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Prioritizing Freeway Segments for Variable Speed Limit (VSL) Operations
based on Traffic Safety
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Abstract

Variable speed limit(VSL) is a useful speed management tool for alleviating traffic congestion and enhancing
traffic safety. The purpose of this study is to identify promising freeway segments for safety enhancement through
VSL operations. An ordered probit model was adopted to capture factors affecting freeway crash severity that can
be used to support decision making for selecting the promising segments. Pseudo elasticity and marginal effects,
which are outcomes of the ordered probit analysis, were used to determine priority of promising segments for
traffic safety. The results of this study would be useful in installing VSL systems and developing traffic control

and operations strategies in practice.
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— driver characteristics
- Analyzing pseudo-elasticity and marginal effects

Step 2 Derivation of factors affecting traffic safety

- characteristics according to human
Step 3. Evaluation of the level of importance by factors
Step 4. Determining priority of VSL operation segment

<Figure 1> Process of analysis
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<Table 1> Summary of database
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Data Analysis period Analysis area Unit of analysis
Accident data of freeway 2008~2010 Subject highway line case
VDS data 2008~2010 The nearest VDS of an accident point 15 minute
Weather data 2008~2010 Whole area 1 hour

<Table 2> Crash frequencies by freeway line, weather and injury severity

Case of accident

Freeway line Weather Injury severity
Normal Rain Snow A B C
Namhae 168 101 3 2 24 246
Youngdong 243 102 30 0 59 316
Jungbu 122 46 3 4 26 141
others 90 10 6 8 21 77
Total 623 259 42 14 130 780

thetw Sets x| M30AH 3%, 20124 62

61




HATt

S

Aol 2=E AHA

al

(2)
(3)

’

i Ui
i T
1=9(p; = B;)

’

o (e, )de;
¢ (€; ) de;

oy~ Bi;

#z*;ﬁ,/l',

Jrg— B,

P(p, 751‘,,“31:)7@(*5
P(u, 7@‘,%)*@(% -8

/

2, if py <y*<

0, if y,*<0

1, if O0<y*<py
3, if py <y <y
Joifop,y <y

Ply, =2)

L

pu

92474 ¢]
62371, "=

=

{Table 2)¢} %
(<)

L

L

1
1)

©

A

ol
T

[}

=
=

ot
e =

= AA
7871

1t
PR

[

8

=
S

G

y B BAE (29 o] B u

=z 714

i

i=]

49702 e}

SAATIY 1470, BAFR7F 13070, CAF7E 78071 =

R,

dlele 7
# dlolE wo]xo] A
o w2t o]

(e]
A7

T

\_‘
R
=
o~
N

=

=z)
=

=3

A

A=
5l

%

A
Qi

o] F
7]

0

-
a

it

S
3|
il

2597K
A
o B¥Y

s

ojy
O

™
=
=)
o

7A
AR

Sk}

Aol A

,H‘;__o

]_

=
5

O

o] 30ti& et

AR, AP 190]%,

p=%

=
= =

FE AlnAEd et Ala 4
(gender) € FS 12, S 002 4H
(age)'d] 2% AnAts vehd a3

=z}
=
A

3

BAtaAks | UE
A# M Q2e (Table 3)3 2t}

o,
At

Journal of Korean Society of Transportation Vol.30 No.3 June 2012

ol

L

7ol )

=2 =
o

Al AHSE7] )
=

5|

2 aeAAtEe] Aba

[}

70
A wf A3t Jou et

€]

BAba, A1ZHe CAbE yehdt

Az
G EEEES

°
8l

al,

ol

A

o} B AFoM A}
A o,
al(2010)

=
62



M2 0l7]e - o

<Marginal effects>

Pry;=j) _ oInPr (y;, =) _ ¢(N]—1 —Ba;)— ( —Bz;)
e - olnx, B~ Br) -2y, ﬁx)ﬁ" in )

<Pseudo elasticity>
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<Table 3> Summary of variables

