injured
* PDO : Property Damage Only

- More than
5 injured or 1}{?:&2?} - PDO
1 fatality w
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<Table 3> Variable setting

Variables Mean Unit
Xi AADT Veh/day
Xa Rate of light vehicles %
X3 Rate of light vehicles %
Xy Rate of heavy vehicles %
X5 Number of lanes Count
Xs Number of 1C/JC Count
X7 Trumpet type IC Count
Xs IC/JC (except Trumpet type) Count
Xo Short tangent (~1,421m) Count
Xio Middle tangent (1,421~4,000m) Count
LV X1 Long tangent (4,000m~) Count
T X2 Small radian curve (~4,000m) Count

X3 | Middle radian curve (4,000~10,200m) | Count

X4 Large radian curve (10,200m~) Count
Xis5 Transition curve Count
Xis|  Uninterrupted curve (Y(1)/N(0)) 1/0
Xi7 Crest vertical curve Count
X1 Sag vertical curve Count
Xig Horizontal +Crest vertical curve Count
Xo0 Horizontal +Sag vertical curve Count
Xo1 Land use (urban(1)/rural(0)) 1/0
Xa2 Number of tunnels Count
Yo Number of accidents (daytime) Accident
DV Yy Number of accidents (nighttime) Accident
o Number of accidents .
Y (Sunrise or Sunset) Accident
1.V. @ Independent variable
D.V. : Dependent variable
2 AFE TS Y AAE s Al
o Alndge] AAE 98k S ol A
AZe B 9%, DF, G5 AL D AU A

<Table 4> Description of variables

A AR, E AR d7h A1 5 Tol 9AE o)
of NS Sjuigiet, Al Alkold 87t A
stoi} R o2 o} HolN] A& & 4 9w, A
AL 9 5 Uk AZHS BAT, oo I AT

o W
Q‘ﬁ

o A e Koo

AHTLYREF(X;) (AADT, Annual Average
Daily Traffic) 2 w5&4 HA|gA| 28] (TMS, Traffic
Monitoring System)®] 1&E2 wEd 288 &
stk TMSel XAl E8h= AADTE 1C7IHFe2 &0
ol B AFollME vE&S o83dld 10km T+t
AADTE 2HE31 Y. AADTE dlo]E] X% Persaud,
B. and Dzbik, L.(1993)9] =EA vlddd4 5
Power &7} 235kl LOGE # 3k Aol Agsitt
1 ey, # =EdAs V. Shankar et
al.(1997)9] &=&olA et o] AADT7} | &2 & 7}
A2 A m27] Wil Linear in parameter® 7}
Aato] TG g, I Afolo] o] Aol
(Xo, Xy0, Xi) & BAUE2e] FAFAAbele] M
= THEAE Bl 3aFoR RS wRE
A7}, #e A 1,421m ©ls), 7 A 1,421~
4,000melst, 71 FAL 4,000m 2= FEEI
FARA O A7) (Xye, Xi3, X1 & HEN S B3t 3

2

Vari— | Sample | i | vpe | Mean | SD, | 85th% | 15th% | VAT SR \po | Max | Mean | S.D. |85th% | 15th%
ables | Size ables |e Size
X 8,687 140,357 (39,593 | 26,475 | 58,280 | 16,369 | X4 0 3 0.13 | 0.48 0 0
Xs 63% | 95% 81% 6% 87% | 5% Xi5 0 8 2.25 | 2.04 4 0
X3 4% 21% 15% 4% 19% | 11% | Xls 0 1 0.29 | 0.45 1 0
X4 0% 12% 4% 2% 6% 2% Xi7 1 15 4.15 | 2.28 5 2
X5 2 4 2.84 | 091 4 2 Xig 1 11 4.23 | 2.17 5 2
X 0 3 1.02 | 0.72 2 0 Xig 0 9 1.95 | 1.67 3 0
Xy 281 0 3 0.81 | 0.54 1 0 Xoo | 281 0 10 1.95 | 1.68 4 1
Xs -1 2 0.21 | 0.55 1 0 Xo1 0 1 0.90 | 0.30 1 1
Xo 0 8 3.25 | 1.96 5 1 Koo 0 5 0.67 | 1.11 2 0
X0 0 3 1.30 | 0.92 2 0 Yo 0 18 3.31 | 2.97 6 1
X1 0 2 0.12 | 0.37 0 0 Yy 0 14 2.54 | 2.08 5 1
Xi2 0 9 3.77 | 1.97 6 2 Ys 0 8 1.40 | 1.63 3 0
X3 0 3 0.79 | 0.85 2 0 -
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<Table 5> Traffic Accident Model (Daytime)

