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Abstract

Public transportation influences the mobility and convenience of urban residents, as well as urban structure. In this
context, the introduction of new public transportation routes significantly affects traffic flow, accessibility, and urban
structure. Accurately understanding and predicting these effects is crucial for efficiently operating and improving the
transportation system. However, previous studies have relied solely on traditional statistical models based on in-vehicle
time without considering first- and last-mile travel and transfer time. To address these limitations, this study develops
a method to evaluate the impact of new public transportation routes in dense urban areas using General Transit Feed
Specification (GTFS) data. GTFS data, which can be analyzed using Geographic Information System (GIS) technology,
provides operational information about public transportation services, including time, location, and connectivity. It enables
a more accurate and realistic analysis of the impact of new routes on a finer spatial scale. We conducted an accessibility
assessment of the planned Great Train eXpress (GTX) route in the Seoul Metropolitan Area (SMA). Seoul was divided into
a 500 m x 500 m grid, and accessibility improvements were calculated from the SMA to the centroids of these grids. The
results showed a significant increase in accessibility across all of Seoul, with improvements of up to 40% from the SMA.
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Table 1. Components of GTFS data

Required data Optional data
Calender.txt
Agency.xt (Weekly schedule)
(Representation of -
transit agencies) Fare_attributes.txt
(Fare information)
Fare_rules. txt
Stops txt (Rules to apply fares)
(Stops for vehicles) Shapes.txt
(Rules for mapping paths)
Frequencies.txt
Routes txt (Time between trips)
(Transit routes) Transfers txt
(Connection points)
Pathways.txt
Trips.txt (Linking locations)

(Trips for each route) Levels.txt

(Levles within stations)

] Translations.txt
Fop s (Customer-facing data)
(Stops' arrival and -
departure time) Feed_info.txt
(Metadata)

Source: Ho (2021, p.3)
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Figure 1. GTFS structure diagram
Source: Ho (2021, p.3)
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Great Train eXpress (GTX) routes

q Deokjeong

- Pyeongnae
! hopyeong
.:_ by .

Maseok
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Figure 2. GTX project route plan (Ministry of Land, Infrastructure
and Transport, 2022)
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H2 GTX:MAEL
Table 2. GTX route information

Route 5
(no. of stations) Length Expected time
GTXA . . .
(niongingang g21km g toSeod 8miy
to Dongtan (11) g gran: :
GTXB ;

; Songdo to Seoul: 28 min.
Songdo Station  80.1 km . ;
to Maseok (14) Seoul to Maseok: 15 min.
GTXC ; ;

: Deokjeong to Samseong: 23 min.

Deokjeang to 74:2km Samsung to Suwon: 22 min.
Suwon (13)
GTXD
Janggi to 211km Janggi to Seoul: 28 min.
Bucheon (5)

Source: D5H(2017)
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of wp} F 1Al Q) T8 RAFTALEFANA A& 71t
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& F71o] 10km/h, GTX-C A2 7]& 7] 80km/helA]
135km/h & THFEHA =] ok, GTX A GTX-A =
Aol =4 ol AFere] Al B AEE wErkal 718t
of, F9Y &% 180km/h, Y 7HEE 2.5km/s, FY AEE
3km/s2 A HFHLE BE GTX =Alo] ol
%5 180km/h G4 @ | 74 fARCAL 7Hgste] o 7h
28 AR 27860 ZE =AY S AIZR FYsH 24
054 3J0EL2 3t3on, thad 04 08-S wAt A 7te R A3
skt dl9] Ao g2, GTX-B =ATe ¥§ F7to] EXsk=
GTX-D =419] 7ol GTX-B Al A|7tEe}e] 238 18t
A7}, A2 28 A" AIER ARl HFEHCR
F=3 glofEl= o 431 2023] 23 AR -5H 3 ATk
SR 2 FAERICE ol & 472 AAA, 10712 S3AE,
1,12891¢] £33, 12,2763]9] 2t AEE EslaL e}, A
o A 28 AR 3 Sl AR E (E )T