Variables Name of variables Description
Dependent variable injury severity Injury severity of accident 0: C, 1: B, 2: A2
. day night 0: day, 1: night ' regarding sunrise and sunset
Environment -
week 0: weekend(Saturday, Sunday), 1: weekday(Mon~Fri)
gender 0: female, 1: male
Human ;
age median of age group
Vehicle non_auto 0: auto, 1: non-auto(ven, truck)
grade up 0: non-up grade, 1: up grade
grade dn 0: non-down grade, 1: down grade
Geometry
Independent curve 0: non-curve, 1: curve
variables location 0: mainline, 1: bridge or tunnel

average speed @ average speed of 15 minutes before occurred

up_sp1ob accident which archived the nearest VDS point

. the value of speeding(up_spl5b-speed limit)
up_speeding

Traffic # If the value of speeding was lower than zero, it set zero.
df spl15b difference between up splbb and dn splbb
Sp_cv coefficient of variation of speed
v/c ratio volume/capacity ratio
& AtaE 35(A) = Askith F158HEE (up_splbb) & At e] A2 AR
ZleltESgd e e25, Wee, HAE dehd AA71 At 1584 HaE= (158 &9 & 2%
TS 27t e 2ntol R (grade_up) 9 Wl ho T g g WX upe AT, spe S (speed) 9
(grade_dn)'® A%sitt. 712 500m vw, A= ol 15 1584S oulsta be o (before) 9
500m ]}\J Ador vepd HJHdge FAHR oAt ARSI
(curve) 2 HFgleiley, 23t B, u® § S RE-EEAH(Af splhb)E  ARE15EAEES
9 ‘/\}_,_Hx] (locatlon) AeE Y TE HYS 18, SRFF15EAEE Afo| & AbEste] A Waelt). &
B duzts 002 dAsisith. AFSAEe A EfREAT(sp_ev) & AlfIRIg HZAE A-shRT-
(non_auto) & $#AF e sHEAe] A4S 12, & of A 15%/308/45%/6044 £55, 5 ©l5 8
A5 002 A4t N &=oll tigt MEAIS(Coefficient of Variation)E
WEEAFAAE A 912 B AR aE e ZFEsto] Agk Wpo|t)
AP 158 HEEE, AFRE 9 s AA719 &8 (v/c ratio) & AbaLAkz oA AbaL9]A]
At 1584 FEeat, Sro] MEAE, Ak o sjdahs TR &, ARF, FAHE T AL
T 2 T ol dald EENSE ATk A atal, AA7IARS] wEHS o8t AFEst] R
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AeE =29k (up_speeding) & FRT15E7 tdRAdo] w2 WSS 2ol FUE A4S veeild
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2 7PA7E 100918 o]l 8-, =io] dojee B4 23E ngor & A7 AT ew S
735 wol 20288 mE o A9l Agole HunsEe] S g 71eSAE (Table 4l A&
50%5 &9 SE=2 Y= Ak . uhehA] SYPHs T B5Y W dejMe 587 Al
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Al A= ehe 7Pt FAedd B e 73t o 75 Atnilde Hehd gagks Al

AREEs a2 Agatal, el 208emE o]

8l B9 AREES] 80% FELE, 200eE o) 4, J|AlM DEEN BN

]l 7% 50% o2 A83itt. & Sof AldEE

7} 100kphelat, AFH1524%%7k 110kphd 4% B AelNe AbmigAl 71 dx7e] JES neig
Z3tgte] 10kpholE2 1002 AHHT AJEEE  AmizdE 93800S £287] g8te] (Table 5~7)
2o o A e 002 el 3 o] 1 mEEAA tE B s

<Table 4> Data Description

. Normal condition Adverse condition

Variables A B R A B C Total

Dependent variable injury severity 12 96 515 2 34 265 924
day night 1 9 60 234 1 12 77 393

- 0 3 36 281 1 22 188 531

eek 1 10 78 367 2 24 198 679

0 2 18 148 0 10 67 245

1 12 88 443 1 33 242 819

gender 0 0 8 72 1 1 23 105

o o 1 10 65 296 1 19 118 439

Nominal - 0 2 31 289 1 15 147 485

variable 1 6 37 180 0 9 86 318

grade_up 0 6 50 | 335 2 % | 179 | 606

Independent 1 4 37 216 2 22 111 392
variables grade_dn 0 8 59 299 0 12 154 532
4 1 5 34 232 2 19 128 420

curve 0 7 62 | 283 0 15 | 137 | 504

leation 1 1 3 24 0 4 4 36

0 11 93 491 2 30 261 888

age 4167 | 43.96 | 40.32 | 40.00 | 40.59 | 42.51 -

up_sp15b 97.83 | 93.00 | 92.85 | 88.00 | 84.29 | 84.61 -

Continuou up_speeding 167 | 070 | 0.87 | 400 | 853 | 8.66 -

s variable df sp15b 4.75 7.38 8.48 9.50 9.24 8.66 -

spcv 0.05 | 005 | 007 | 007 | 0.11 | 0.08 -

v/c ratio 024 | 020 | 024 | 0.16 | 023 | 021 -
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<Table 5> Comparison of average speeds by weather conditions

