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Abstract

In September 2010, the Korea government increased the speed limit on the Gyeongbu Expressway (Cheonan
IC.~Yangjae IC) from 100 to 110 km per hour. This paper considers ARIMA-Intervention model to analyze
the effects of the speed limit change on the incidences of traffic accidents and injuries. In addition, in order
to investigate the effects more clearly, we also analyze the difference between the two lines of Cheonan 1C—
Yangjae IC and Busan IC-Cheonan IC. As a result, we observe that the numbers of accidents and injuries
have increased after the speed limit change. The increases are strikingly distinctive in comparison to other
lines (Busan IC-Cheonan IC) where there have been no changes in the maximum speed limit.
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st7]1 flstol o o]Foj Tk Ossianders} Cummings (2002)= W= $4E FollM AldE=7}
89km/holl A 105km/hZ FFH 1&EE2E o2 AuFE 2 Mg o] Bet AFE AP
o, 2 A3} AtEE A o] F P AFEEE 5.5mph ST A WA FEANL HAES 20)
ol Z7FetASS WAL Friedman 5 (2007)-2, 19931 o]agtd HYo| A F 115kme] 37)
F8 4529 AkEEE 90km/hollA 100km/hZ 239G S wf, I A3FH A o] IFAL v
S MARFez Hrlsiglet. 1988'd-7E 19999 AR E #AR 23, AdEE FF2AAl AL
PAR= 4.698) S7Fsta AARES 2.58) UMkt 2E2S W3tk Farmer (2016)& 19933
2013 39] A2 E o]83to] vjx2] HI AFUEE STkl whE A dFS AT H A AlES
=7} 5mph S7H3E 8 IHER AMYERS 8% S8l 7| AEER AFFELS 4% S 7183
ov, AAHCE Hi AEET 718 e A-F-oll wisl 33,0009 E AFEAE H wol Y
stRthaL g 7ksksint.

2 AAe FAS w3l A W3, 7dFn A WAV ZEAS] Iy 5
I 22 R A gRlE] 7€ AL A5 TS Fo] s WL A7 A, olEg A
ol tale] 7l &4 (intervention analysis) & Z-&3te] A7 ol n|x]= JIS E’_ﬁéi}?_r/} Box$2} Tiao
(1975)= ol2] 712 4252l A3o] Los Angeles #| 2] @& Tk FFE 4571 A8 A
+o2 /YR (intervention model)Z o] &3 B4Z AL F 7HA] Fejo] AYAFE A
SHaitt.

TAAANA HPAA o] HAste] I A7 HAAAH o] T % &Ao" JEgFE vX& AF A
4= (step function) 2 Z 33 TAFAT JTFS v X -+ 28 (pulse function) Z Z A S}

0, t<T, 0, t#T,
5, = < P, = 7 (2.1)
1, t>T. 1, t=T.

& ek AQEIE

=)
= A
Fom £y 39

4 (2.1)00 B8 AYAFol net AYLAY Tt ol X Pejz A
bAIR} ol WMGH R 2 377 AR FolEAU 27} AT Aze 5
£ 55 mE Thea) go] 28 4 gtk

ba (T) (T)

T~ 1-6B

22H(lag operator) 2} A AA| 2} (delay lag)E UER® 222 AALE Yol
e WEITE wet b= 44 Y 27152 € AEEHE JERE Bgo|th
2l (2.2)9 ?l‘o H?Jtﬁ‘/v\— Jei= kY ANGEC] 2EE A FA AAE Az v = Y
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W< (multiple intervention variable) 2 744 4 9lt}.

Wi bi
my = Z %L‘,t, (2.3)
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w; (B
o e ST e RS 2o AQASE YEUIT, by, wi(B)S 6:(B)E 22w el o
S AANA, AY 2715 D ALEFHE depdoh 5,9 rie 22 iiR) Y a el et wi(B) <}
5i(B)e] Aol
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JEAYe] A7 AY AN YE Y (pre-intervention model)& {Ny,t
Hyo E3] AFFI7} 591 ARIMA(p,d,q)(P,D,Q)s B3} e %
toregressive moving average model) 0] 2 ARS-E T TS5} Zo] ¢

<T}E ®7|S}E AANYR
HAZE Y (multiplicative au-
=

o}
#(B)®(B*)(1 — B*)”(1 — B)N; = 6y + 6(B)O(B*)e:. (2.5)
23 N, 9 autoregressive (AR) X7+ p+ Ps©| M moving average (MA) X<+ ¢+ Qsolal, &(B*)2}

O(B°)& 27 A AR AE MA 2], ¢(B)%t 0(B)«= vIAIE ARI MA thg]eln] thgat 2
o] geldrt.

