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Arrival Delay Estimation in Bottleneck Section of Gyeongbu Line

o|&=s*

Jang-Ho Lee

Abstract This research shows the relationship between the number of trains and the probability of trains with arrival
delay and suggests way to estimate the benefits of improved punctuality in a bottleneck section of the Gyeongbu Line. The
arrival delays of high-speed and conventional trains were estimated using the train operation data of KORAIL. Linear
regression models for the probability of trains with arrival delay by train type are presented in this paper. The probabilities
of trains with arrival delay were more affected by the number of conventional trains than by the number of high-speed rail
trains. For the empirical analysis, a project for increasing the capacity in the Seoul~Geumcheongu office section was tested.
The benefits of the improved punctuality were estimated to be 4.2~4.5 billion Korean won every year. This research has
some limitations but it can help evaluate more precisely the feasibility of the project of increasing the capacity in bottleneck
sections.

Keywords : Capacity utilization, Bottleneck, Delay, Reliability, Benefit
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oA Q3 NPT} 2L AASIGE &4 Az 8ske ]§7H B2 (theoretical capacity)?} A-8-2 &5F(practical capacity)® -
BB, o2 LS Ssbron g A HaeWAZoR LT 4 Y AALWISE Helsich
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Table 1 Railway capacity, delays, punctuality in previous studies
Topic Previous Studies Contributions
Abril et al. [1
ril etal. 1] Presentation of the definition of railway capacity
Burdett and Kozan [2] . . . .
(Theoretical capacity / Practical capacity)

Kraft [3]
Mattsson [4]

. . Mitra et al. [6] Identification of factors affecting railway capacity

Railway capaci
WAy APy Harrod [7]
Mattsson [4]
Landex et al. [5] Identification of relationship between capacity utilization and
Kaas [8] level of service (Punctuality)
Skjaeret [9]
Murali et al. [10] Estimation of delay in railway
Olsson et al. [11]
Heinz [12]
NEA [13] Identification of factors affecting punctuality in railway
Railway punctuality Riksrevisionsverket [14] such as number of trains, number of passengers, weather conditions, etc.
and delay Harris [15]

Banverket [16]

Gibson et al. [17]
Yuan and Hansen [18]
Vromans et al. [19]

Identification of relationship between capacity utilization and
secondary(knock-on) delays

Economic benefits of
railway punctuality

Rietveld et al. [20]
van Loon et al. [21]

Presentation of measures to evaluate the punctuality

Kroes et al. [22]
J.S. Chang [23]

Suggestion of methodology to evaluate the benefit form punctuality improve-
ment

J. Lee et al. [24]

Calculation of social costs from delays in Korean railway
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FE—' folg A *J@M% FATA O T&AR)e} AT TR} ol RolH ArleY
7} wlo} Baao] Helslo] AxMeAIo] mHE AH|o] Ao of
%011]1] %;71 uj o]},

A Arl FELSREEN) Y25 B TET AHHETAHEAIA)S] ARoln], thi7IZke 20008, 20114, 20134,
IhAme] Zh7t 393 69 FakE itk of AAMAel glojx] AxLWRS ol2le] RLIGl TR HA|RSo] THE AR
AT Aot} F)zel whe RS WISk $igolole.

T ol ATEE RE DA 9 AxEn 7 GRelo] ANEAZ AAEIAL AL EIAZ T AASEAL A
22 w0l gltk. o} Thgste] WA, AxpE F2ho] AR EAAZEL A2 HfolF AT RS BASHT

o] 240 AR WA el LB T AT 20094 Gl AsLach ol £20) ks
ool si vlute] AAE Kl QA 2650512 WA ThAA LA o] 983%e] W& vrebsich. whE, Qare B
7F 7P w3 20139 3ol SE HRHY] AAIE Hel GAP7E 2.8413]= 85.1%2] HISS AAIS), 20099 6 thH] 13% 71
Hoj K ch(Table 2, Fig. 1 &=x).

Table 2. Arrival time distribution of high-speed trains by year/month.

