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Abstract

The COVID-19 pandemic has caused major changes worldwide, especially in transportation
behaviors. Notably, as disinfection guidelines intensified, there was a sharp decline in the use
of high-density public transit, while the usage of private vehicles and taxis increased. However,
the impacts of the pandemic were not uniformly distributed across societal demographics, with
variations influenced by socio-economic factors. Despite these disparities, there exists few
research addressing the altered and restricted travel patterns faced by transportation-vulnerable
groups, such as the elderly and children, during the pandemic. To bridge this research gap, this
study aims to examine the changes in travel patterns and purposes of public transit users in the
wake of COVID-19, segmented by age groups. Using smartcard data from 2017 and 2021 in
Seoul, Korea, the study analyzed travel patterns pre- and post-pandemic and employed the
k-means clustering algorithm to categorize users based on travel characteristics. Additionally,
Household Travel Survey data was utilized to infer the travel purposes of each cluster, and a
detailed analysis was conducted on the variations in travel patterns by user age. The findings
revealed that the shifts in public transportation travel patterns due to COVID-19 exhibited
significant disparities based on age and travel purpose, with the elderly users' travel patterns
being particularly pronounced. This research can be used to offer policy insights for under-
standing the travel pattern shifts of transportation-vulnerable groups during crises like COVID-19
and provide a foundational basis for the effective enhancement of public transportation
systems, disaster response strategies, and policy formulation.

Keywords: big data, k-means clustering, transportation vulnerable group, travel pattern analysis,
travel purpose imputation
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F2UH9 WHIT-E A AAA AA D A4 wiskE Guslgon, ojelet Weke W Hoplx wTier A%
2 u)Het. 53] W A0] AsEe] net WHES B HFLE ol SEL FAS AAT U, A7k 9
Ao} e B WESTk] o] go] F75He Aol PHAEgIth ZRUHOO| Qake BE 4] AU FAS
21 g:314] eorehs Ao FEH A, elol} omom 2o WE 30k AZ0) R UHe| nhe Fe ol we
o Aool] Tt A BE e Aol ofef, B AT IR0 FFOR G hFLE o 8AHE] FAE
9 B2]o] WalE AsrHE AlEstsle] Hﬂowu} 201793} 20219 0] AntEFLE Blo]EE Yo T}
19 94 215 ST Aol IR, k-means 2YS} STRITE oIl B Sl 0|84
Wote Saetact. B4 T ERANEA dolHE Fo 24 20 SRR AL TSGR, o84 Arirhe
whe Ealslel wste Aslelch 24 AT, R o2 g thF s FuEe] Nsl i) 3 Fem e
wet § o]n|5t o] 2 B o, B3] el o] §ate] EaTE wishh F A £ A7 RO e A
Ao 1E FoF AZ0 FATL Wate] st oSS HhEo 2, W Hok Aol SAskE A A9 2 At
AV B e S0 )t nhela s A AP S Al g

220(: ) dlole], k-means A5}, WEAFYY, SN B4, FYRA 57

Mz

—

FruHo|H AR EF(COVID-19, olst Z2UH9)w= 20199 & F=roll A A5 It o] W AAA = &
L2 SAIE QI 2020 39 AAEAZ|FH(WHO)7F Z2UH19E WH[H o2 34 Aot o™ (Maier and
Brockmann 2020), ole]l w2t Zh=-2 A ™ St A S 91t Rt ArelA 72 Fr] RS

wret A 9] S= AR, ths AT H AR RS 1 ARt 5, A7) T Eﬁ_ &2

AR AMES T2 AE S FaA7]= dl o] a9l ¥, o= A2 9 AFe] 2] ws} #gk of

Yzt 7H°]g Dt 7 Dol E TRt WskeS 2t 55], AT, 221 ok, A A e 22 H|

i &5 59 7= 7h19] Sf e ol 28 IS vH th(Bucsky, 20205 Hadjidemetriou et al., 2020).
T2 FHE 2t diFus 0§ 79 @4do] St A HAGH F £o] tiFuF o8 Ahe A *1]74]7‘4