Table 3. Travel time between stations and number of operations for each GTX route

GTX-A stations (mm:ss) GTX-B stations (mm:ss) GTX-C stations (mm:ss) GTX-D stations (mm:ss)
Unjeongjungang 00:30 Songdo Station 0030  Deokjeong 0030  Janggi 00:30
KINTEX 04:00 Incheon City Hall 0500  Uijeongbu 0700  Geomdan 03:30
Daegok 04:00 Bupyeong 0330  Chang-dong 0830  Gyeyang 04:00
Changneung 04:00 Bucheon Stadium 0430  Kwangwoon University 03:.00  Daejang 04:00
Yeonsinnae 03:00 Sindorim 0500  Cheongnyangni 03:30 Bucheon Stadium 03:00
Seoul Station 05:00 Yeouido 03.00  Wangsimni 0230  Sindorim 05:00
Samseong 05:00 Yongsan 0330  Samseong 04:00 Yeouido 03:.00
Suseo 03:30 Seoul Station 0300 Yangjae 0330  Yongsan 03:30
Seongnam 05:30 Cheongnyangni 0430  Gwacheon 0430  Seoul Station 03:00
Guseong 05:30 Sangbong 0330  Indeogwon 0430 - =
Dongtan 0530 Byeollae 0430  Geumjeong 0630 - -

- Wangsuk 0330  Uiwang 0500 - -
= % Pyeongnaehopyeong 0530  Suwon 05:30 = .
- - Maseok 04:30 - - -

Total: 45 mins Total: 52 mins 30 secs

Total: 57 mins 30 secs Total: 29 mins 30 secs

Incheon City Hall to Sangbong:
92 times, Incheon City Hall to
to Maseok: 49 times

Unjeongjungang to Suseo:
42 times, Unjeongjungang to
Dongtan: 100 times

Deokjeong to Suwon: 19 times,
Uijeongbu to Sangnoksu: 122
times

Janggi to Buchen Stadium:
100 times, Janggi to Seoul
Station: 41 times

02 r==7E, 60 1= (2025)
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2) thBuE A|ARIC| GTFS G|O|E]

7|& digasgel 7|ugt fiFas A28 GTES Hlolg+=
=7haEglolewo]A(e]al KTDB)OIA Al&ske HolgE &
|35t KTDB+= 20234 2= I digus Al&Ee
GTFS dlo|E & F7H3tach=7kg dlol o], 2023), o=
20219 39 7|08 3, A= FEas, B8, Ak, e
W HolHE ZRT, 74 glojHe AT AH|IA ARIZE &
2, 3RaEdTY & U A1, WA EAu|AEDL F)
T ol 71ellA AH AT diold 7|gke g P siFsh=
HFNE 9 FEE ATt olF 53l &8rtsd HolH=
209,837719] A7, 27,140709] A, 337767319 &3, $F
20,306,003711¢] FAYHE ZIdet, £ AFolMs ==d W
A st A4S Y] = Gl k= tlojevke A
H5to] 251t

3 +EHER HESNT

2 Aol E-E3 =2 YESYSE KTDBY =29 glolH
Hlo|AE o] 838ict. KTDBOA Algsh= =29 glolgyo]
A5 B8 AL, A 22U 53k Ul vlef Al
Bl-g FHoA agH o], 2ZAAQ OpenStreetMapiith
T A8 g2 4= Sl §3|, KTDBE] =2% HESA
Au] 2= 20229 2 A18E AQJo] o] Rojd AFr 2, 2021\ %] =
A HEQAR F4E o] Qo] & Aol E&3l7] AP A
o2 gl B3 A A F 04 Aol 1Y FU =
2o ffgt RE ZSIAL §lo], o|F &84 vl =2 HYES
g ikl FFAHoE B Ao B4 2ol st
FFH oz I5H B2 YELA HlojH= (& 4)¢ Zo] 74
Eof, =2 JES 9% YA(Link) ID AEE T3], B3 7}
T R B2 oA, HA do] ARE xR}, B} T &
7V L20| AL, H3ll FAE ush= Y9 B3 7Hs-& 2v]
s N'og LEHE 71| B2 §8 § 1452, BAS AL
L2 N&ER A4 Yt B FA|of s, U] ot
A 7] 3 (YRR E, SEB9AE, S7HREANE, AYE,
A )2 B3 75l sigdict =29 YA 732, drty
ol e2qf EAoA uf- Fadt 84 F shiolu, & EA40) A