~-5 -5~0 0~5 5~10 10~15 15~20 20~25 25~30 30~
Year/month . . . ) . . . . . Total
(mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins)
18 295 2,316 38 12 8 1 2 6 2,696
2009/03
0.7% 10.9% 85.9% 1.4% 0.4% 0.3% 0.0% 0.1% 0.2% 100.0%
27 246 2,377 36 3 3 1 1 2 2,696
2009/06
1.0% 9.1% 88.2% 1.3% 0.1% 0.1% 0.0% 0.0% 0.1% 100.0%
1 156 2,768 168 75 5 2 0 7 3,182
2011/03
0.0% 4.9% 87.0% 5.3% 2.4% 0.2% 0.1% 0.0% 0.2% 100.0%
3 190 2,308 335 59 7 1 2 1 2,906
2011/06
0.1% 6.5% 79.4% 11.5% 2.0% 0.2% 0.0% 0.1% 0.0% 100.0%
0 199 2,642 435 40 6 0 2 13 3,337
2013/03
0.0% 6.0% 79.2% 13.0% 1.2% 0.2% 0.0% 0.1% 0.4% 100.0%
0 308 2,542 345 25 2 0 1 0 3,223
2013/06
0.0% 9.6% 78.9% 10.7% 0.8% 0.1% 0.0% 0.0% 0.0% 100.0%
3500
A —2009

. A -l - A —
R = I\

/ [\
N - [\
A TN

~ -5 mins -5~0 05 5~10 10715 15~20 20725 25~30 30~ ~-15 -15-10 -10~5 -50 05 5710 10715 15720 20725 25730 30~
mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins

Fig. 1. Arrival time distributions of high-speed trains (left), conventional passenger trains (right) by year.
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Table 3. Arrival time distribution of conventional passenger trains by year/month.

~-15 -15~-10 | -10~-5 -5~0 0~5 5~10 10~15 | 15~20 | 20~25 | 25~30 30+
Year/month . . . . . . . . . . . Total
(mins) (mins) (mins) | (mins) | (mins) | (mins) | (mins) | (mins) | (mins) | (mins) | (mins)
26 3 2 170 1,408 424 65 40 18 4 18 2,178
2009/03
1.2% 0.1% 0.1% 7.8% 64.6% | 19.5% 3.0% 1.8% 0.8% 0.2% 0.8% 100.0%
0 5 1 137 1,372 520 53 43 10 3 6 2,150
2009/06
0.0% 0.2% 0.0% 6.4% 63.8% | 24.2% 2.5% 2.0% 0.5% 0.1% 0.3% 100.0%
17 0 3 185 1,527 420 29 25 8 6 3 2,223
2011/03
0.8% 0.0% 0.1% 8.3% 68.7% | 18.9% 1.3% 1.1% 0.4% 0.3% 0.1% 100.0%
15 0 1 164 1,357 459 34 55 12 3 9 2,109
2011/06
0.7% 0.0% 0.0% 7.8% 64.3% | 21.8% 1.6% 2.6% 0.6% 0.1% 0.4% 100.0%
3 0 0 169 1,385 909 129 79 20 8 10 2,712
2013/03
0.1% 0.0% 0.0% 6.2% 51.1% | 33.5% 4.8% 2.9% 0.7% 0.3% 0.4% 100.0%
3 0 0 178 1,344 788 207 74 17 7 4 2,622
2013/06
0.1% 0.0% 0.0% 6.8% 51.3% | 30.1% 7.9% 2.8% 0.6% 0.3% 0.2% 100.0%

(¢]

AatEx}e] F2e] ZHAAAATRS B2 E FUsi=Tl, 20098 6¥ofl= SE ulnke] AAE Hd a7t 151532 70.5%
9] HlFE ZAISHYAL, 2013 3¥oll= 5E wvke] ZAE HQl EAP7} 155732 57.4%9] Hl5-& XA, 20099 64 thH] 13%
7V HolFth(Table 3, Fig. 1 =x).

2

ShAfel EUTE 2A7IRte] tisto] 102 ol DF =afshs GRS AlefstaL, YA BE Gatel tisto] AR XA

Of

DA 5B vk AHE Holl ARe] ulgo] 7 T-1AHo] 95% FEol Rk ABA At WFEE 05 4-8AHhel
L 85% HlgEO.R Wolx|a AopAltithelis 90% o4 40 ThA] fobAlch. WhA, AMAAE A 8-11AIthel 80% S,
03 1220Tholie FRER T0% S22 Bol 3, HAITH A 6-1AThol 60% $202 olATHRS ).