Poisson Negative Binomial
Variables Para |Standard| P- | Para |Standard
P-value
meter | error | value | meter| error
9.79E| 1.12E 9.81E| 1.56E
X; | AADT 06 06 0.00 06 06 0.00
Number of
Xs 16/JC 0.25 | 0.04 | 0.00|0.27 | 0.06 0.00
Xio| PRI g 93 1 007 | 0.00 | 0.19 | 0.09 | 0.04
pted curve
Xo1| Land use | 0.45 | 0.08 | 0.00 | 0.44 | 0.10 0.00
Over @
Dispersion (0.16) 0.00
Observation 281
Log Likelihood -602.5 -583.48
Restricted Log . .
Likelihood 714.24 714.24
0’ 0.16 0.18

Y, = exp(9.81x10 °X,+0.27 X, (7

+0.19 X;4+0.44 X, )

E AR AR 2 HT)
wol 2} 1F o] FU1sl] mBAlE B
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(X)E 371855 At Z7keke Ao vept
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<Table 7> Traffic Accident Model (Sunrise or Sunset)

<Table 6> Traffic Accident Model (Nightti Poisson Negative Binomial
avle 1e Acd 'en odel (Nig me) — Variables Para |Standard| P- | Para |Standard| P-
Poisson Negative Binomial meter | error |value | meter | error |value
Variables Para | Standard | P- | Para |Standard | P- 1438 | 1.87R 144E | 2.09F
meter error value | meter error value Xl 705 706 O . 00 705 706 0 N 00
1.29E| 1.33E 1.29E | 1.46E
X AADT 0.00 0.00 i
: 05| 06 05 | 06 x, |Rate of ety oq | 090 1000 | 109| 024 | 000
Laree vehicles
Xul dianliuwe -0.17| 009 |0.08]-017| 010 |0.09
- x | Mol 013 | 005 [002] 013 | 006|008
Xis Iiﬁfielon -0.07| 003 |0.01[-007| 003 |0.02 anes -
T T— Xs Nﬂgl})jéo 037 | 009 |000] 037 | 010 |0.00
X6 cuwep 0.24 0.10 0.02 | 0.24 0.11 0.03
T X ?“I;‘fét 0.38| 012 |0.00]-0.37| 013 |0.00
Xpo| O 0.08| 003 |001|008]| 003 |0.01 b
+Crest Transition
Horizontal Xi5 curve -0.12 | 0.03 ]0.00|-0.12| 0.04 | 0.00
X2 +Sag 0.06 0.03 0.02 | 0.06 0.03 0.03 Cnint :
) ninterrupte
Xoi| Landuse | 024 010 [0.02] 024 | 011 |[0.02 X6 g ourve | 02| 01310071 0.23 1 014 1010
X | Number of | g o7l 004 | 008 |-0.07| 004 |011 Xop| Ttz |6 5 g 00 000 | 014 | 0.04 | 0.00
tunnels +Sag
Over Dispersion (0.05) 0.147 Over Dispersion 0.102) 0.186
Observation 281 Observation 281
Log Likelihood -516.12 -514.76 Log Likelihood -411.55 -410.42
Restricted Log N N Restricted Log B B
Likelihood 582,62 58262 Likelihood 48447 48447
P2 0.11 0.12 2 0.15 0.15
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<Table 8> Geometric Factors Affecting Traffic Accidents

at Nighttime, Daytime, Sunrise and Sunset

m a«HaﬂLW =
sERE ST O
[0
z ey ~
B R o R =
M Ok L -
TRE g in
= o
<3 ﬂm‘_,mo,li_. 1&
T e P g "
75 - I
‘_._.o~o|;AQ_|i4
8 2 = ot ny
of X ﬂrﬂﬂhz ol
I =
B[N 2l o 9
ColC I N 4
A xE a4
o = =~
®oRo O 9 N
go e !
%Mmé%ﬂr o
— 0
TR BT T
oy Mo o
o2 o S =
\%azT Eo —_
~ T S
NSRX W i
= O T N J
n5
|52 2 |2l58] 128 |8
Y%@.,Lo,o.ﬂ Sl s s
5|8 0~ |~ o~
S EIREREIEIRIE
B PP o |o|s|is|?
gl
—
8
DBE W W Mﬂ
= = = =
>
SCC%E h 2
- o |=|=|5|Z% 2 Y @
Mmub %Wewmm lemnbaem
N el 0 I =1 P g =Y Itz 2
leffWanuelﬂu
L |alg el .IOHwatdcm
2SI o5 8|5 8| BlE|8 28|58 2
R 2|8l el~=|l8 SSRGS
3 S TIE|E|IE|l gl ElE |E]5|7E
= MUTTYU MHO =)
Z|E| §|E T =

ol

o

o
H

Apazk ol Ay

of
T
ojy
o<

)

A= o}

15
=
el

4
103

EERRIES
o W3t gl

1

©
8l

o QTR APA

15
=

Jolt}.

ol ©

O

Fedl olel&ol

]

fud

9

& A
<)
)