B4 2 Y EYT ol 74 oilA|

Table 4. Example of road network data structure

Columns Explanation Example
LINK_ID Link ID 287200036
ROAD_RANK Orber of construction 104
RestrictPedestrians  Pedestrian accessibility N
ROAD_CLASS Level of road 0
Shape_Length Length of road 31468

72 o] REE HANE cjtom ¥ A9, 2 AT 7 Y=
Aoz yekslo], WEe| 48 T glo] e 7Msd RE £2
£ ot E28 Yehjis T2 B89t

4) BN o9

E AFfAE GTX Yol o2 H34 ¥steE =23, v
W317] 1% 37 Sl 500m x 500m 2712 HAGE A2tz
AAsoact, A7 A1) 9 BAANA AE3he A= B9
500m ZA} AA FEAEES S8t 500m A7 FAE &
| 7L, A2 71E BE FA 4 AEA Y ZEF
Zxof df3f) 350m oW o] A=, ofi= 2] TAFFE u}
£ A 2aA Q) 400m WS 23] o=rHFu 3 - %9
@, 2016). ol meh & Aol (1™ 3)aF Zol AMEA Y
500m x500m AAE 4d7gse] B4 &3t ol %
BAR A AF3H= FAPE AT, &5, Yol A4, AAl F
hoFeH M52 A%t 37 B S8 s e ¢
oIt

3.

js

SR

1) HEST 24

B AFolAE A4 WskE &) 8l ArcGISe) YE
913 BA 7158 AESHTt EAof ARERE 71E U= 20234
84Y 169 2 Y(WY)olct B4 AHL T4 54L& & Ve
g 4 9l A7kl HEAIZRe 2 ARG o= B2 U B
8t 57 =9 T A EX|o]G EAL FE3] wHgatn,
9 HEAZIR(07:00~09:00), 25 FHFEA7HH(18:00~20:00)
2 7 o) HEANY R FEEHIAE 9, 2013). FHFH o=
B dFoiE AgdTold et HEAZY] dE:AI
27 8A, HIHFAIZY HEA 2F 248 B4 AHo=

| ® Seoul 3-top Downtowns(CBD)

13l 3. M2A| 7|& 500m=500m Zxt
Figure 3. 500 m=500 m grid system of Seoul City
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B5 EMAME A E2EH IR A
Table 5. Analysis time points and reference times for accessi-
bility changes

Times for accessibility changes

Time

Without GTX lines With GTX lines

Peak hour (08:00) 30 60 90 30 60 90

Norrpeakhour(1400) 30 60 90 30 60 90

AdEisioict, Hd ®SkE B7] 94’ A7 7152 302, 60+,
90ZOE (FE 5)9F #o] 127} B¢l dizt YEHA 242 3
BB

o1F, & A} FHH 71%, A2 7hs AR olviel =g 7kt
gl SRS AEs AL F7]E 3P ARelA 9
A4S el AEAY AR 888 4 lon, A2
ZuleRict, iebA olE F3f A WEE AT 5 Atk

RS S Rl R

£ A7E sEY F8 A G5 is] dukQd I A
EE Blushz| 3, (¥ 33 2ol Al&Ale] 67 FRAHE
A7slar Z+ 2 271 D&, 607, 1208 W AL 5 e
A HE T8I, o1, 4 A G 7HFAE Fofsie 4] (D 2
o] A2/ T ARE S