S 9N, 9. 34T, A4 7AIKERS BobH nlmshyl chee] Tut Pk mkARe 0 9Nl Aol Fon], Ay
Aol ol A A5k, ANIARE QAN 05, AUARIE o FTRE BAAo] oFsHEE BIat 4 lrk(Fig. 2 HE).

- I/A\\ el A o -
- A\ e IAN

R ) / A\

o - W

. //

/
J/ . 100 //

-10~5 -5~0 05 5~10 10715 1520 20725 25730 30~ -10~5 -5~0 05 5~10 10715 15720 20725 25730 30~
mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins mins

Fig. 2. Arrival time distributions of high-speed trains (left) and conventional passenger trains (right) by time of day.
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41 /Y XHUMeE 2 HAX[A

F Tl e AAeES Hefshr] flsto] A3l HESIAE A= FollA] AFAl A
Ho =argate] ApmE AlLfstal w48k olof whet 2009 66O 2,6967) Al= - FTEY

AB =R 7S FAA =2FsE I’_—"“—OE‘X}»— 20099 39 68.5% o] AWE, 2011 3L¥ofl= 76.8%= ob&al, 2013 3Yof
£ 93.6%2] Ml &S AAsto] tiite] Axt AR EAAZT) 27 watsls Ao et it ARzl Ba|AA
7Fe 348 Aol ZA WHElsHA] &kl ok AubEAE 20099 3¥ol= 74.7%9) H]E-S H A, 2011d 3¥o= 68.1%= 7+
AFTE 20139 3ol 93.5% ok, HEAAARIE 5-65 Fwm HAEITh. Zashd ARSAEs} SobquA

Qul Axje Hlgo] obde ok 4 qlom, AAAINE 2 ek G A0 HAEUCHTable 4 H).

.

Table 4. Arrival delays of high-speed trains and conventional passenger trains by year/month.

High-speed trains Conventional passenger trains
Year/month | Number of N(?. of tr?ins Rat.e of tr.ains {\verage Number of N(?. of tr?ins Rat.e of tr.ains {\verage
trains with arrival with arrival | arrival delays trains with arrival with arrival | arrival delays
delay delay(%) (min) delay delay(%) (min)
2009/03 2,696 1,847 68.5 3.0 2,178 1,627 74.7 5.2
2009/06 2,620 1,907 72.8 2.8 2,150 1,632 75.9 5.0
2011/03 3,182 2,445 76.8 3.8 2,223 1,513 68.1 45
2011/06 2,906 2,291 78.8 42 2,109 1,509 71.6 5.1
2013/03 3,337 3,123 93.6 35 2,712 2,537 93.5 5.8
2013/06 3,223 2,898 89.9 2.6 2,622 2,439 93.0 5.6
Source : Korail
4.2 AX2UEF2t XHLYEZE A
- A BB B A7]ofl AAMEAERES] Eoble EIT 4= USMEE ofoll & HollAs AR Ae~adTt 81t
o A AxeATE] W2 AA WYSES SABSLCHFg. 3 B
A A~ et SRR B 1508] e wole 1E5EARe) AATAYEEC] 70% o]l MFEARE, 1703]

WS S 80% $EOR RolXIL, 190215 WS wolis 90% R bl BRIT 4 glrk. ERE 200815 Wi 9ol
= 95% o9 Gt A AL AA He AR UEyith
UirlAE &) 90} visalol, AALWIGTT BE 1503 45 volls Lntelatel A AuAetEO] BF 0% S
o BIREANL, 17085 W B$ 80% $20R FolAL, 19055 He uoli= 90% olde] Papr} Aels ek He Ao
Prob. of HSR Trains with Arrival Delay Prob. of CNR Trains with Arrival Delay
1 1
*e * { i gg
09 * 2y 09 * e
A 4 +
o8 - '0“3 ’: o8 ¢ 3*&“ . *
- 4 1 L 2 3 4 + - g“ +3
£ 4 b $¢ * 3 £ g s ¥ ok 2 AR
§o7 4?—!!4‘ % jéw . " >
" os A ot 4 * g : &
. L o8 v 3 06 ¢ R X %
M |
05 05 *

0.4 04

140 150 160 170 180

No. of Trains /Day
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Table 5. Estimation results of regression models (probability of hsr trains with arrival delay).

