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Xopg ZuHPG)9t EokE A7F-PIG) St 2L thkd A BEE v Rt WP A} 2
2 7I¥E A8t Simple R Full SPFE TF3}taL Hwalqith ws 9 £2 7|8h% HolH
T BEERS ZE vk AlamoA SR #4 A, PIG BE2 WA o R o 4%
g Al | &-& A A5, Simpe SPFS} Full SPF 5ol 4 ¢Jo&3) = ?%1 ol & 5% As
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4lol : ERY AX AN TET, 5018, AU, doad

ABSTRACT

In recent times, several studies have been conducted focusing on crashes occurring on the main
segment of the highway. However, there is a dearth of research dealing with traffic safety relating
to other highway facilities, especially ramp areas. According to the Korea Expressway Corporation’s
Expressway Information Service, 6,717 crashes have occurred on ramps in the five years from
2015~2019, which accounts for about 15% of all highway accidents. In this study, the simple and
full safety performance functions (SPFs) were evaluated and explored using different statistical
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distributions (i.e., Poisson Gamma (PG) and Poisson Inverse Gaussian (PIG)) and techniques (i.e.,
fixed effects (FE) and random effects (RE)) to provide more accurate crash prediction models for
highway ramp sections. Data on the geometric characteristics of traffic and roadways were collected
from various systems and with extensive efforts using a street-view application. The results showed
that the PIG models present more accurate crash predictions in general. The results also indicated
that the RE models performed better than FE models for simple and full SPFs. The findings from
this study offer transportation practitioners using the Korea Expressway Corporation’s Expressway a
dependable reference to enhance and understand traffic safety in ramp areas based on accurate crash
prediction models and empirical evidence.

(©) 2021. The Korea Institute of
Intelligent Transport Systems, Al K€y words : Trumpet ramp, Safety performance function, Negative binomial, Inverse-gaussian,

rights reserved. Random effect
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Kim et al.(2011) Zo}¥ B Fo|a I ARF S 53 FuMF S AR, A, ALFARZ FE31o] A

VR ERES st 3 Lemp et al.2011) £AF Z2H 23S Ea thy EdIHY H$ A

AAE7F S7FHe W3 om, Choi et al.(2013)2 ©]& 2AXE JAEAS Fall n&Fo] Tt d

ofgt 7)1z A WeElet F Al AL A= S4BT Kang et al.2019)2 £A1E ZEH 2y
17

727k $7Ve Wt
2 2w 5 A¥2Ad e AL dEe
=

[e]
Yoon2007) & HEHARE L Fol EdAY AR §3 .
o} wEAI 2k BAE BAE] 93

& Nt E T Choi et al.(2012)2 ERSY Az 22XHFPA
Folg, 2ol ¥ ARG S MNdste] vlwstyTt

Lee et al.(2015)2 w22y 7k273ke] R2AY 8 7|sh+27} O];‘%_]”(Heterogeneity)—o— &7 -‘HSH S
AAE o] &3 XolF gl Folg IARYP S Tl =AA

o] o] L 1T YJEH FolF FARYCE AL 57_5—/\}31 %*@Ef‘é"] 71& 1@344—33513} /S
o] ok Aoz BAEJT). Alarifi et al(2017)S ZAE 77+ AFALEE 7)L317) %’—]z‘sﬂ Multilevel
Poisson-lognormal (MPLN) model < 7|¥Fo. 2 lo] &35 183t wlo|x|¢t ndlS 319 o, ngoi ¢
a3s x3st= A o]-S 83T, Anastasopoulos et al.(2012)2 U] &3} EH(tobit) EF S o] 835}
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8ol gk B} 22 o] E AFTE U&= eSS LAIATE Yu et al.(2013)2> AAZE 71 F R}
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(Ministry of Land, Infrastructure and Transport, 2013). Z&u, A&E 2 ALRAR ] 7|AH AFA w4 2
o] BARE 7|Eo® AdEo] o] FzoA BAYZE Abare] thaf AbardAY o] A& FE Abalzh Ay
3 AAE 2 AHE EHAIIE AL ool Ak old wet B ATl A Al A o] g F vl Eo] A}
I WS B8l AL AFY ol ARE Hofsto] Aot BAGE AAEE wiEATh & ATl E olE
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Bo E9Y O Ak AT QARE SN 5 A 3700700 AnE BoR BHE FUsIith