ol dAo 2 1)rE‘r‘/H:}(Had]1derrlet1r1ou etal., 2020; Lim, 2020; Parker et al., 2021; Zhu et al., 2021). ZENE
OF L FHAF T tF - o A H 24 Aol =, 2020 71 Hd tiH] & Bt tiF s Ol%g—
27.0% 2ottt 59], F5E T2 37 LY tFus o852 WA tiH] 36.1% #4sto] 4 Zo| o &
.02 UERFTHBin and Son, 2021). ole Zol, TEHOE 2 50| B Falurt THY-F el ekt
oj7holgd 5o BT o g2 FFS FE= A2 =2 B3| $heh(Kim and Jung, 2022). B8], B APAT
AN Z2U19= IRt ST E Hok= 710 Abe] A4 -3l whet 2ho)7t s Ao = B s| Sreh(Almlof et

al., 2021; Brough et al., 2021; Hu and Chen, 2021; Parker et al., 2021; Qi et al., 2021).

ofo], 2 Q7 TRLHO WA ol ARAR HFLE o845 T D FA= A 0] sl BAsl
1— ﬂo}oa FUH9 ¥ AF 9l 201747} 202110] ATIESLE Hlo]El S Bl £ A7) o] 5w
S} S ol S ol&a} ol w2t A2 MTsl) £ TSR EAL A2 S B
4§ 92 ERAL BololglR, k-means 5 STFE Foote] B 5] I ArtEAE o] g7}
A5ke S5t o2 Fa, AvtESLE YolEle} A EA LA} HlolE o] Z7ke] BARE AT Bl
W, 2219 T o]F tiFuF o §AHE0] T35 HelE EASIAT 2 50 A= % Ad A% i
o H75l2 918 50T FLL AT Aoln, 53] LF AT AZL AW 915k A2 o
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1. 22LHY Y UF SUTE B4 o7

F21H99] St ol e Faaelo] wajel P A7 Ff - el Tha S AEATH ee et al,
2020; Park, 2020). Lee et al.(2020)°] 21419 HAY 24921 201987} 2020 195-E] 3€7k2] =) =2 W5
Aol 2 Bk AT} 20204 4] B o Wt WET] 20194 & 717k TjH] 9.79% 451 ck. ek, Park(2020)

o] 20209 19%E] 387HA] AA] A5 o]-§ Q7o) wishs BAsh A, o] Wt oL o] o] T
ofxirh ol 4 72 Eo] A Ao Lehgrh ol M B4 Al ol7ME RN B4 FYQ FEAo] T}
199] G A7) Wtk AL ojnjsiet,

sh, A1) A8 - A Al ntet 2O A7jo] WG FAAEe] folmg Aol 7t 98-S T A
TFEE SRHYL. B9, AL5F, LS SE] WA §AQF /A B AGA4E 229 B9 7|71 5

ot T o] gEe] @ fAAT Aoz HIEATHAImIof et al., 2021; Brough et al., 2021; Hu and Chen,
2021; Parker et al., 2021; Qi et al., 2021). Almlof et al.(2021)-& A o] AOLEFIE Ho]E| 2 EAlsto] 71219]
Sl el "S}7T oheFet AR A A A gl DA W o] Qlrkal BT Brough et al.(2021)2 249 ¥
Ay o] nl=t YAE T ZY7HE o] Ty e ol Tt AR FA A AS2] 2polE BT At W Y AS0] U2 A

S0l o590 a7t B AL AS geIskalrh. Hu and Chen(2021)-2 2119 T4 o] F ml= A|7FaL9] AFR] A
A ASE AoHd o] g2 A A, 255, 1S 7, AT H ATl wet A[5H o] 8% AaTt ol
e E& HAIslAt Parker et al.(2021)2 W 2717t 54 vl=o) A g g m5k7] flet hEas o849
SR Mol SUISIIAIT, 2552 8 5 2 S A ddd e s € gadt Aoz 45k Qi
et al. (20212 vl=r W 2071 HiE=A] A HE tidez e av) il diojg RdS -85t 297 s
ol- 87 fzol nA e FF R AR FAA 290 EASIAH. I 23, T 7 &5, oA ol /1 HlE E
A-8-F, oFAloRR] A HlEo] 2 A EH Z =9 e Y 7|7t 5ot tiFalF o-8-80] o Wol faet
AT RIZEgo] 11 s|2uY Ql7-9] Hlgo] 2 A H2 tFuE o880 ¥ AA g2 7ol 2 Aew
LHER T