Summary statistics

Multiple corelation coefficient 0.817

R-squared 0.668

Adjusted R-squared 0.664

Standard error 0.063
Number of observations 183

Analysis of variance

Source Degree of freedom | Sum of squares Mean square F-value Pr>F
Model 2 1.4481 0.7241 181.16 7.8E-44
Error 180 0.7194 0.0040 - -
Corrected total 182 2.1676 - - -
Variables Parameters Std.error t-statistics Pr> [t
Constant -0.125010 0.048872 -2.56 0.0113
Number of HSR trains 0.004468 0.000449 9.96 6.91E-19
Number of CNR trains 0.006346 0.000630 10.08 3.15E-19
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Table 6. Estimation results of regression models (probability of cnr trains with arrival delay).

Summary statistics

Multiple corelation coefficient 0.768

R-squared 0.590

Adjusted R-squared 0.586

Standard error 0.077
Number of observations 183

Analysis of Variance

Source Degree of freedom | Sum of squares Mean square F-value Pr>F
Model 2 1.5448 0.7724 129.76 1.28E-35
Error 180 1.0714 0.0060 - -
Corrected total 182 2.6162 - - -
Variables Parameters Std.error t-statistics Pr> [t
Constant -0.152430 0.059640 -2.56 0.01142
Number of HSR trains 0.002992 0.000548 5.46 1.53E-07
Number of CNR trains 0.008549 0.000768 11.13 3.18E-22
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Table 7. Benefits of improved punctuality from the capacity increasing project in seoul~geumcheongu office.

Newly constructed high-speed rail line Existing gyeongbu line
Classifications (Seoul~Gwangmyeong) (Seoul~Geumcheongu-office~Suwon)
Weekdays Weekends Weekdays Weekends
No. of trains per day DO-nOthing 110/ 83 123 /90 110/ 83 123/90
(HSR/CNR) Do-action 110/0 12370 0/83 0/90
Prob. of trains with Do-nothing 89.32% 99.57% 88.63% 98.50%
arrival delay Do-action 36.65% 42.46% 55.71% 61.70%
No. of in-bound 2020 38,448 45,697 32,658 47,614
passengers 2030 38,381 46,028 38,690 57,237
(passengers/day) 2040 36,522 42,865 37,448 55,696
2020 1,121 1,444 932 1,519
T lay ti
otal reduced delay times 2030 1,119 1,455 1,104 1,826
(hrs/day)
2040 1,064 1,355 1,068 1,776
2020 2,468 1,711
Total benefit
o henetis 2030 2471 2,038
(10° won/ year)
2040 2,334 1,977
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No. of No.of Prob.of Prob.of No. of No.of Prob.of Prob.of
Date HSR CNR HSR with CNR with Date HSR CNR HSR with CNR with