ER} A e 1Y vlE2 AAEsiich A2 3
U B8 Bt A7 AT A 53 o= AAs
o, diFE o8ARe] ARPRAE 2aA - BedQo17)eA A
23 17,2809 0.2 HASH o0, AT A Bl ol 48 4]
4} 4 7S A9 Fo 2 AR < Tt

& gelAE olE A7) 918l GTX £ A5 HESY
3of| o3l & FHF SHH T 28 AR ALY F 3T T o]
& UTE 7IAIR F5H] W ARPIAIZ At E3t
Agolsdlole e FHE 7 olF A TREAR At
85It A2 B 1Y Bl AR T2 4] )2} 2.

671 4

Point, = Z [[O,l]T"”’s omin 4 + ]
(1)

T, .p=< 120min

[0,1] x 1

Point,: x| e| HY

[0,1)T=2= 30min : zojA] D7HA] 308 o] 1, oh® 0
[0,1] T2 = 89min : zoj|x] D7H=] 608 o|UiH 1, oh 0
[0.1] 2= 0= zolA] D7FR] 1208 oW 1, oFYH 0

04 ===, He0 A= (2025)

CostBenefit — Ty X T/ =17.2608)

Ato.p=1to .pBere LoD apter

To.p=2ADto pX Py p
All Al
L= Z To.p = Z To.p
e ¢
Ty= 9% T
° i; Al @
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2024). olof] & AF= ol BAIE Feksly] sl F& A
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(1) GTX Station Information and Location Data Construction

(Z) Establish operation information for GTX lines

Ministry of Land, Infrastructure and Transport Notice

é Preliminary Feasibility Report from goverment

GTX D Refering commaon section (B) / Construction line

‘Waekly Scheduls, Fair information, Type of lines
Dispateh intarval and transfer, Station mobility and fleor infarmation
Company information, Metadata

GTX GTFS

(3 Set a timetable for each route and for each station

| GTX B ] GTXD
11 stations 14 stations 13 stations 9 stations
45 minutes 53 minutes 58 minutes 30 minutes

GTFS Network

sourcs: KTDR

S |ntegrated GTFS data
- = for Seoul Metropalitan

Network Analysis

Chang_es of service area 0D Matrix* anah_fsis

— =
: The center of the entire
Centroids of 6 regional centers administrative district {dong)
500m*500m grids of Seoul in the Seoul metropolitan area
hna*/;: q;m me Derivation of Total Benefit Cost
Accessi a i from Improved Accessibili
Changes by Region IR e 2ty

Seoul metropolitan area
* 0D Marrix from Secul Living Migration data

7% 49170 mfjolm

Figure 4. Research framework

1. GTX =4 =lofl [hE 2 et

1) GTX (=M =¢lof| 2 ME22| HAY Hst

B Q7 GTXE =48 4%, $ud Ao ALzl
T4 A Bk Slsknt, 24 A3 A1&A] Y 500 % 500m
AR F4 71%, GTX Al o g FEgolA A&z
4 ¥ghe fojulstA et FAIFSE GTX =Yl
E A4 A A 9] dA sk (FE 63 2o, GTX B9

2 R F A ofA AR A4 Wele (O 55
53 813 4= 9ok,

A, AFAZ GTX Al EQlof wpg FA] Hslege] 49
SN A A2A] Y 2 Azl 308 o|ujel = 7 WA 2}
0]9] FFH2 11.16km*(+9.0%), 605 715 481.32km*(+40.0%),

H 6. CTX =gl ME M2 F2E 84
Table 6. Improvement in accessibility to Seoul with the intro-

duction of GTX
1
Time m‘: rea (k) 4 Area® A Acc?
No GTX GTX
20 Yes 12422 13638 11.16 9.0%
min. No 116.62 12256 6.04 52%
60 Yes 120383 1685156 48132 40.0%
min. No 121237 152771 31634 26.0%
a0 Yes 490447 4904 47 974.06 24 8%
min. No 460262 460262 65914 16.7%

