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Abstract

On April 1, 2004, KTX (Korea Train eXpress), the first HSR (High-Speed Rail) in Korea,
was introduced to Gyeongbu Line. The introduction of the KTX service led to a change in the
number of passengers for Gyeongbu Line. Previous studies have analyzed the pre and
post-event changes of the intervening events by either simple statistics or intervention ARIMA
analysis. However, the intervention ARIMA model has a limitation that several assumptions
such as the occurrence time and the type of intervention events are necessary. To this end, this
study analyzed the effects of intervention event on the number of passengers using the
Gyeongbu line based on a time series outlier detection technique which can overcome
limitations in the previous studies. The time series outlier detection technique can analyze the
time, effect type and size of an intervention event without the assumption of the time and effect
type of the intervention event. The data were collected from the Korea Transport Database
(KTDB) for twelve years from 2003 to 2014 (144 months). The analysis results showed that the
size of the influence type in the same intervention events was different across the major city
routes, and the intervention event which could not be found by previous study methods was
also found.

Keywords: Gyeongbu Line, intervention analysis, Korea Train eXpress (KTX), outlier detection,
time series
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Table 1. Descriptive data

Data Type Source
Transportation type Train Conventional train Korea Transport DataBase (KTDB)
—Samaeul (higher—grade) https://www.ktdb.go.kr/

~Mugunghwa (lower—grade)
Express Train (KTX)

Route Gyeongbu line Seoul-Busan (442 km)
Seoul-Daegu (326 km)
Seoul-Daejeon (166 km)
Seoul-Cheonan (102 km)

Table 114L Zol, 7] 2} AL BG5S uteS T, R T (ALt 17 s I KTXE 0] 835 54 42 A
ta2 oMtste] 4HYstelnl. KTDBe 99y =29 ito] ©E OD (Origin &
% AlFSEAL QAek. & AtolA] $85t A} Sh= T A] 7] &/ 2 A of|A] 27) o]/
Qo @ EAITA the] OD7HAIZIB2 Tl OD 8 57 8
Mﬂr —rR TAHE 2315l ODE Table 29F 2o A5t

O]l

A¥ Sfe] 2400 g5t

Table 2. Origin and Destination pair from Seoul to major cities

OD Origin and destination pair
Seoul-Busan HSR Seoul-Busan St.
Conventional ~ Seoul-Busan St., Yongsan—Busan St., Yeongdeungpo—Busan St., Seoul-Haeundae St.,
Yeongdeungpo—Haeundae St.
Seoul-Daegu HSR Seoul-Dongdaegu St.
Conventional ~ Seoul-Daegu St., Yongsan—Daegu St., Yeongdeungpo—Daegu St., Seoul-Dongdaegu St.,
Yongsan—Dongdaegu St., Yeongdeungpo—Dongdaegu St.
Seoul-Daejeon  HSR Seoul-Daejeon St.
Conventional ~ Seoul-Daejeon St., Yongsan—Daejeon St., Yeongdeungpo—Daejeon St.,
Seoul-Seodaejeon St., Yongsan—Seodaejeon St., Yeongdeungpo—Seodaejeon St.
Seoul-Cheonan  HSR Seoul-Cheonan/Asan St.
Conventional  Seoul-Cheonan St., Yongsan—Cheonan St., Yeongdeungpo—Cheonan St.

Cistn E38k5]2], A| 353 A 62, 20174 128 47
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Table 3. Type of outliers (Lépez, 2016)
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Figure 1. Number of railway passengers for the Gyeongbu line (2003-2014)
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Table 4= 718 AL ] A7 Hr 5450 FHES BoF1 Qlth. 20049 9] 49 -t #7+-2
211940 ﬂ% S0 WPt 3A F7 eAY AR Ao &2 yepydth E5|uh A2-2A4E 17 E A -t 17t
o] 7 0034 thH] 2004 0] o] G247} 212} oF 47%, 57%7}F Z7FeF. 0w, A-—F9t 77+ 2004 1}
2005L% E‘: 2 AAE thiH] 25% 74 FElE H AT SHATE 20061 HE = 201212 Al @]5tal s ALk 17+
o] 57t F7Vohe AL & eyt A&-ti+ A o] 49 20119 % 52571 20109 & thH] 12.5% 74t
A0 =2 eIt

Table 4. Number of railway passengers per year compared to previous year

Year Seoul-Busan Seoul-Daegu Seoul-Daejeon Seoul-Cheonan
2004 147.47% 157.28% 100.13% 76.64%
2005 112.92% 122.03% 104.35% 74.91%
2006 98.52% 102.23% 108.98% 110.00%
2007 93.25% 93.72% 103.12% 101.13%
2008 96.65% 97.02% 99.87% 103.92%
2009 95.26% 97.40% 98.66% 103.28%
2010 108.04% 103.15% 105.01% 110.84%
2011 116.28% 87.56% 98.69% 109.17%
2012 99.72% 97.73% 100.14% 99.79%
2013 100.58% 99.37% 101.65% 107.78%
2014 101.48% 98.42% 99.13% 103.77%

2) 2= ZH(Type)E Hx 0|22y
Figure 2= 778 A& SRl T 57
T35, RS (At 77t olid)