trains trains arrival delay | arrival delay trains trains arrival delay | arrival delay
2009-3-1 97 71 0.7320 0.8451 2009-6-1 81 69 0.6790 0.7681
2009-3-2 80 69 0.7125 0.7391 2009-6-2 81 81 0.5926 0.6420
2009-3-3 79 70 0.6329 0.7571 2009-6-3 81 81 0.7654 0.6914
2009-3-4 79 70 0.6582 0.6286 2009-6-4 81 81 0.6790 0.6790
2009-3-5 79 70 0.6835 0.7429 2009-6-5 94 81 0.7660 0.7901
2009-3-6 94 71 0.6383 0.7606 2009-6-6 100 71 0.7900 0.8310
2009-3-7 100 71 0.7100 0.8451 2009-6-7 99 71 0.7980 0.7465
2009-3-8 99 71 0.6768 0.8451 2009-6-8 81 69 0.7901 0.7391
2009-3-9 80 69 0.6750 0.6522 2009-6-9 80 70 0.6750 0.7857
2009-3-10 79 70 0.6582 0.6000 2009-6-10 80 70 0.7000 0.6714
2009-3-11 79 70 0.7089 0.7571 2009-6-11 80 70 0.6625 0.7286
2009-3-12 79 70 0.5949 0.6857 2009-6-12 94 71 0.7872 0.8169
2009-3-13 94 71 0.7553 0.8592 2009-6-13 100 71 0.7500 0.8169
2009-3-14 100 71 0.6700 0.7746 2009-6-14 99 71 0.6263 0.7042
2009-3-15 99 71 0.7071 0.7465 2009-6-15 81 69 0.6790 0.7536
2009-3-16 80 69 0.6250 0.6667 2009-6-16 80 70 0.7250 0.7143
2009-3-17 79 70 0.6709 0.7571 2009-6-17 80 70 0.7125 0.7571
2009-3-18 79 70 0.7089 0.7143 2009-6-18 80 70 0.7375 0.7571
2009-3-19 79 70 0.6835 0.7143 2009-6-19 94 71 0.8191 0.8592
2009-3-20 94 71 0.7553 0.7746 2009-6-20 100 71 0.8000 0.8592
2009-3-21 100 71 0.7100 0.7042 2009-6-21 99 71 0.6970 0.7887
2009-3-22 99 71 0.7374 0.8451 2009-6-22 81 69 0.7160 0.8116
2009-3-23 80 69 0.6750 0.6377 2009-6-23 80 70 0.6000 0.6143
2009-3-24 79 70 0.6456 0.6714 2009-6-24 80 70 0.7625 0.8143
2009-3-25 79 70 0.6835 0.7429 2009-6-25 80 70 0.7250 0.7714
2009-3-26 79 70 0.7468 0.7571 2009-6-26 94 71 0.7872 0.8169
2009-3-27 94 71 0.6489 0.8310 2009-6-27 100 71 0.8000 0.9014
2009-3-28 100 71 0.7300 0.7746 2009-6-28 99 71 0.7475 0.7746
2009-3-29 99 71 0.6970 0.8169 2009-6-29 81 69 0.6914 0.7246
2009-3-30 80 69 0.6000 0.7246 2009-6-30 80 70 0.6875 0.6714
2009-3-31 79 70 0.6456 0.7714
2011-3-1 96 73 0.7500 0.6575 2011-6-1 90 72 0.6222 0.5139
2011-3-2 96 73 0.5833 0.6164 2011-6-2 90 72 0.7111 0.6667
2011-3-3 96 73 0.6875 0.6027 2011-6-3 104 72 0.8173 0.7639
2011-3-4 110 73 0.8545 0.7808 2011-6-4 108 67 0.8704 0.8507
2011-3-5 113 68 0.6903 0.6324 2011-6-5 107 67 0.8131 0.7910
2011-3-6 112 68 0.7679 0.6912 2011-6-6 93 61 0.8172 0.8361
2011-3-7 99 73 0.6869 0.6712 2011-6-7 90 72 0.8333 0.7361
2011-3-8 96 73 0.7188 0.5616 2011-6-8 90 72 0.7889 0.6944
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No. of No.of Prob.of Prob.of No. of No.of Prob.of Prob.of
Date HSR CNR HSR with CNR with Date HSR CNR HSR with CNR with