[e)

=

o

A, A, FFUHSEAE 20073 ~2010

g0

A

Lk
WEPA
T2 /K‘1 <]

57t
=

=

Z =)

= WAL}

AADTS} 20| a'sF
2|

Bes
Tk Ao ek,

A=<
FQ 155 (Table 8)°l #AA|

, 20124 8

L
L
=

©
%

3
s

gl o]

L

2 A$(Xg), IC E JCO] M4(Xes)

)

A

A
T WAt

°] &

24
S}
=

]_
AR el A= &

=
s

(<

At B3, AR (Xs) 7
CHetm & 3t5( %] H30H 4

ahe Alom v
pmi
h
2l

(e



Aow ehgon,
Zol5874e] AR Ao ekt
g ot 9 A% AZko] 2
AAE JlTE 8de ok
| gaimAe e,
B3,
=

c

re
=AY
P | A

°
B
o

El
@H
kI
2

N
bt
I oe

tlo
ST V.

— [‘
Q
>
e
i)
1y
r>~
)
E
[o R

o Ny,
:};::
ofl

SE
tn e
i

o
i

al
>
o

ol
-
BN
fo
ro
ol

F‘jm
O
& E
K
@l o
fo
o
.
— 1o

,
opp
o
4
2 ¥ = W
Huorfr we &

o
ofp
ofl ok

o .

ox, i

)

o

ool

i
O
( l"l'ﬂ:
re
-
ilb)
_V:',
il

N

5

ox

(e}

—

o,

e

(

M oon » ml 2
lo ¢

o

L

¢

N
-

Y
o

o L
re
-
N

e
(e o
-4
]
m

Fo
F s

L

2 b e
bt

o
o
5
N~

o
1P
ki
2

2,

e
re
-
o,
>
rr
|m
o

P

ot

B AdEARMA R 259
7} g3t} vpreto g B
bl tiate] 10kme]
o} 9RaclE Hasler]9lste

s s B

o] =E& 20109 % AF(wS3er]
2 ggdAdAde] Ads ol 3P A7y
2010-0029449) .

(NRF-

104

REFERENCES

1. A. Baruya Transport Research Laboratory,
U.K.(1998), “Speed-Accident Relationships
on Different Kinds of European Roads’.

. Cho S. W., Kim B. S. and Han S. Y.(2007),
“The Problems and Improvements of Trumpet
Type Interchange’. Korean Society of Road

Road, Vol.9, No.4, Korean

Society of Road Engineers, pp.26-35.

Engineering:

. Ciro Caliendo, Maurizio Guida, Alessandra
Parisi(2007), “A crash-prediction model for
multi-lane roads’, Accident Analysis and
Prevention 39 pp.657-670.

. David Arditi, Dong-Eun Lee, Gul Polat
(2007), "Fatal accidents in nighttime vs.
daytime highway construction work zones’,
Journal of Safety Research, Vol,38, Issue 4.
pp.399-405.

. Hwang K. S., Choi J. S., Kim S. Y., Hoe T.
Y.. Cho W. B. and Kim Y. S.(2010),
“Freeway Crash Frequency Model Develop-
ment Based on the Road Section Segmentation
by Using Vehicle Speeds’, Jounal of Korean
Society of Transportation, Vol.28, No.2,
Korean Society of Transportation, pp.151-
159.

. John M. Sullivan, Michael J. Flannagan
(2002), "The role of ambient light level in
fatal
saving time transitions’, Accident Analysis
and Prevention, Vol.34, pp.487-498.

. John M. Sullivan, Michael J. Flannagan
(2007), “Determining the potential safety
benefit  of three
pedestrian crash scenarios’, Accident Analysis
and Prevention, Vol.39, pp.638- 647.

. John N. Ivan, Chunyan Wang, Nelson R.
Bernardo(2000), “Explaining two-lane highway

crashes: inferences from daylight

improved lighting in

crash rates using land use and hourly
exposure’, Accident Analysis and Prevention
Vol.32, pp.787-795.

Journal of Korean Society of Transportation Vol.30 No.4 August 2012



9.

10.

11.

12.

13.

14.

15.

16.

thetw Sets x| M30AH M4, 20124 82

Ofor
X

Julia Griswold, Barak Fishbain, Simon
Washington, David R. Ragland(2011), “Visual
assessment of pedestrian crashes’, Accident
Analysis and Prevention, Vol.43, pp.301-
306.

Kang M. W., Do C. W. and Son B.
S.(2002), ‘Fitting Distribution of Accident
Frequency of Freeway Horizontal Curve
of Negative
of

Korean Society of Transportation, Vol.20,

Sections &  Development

Binomial Regression Models’, Jounal
No.7, Korean Society of Transportation,
pp.197-204.