1) It means accessible area from metropolitan area to Seoul.
2) A Area = Area with GTX—Area without GTX

3) A Acc = Percentage changes in area, which are improvement in accessi-
bility

905 7]% 974.06km’ (+24.8%)= Uelt}, HIFEAZE GTX
=A Qe wE YA wEEre A8 j0E HY 71E
6.04km?(+5.2%), 605 ¥$] 7]2 315.34km>(+26.0%), 901 ¥
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FAZY] A 4 At HIdFAY] A Y e
o} 2A vehton, HFEAEL U FAIT B 60 W A
7¥s WA 3 a7t 7P A Ui ols GTX =492
2 QIR A T2 17 o] BRol e 1 At v 2
A vehd 4= 9128 uidiy, GTXY Y& B3 A7 52
Ape] FETE B Al e 71997 = 9SS AR

EZH AEA T4 A 2 A BE NGE ot g2 AY
& ARHAR]l F34 Y 5 U ole GTX7HZIE Y
FuE ALHTe] dAR TRt A Hol Mg HA el 7]
g = 9SS AARRITE whA 308 W TAE] 538l il
= 1 537F 27 2 708 el

2) F2 THX|H GTX T2 #Hst 24

& Ao AEA Y 671e] 8 24X FHRE AF
8faL, Z 2| GofjA GTX =40l whE AA| AulA FFo| o FA
HSh=A] =23 671 A2 718 SASUATA A, o
o, 7S T, GTX =Ye2 A% A4 ol 24
UeRd A0 oSEE A4, A, ez AFsidd £
A dde ad 5, A" e % & DI o, AR g4l
H, A % AE0] 7€ 78 ARG B 2 A3 ol Ug
Wk ol= 71E 3l =AY B 718 F5E dE s =xet
7} olu] 3 A g2 WF +8E FFA77] el M=+
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{ - K hour (+40.09
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Aoceesible fran Aocasible Arag
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il
Gun G bouncienes:
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Figure 5. Changes in accessibility to Seoul without and with GTX introduction
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Figure 6. 60 mins accessibility changes before and after GTX introduction for four major business districts

B7.32 A MH|A HH B3]
Table 7. Changes in service areas of major downtowns

= Area (km?)
: ime 4 Area
Location  (min) Without ~ With (km?)
GTX GTX

Seoul City 30 261.99 320.32 58.33 (+22.3%)
Hall 60 181538 241149 59611 (+32.8%)

30 21370 230.01 16.30 (+7.6%)
Yeouido

60  1591.73 214301 651.28 (+34.6%)

30 276650 36373 87.22(+31.6%)
Gangnam

60 200766 293315  925.50 (+46.1%)

30 24034 47495 23460 (+97.6%)
Samsoeng

60 175867 3117.07  1358.40 (+77.2%)

. 30 15633 33611  179.78 (+116.0%)

Yeonsinnae

60 116667 269437 1527.68 (+130.9%)
Chang- 30 99.41 11772 18.31 (+18.4%)
dong 60 82488 1733.09 90820 (+110.1%)

40| YFRE Ameb} 7|1E SR AV vise R0
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W, T2, A e A7) AT AG2 5 E2 Al
2 UEyTh F25e e 71E d=ZEt Aol 53] 3
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W7} A Yehts 202 weEr),
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8. 24 J|F M7 Hol M9 107 BES(QH 8A| 71F)
Table 8. Top 10 administrative districts based on time-saving
benefits (Based on 8AM departures)