trains trains arrival delay | arrival delay trains trains arrival delay | arrival delay
2011-3-9 96 73 0.6771 0.5479 2011-6-9 90 72 0.7556 0.6667
2011-3-10 96 73 0.6875 0.5342 2011-6-10 103 72 0.8544 0.7083
2011-3-11 110 73 0.8000 0.6986 2011-6-11 107 67 0.8224 0.8507
2011-3-12 113 68 0.6814 0.7500 2011-6-12 107 67 0.7570 0.7313
2011-3-13 112 68 0.7143 0.5882 2011-6-13 93 72 0.7204 0.5556
2011-3-14 99 73 0.6869 0.5890 2011-6-14 90 72 0.7111 0.6806
2011-3-15 96 73 0.6771 0.6712 2011-6-15 90 72 0.7778 0.6667
2011-3-16 96 73 0.7292 0.6849 2011-6-16 90 72 0.7000 0.6806
2011-3-17 96 73 0.5625 0.5890 2011-6-17 104 72 0.8558 0.7639
2011-3-18 110 73 0.7727 0.8219 2011-6-18 108 67 0.7963 0.7761
2011-3-19 113 68 0.8319 0.7794 2011-6-19 107 67 0.8224 0.7463
2011-3-20 112 68 0.7500 0.6176 2011-6-20 93 72 0.8172 0.6667
2011-3-21 99 73 0.6566 0.7260 2011-6-21 90 72 0.7333 0.7222
2011-3-22 96 73 0.8021 0.6575 2011-6-22 90 72 0.7778 0.7222
2011-3-23 96 73 0.8854 0.6986 2011-6-23 90 72 0.7889 0.7222
2011-3-24 96 73 0.8958 0.8356 2011-6-24 104 72 0.8365 0.8750
2011-3-25 112 73 0.9375 0.8219 2011-6-25 108 67 0.8426 0.8209
2011-3-26 115 68 0.8957 0.7941 2011-6-26 107 67 0.8598 0.8060
2011-3-27 114 68 0.9123 0.6471 2011-6-27 93 72 0.7527 0.5972
2011-3-28 99 73 0.8586 0.7397 2011-6-28 90 72 0.733 0.6667
2011-3-29 96 73 0.8646 0.7534 2011-6-29 90 72 0.7889 0.6389
2011-3-30 96 73 0.8750 0.6438 2011-6-30 90 72 0.7889 0.6111
2011-3-31 96 73 0.8646 0.6986
2013-3-1 111 83 0.9279 0.9639 2013-6-1 116 83 0.9397 0.9639
2013-3-2 116 83 0.9052 0.8916 2013-6-2 115 83 0.9130 0.9398
2013-3-3 116 83 0.9052 0.9277 2013-6-3 104 90 0.9038 0.9222
2013-3-4 105 90 0.8476 0.8889 2013-6-4 100 90 0.9000 0.9333
2013-3-5 101 90 0.8317 0.9111 2013-6-5 100 90 0.9700 0.9667
2013-3-6 101 90 0.8218 0.8444 2013-6-6 100 82 0.9400 0.9390
2013-3-7 101 90 0.9406 0.9667 2013-6-7 113 90 0.9646 0.9556
2013-3-8 111 90 0.9369 0.9333 2013-6-8 116 83 0.9655 0.9518
2013-3-9 116 83 0.9397 0.9518 2013-6-9 115 83 0.8609 0.9277
2013-3-10 116 83 0.9483 0.9157 2013-6-10 104 90 0.8846 0.8889
2013-3-11 105 90 0.9143 09111 2013-6-11 100 90 0.9100 09111
2013-3-12 101 90 0.8812 0.9556 2013-6-12 100 90 0.8500 0.9111
2013-3-13 101 90 0.9109 0.9667 2013-6-13 100 90 0.8600 0.9000
2013-3-14 101 90 0.8911 0.9556 2013-6-14 113 90 0.9469 0.9667
2013-3-15 111 90 0.9369 0.9778 2013-6-15 116 83 0.9052 0.9639
2013-3-16 116 83 0.9224 0.9639 2013-6-16 115 83 0.9304 0.8916
2013-3-17 116 83 0.9224 0.9518 2013-6-17 104 90 0.9231 0.9222
2013-3-18 104 90 0.9135 0.8889 2013-6-18 100 90 0.8900 0.9000
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No. of No.of Prob.of Prob.of No. of No.of Prob.of Prob.of
Date HSR CNR HSR with CNR with Date HSR CNR HSR with CNR with
trains trains arrival delay | arrival delay trains trains arrival delay | arrival delay
2013-3-19 100 90 0.9700 0.9444 2013-6-19 100 90 0.8700 0.9000
2013-3-20 100 90 0.9900 0.9222 2013-6-20 100 90 0.9000 0.9222
2013-3-21 100 90 0.9600 0.9111 2013-6-21 113 90 0.9204 0.9778
2013-3-22 111 90 0.9730 0.9556 2013-6-22 116 83 0.9052 0.9157
2013-3-23 116 83 0.9914 0.9639 2013-6-23 115 83 0.8783 0.9157
2013-3-24 115 83 0.9652 0.9277 2013-6-24 104 90 0.8269 0.9333
2013-3-25 104 90 0.9712 0.9333 2013-6-25 100 90 0.8200 0.9000
2013-3-26 100 90 0.9700 0.9556 2013-6-26 100 90 0.8000 0.9333
2013-3-27 100 90 0.9900 0.9444 2013-6-27 100 90 0.8400 0.9222
2013-3-28 100 89 0.9800 0.9438 2013-6-28 113 90 0.9469 0.9556
2013-3-29 111 90 0.9820 0.9111 2013-6-29 116 83 0.8793 0.9639
2013-3-30 116 83 0.9655 0.9759 2013-6-30 115 83 0.8957 0.9157
2013-3-31 115 83 0.9913 0.9518
A2, LHHAXE A|ZHHE =AEE
Table A2. Arrival time distributions of high-speed trains by time of day.
-10~-5 -5~0 0~5 5~10 10~15 15~20 20~25 25~30 30~
Time of day _ _ . . . . . . . Total
(mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins)
1 47 177 24 0 1 0 0 0 250
01:00~07:00
0.4% 18.8% 70.8% 9.6% 0.0% 0.4% 0.0% 0.0% 0.0% 100.0%
0 62 679 17 4 0 0 0 1 763
07:00~08:00
0.0% 8.1% 89.0% 2.2% 0.5% 0.0% 0.0% 0.0% 0.1% 100.0%
0 32 958 46 8 3 0 0 1 1,048
08:00~09:00
0.0% 3.1% 91.4% 4.4% 0.8% 0.3% 0.0% 0.0% 0.1% 100.0%
3 131 882 31 2 1 0 0 0 1,050
09:00~10:00
0.3% 12.5% 84.0% 3.0% 0.2% 0.1% 0.0% 0.0% 0.0% 100.0%
0 52 593 40 4 1 0 0 0 690
10:00~11:00
0.0% 7.5% 85.9% 5.8% 0.6% 0.1% 0.0% 0.0% 0.0% 100.0%
1 95 851 27 1 2 1 1 3 982
11:00~12:00
0.1% 9.7% 86.7% 2.7% 0.1% 0.2% 0.1% 0.1% 0.3% 100.0%
0 34 865 50 12 0 0 0 5 966
12:00~13:00
0.0% 3.5% 89.5% 5.2% 1.2% 0.0% 0.0% 0.0% 0.5% 100.0%
0 98 807 39 4 1 0 1 4 954
13:00~14:00
0.0% 10.3% 84.6% 4.1% 0.4% 0.1% 0.0% 0.1% 0.4% 100.0%
0 102 752 70 14 4 0 3 4 949
14:00~15:00
0.0% 10.7% 79.2% 7.4% 1.5% 0.4% 0.0% 0.3% 0.4% 100.0%
0 110 868 118 18 1 1 1 0 1,117
15:00~16:00
0.0% 9.8% 77.7% 10.6% 1.6% 0.1% 0.1% 0.1% 0.0% 100.0%
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Table A2. Continued.