ool AP ATl ArtE I & W, T2 T WS = T T Fo| vt et on, S3ud
HohE AZHA wis) B ARG A A SAdoll met Aol 7t Sl A o2 UeRgH:. Ty, g2 AddTE2 F=
SN ] AAaEE BlustFrts AE 7HIY 2249 T4 o] & tiFalF o8l JlojA ol-8at 18
B g2 siAsh] AlsiA = ol 84 1 7 S WSS YEsh= AL =&, A 1 A wefshr] 1%t
TS A7t BeAolt & 4

2. ADIEFIE ClO|EIE BRE ST U 273 23 7

AEAE B ZESH S E M= AntEFIE 7]Hke] 212 @ FA4 A A-(AFC, Automatic Fare Collection)2 &
o diEnE AHIAE 2GRt HE dlolee Y of 24T 9] 53 Hloe & 2otstH, ol s Edo A9
o]-8-&°] A9] 100%°] Fote Ar2At 9] Amete e 2=t ol2ft A o g g2 A4AE2 2=
A R ARtETLE Hlo|HE &-85to] HiF s o852 FaiuE A5 Ma et al.(2013)+=
Hlo] A o] ARFEZLE f|o] Ei% 7|9Fo 2 DBSCAN(Density—based Spatial Clustering of Application with Noise)
7} k-Means++ 52| 75 247195 A-8-olo] thFu-s o- 8452 TR} 53 A3S A oHIH Sari
et al.(2019)2 FH 9] *”]’Eﬂ'c tlolE & 245t sl o820 AFA|et FFAE 4 5te FoLH
™ (heuristic model)-2 85111, 71 A= London Travel Demand Survey(LTDS)E A8-5Fo] &3t
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JE, 2nkEALE dolE WESQ o5 WA Weel YR W EABA AuE EeeHA o B
£ 7HICk o1 Fap] 910 32 silehd 2 % S8 2nkEsLE Yolelol thE £39] doleg Agste]

B HRHE FAH5H= AFE0] 51 Q) m et al., 2021; Kusakabe and Asakura, 2014; Medina, 2018;
Pieroni et al., 2021). Kim et al.(2021)2 7}+% EHZ:/\]- I 2 k5ot Ay T AE RS A8A] ARtET}
E to]gle] 2-85te] ARtEZLE HolH W §=24S TSI SHHTE2 7H-s B TAL HolH =R
B 325 2% 9 sk A, &F AL 54 ZH A 0|88 50| g o] Qlrt. o]ef FAFSHA Kusakabe and

Asakura(2014)= 42 QAFEO] ARtEZLE dlofE| et AZ AL Ho[HE g HlolHE E-85t0] o] B Hjo]
Z g-& 29 (Naive Bayes classifier) o] w2t 53524-& 4519t} Medina(2018)+= A7HEZ o] ARLEZLE Hjo]
B9} 7HE R A AL AR S Aotete] 540 A2 o fof whet DetA= SR A 7ot £A4E Fa
£ 2453 Pieroni et al.(2021)& 2~HFEZLE Ho] €2} GPS Hlo|H & Zesto] thfet &5 AlFolA ] 53
Tl 0] 2pol 5 EAISHATT
o]9} go, of2] HPAF-52 AREZLE Ho]E O fHAIE FESH AT thedet B2 53l 7S e 24
dlolElu GPS HlolH 5-9] 37} JHE 7|E AutELE Holgof Agtsto] 50 e w54 &5 4
o
A

of

sYafigtet. o] et -2 A2 T2 o842 QIFALE] Y EAof whE Tl e} 53154 9] 2ol & FA4
2 BAg Agsigich. Dat, 3298 AT 2 she 0|84 B SAud 9 Bo] wstE e A7 A
;qu oz Hx o} Mz%o}r,}