Time
No Administrative Dong benefits
(hour)
1 Jingwan-dong, Eunpyeong-gu, Seoul 19,192.80
: @ﬁ;m;{ﬂ}‘ 2  Hwado-eup, Namyangju-si, Gyeonggi-do 18,699.84
ek 3 Daejo-dong, Eunpyeong-gu, Seoul 12,319.44
; ,?:M 4 Hopyeong-dong, Namyangju-si, Gyeonggi-do  11,84376
ey — 6 Heungdo-dong, Goyang-si, Gyeonggi-do 10,781.52
':1% _ CTX S0l 2 HAd S8Al XA 6 Janggi-dong, Gimpo-si, Gyeonggi-do 10,397.28
Figure 7. Accessibility improvement score with GTX introduction 7 Byeollae-dong, Namyangju-si, Gyeonggi-do 9,184.56
8 Jungl-dong, Bucheon-si, Gyeonggi-do 9,042 .00
4) SHME 7|Z GTX AIY XE MM SHAHH|w 9 Segok-dong, Gangnam-gu, Seoul 832896

GTX £9l9] 7ol axl M= wolslr] 93 A= o 10 Sanggye6-7-dong, Nowon-gu, Seoul 8,296.44
flollA GTX =Y 339 24 vlusirt. ol& H3f B+
ARIZEA 9 AT J ate] 3o AHEE AR EZ HeE A Y o ks g
Absto] B, ofu, Az Az WOl A AA(NTHE AL T
ghakstol A, i ik,

Az H7 BT BT BUA T olE 20 AV HBE | Syeg oo
2 ol Q748 Z1EA R F9) AR, of A = ' ey
3 24S &8s 1,152709] W4F 3t Origin—Destina- S
tion(OD) HHEYAE 7231431, 202341 799] A% 0| o] o

-

EHE Bd FUR S 24 84] 7€ B3 = dlol"HE
FE519t}, 123 24 HolEE 4 3735 oD Al dis]
7SR 2 grdtgl o, At 2 ¢ 7] Fo] 23+ H@AE oD
& AlLlRt F 35,947,4973|(FA) 53] 99.94%)2] 53 dl°]
Bl & 285t0] 38 W B8 HFH o2 4hEsiqlt

B4 3, 24 8A] 71, AT AR |y P & AT A
SEHUA] 29, A= FSFAlL AEA] FolA Ve 3
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29 o}F 871 & AQoleh= 358 §HL 7L SIS
glg 4= Qi ol AYY GTX =& B8 At 27 a3
= 27 84l 71F 4 8,303 AlZhollA Hof 1,92 Ao R
vebgton Azh A He] A9 FY A EE= (RS
9 (I 8y} Ar),

EZH T S0l tigt BE 7 5 A7 AR Jd 40%
o2 Yepton] Wiz og ofF 2 3682 Azt Helo] Yehyrt,
olo] M2 U7t F53 W2 oF 4717 A7 E 7T} &
3], A7t 71Eo2 g AL GTXE B3 Azt A7 fdl=
17035k AJ{Fe. 2 UEsiT

oli= GTX oflujerd/gd AR LA oA AJAIE A7 He} H]
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8 8. 52 J|E, ARFEZ H 4o o HES(QT 8A)
Figure 8. Top administrative districts with highest time-saving
benefits for 8AM departures
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9. GTX Zofl E AlZHHOU(QH 8A| 7F)
Table 9. Time-saving benefits with GTX introduction (Based

on 8AM departures)
Criterion Estimated benefits
] Benefit 2.36 min.
Per trip
Cost 679 won
) Benefit 47,131 hours
Total trips per day —
Cost 823 million won
] Benefit 1,413,935 hours
Total trips per month =
Cost 24 4 billion won
) Benefit 16,967,219 hours
Total trips per year —
Cost 292 9 billion won

o} Zo] GTXE] =g &7} A9 Yehr] ghgo] BR1=%1ct,
371 % A Aol Alet oFzke] H2AJo) FtelS B, oiR
£ Aol A] f-oju)gt &up7} vehA] okgith, £3], GTX-A
o] FHRIY LR AR E T8, A 59 XYL &} v
ek, &, GTX BE 7|5gto 2 x| 2] A4 7o gt
A7t )3 Hojzr},
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Figure 9. Changes in accessibility with partial opening of
GTX-A
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