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Development of Time-based Safety Performance Function for Freeways
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ABSTRACT

A vehicle crash occurs due to various factors such as the geometry of the road section, traffic,
and driver characteristics. A safety performance function has been used in many studies to estimate
the relationship between vehicle crash and road factors statistically. And depends on the purpose of
the analysis, various characteristic variables have been used. And various characteristic variables have
been used in the studies depending on the purpose of analysis. The existing domestic studies
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generally reflect the average characteristics of the sections by quantifying the traffic volume in macro
aggregate units such as the ADT, but this has a limitation that it cannot reflect the real-time changing
traffic characteristics. Therefore, the need for research on effective aggregation units that can flexibly
reflect the characteristics of the traffic environment arises. In this paper, we develop a safety
performance function that can reflect the traffic characteristics in detail with an aggregate unit for
one hour in addition to the daily model used in the previous studies. As part of the present study,
we also perform a comparison and evaluation between models. The safety performance function for
daily and hourly units is developed using a negative binomial regression model with the number of
accidents as a dependent variable. In addition, the optimal negative binomial regression model for
each of the hourly and daily models was selected, and their prediction performances were compared.
The model and evaluation results presented in this paper can be used to determine the risk factors
for accidents in the highway section considering the dynamic characteristics. In addition, the model
and evaluation results can also be used as the basis for evaluating the availability and transferability
of the hourly model.

Key words : Safety analysis, Annual average daily traffic, Average hourly traffic, Safety
performance function, Negative binomial regression
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| A5 943445 3H4(Safety performance function,

FOF A datA

4 g e AT S
AREH AL . dRbAR] S wEE R 77 o] HFE = E
TE3IH WEFFE HT YT H(Average daily traffic, ADT), AH Y5 (Annual average da11y traffic,

AADT)} o] 7ol the] HEH o Asiy ke FEIT T nEDY 2L 0E 24 WS

2]
A% ANz MElehE AZ S 7HA7] wl il AADTSF 28 AAAQ] FFo2 AHsd - ARz
A WsE S BE O BEE gtk Aol EAEHA Et) SPFE AADTZ} S¥skAl JAE A
- AT A (peak-time) W FHF] W Zo] & 71t} EEEM HEo] A @& 77 Ak o A4t
Y FFEOE 2EHY ol 9= A} A4, Ao A4 QFE ojojd & St} whEkA AZE n
T A9 HEE AladSE 2y wgstr] 9 AADT9} 7L°1 ANAR FERT AFEAQD JAGHE
ARgsle] FRke] EAS wkYstal SPRO A 4skE WHES AT "ol it

olo] & A+ AF JAGHE wF S8 MEA BEset sl 1&EE B3] SPFE Y
sty By AEE Huste AS HHo=2 gt SPFY HHHse B 739 AFFAXA 7] (Vehicle

detection system, VDS) A&, T2 7|3} 7F AR, d5AML AR E ALESY TAEH AR JAGE A7F
e FAE B aF 54 EAA R v AT FFE /PRI T 71E AADT7|NEY] SPRSt
Al JAGS SPRE A o2 o 7 BT fo| WS vkl d 3 HUkE Sl AT
HAASH SPFe| &8 7hsAdS AAstaat .
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71E ATFEL VEER wEALY FFE FE T8 AAE TA B VTR 89, 1% #7489,
A 9 AFelo 2 FESIATE A WEAL oS B de dRH O E AADT, B2 7|84
Ze wgse] g8Hden A FHd wep F7HH WEE d8ste Ry dq59e A
1) E2 7|57 9l

(AT FTE T AEEE AL A5E H I AFolA 22 73 9 sz BEd s
& &8sk vtk AFoA 712 H o R Pt o), AR e} e = EH T (exposure) S A3 2.1
AT+ EAJ] w} IC(interchange), JCT(juction), TG(tollgate), = A& 5 T8 §8 FEIH THAEANL,
FTHAA N, BRI, S35 5o TE MFFEE AP0 R AHgagith E3 28 JetTE 3
AATFZe} FAG Wy Aol £, FSED N, ARE SO FRAY g B4 53X g
HTE A3 tHBaek et al., 2005; Park and Abdel-Aty, 2017; Hou et al., 2018; Choi et al., 2018).

ohofgt AFollA B4 2 2 A H U 2F A4S IS nEAR A dES 93] AR
ThBaek et al., 2005; Mun et al., 2012; Park et al., 2007; Abdel-Aty and Radwan, 2000; Choi et al., 2018). 7}
[e)

Aukz o] A= v]s =29hAHP(Highway Safety Manual)ol| Al A A= ¢HAA53HRSPHE Alald &4
FE FAsH= o] 718 2o mE FHA At AES A= A By sigEnh of
FE9] SPFE =Z2WHTE ADT % AADT9 22 w5 % W7t T2 AASET gty o s wiafo] S71e
F= Alndert vEEskE g JRBAE By