0(B)=1—6B —60,B°> —0,BY,
¢(B) =1~ ¢1B — ¢2B* — ¢, B,
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®(B*)=1- & B* — ®:B* — &pB"". (2.6)
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Figure 3.1. Time-series plot for the number of the traffic injuries from Jan 2007 to May 2015.

Table 3.1. Information criteria for potential pre-intervention models in case of the traffic injuries

Model AIC BIC
ARIMA(1,0,1)(0,1,0),_,, 45.9883 48.9198
ARIMA(1,1,0)(2,1,1),_,, 53.5520 57.8540
ARIMA(0,0,1)(2,1,0),_,, 54.4522 57.3202

AIC = Akaike’s information criterion; BIC = Bayesian information criterion.

3.2. HOHC-AMIC 22t 24

3.2.1. AIDRAKIE 2007 dHE 2015971 AMRBEARS B2 AAY 28L Figure
3.13 2ok AR RE L] A 20100 8Y7IA (F 4471€Y)2] NAE ARE M-S 9AE
£ 03 AAE RS EA FAILE A0l EATEE AARIASI 12} B 123} AHEE Y
3to] A7 E AsIsiRon AZPT vAZY 27]14FS (autocorrelation function; ACF), H&
A7)/~ (partial autocorrelation function; PACF)S EUlZ Z3e] HA3 x+& At
FANEE S AH3l7] 93Fe] Akaike’s information criterion (AIC)2} Bayesian information criterion
(BIC) #tZ AH&-8131.o 1 Table 3.1001419} o] 3719 T 1 B35 HAA 3Tt
G 31e] g FAIT FAH 29 Regsl 4219 A% L D0 AL 59 4 A5 2
©2 ARIMA(1,0,1)(0,1,0)s=12& A=At E3], 23] Atk dA A &xte] ACF ¥ PACF,
A1) WM E A (portmanteau test)= T3t EE A|Ao|A] W AZ-E (white noise) JES &
S A2 SATAT Zu sk ANALEA LRSS Jehitn @ o, 349 2R o8
2ok w2 9] SR 2 BELAE Uehic,

(1-¢B) (1-B'*) In(Z1:) = (1 — 6B)e; (3.1)

¢ = —0.6981(0.1949), 6 = —0.9436(0.0967).

rU

AR BEAAR G 20119 492 E FAA Z715ke] 20119 7LHEE 20109 9L (MYAR) ol A Al
A Agehs the 552 Heolv, 201349 295 Wsle] Fo] A AR Aol ok ok
2 03

20124 W3F 20159 £ o83 A ol AT ALY G el ek, oIE 230 B3
7] 915ko] 20120 1293} 20134 29 AFN AR Fe]A5E AgHG0H, o] AR AR
4 998 BARd m 7%1@32 = st ®£9, LR AAD] FFL 1A 5 9k 97
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Figure 3.2. Time-series plot for the monthly traffic volume of the section of Cheonan IC-Yangjae IC from Jan
2007 to May 2015.

A& AASAA AFHF X & 2178 (exogenous) ZHHAFTE ARSI Figure 3.2& 25359 AlA
s gatar et &, 20104 o] A7MAE thE
Aadhal gl FA7F Belnk AP

hl(th) = ﬂlXt + wlADJ1 + szDJQ =+ Et, (32)

(1-¢B)(1—-B")

1, t=Dec.2012 1, t=TFeb.201
ADJ, = ec.2012, g, =0 b eb.2013,
0, ¢+ Dec.2012, 0, ¢+ Feb.2013.

Qo) Fele AREE ARz 20109 09 o) F A5A 0 HAR} S0 FTE vk Kol A
d"ﬁ']— ~/] bﬂEHE é"] ]‘%D} 7H\:] JJ{“‘Z‘“‘G]’»‘—E }_;ﬁ-}]ﬂo]—?l—o] /\E]/‘]% 77H% —?_—J—?—E ‘?l"’érﬂll, O] 7121_
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‘ 1, ¢> Sep.2010.