. -10~-5 -5~0 0~5 5~10 10~15 15~20 20~25 25~30 30~
Time of day _ _ . . . . . . . Total
(mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins)
0 29 896 152 24 3 0 1 0 1,105
16:00~17:00
0.0% 2.6% 81.1% 13.8% 2.2% 0.3% 0.0% 0.1% 0.0% 100.0%
0 80 793 123 19 1 0 0 1 1,017
17:00~18:00
0.0% 7.9% 78.0% 12.1% 1.9% 0.1% 0.0% 0.0% 0.1% 100.0%
0 60 773 87 26 7 2 0 4 959
18:00~19:00
0.0% 6.3% 80.6% 9.1% 2.7% 0.7% 0.2% 0.0% 0.4% 100.0%
0 42 620 119 22 0 0 0 1 804
19:00~20:00
0.0% 5.2% 77.1% 14.8% 2.7% 0.0% 0.0% 0.0% 0.1% 100.0%
0 82 968 85 18 1 0 0 0 1,154
20:00~21:00
0.0% 7.1% 83.9% 7.4% 1.6% 0.1% 0.0% 0.0% 0.0% 100.0%
0 25 867 83 15 0 0 0 2 992
21:00~22:00
0.0% 2.5% 87.4% 8.4% 1.5% 0.0% 0.0% 0.0% 0.2% 100.0%
0 70 1,003 152 14 0 0 0 0 1,239
22:00~23:00
0.0% 5.6% 81.0% 12.3% 1.1% 0.0% 0.0% 0.0% 0.0% 100.0%
0 50 623 37 4 1 1 1 1 718
23:00~24:00
0.0% 7.0% 86.8% 5.2% 0.6% 0.1% 0.1% 0.1% 0.1% 100.0%
0 193 978 57 5 4 0 0 2 1,239
24:00~01:00
0.0% 15.6% 78.9% 4.6% 0.4% 3% 0.0% 0.0% 0.2% 100.0%
Total 5 1,394 14,953 1,357 214 31 5 8 29 17,996
ot
0.0% 7.7% 83.1% 7.5% 1.2% 0.2% 0.0% 0.0% 0.2% 100.0%
A3. YLEHAEX} A|ZHHE =REIE

Table A3. Arrival time distributions of conventional passenger trains by time of day.