0035 ANOVA Post-Hoc test(Scheffe)
003 . —
- Sum nof it Mean P sig. | Growp | N Subset for alpha = 0.05
Squares Square
00 Bet Normal | 42 1 2 3
etween
o;;i Groups 25702 | 2 | 12851 | 71.9 | 0.00 Rain | 259 | 92.97 - -
0005 Within - 87.08 -
. Groups 164649 | 921 | 178.8 Snow | 623 - - 6926
Total | 190350 | 923 Sig. - | 1.000 | 1.000 | 1.000
<Table 6> Comparison of standard deviation of speed by weather conditions
01 ANOVA Post-Hoc test(Scheffe)
bset for alpha = 0.
008 Ssum ‘of if SMeaI} P sig. | Growp | N Subset for alpha = 0.05
oo quares quare 1 2
Between Normal | 42 0.17 -
I 0.19 2 |1 0.09 | 3.7 10.03
o Groups Rain | 259 0.21 -
002 . .
Within | o4 1 991 | 0.03 Snow | 623 - 0.23
0 Groups
Total 24 | 923 Sig. - 0.08 0.81
<Table 7> Comparison of volume/capacity ratio by weather conditions
5 ANOVA Post-Hoc test(Scheffe)
——normal fi ha = 0.
4 s . SSum nof arf Mean P sig. | Growp | N Subset for alpha = 0.05
s , v rain quares Square 1 2
. \
’ = - ssnow Between Normal | 623 8.29 -
2 . \
’ N Groups 244 2 1 122.1 | 4.3 ]0.01 Rain | 250 - 626
14 '\ T
Within | 959,71 | 921 | 28.2 Snow | 42 - 5.86
R v G Groups
2929253537935 8°3%3 | Total | 26185 | 923 Sig. 0.86 1.00
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Normal weather condition Adverse weather condition
Coef. | Std. Err. t P)ltl Coef. Std. Err. t Pltl
day night 0.4619 0.1436 3.22 0.001 0.2776 0.2288 1.21 0.225
weekend 0.2331 0.1538 1.52 0.130 0.0616 0.2414 0.26 0.798
gender 0.0993 0.2240 0.44 0.657 -0.0444 0.4102 -0.11 0.914
age 0.0053 0.0058 0.91 0.363 -0.0110 0.0097 -1.12 0.261
non_auto 0.5593 0.1444 3.87 0.000 0.4327 0.2336 1.85 0.064
grade_up 0.2058 0.1676 1.23 0.219 0.5015 0.3710 1.35 0.176
grade_dn 0.0637 0.1677 0.38 0.704 1.0118 0.3445 2.94 0.003
curve -0.1728 | 0.1279 -1.35 0.176 0.2528 0.2121 1.19 0.233
location -0.0310 | 0.3070 -0.10 0.920 1.4084 0.4684 3.01 0.003
up_spldb 0.0094 0.0070 1.36 0.175 0.0204 0.0103 1.97 0.048
up_speeding 0.0027 0.0265 0.10 0.918 -0.0100 0.0143 -0.70 0.482
df_sp15b 0.0149 0.0108 1.39 0.166 -0.0217 0.0133 -1.63 0.103
Sp_cv -3.7566 | 1.8940 -1.98 0.047 6.3559 2.1167 3.00 0.003
v/c ratio -0.2068 | 0.4633 -0.45 0.655 0.1285 0.7161 0.18 0.858
cutl 2.7461 3.9726
cut2 3.9781 5.5026
Log likelihood -298.1499 -100.397
Number of observation 623 301
LR chi*(14) 53.66 35.06
Pseudo R’ 0.0826 0.1487
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