B"S,,

my = 0

‘T 1-6B
HE MARF2 Aol o7l A9 A5l Ast ByS vhdsto] o 2ov /YR 217 #
A A 357 % (conditional least squares estimation)= Table 3.2} Zt}.

(1-6B)
(1—-¢B)(1—B2)""

ln(th) = B St —|— ﬁlXt + wlADJ1 + UJQADJQ —|— (34)

1— 5B
A9 MY AL GRS ES BF Y54 Yei AYEFE= AR AR S7H
= ez &‘36}%% ok Y 27123E vEi= th oA gkrovt A&LET §+= &

stgonzg AYHS,E IR FAEAh 4 (3.4)8) 2ol FHHE HF MYRF S AMSsHH, F
HyLe 2 Hy xﬂfz’;& Agog st E3E AL 4 Ut} (Cryerd Chan, 2008). &
20113 49 AP RAAAE o 22 A4S B3] 21.36% S8,

{exp(0.1936) — 1} x 100% = 21.36%
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Table 3.2. Estimation results for the intervention model in case of the traffic injuries

Parameter Estimate Standard error t-value Approx. Pr < |t| Variable
0 0.7756 0.1825 4.25 <0.0001 AT
1) 0.9177 0.1254 7.32 <0.0001 AT
B1 —2.0222 1.1582 —1.75 0.0850 X
w1 —0.7027 0.3313 —2.12 0.0373 ADJq
w2 —0.9971 0.3313 -3.01 0.0036 ADJs
wo 0.1936 0.1361 1.42 0.1591 St
0 0.6926 0.2495 2.78 0.0070 St
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Figure 3.3. Time-series plot for the number of the traffic accidents from Jan 2007 to May 2015.

Table 3.3. Information criteria for potential pre-intervention models in case of the traffic accidents

Model AIC BIC
ARIMA(0,1,1)(0,1,1) ,_ ;5 35.2172 38.2103
ARIMA(1,1,1)(0,1,1) ;5 35.9934 40.4829
ARIMA(1,1,1)(0,1,0),_ ;5 37.9533 40.9463

AIC = Akaike’s information criterion; BIC = Bayesian information criterion.

20119 89oll&= {exp(wo + wod + wod” + - - - + wod?) — 1} x 100% = 52.94% W+ Z7}130] 50% S =
Fatch 20123 10€o|FHE MYAFe 4T 9 507 £l AL R DA of

e v

3.2.2. AIDLMZIS 20074 195 20154 5971K9] ASHC AIIC F2be] Ad Az
4 A7AD 29e Figure 3.3% 2tk Ao tg AYEAE LA 95el WA 20074
1958 20109 89749 AAD 452 o) g3t AANYRFS FEaAth Aol AAL 19
ACF, PACF9] 4T=RE 7ulog 18 4% A7} Table 3.37 22 THRHLS A4stglch

AN
Table 3.39] 37k4 $RHEYP S HES 23 tha3 22 ARIMA(0,1,1)(0,1,1),_,, &S A=53]
ot Yis gAAGEAN AR AsE e
(1-B)(1-B")In(Yir) = (1 —60B) (1 - ©B") ¢, (3.5)

0= 0.8225(0.1035), © = 0.4859(0.1956).
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Table 3.4. Estimation results for the intervention model in case of the traffic accidents

Parameter Estimate Standard error t-value Approx. Pr < |t| Variable
0 0.6051 0.0963 6.28 <0.0001 Y1
S} 0.7170 0.0940 7.63 <0.0001 Y
B1 —2.4144 1.0838 —2.23 0.0289 Xt
w1 —0.6481 0.3059 —2.12 0.0375 ADJ,y
wo 0.1047 0.1297 0.81 0.4220 St
0 0.8102 0.3083 2.63 0.0140 St

3 3.1.188) AR ARt FARSHA] ANC-FAIC 73] w5F X, o A Hrds ADJ &

ARESto] A el vAE o 8A 8.9 H AEAES ZR 2Rt v AR R

TP Aelrh

(1-6B) (1-0B")
(1-B)(1— B')

1, t = Dec.2012,
ADJ, =
0, t # Dec.2012.