7]1& ADT, AADT®} o] AAAQl FFollA YA E w5

sEe 7N R A Se ST A Hd A
T8 Y EAS Ushd F JAR 93 ARtYeL o] alE SAREE, £5 5)F AL AR
StE REYshr] offohe IAZE AAEATE oldd A wE E4S Yehr] Sl 1At aEE
(Average Hourly Traffic, AHD#} o] AR JADXL]E AMHES SPF S 93 AF A =7t T80l A
A&H o7 o]Folgom 7|E AR By HlastR S wf AlF JATGE AL AFE d St

ARIAY B U2 Aess ¥ 5 Atk AFHE A A THWang et al., 2018; Martin, 2002; Mensah and Hauer,

Q]

e

1998; Al Amili, 2018; Yuan et al., 2021). 3G ATFENA F7HH0E AL WFE HF &5, &5 AR,
2 HE, AlSEE O] £5 AlxF o] 9o IhE ARAQ] wE E4E gl Al HIEE o

k=t AHEE AT
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AR TTTE AARIES} wEdF 9 2 7|52 w7l "ete] 4HdAE AWdte AN E 495
2o F Folg 37 Z¥(Poisson regression model) E 2|3 3|7 23 (Negative binomial regression model)©]
F2 A&-E TH(Washington, 2020; Farid et al., 2019). SPF2| &/ =LA full SPFS} simple SPF7} $10.H
simple SPF= A% Y15 FHAADD)H 22 w5 54 #Hths ARgstH 213 22 725 7tk

]VSPF = U X ADTY ceeeee et (1)

o, 8 BT AT

Full SPFE 22 543 2% 542 25 1ste] RFAL NES F45 full SPFY Autalel 72
= 229} LTHAASHTO, 2010).

— & 31 2 3: BT ettt et a et e e e e e e eaens
Nopgy = € X ADT] X X[ XEx X< X X )

ni
Noppe: AFLZ A5 ()

A Fro] WEAT A5 olZRP L Lol HARYH gold IABFo] F2 AgHUt BF
Amygol n@zog Agatt Lot} Lo}

AHgstel gnh REE Ml Q) FHE E
S Ml Eg oy B 2
ol gltk. gol@ A=Y

rir o
od.
g
5

NSPF, = exp(ﬁu +ﬁ1 X“ +ﬂ2 X2i + ... _;,_/5” Xm +5¢) ................................................................................ (3)
exple;) ~ 111, k]

Zol Bre AGNE AE 54 Wstn And SRy B85 ATE AAFOR oA itk
gepd B AFNAE T DEER TS RO J1E RS TRE AR PATAAD FAES
58 PARD Fo W5 D o2 Axe) A HAE B Y YAV Bl BE FeHe B4
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A Seou.i Rin{j Expressway .

Jungbu Expressway | <Table 1> Analysis Period

1 Data Variables Temporal range
e frequency
Crash frequency - 2013~2019(7 years)
Location
Traffic volume
SELL VDS data 2018(1 year)
Gyeongbu Expressway Speed
. ¢ Length
= g o Geometry data 2019.12
CEn A Geometry

<Fig. 1> Study Area

ARSI 24 JAGHE AAs] Al o389 A5 HA: JAAGH A S9E B AR

Ao et 7| 2EA ZAS FHednt A A2 HolEle] A AT BAYA7Ee] FA T

= 5% @9l sigEol &4 vlolH o HA HAGH = 5EoE TSI 687 &

Al 7dZH2013~2019) BAE Aladgr]E AAGS 2 b A A SE FES A A%
17.32357, 1N7r 712 065297, 5% 713 0.0000371 0.2 L}ERTH<Table 2>).

H =RoAE jéﬁ o S B, AT B9 T AT ES AHES AT 225 A3l
T2 AMEE = Xol4 EE(Poisson regression) 3 £°]3F £ (Negative bionomial regression, NB)=
A}j_ﬂ]cﬂ. WF, 72 EA et AAHAE SN B8 TE¥Te A AR Al

A(y)olm & TH9(AADT-based) SPF2] 75~ 687H(6877h), 1417t ©H9l(AAHT-based) SPF2| 7%~ 1,63274
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(68x24h)<] #Z tloJE|E FAH U

R32) 24 A 23 ) dolles BE WL Fol4E sty avE gzt BE 33 Sgete
P2 & AHgalon] diHoR Fol F WEF So) Wed] AART FE Hdte] mYe Folye
=S THAbdel-Aty Radwan, 2000; Wang et al., 2018).
<Table 2> Summary statistics of the crash data collected at each intervals