<Table 1> Accidents by Ramp

# of Connector | # of Accident
Direct 599 1,589 @ Eoopleonpestoy
Semi-dire F Semi-direct connector ﬁ L """ s = 1
Connector o 306 1,122

Loop 293 1,079
Exit/ Exit 599 1,523 Direct connector Direct connector
Entry Entry 599 2,267 1k

Total 1,198 3,790 <Fig. 1> Connector of the Trumpet ramp

2 wrdME $AE S8 BZ dARE VSRR o), ARl £, AdEE, AR4E IPIeT
REq B 2T0IRE B sAskien, A5 Vlskrze] WskE #As] o9 Atedle I &
A 7bs @ 20179 282 VIE R ARS TS £ VDSE T dARE wEF sk el o
2&ol o] TMS AFF FRAZ Al=ge Tl 2015004 2019974 Fx7h A9 BAS TYdhe
AA 8 sheat wEFE FHAL ofF AeH st FESint

<Table 2> Geometry and Traffic Data

Mean S.D Min Max
Length of Ac/Deceleration lane (m) 312.16 135.96 40 1,410
Colorlane Presence : 87 Absence : 1,111
Speed Limit (km/h) 45.75 5.68 30 60
Number of Lane 1.09 0.31 1 4
AADT (veh/day) 26,099 21,629 4,326 116,601
Rate of Truck Traffic(VehRate_T) 0.296 0.070 0.118 0.529

1) oMM S8H~(SPFs, Safety Performance Functions)

o
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U MAA]e] £3E 7] A, tHAHNE o= 23 07 AU A S(CME, Crash Modification Factor) 2}
A AHE-EITHAASHTO, 2010). ©]83 HHA5TTE A% #o] e} Simple SPFS} Full SPFE &5
o, Simple SPF= AW HFZ AADTE 2835147 Full SPF= AADT % #3tdo] 9o thefdt == 7|8k
< 83 (Srinivasan et al, 2013). & AFdA = A2E 9 349 T IHbHQl JlskE WS
U3t o]z zHolgt= 714 Sholl Simpe ¥ Full SPFE 7531%.2.M, Full SPF 7= Alol] X&3k #

PN
T
QA9 |STFEE AL AAZ FF, A2, YA FP9 2e EAHU WEE TP T

om PN
ek
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p‘L

2) 20/& Z&(NB, Negative Binomial)

wold FxE B4to] Wi RT Ate 7PgolA FeiH, ol ok 32
~Hoverdispersion) A & HAT 5 9lo] ] AHSHIL Stk o] F FolF BF A A}i‘?—i*&d 3
A9 Zold BEE wEN, Av WY Wy vt R E wEnh =3 AR BxE Sold &
X5 wETHKulmala. 1995; Hauer. 1997).

A

y|/\ Npowson()\) )\ =~ F(a,b) )\ZEXP(BX—FE) ...................................................... 6))
r(t/k+y;) kX 1

Yi
v\ L(1/k) ( 1+ k)\i) ( 1+kN

P(y;) = Nebin(\;, k) =

&7]4, a = shape parameter
b = scale parameter,
y = =2 T oA Bk Auas
A= EE A FHEE Al
EXP(e) = B 13 £4F k& 2He 7} B4 o3 &
k = over-dispersion parameter
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of tel vl FE= JPFSHAR, qrke-2 RN E vE H7H2 FEE 7PPITHDean et al. 1989;
Rigby and Stasinopoulos. 2005).