In(Y1:) = f1Xe + w1 ADJ: +

Et, (36)

WAL WskE myssen. ANERLE et 22 A
99 AYARE 71EoR the 2 1098 AEH oz A4
e 4 gon], thgog Aol AAH YTk 15t fao) G4
Zo] 20119 49 T 497 59 RERE A4Ao g wasr] Afels T2 44 mP, mP)=
2812 % 95k 5k m® el 719 Fehis Cho 5 (2015) E Kimsh Seong (2011)2 S8
wo — w1 B
mY =woBS;, m? = = 5BB S, m® = ﬁfﬂst. (3.7)
9] 370 AY2FE ARA Bk md & FA5A dgkor] mP e wi el RIFHA ek o
2, mi? ol @ AYAST) g ARt ddstgon, ARG ALY mP & 23
A% NYFL thet 2k

0o 7 (1-6B)(1 — 6B
1n(Y1t) = 1 6BB St + ,61Xt =+ wlADJl + (1 — B)(l — B12) Et. (38)
AL UE AYRY FAE 2AR ALATEAVIE g SAson Table 345} 2k )
A}t A2 AHSES BT 79 P?ﬂ e Y& AA AARRAATE ST 7= B

o7 Zgo3itt

AP A it AT o] J3S AviRY 20119 49 Al ASTE {exp (0.1047) — 1} x
100 = 11.03% 9+ Z7Fak9laL, 2012 390l {exp(wo + wod + wod? + - - 4+ wod™) — 1} x 100% =
50.74% Z7}8to] 50% S Z2Fetglom 2013\ 12905 EE U 207 £8sgr)
Figure 3.4% AMIR A (Z1:) b AR A (Yig) ol G2 )R 7dEae] 27] 48 dxEz
HolErh AEE 2Ao] AAlE $ AR AGAReL A A e B S8kl e AR g At
Foll BA= AYEH= A ALET 22 717 vl ¥ 22 $EoE SN S A3 AR

£529] F7bol| ek ARLEAYA] AdsiAbaze] 91 o] B Axltha A f%? At

=

-
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Figure 3.4. Effect sizes of the maximum speed limit on the traffic accidents and injuries.
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Figure 3.5. Time-series plot for the numbers of the traffic accidents and injuries of the section of Cheonan
IC—Yangjae IC.

3.3. TCHC-AAMIC P2k} SLHC-HHC 22 A[0] 24
al

oA HMC-FAIC FFe A RE A =] L
Al AT R 7] fJste], FAHC-HMC 7] Atol & o] gdhtt. thFst o4 o] AT -
D8 5 7] AEARL AIAE AR Aol Tl A ATSEEE ddor S <
ofth 2, B Aol EA% = AAIE AR 717H2007d-2015) FF F

d 2tgol A& e 4TS A 5 Qe F8 e H3 ATEE W3 ool 277 oSl
B AFeAe H3 AgEE ol9fols HAMC-FAICE FAHC-HMC] F ko] njgt

27 stollA eFdrta 7Pt AlgsEe A aRE BA st gt

Figures 359 3.6& ASHC FAIC 743} FAHC AGHC T2 ARSI AP A5E 7
7 BolFa Tk AHC-PAIC F71e) AL ABAAFE F7E FA7E QAT ¥

AHC-AHC F7He R Fashs 2418 BT,
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Figure 3.6. Time-series plot for the numbers of the traffic accidents and injuries of the section of Busan IC—
Cheonan IC.
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Figure 3.7. Time-series plot for the difference in the number of injuries of the two sections: Cheonan IC-Yangjae
IC and Busan IC?Cheonan IC.

3.3.1. ALDSMXRE  Figure 3.7 F 719 AR Aol vl AA D 2elth. AR
BAAS 2pole thg3t 2ol Zy 2 Aostgth

In(Z2:) = In (Zlhfaj“) “In (Zi‘?“‘“) .

ok, Z3 Mk Zyfnor s Zbzh AQHC-YANIC 7243k BAHC-AMC F7be] AmRAAEE Yepfu],
Zore T X AL T*JZHA H]& (ratio)< YEFACE 2007 1€3FE 2010d 8E7kAe] F 3¢ Ak
TRAAG 2po] In(Za) S ©]23te] the Tt 22 ARMNYRE ARIMA(0,1,1)(0,1,1)=12S 753}

ot

3

(1-B")(1-B)In(Z2) = (1-6B) (1 - ©B"?) & (3.9)

6 = 0.8908(0.0900), © = 0.6716(0.2142).