clolg 72
1. ADIEZIE GOl

AntEFLE dlo|Hel 512 B o] 2t 5250 55 A1,
3 ol, 3 BUAL, B 45 I 5 Bk EREIo] ek olele dlolels fhEnES] EAHE
WA sfetsti ol ety ol 5851 T8 4 gtk £ ApelAE 22
FILE o[ 8450 ST L FASA NS viekst] Slote] 20179 5 16258 199747 9)
mhEFLE Hlojelel 2Lzt A7 A7 2021 109 195 T2712)9] 23 9ol
B ARHEFLE dlo|E £ sk 20214 109L SE Ao 491 ol A Bel 3] 9 Tk o
RS 22072 AR 59 Q2% A7) 487 227} AdE 7|2, o] 2 g Bl vl
SH S A|7]et petlo] A glE AR H Itk te], Q) Sauslo] Bt 2 thE Fo)
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Table 1. Columns in smartcard data

No. Variable Description
1 Smartcard 1D Unique card ID value for each passenger
2 Mode Code Types of public transportation (train/bus)
3 Board Time Boarding time
4 Alight Time Alighting time
5 Board Station ID Boarding station ID
6 Alight Station ID Alighting station ID
7 User Code Type of passenger (public/elderly/student/child)
8 Transfer Number of transfer
9 Total Distance Total distance traveled (km)
10 Total Travel Time Total travel time (min)
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2. 7Sl AE}RA} C|O|E{(Korean National Household Travel Survey)

el =9] 7 A e A gl B (K-NHTS, Korean National Household Travel Survey)= 5@ ufch =
o2 M E = AR IAE Sl 7HH-9E0 3 AE7E 3 E Hlolgolt. o] Ztas A& A FFF 1.5%
of stz oF O7RN Y] T HHE 7HA AL Qe BE AR R, 7HUES HE A ?’ioﬂ sl 7155 (OD)
o] A5kl 1 W2 dAsttal 7Hg itk (Min et al., 2022). sl dlo]E= <1 15\% 3l F-5oll 371=7] w2
of Hdol o HAE9] Q1A e} BEo] FFEA o gt AR FH 5t Ef?;%}il Ro8E ot
et W Aol A E-gE o] Sttt

M AR A= F 37129 7 LR & o] FoiA §lom FHH| 1] Qtelli= 617FA] 9] thefet A KT &
SEth A A M 2= A 7MY ot E2 7 A EIE F A s el vol, AW, HY dH 5
NJAFET} 227 =] o] Qlrt, mpA|9) 7He| 1 2)= o854, S8 W A7 Al 22 AP EE o] FoA Qi &2
ATelAE 20168 = ZHEE A AL Bl 8 5 A& X Hol A H5E Tl ERt FEste] Q1P H et 54
ZH| AL e AA e & FA o Z-8atqith. B4 AHSH M-S A RAL HlolH U 53 2 /IR
Table 29} &t A0tEZIE HlolE| ob= D] 715 A H| AL Hlo] o= 2t 53] 2] H4o] HA|E| o] §lof,
&-goto] AntEZLE HlolHof 7|5 7 F3 2] HAS FHSIT & AolA AHEE AREFIE Ho]E 9]
A} 7S B A ZAL Hlo]E 9] Al o] AR|5HA] Stk A7 A5, o] Hgh A o R FEAS ATt
£ APAT-E(Kusakabe and Asakura, 2014 Min et al., 2022 Jeon et al., 2019)2 #3151 2016 715344
Bl A Hlo]HE &-85to] 20177 2021'd ARFEFLE HolE| o] F3 54 7 9 -84 4] o] 7h-solt} wet
Skt

=)
N

t
2 >t rlo HI

o)

Table 2. Columns in K-NHTS data

No. Variable Description

1 ID Unique ID value for each passenger

2 Mode Code Type of transportation (train/bus/car/taxi/walk)
3 Board Time Boarding time

4 Alight Time Alighting time

5 Board Station ID Boarding station ID (only for public transportation)
6 Alight Station ID Alighting station ID (only for public transportation)
7 Age Passenger’s age