N 7,459 crashes(7years)
Describe lyear Lhour Smin
Mean 17.3235 0.6529 0.00003
Std 7.7169 0.000829 0.000138
Min 37 0 0
Max 34.8 0.009002 0.002348

3. 28 Hlu & I}

A o9 g AR B B e Eokd B S0l I ARY S VRte g A7t Ao 7t HE ]
goodness of fitS % 7}3}7] 913} Akaike’s Information Criterion(AIC), Bayesian Information Criterion(BIC)%k
AHEEF T 23 AIC, BIC #h< Blusty] 3 ®Eo] g 2o Hle} JjHow 25 75 HH K3
o7 AAston 4 W K B el JHFmel mE 2o AEAe A@), )% 2

ol ﬂl[O

AIC= — QIOg(likelihood) B G EE e P PP P P TP PP PP PPEPPIOY (4)
BIC = —2log(likelihood) + mog (n) ..................................................................................................... (5)
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BXo] AHed T2 7|37z B4 HeE 70 ZJ_OL A2 HHIA £ PgHIA vy 37, FUAA
T, TAAEA B 5 A tolHE FAHEY o uF A Hee I gE a5F 2 &5 &
T BFUx, 3EA HE9 53 HolER %Hﬂﬂ At 7+ A, 47 W] 7|2EA AIE <Table
3>, <Table 4> AAFATE B4 P A =19 voly 71254 Ao 2w 77hE HF AADTE ©
58,157(t/Y), AAHTE= <F 2423(t/Y)Z HAF N oM ZEHAE AADT 23,826.02(H/<Y), AAHT 1,641.96

(/) o=2 Ht thH] AAHTS JL{i} I ddiH o s A =E5Hol £4 dHolH W o tdd us st
& WSk Aoz Jeith mEY £ Ans FAS FAF vE, S5, S5 wEuAe) 53 A
AR JAASS dolee] 2R A 9 Bo 34 250 B4 tlolH U ZUlHoE thafgt Az
WES Wk sloz deit,
<Table 3> Summary statistics of dependent and static variables for freeway segments
Variables Definition Mean Std. Min Max
Length Segment length(km) 9.44 9.78 1.26 42.25
NOL Number of lanes 392 0.83 2 55
NOC Number of curves 3.15 2.50 0 12
Radius Radius of curve(m) 2,282.89 2,335.61 0 12,920.95
NOS Number of slopes 4.50 335 0 17
Slope Vertical align(%) -0.01 0.74 -1.90 1.94
Speed limit Max speed limit of segment(km/h) 102.56 6.35 75 110
<Table 4> Summary statistics of dependent and dynamic variables for freeway segments
Variables Definition | Mean Std. Min Max
Yearly model(N=68)
Volume Annual average daily traffic, AADT(vehicles/day) 58,156.71 23,826.02 7,674.88 122,393.04
P_truck Annual average daily truck percentage(%) 0.31 0.10 0.14 0.57
Speed Annual average daily speed(km/h) 83.27 10.33 48.96 100.70
Std_speed | Annual average daily standard deviation of speed(km/h) 10.58 11.38 091 49.34
Hourly(1hour) model(N=1,632)
Volume Annual average hourly traffic, AAHT(vehicles/hour) 2,423.20 1,641.96 45.69 8,262.83
P_truck Annual average hourly truck percentage(%) 031 0.14 0.02 1
Speed Annual average hourly speed(km/h) 83.27 16.10 6.61 112.81
Std_speed | Annual average hourly standard deviation of speed(km/h) 10.58 11.91 0.30 51.57
2. ¢ B9|(AADT-based) 28
A o9 Byo] HFHOR ALGH WHE <Table 5>9} At} Zold RN B 7% A3} AIC, BIC
Fkol ZH7F 116537, 11698122 ==Ho| Fold AR HT dgo] W 71 o7 Yeyth wepa o
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99 BYoME gold BEE Ao HE BEe 2 F AALASE 55U, m(AADDE 5
HHFZ ARSI In(TFRE Ao)E LA (Offset) ®ITE A 83 T SPFO JHIZ =&H U FHolE
QA WEE AAS A9 P dolF ALAFE FEHAFTE ARG A FYg onE JHAA "ok A
99 2y AE A £ ¥ 2FFHInAADT) S A7t 03918 ()] & 7HA wE ol S
TE AR ATt vgse deEldd A4 EAth