. -10~-5 -5~0 0~5 5~10 10~15 15~20 20~25 25~30 30~
Time . . . . . . . . . Total
(mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins)
0 92 628 360 95 55 30 8 7 1,275
01:00~07:00
0.0% 7.2% 49.3% 28.2% 7.5% 4.3% 2.4% 0.6% 0.5% 100.0%
0 24 212 28 1 1 0 0 0 266
07:00~08:00
0.0% 9.0% 79.7% 10.5% 0.4% 0.4% 0.0% 0.0% 0.0% 100.0%
0 78 538 104 5 3 0 1 2 731
08:00~09:00
0.0% 10.7% 73.6% 14.2% 0.7% 0.4% 0.0% 0.1% 0.3% 100.0%
0 33 363 87 3 0 0 1 3 490
09:00~10:00
0.0% 6.7% 74.1% 17.8% 0.6% 0.0% 0.0% 0.2% 0.6% 100.0%
0 18 383 129 7 4 1 1 0 543
10:00~11:00
0.0% 3.3% 70.5% 23.8% 1.3% 0.7% 0.2% 0.2% 0.0% 100.0%
0 38 378 92 8 1 3 0 0 520
11:00~12:00
0.0% 7.3% 72.7% 17.7% 1.5% 0.2% 0.6% 0.0% 0.0% 100.0%
1 66 742 278 48 23 7 1 0 1,166
12:00~13:00
0.1% 5.7% 63.6% 23.8% 4.1% 2.0% 0.6% 0.1% 0.0% 100.0%
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Table A3. Continued.

. -10~-5 -5~0 0~5 5~10 10~15 15~20 20~25 25~30 30~
Time . . . . . . . . . Total
(mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins) (mins)
0 66 458 209 22 31 6 3 1 796
13:00~14:00
0.0% 8.3% 57.5% 26.3% 2.8% 3.9% 0.8% 0.4% 0.1% 100.0%
1 118 458 125 15 8 4 0 8 737
14:00~15:00
0.1% 16.0% 62.1% 17.0% 2.0% 1.1% 0.5% 0.0% 1.1% 100.0%
0 56 501 237 38 16 2 1 7 858
15:00~16:00
0.0% 6.5% 58.4% 27.6% 4.4% 1.9% 0.2% 0.1% 0.8% 100.0%
1 69 528 228 24 25 5 2 6 888
16:00~17:00
0.1% 7.8% 59.5% 25.7% 2.7% 2.8% 0.6% 0.2% 0.7% 100.0%
0 37 334 137 8 9 1 0 4 530
17:00~18:00
0.0% 7.0% 63.0% 25.8% 1.5% 1.7% 0.2% 0.0% 0.8% 100.0%
0 64 313 142 42 43 4 1 3 612
18:00~19:00
0.0% 10.5% 51.1% 23.2% 6.9% 7.0% 0.7% 0.2% 0.5% 100.0%
0 62 533 402 59 33 9 3 3 1,104
19:00~20:00
0.0% 5.6% 48.3% 36.4% 5.3% 3.0% 0.8% 0.3% 0.3% 100.0%
0 16 463 255 36 16 4 4 1 795
20:00~21:00
0.0% 2.0% 58.2% 32.1% 4.5% 2.0% 0.5% 0.5% 0.1% 100.0%
0 51 394 197 12 14 4 3 0 675
21:00~22:00
0.0% 7.6% 58.4% 29.2% 1.8% 2.1% 0.6% 0.4% 0.0% 100.0%
1 34 470 254 38 19 2 1 1 820
22:00~23:00
0.1% 4.1% 57.3% 31.0% 4.6% 2.3% 0.2% 0.1% 0.1% 100.0%
3 48 404 148 19 9 2 1 1 635
23:00~24:00
0.5% 7.6% 63.6% 23.3% 3.0% 1.4% 0.3% 0.2% 0.2% 100.0%
0 33 293 108 37 6 1 0 3 481
24:00~01:00
0.0% 6.9% 60.9% 22.5% 7.7% 1.2% 0.2% 0.0% 0.6% 100.0%
Total 7 1,003 8,393 3,520 517 316 85 31 50 13,922
otal
0.1% 7.2% 60.3% 25.3% 3.7% 2.3% 0.6% 0.2% 0.4% 100.0%
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