SPESSUT I

gv) = (2 Tr03) T V2T D2 ) () @)

Zp 2V = exp(r [1—1—7‘)\(15—1)1/2])

i=1

1/7
ye Ty — 5 (a)
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p(yv',l)\nT) = ( )1/2 al_ = \/_2
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A7NA, g(v) = vel FEL=FS
T = ve it
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1. 28 Z1t : Simple SPF

1452 ERFIYY AL Alue] gid] go]d ZY(NB, Negative Binomial), &°13 Yo &3 T3P (RENB,
Random Effect NB), &7}9-2~ 2 & (PIG, Poisson-Inverse Gaussian), &7} 92/ a3 =¥ (REPIG, Random
Effect PIG)S 53l 4533} w5 FH(InAADT)THS £33 Simple SPFS 7531921, o} <Table 3>9} %
g B =FAE SASY proc glimmix ZZAAE AMESF] Ag4glel] Jeo]ad X ste A3

A5 72 AIC(Akaike Information Criterion)®} BIC(Bayes Information Criterion)E 7]HFS. 2 e 3}$ T},
AIC, BICE EF FolZl dlolg Alof| tig A 2de Aol F4& Hrletes ALE YE&5F 450
-<r8tH, BICE AICY] HIg| W7t s o HdHE 7lethe A4S Ado. AWz o=® Folg 2y
of vls| 97k BFo] B U A AFshs ALE YEon, ol AMal HlolEE 43 ¢lo
Znt FEEG o 7he2 B fFAA o Aol folgk o ® AWE 4 tHZha, et al., 2016).
gk dutyg o2 Jo i & GLMol| EFAI7|H ti @4 koA T2 H 2 olAAYE AT F 9]
Fo AHEE Y F Jon, B AFNAE Folgd ¢ qrhe-2 By

3

o] Aol g 3 Aoz =

<Table 3> Estimated parameters of different regression models for ramp crashes : Simple SPF

Variable NB RENB PIG REPIG

Intercept -7.8093(<.0001) -7.8021(<.0001) -4.7362(<.0001) -5.0855(<.0001)

InAADT 0.7283(<.0001) 0.7040(<.0001) 0.4567(<.0001) 0.4773(<.0001)

Variance of random effects (S.E) 0.4560(0.07090) 0.4773(0.05753)
-2 log likelihood 2403.75 2329.87 1106.77 1031.60
AIC 2409.75 2337.87 1112.77 1039.60
BIC 2425.01 2355.50 112693 1057.24

40  PIRTSOR| =20 203, TI52(2021H 109)
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G712 a3} Y REPIG)S 53 753 Full SPF= ©}) <Table 4>9} 2t} Full SPF= £
I AT HF(InAADT)S X335t FA4 JEA4=, A S(lane), Al$H<4E(InSpeedLimit), SHEAIuFH Bl&
(VehRate_T), &) FF(Colorlane)E F3sted FE3H oM, B2 BF 90% A FFFo] FAHL=E
%91*6‘} A =2HATE B =74 SASY] proc glimmix ZEA|AS o] gate] F7Hdol= eI o g M3}
T YoaF AHgste] A5t

Aoz a5y %%?% LI P Hd%l st ok 125}

fr o

59 A Ao et w3
o

.
2 3ol W QoL sl el B9 349 Ao LT

<Table 4> Estimated parameters of different regression models for ramp crashes : Full SPF

Variable NB RENB PIG REPIG
Intercept -12.6082(<.0001) -12.5215(<.0001) -10.3206(<.0001) -10.0083(<.0001)
InAADT 0.5344(<.0001) 0.5281(<.0001) 0.4359(<.0001) 0.3848(<.0001)
exit * semi_direct 0.4916(<.0001) 0.4898(<.0001) 0.2094(0.1000) 0.3021(0.0202)
Jane 0.4677(<.0001) 0.3368(0.0156) 1.3205(0.0001) 0.9309(0.0071)
InSpeedLimit 0.1211(0.0003) 0.1453(<.0001) 0.1393(<.0001) 0.1514(<.0001)

Colorlane * VehRate_T -1.3073(0.0043) 0.8436(0.0737)

VehRate_T 4.4907(<.0001) 3.1777(<.0001)
Variance of random effects (S.E) 0.1707(0.06346) 1.3404(0.06872)

-2 log likelihood 2472.03 2443.62 1242.87 1202.72

AIC 2486.03 2459.62 1256.87 1218.82

BIC 2521.65 2483.43 1289.90 1242.54

V. 2&
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