Kim H. and Baik H.(2010), "Analysis of
Highway Hazardous Area by Sun Glare
Intensity Using GIS Simulation’, Jounal of
the of  Geographic
Information Studies, Vol.13, No.4, pp.91-

100.

Korean Association

Kim S., Choi J., Cho W., Hwang G., Heo T.
and Kim Y.(2009), “Accident Modeling
considering Characteristics of Highway

Geometrics in the High-Standard Roads’,
2009 Korean Society of Road Engineerings
conference 11th, pp.351-358.

Lee K. Y., Lee Y. T. and Chang M. S.(1999),
“The Application and Development of
Accident Model on Freeways', The 36th
Conference of Korean Society of Trans-
portation, Korean Society of Transportation,
pp.117-122.

Maycock, G., Brocklebank, P. J., Hall, R.
D.(1998), "Road layout design standards
and driver behaviour’” TRL Report No.332.

Transport  Research  Laboratory TRL,
Crowthorne, Berkshire.
Michael G. Lenny, Thomas J. Triggs,

Jennifer R. Redman(1997), "Time of day
Variations in Driving Performance’, Accident
Analysis and Prevention, Vol.29, No.4,
pp.431-437.

Mohamed A. Abdel-Aty, A. Essam Radwan

17.

18.

19.

20.

21.

22.

23.

(2000), “Modeling traffic accident occurrence
and involvement’, Accident Analysis and
Prevention 32, pp.633-642.

N. S. Venkataraman, G. F. Ulfarsson, V.
Shankar, J. Oh, M. Park(2011), "Model of
Crash
Exploratory

Relationship Between Interstate
Occurrence and Geometrics:

Insights from Random Parameter Negative

Binomial Approach’, Journal of the
Transportation Research Board, No.2236,
pp.41-48.

Osten Johansson, Per OleWanvik, Rune
Elvik(2009), “A new method for assessing
the
darkness’, Accident Analysis and Prevention,
Vol.41, pp.809-815.

risk of accident associated with

Park B. H., Han S. W. and Park J. S.
(2007), “Comparative Analysis on the
Characteristics and Models df Traffic

Accidents by Time Range in the Case of
Cheongju 4-legged Signalized Intersections’,
The 57th Conference of Korean Society of
Transportation, Korean Society of
Transportation, pp.339-347.

Persaud, B. and Dzbik, L.(1993), “Accident
Prediction Models for Freeways', Transportation
Research Record 1401, pp.55-60.

Quimby, A., Maycock, G., Palmer, C. and
S.(1999), ‘The that
influence a driver’s choice of speed:
questionnaire study’, TRL Report No.325.

TRL,

Buttress, factors

a
Transport  Research  Laboratory
Crowthorne, Berkshire.

Said M. Easa, Qing Chong You(2009),
“Collision Prediction Models for Three-
Dimensional Highways: L.
TRB 2009

Two-Lane

Horizontal Curves', Annual
Meeting.

Sean T. Doherty, Jean C. Andrey and
Carolyn MacGregor(1996).,

risks of young drivers:

“The situation
The influence of

passengers, time of day and day of week on

105



24.

25.

26.

106

ofZt 2 UEE A2t wEoHHo| PEkg n|x= DEEE J[st7xE SHEN
accident rates’, Accident Analysis and rural freeway accident frequencies’, Accident
Prevention, Vol.30, Issue 1, pp.45-52. Analysis and Prevention Vol.27, Issue 3,
Torbjorn Akerstedt and Goran Kecklund pp.371-389.
(2001), “Age, gender and early mornig 27. Washington, S. P. Karlaftis, M. G. and
highway accidnets’, Journal of sleep Mannering, F. L.(2003), Statistical and
research, Vol.10, pp.105-105. Econometric Methods for Transportation
V. Shankar, J. Milton and F. Mannering Data Analysis, Chapman and Hall/CRC.
(1997), "Modeling accidnet frequencies as 28. Yoo D., Oh S., Kim T. and Park B.(2008),
zero-altered  probability processes: an “Comparative Analysis on the Characteristics
empirical inquiry’, Accident analysis and and Models of Traffic Accidents by Day and
prevention, Vol.29, No.6, pp.829-837. Nighttime in the Case of Cheongju 4-legged
Venkataraman Shankar, Fred Mannering and Signalized Intersections’, The KSCE Journal
Woodrow Barfield(1995), “Effect of roadway of Civil Engineering, Vol.28, No.2D,
geometrics and environmental factors on pp.181-189.
S FEMA - BMOl
S WA XK 2H
& =2F1Y 2012, 1. 10
S =ZAAY 1 2012, 216 (1XY
2012. 6. 6 (2%H
S MAMEEY @ 2012, 6. 6
& eEYTIIE ¢ 2012, 12, 31
& 3¢l oY alAtd
& 12l abstract W&

Journal of Korean Society of Transportation Vol.30 No.4 August 2012