F72] Aol o] AT AJKE EFE B4 Astel AF Huise A= gEnin 2
st mE e EkA] ekgkrh. AYEAIE vk AR AR A AN 3709 A A5 o

I



728 Yinhua Song, Byeongchan Seong

Table 3.5. Estimation results for the intervention model based on the differenced traffic injuries of the two sections

Parameter wo 1) 0 ©
Estimate 0.0939 0.8212 0.8359 0.5960
Standard error 0.1223 0.2834 0.0632 0.0980
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Figure 3.8. Time-series plot for the difference in the number of accidents of the two sections: Cheonan IC-Yangjae
IC and Busan IC-Cheonan IC.

2010\d 12958 AfaEAgRee] B o] G2 vl Aer aPstal vt 22 e s

Aol st

_ Wwo 3
MAAFE 233 AALEY L APANJYEH L wHFste] o33 2o, A3tdy 249 2488
Table 3.5¢F 2t} MYEZAE 233 2 488 G935t ALn ARl WS ST 7= oz
Hed =] 9ot
1-6B)(1—-0B"Y)
In(Zs) = N,= 2 _p3 ( . 11
n(Za) = my + Ny 1—sB St + (= B)(1—B") €t (3.11)

MYEA7} Aoz vehd 20100 1290 AFTEARS: x}o] 7} {exp(0.0939) — 1} x 100 =
9.38% w2 Z71stgl o 2012d 3Y ol = {exp(wo+wod+wod? 4 - - +wod™®) —1} x 100% = 50.26% T+
=2 Z 718+ tHwo = 0.0939,5 = 0.8212). 20149 6D ol {exp(wo +wod +wod> + - - - + wod*?) — 1} x
100% = 52.50% %7 S7Fsto] 6 o|FHEE FAA MEE o2 T

3.3.2. AREEAS  Figure 3.82 F 77k AT AS ApolE UeRd AAD 2ol ARl
A% Aol TheT} 2o Yo = Al Bt
ln()/ét) —In (Ylll/lajor) —In (Ylll/linor)

o, Yy eor e} ylinore 247k AoHC-FAIC P73} FAHC-AHC 770e) AL A4S Lepdct.
WA 20079 195E 2010d 897HA9] AR E ©]§Tte] tha 22 ARIMA(0,0,0)(0,1,1)s=12]
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Table 3.6. Estimation results for the intervention model based on the differenced traffic accidents of the two

sections
Parameter wo ©
Estimate 0.0193 0.7311
Standard error 0.0029 0.0936
= _] = _|
= _| = _|
= =
£
- =3 — «© —
g = =
2
a8 .
=
u§_ - —] = —]
= =1 3
g
s}
~ ] ~  _|
S S
S =3
——T— T —— T
2007 2010 2013 2007 2010 2013
# of traffic injuries # of traffic accidents

Figure 3.9. Effect sizes of the maximum speed limit on the traffic accidents and injuries based on the differences
of the two sections: Cheonan IC-Yangjae IC and Busan IC-Cheonan IC.

(1-BY)In(Ya) = (1 - OB"%) &, 6 =0.7418(0.2264). (3.12)

NYEIE T3} 2ol F 71 FElz Ak 20104 99 AJARL 71207 443 =] o]
theal 19RE Az A4 o JTg vjAria A o] NJETe] 2717 AA= S7beke B
A mV3 AYEIL AP o2 F7keke H9-A miP & ot 2
wo

4
g BS. (3.13)

mgl) 1 —6BB St, mf)
au, mV 9] A3re feletglont F49 ALEI] 3717} 6 = 0993924 T2 5 =19 $A
soon mP e Agte mYe Atwc AICS} BICE 0} 24 A ATHAIC: 88.07 — 86.11, BIC:
95.36 — 91.00). WA, AAAARF ALAS mPE A8 e 2L AT AR AF
3kl

Wo 4 (1 - ©eB"?)
ln(YQt) = 1= BB St + mé‘t. (314)
(3.14)8] 24 4 2= Table 3.6 2ty =45 HaAlw FAF o 23 AgdsE =3

ol >

By By B o3 2107 UEyT

AJEI7 Loz Jepd 2011 190 A A7} {exp(0.0193) — 1} x 100% = 1.95% 2+
Z71etgow 201349 2€0ll= {exp (0.0193 x 26) — 1} x 100 = 65.17% %= Z7}atgich AFAd A
gl mlAE AYEI= AP g FUMeHe FAE UERITE Figure 3.9% HHC-FAIC} HAHC-
AHC 7 3] AP FAFARE Apolof AR A Apolof] WA YR 7] LE AEEE Ko

=
fLS
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