8 Transfer Number of transfer

9 Total Distance Total distance traveled (km)

10 Total Travel Time Total travel time (min)

11 Trip Purpose Trip purpose
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3
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991 $16l i o] LB ol kel ol aict, olu] WS 2 458 BHS SeEdelet s, o
FASALS DYot] 9Iste] st o] STBPOR o|Fol7 T WA %@%ﬁg(trlp)o]a‘r SIthSejong

ity Council, 2023). T 812 52t 5A 7L=2 AL gale] of 2] 2] ThFREL o] 82 49, o] A2 5
2 o5 5719] card IDE 91 91101 5 5iek o] WO 2 FA card IDE 1BH BE FUEASS Sz
2011 7% 19 530 A B Ao, of s el Figure 190 A W19} T & 7ol ot
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o FRstA AL EsrIoll A+ 24 HAdelAM A elsta.
ol Al 2w Al 7= o] F

Z FU%tcard ID 2 F9 25
o}l T AbethE A4 o sl

W] 57t 5

Card ID Board Time Alight Time
NzCyBC5DV7N+vC8DI= 35 8:00 AM 8:15 AM
XLyU+72Bl70NOSdzo5I= 32 10:45 PM 11:00 PM
QH7Qw3hDMcMcedGZY= 29 12:30 PM 12:40 PM
QH7Qw3hDMcMedGZY= 29 3:00 PM 4:20 PM
XLyU+72Bl170NOSdzo51= 32 6:00 PM 6:50 PM
QH7Qw3hDMcMcdGZY= 29 4:30 PM 5:00 PM
15t Activity Duration 24 Activity Duration
Card ID 1% Board Time | 1°* Alight Time | 2" Board Time | 2% Alight Time | 3™ Board Time | 3™ Alight Time
Trip NzCyBCSDVIN+vC8DI= 35 8:00 AM 8:15 AM NaN NaN NaN NaN
Chain | XLyU+72BI7oNOSdzo5I= 32 10:45 PM 11:00 PM 6:00 PM 6:50 PM NaN NaN
QH7Qw3hDMcMcdGZY= 29 12:30 PM 12:40 PM 3:00 PM 4:20 PM 4:30 PM 5:00 PM
Figure 1. Trip chain production process
=] = =]=1 A =) Py =] =
812 591 ¥ 52 A ¥ BT 5750 card IDE /WHOR B9 AL AT T, nA) B9 F2obntl
3 5 & 5 5 o A
§A) 59 A2 Ao]9] A7t o] E B AIRHAD, Activity Duration)o]2 olaleirt. o] B ARME 5750l
S 5] o = =] =] o = =] s =
=R BREAL T §J9] 2ulehs ARKOR 7HFHel, BREAL Bk o 94 Aug Fewlch
A~ =] =] =] =LA =]
2 AFME F o] AEH T3 Aol EF A7) 3042 ofshd A SiF ARRE fhgoll 2291 Algtog} 7h5}
O ==1 & = ) o ] 20O LA =]
of frash &5 AR e & A S| Qigtth. whebA, Ao] 74 tig2 G E4 S 71 53 AkeThS EsHA AL,
= _— =] = = =] P =]
3042 HIREe] BF AJto] AJHE AL 302 o] &F Alto] T § o] ARt T3 ARe2 Aol A Al€fsHal
[} 5 S FLrL= = =
th. o] #1785 Figure 2] ZAl2lsto] A|ASHA oM, &5 AJ7to] 3042 w|THY 79 gh50 = whsto] sid = 53
2 A S le] Bz gstel AA=lstr,
14Tri
Card ID 1*Board Time | 1 Alight Time | 2* Board Time | 2°¢ Alight Time | 3 Board Time | 3 Alight Time [—npl
NzCyBCSDV7N+vC8DI=35 8:00 AM 8:15AM 2NaN NaN NaN NaN 2% Trip
Trip Chain1 | XLyU+72BI76NOSdzo051= 32 10:45 PM 11:00 PM ¢mmmsd  6:00 PM 6:50 PM NaN NaN [
Trip Chain 2 | QH7Qw3hDMcMedGZY=29 12:30 PM 1240 PM ¢mmmmp 3:00 PM 4:20PM 4w  4:30 PM 5:00PM
AD > 30 min AD <30 min
Valid Activity Duration Transfer Duration
First Board First Alight Last Board Last Alight
AR B 8-
—— = | GYS BUS == = BUS| ===
i i i
First Board First Allg].l Last Board Last Ahght