5] WIS AAE e L A BREKIX, A2,
e F¢ sk KTXH 54 ol P ol e

2 E=ny A4 A £ (3 RE A £20] £ 429]
QT F7HE A ek 371 9] F8 TEA] F7f| A KTX7F AA] 5=

7N
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o —

%
%7 5:9] BlFo] 7 LeRdth Salt Ag-54t B Ag-thT F70] A9l KTX) BlFo] dmhoz &
A Vhebgto s, ke 5ot PgotEl KTXS 54 o] % %ﬁw} 25 Zo1S9Iek. e}, AL-Fete] 1
2 KTX7H 532 @ o] 5ol 23315 5759 HlFo] KTX®] 57 SRt Bekon, 20004 o] Fol= KTXe]

%7 47} 53315 o] §7) Surt golich,
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Figure 2. Number of railway passengers by train type
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Figure 2. Number of railway passengers by train type (continued)

2. Time series outlier detection £A1Zn}
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< Table 52 A 2I5IAe. Al(Coefficients) gHa WEHHE B9 7t dlolH @924, & d7ole s+

O] &5 10,000 2 = s3I

Table 5. Outliers and intervention events

OD Type Time Coefficients Tstat Remark (intervention event)

Seoul-Busan LS 2004.04 14.170 16.595 KTX 1st phase completed

LS 2006.02 -3.906 -4.513 New expressway (Daegu—Busan)

TC 2006.10 3.651 4,166 Long holiday

LS 2010.11 4768 6.150 KTX 2nd phased completed
Seoul-Daegu LS 2004.04 12.044 16.289 KTX 1st phase completed

LS 2006.01 3.814 4.097 =

TC 2006.10 3.304 3.861 Long holiday

LS 2010.11 -3.211 -4.560 KTX 2nd phased completed
Seoul-Daejeon AO 2006.03 -1.923 -4.107 Strike (2006.3.1.-4)

TC 2013.12 -1.950 -3.907 Strike (2013.12.9.-31)
Seoul-Cheonan LS 2004.04 -6.875 -11.92 KTX 1st phase completed

Figure 32 A-&—54T 77b0] 1A\ o4 ) T zo]m, Aol et 4wt v} o] Lrehdt 514 e
I(AA 54 )t Aozt yepd oebd T (X85 ARIMA 18) 2] zto](difference) & oFeo] H7H4
T 2 (outlier) 2 o] FHF A& LEU L QI

Alg—-HFat F7E2 20049 44(LS), 20061 2€(LS), 20061 10€(TC), 20109 11LL)7HA] F 4H 2] o]4d%]
7F UrebsttH(Figure 3). 3H9] LS Fofl 4] 2004W 7t 20104 #HASE LS &= KTX 2] 194 2 20HA] 715 ¢hzof wat
E0| & AL o 8AIZ Yol 547} Z¥2} 147 Rt 4gt 73T o] S7Fsh= LS= UERsttt. )¢t Rt =2, 20061
Uepd [SE= AT 1EE 2 7S] w2 oJgFo 2 oF 3ut 9w o] &7 427} ZolE [ S vpehdct o - H A1)
SA} FRE o]0 FE A AT TEE 27120061 29 12048 240] AlFE o] $4 152 ol FATte] B
Q%E} 1 A}, Ae-EAF 37k TEHA A7 ARE Y 7)F 508, B4 Huld 713 208 0] A r o]

SH| 2 o]-g o] F7lsto] A7t o7 AR Aw SANA FFS 713 A= AFH.

\ , - /1\ X X A A R A LY
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Figure 3. Seoul-Busan outliers
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Figure 4. Seoul-Daegu outliers
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20109 KTX 294 7/iE 0 2L 3ut Wo| 7HAask= LS7F Uehdth 1 &4 T 204 ZAE 42 5] 7] o] - 9] th+d

2 AT 7] KTXE o]8stal 7] &2] Fgatet Ant& s 2 Zdotel= 58 2k 024 9] 7|'5-& 498
St o, 264 FAPE S o] Fofli= tiF oA AWt Aat g5 glo] KTX o]-§1to & &t 54+ 710 4
2712 &g o] 7Hsetell whet Aa-ti+ kS o185 So] Aas Ao= FAH Table 62 KTX28H
NEol er7] o] 71E B2tz 2sdfjof ke T2t 24t A Fof| thisto] 294 AP eta=7] A 370 L
0T 371 Eoto] ML 2 o] 835t 270 Sro|t}. Eo] AZHH 20109 119 7|20 2 7|20] A} 27 21 ZolE
A Aol ARt o w, tit7F obd A&FH o]-89F KTX S| 540] §43] T7l6las & 4 ik

Table 6. Number of passengers (Seoul-Gyeongju, Daegu-Gyeongju,Seoul-Ulsan, Daegu-Ulsan)

OD Type 2010.08 2010.09 2010.10 2010.11 2011.12 2011.01
Seoul-Gyeongju  Conventional Rail 5,055 2,914 4,847 474 38 86
KTX - - - 45,168 48,584 43,311
Daegu—Gyeongju  Conventional Rail 7,012 6,040 6,782 129 194 170
KTX = = = 3784 4159 3,585
Seoul-Ulsan Conventional Rail 3816 3,041 2,283 - - -
KTX - - - 69,835 77,608 81,932
Daegu—Ulsan Conventional Rail 6,010 5,901 5,813 - - -
KTX - - - 14210 17407 18,028
20069 10€of ‘AR TC= Aa—FAt Ftell A ehd odx]ef o] Adnte] Az et 21 {74 717t
ge ggor BAs, 1 G v 349 A 50| Zrkskn W} 74 Aolaky vehyt.

M-t ol 2/ 9] o] &7 YER e, 20061 3€efl AO, 2014 12€9] TCo|eH(Figure 5). 5 712
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