3. 1A|1Zt S2I(AAHT-based) &

A 29 RY2 AP B LSS SEUFE st A2y, U W, SR, T
A B, A AREE, In(AAHT), SEAARE SHUFE ARESHIIT(<Table 5>). 1413 &9 29 4
Al ok EE7|NE Bl AIC, BIC %ol ZH7t 8986.78, 9035.228 E=EH o] So|d X RF9| AIC, BIC
#EG A =EH tet HFHoR ol TEE ARSIt 1ML &9 SPFE AFAATH HA =Y
EE Al mER A2, IEEA F, A ARSE, AFE, SRR AT F®e g 7HA &g
A0 Fhol F7FEE AL A5t Fvkehe Zlog EEHAT v Hud v (Radivs) 2 S0
A(Slope mean)®] Al +()2 F= 7HH BHEIA W0l SVkste] B2 A} St AAY, T
AATY STVt 228 A FEE olF= 7 Alat dashs A3E Bl

<Table 5> Crash Prediction Model

AIC = 5452941, BIC = 551.9527 AIC = 79246543, BIC = 7,0784817

Definition Yearly(AADT-based) Hourly(AAHT-based)
Estimate Std. Error 95% CL Estimate Std. Error 95% CL
Intercept 1102475 22108 (:;"‘9'?22)6’ 44155 0.5028 (__35.;?;)01(?)’
NOL - - - 0.239% 0.0314 gélgfll)’
Radius ; ; ; 20,0001 0.0000 (00(%01)
Number slope - - - 0.0344 0.0096 2551527),
Slope mean . . . 10,1406 00296 (801:2866)
Speed limit - - - 0.0397 0.0037 ((())(?j;;
In(volume) 0.3991 0.1966 gfgljg’ 0.0655 0.0289 ((?,'10205%
Std_speed(km/h) ; ; ; 0.0170 0.0021 gg;f;’
Dispersion 0.5087 0.0896 (8‘73 168(% 0.4907 0.0303 ((()),:53;;’
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B8 B3 =25 (A7 B9 (AHT-based), A% 4 ©9](2d T, AADT-based) 2.3 2 37} tlo]ed
% 2= <Table 6>9F 2ok A &9 H7} vlolE oA 1417 &9 28 2] MADE 123302 &3
23 9] MADO.12)ET} oF 3520% EA] EZHUOH ol 71& A @9 o] AXNAHR BHAA AF A
5ol AF oz A EEHISS VeIt B A7 99 H) dolHolA A &9 =& o] MAD7}
51102 1A17F &9 289 MADQR.69)ET ¢F 89.96% =2 AHE Hoj (A &Y AludZE Al 147 &

e

9 =g ”ho] 4 RYPEG 5 EEHE Fde B ole o 99 AR vis) 1A3F &
o myo] 2 AESH HI} vlolHoAM HuHd 52 Aes B AlALdS Al By &8 TS &
AL o ok =3 JAAR] b2 @ &9 B7F HolE oA 1413 &9 ZE 9] MAD S710] 3520% %
A &9 RHO| 89.96% KT AA EEEE ANE BAoH A @9 RS B8 £ gls A T @
9 2R oA TFede SdE AT

<Table 6> Model comparison results

From models Eojess T D)
Yearly crash frequency Hourly crash frequency
AADT-based model 9.12(-) 5.11(A 89.96%)
AHT-based model 12.33(A 35.20%) 2.69(-)
V.2

w A7dME 71 A dHE AAEY s Wl ARE AR FAEAE Uetio] 1o a33
A T wFEEe 1HT RS FTE MLt A S AE S Husith A sEre A 99,
N7 @9 wEE, 5 5o T4 ATEA Wes E2 V|shrrxe 22 A WaeE ARt AR
o] T EAe Bo axrow wigstua stk A o9 1A &9 =Y A A3 3FHoR
WEF dE Mt Fosl e A o9 23 7ol wEd R 74% Simple SPF
FE, 1A &9 RES B2 etz 3y W 5ol £33 Full SPF FHE Btk =2 23S U
o7 A dF AGEE WU A3 1A B9 232 MADZF 1AZE &9 7 HolEdlA =4 =
Z591om A &9 H7F HolHANE MAD $7HE] o1 B9 By vls) WA EE2H U o= vt
s SEAUGTE aEE AlE HATS SPRQI 1A B9 ¥ o] Al SRy or FEF e Hole
AL FAL o ok £3 147 B9 ZFS A &9 G971 dolHdA A8 Afolx AF Aot &
Aoz A FAF O AR Azl thit o)A (transferability) = F23] FRT T e Zo=
HoHY HolE o 54 A B9 B39 A= WoAAY, &8 F /1S AT 1M B9 2Y Y
A 7Fsde YR o B =2l A AARE 1A &9 ST 2 24 THEL FF 54 54
< 1% EF AL Y8Rl A 82  glon B4 Aol AAE 1At 99 Y 4% B
He BEUE wF 54 5 AL S By AAT AREHE A 2AAER AHSE e Aes
7]t

B =i ARAA HAGE dole #-E 918 VDS 94l HlolElE 2018 (1) &8 7Hed 314,
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