- A ctivity
== === Transfer

Figure 2. Trip chain selection process
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24 Y

= A7) 24 FRE 2 A= Min(2021), Min et al.(2022) 9] Aol W sto th3t Zo
A, 2AtEZLE Ho[H & 286t o1F T T usS F 298] £ 39] o] 8% sA5S s T3 AeS
eI ololA 2 3 Abg FollAl 30:2 o139 EF Aol & sttt EAistE 3 k.
ol A T& 20179 =2} 20213 AntEZIE HlolE ol 55t 485t 3. EE?J 7H-E YA AL
glol8 9] £ 617]9] A5 FollA Fh=A o Td uke A=A Aot 2AL™H e 714 A4 HolH
o TEE AT Hlole A olFols HFuT ol-8A=2] el %ﬁgﬁHEdol 20179 =of] Hlsf 2021
HIeo] ofuel Hots BY=AE 2450w, AuEZIE H|oJE ol k-means ¥ YHES 485t 24
A4S oI,

-
o2
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39
i
Ho
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—

=
=

k-means #3 41 EF2 Ho|HE F k9] #H O 2 BRol= HA e wAle] duegFog 7 3
W AR FAstel o2 24 7o) Bah2 Ftistols WA o 2 2bssitt A dA oA = kel 7] 3 A4
S o2 A=t ohg, ZF tlolE ZJIEEE 7P 77k Ale] e &3 4ol @92t old, A& Alktol
L grale e aatfor A8 (Fuclidean distance)g &35t & 7H4 A xt v 42 X= (2, 2524.. 2,) 2
Y=, 4,95, FEE 7H o f-22H¢t A 442 Equation 17} At}
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d 2
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Yun, 2017).
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al., 2013; Jiang et al., 2012). wjabA] & Ao A= 2|4 9 kuk%ix 7] 9151 DindexE 2-835}99t} Dindex= &
A Y BAL FEto 2 AFESE 23 o] =L B HA o] kzhe ARk dHAloltt (Lebart et al., 2000). 24 U]
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AXI31ATE. Figure 30] Aol w2, 230] 47} 4742 W 23} o] 5o 7p 2 Ao PAEglon] ojeld
Aite AnfEFE Yoleg & 479 2RoR Bk Aol /M AAte AN

07 [o4
EGa.in
06 | \i
6 Knee point
(]
1
g 05
x
]
£
a 04
03

2 4 6 8 10 12
Number of Cluster

Figure 3. Trip chain selection process

2F A9 5 2% T, k—means 3 1B ES o]-8oto] ARFEFLE Ho]E Wof| Al B3] A7H
E4S 7K FAES YT 2HOoE BRI o] B, £ 249 Ha(parameter) 2 AREE A
7 A2 A oAb A2 (First Alight Time, FAT)®F 25 AlZHActivity Duration) 5 7FA At} 3,
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Figure 4. Comparison of public transport passenger ratios by age group
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Figure 5. Changes in public transport passenger numbers by age group
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Table 3. Clustering of total public transportation traffic based on smartcard data

Cluster Year First alight time Activity duration (hr) Number of passenger (%)
1 2017 8:31 10.7 9,145,961(57.5)
2021 8:33 10.2 8,231,652(59)
2 2017 10:52 2.4 2,186,644(13.7)
2021 10:15 2.2 1,696,404(12)
3 2017 11:21 6.1 1,859,426(11.6)
2021 11:02 5.6 1,408,015(10.1)
4 2017 17:00 2.7 2,711,581(17.1)
2021 16:09 2.9 2,599,477(18.2)
3. 244 SR 23
2 AFANE ARIEAE Holelo] RAlgt BRRAL 24517] Sia) FFRAAEA Hlolel S BESIAT,
ol ATHE Table 42 £l 191 4 9lek. AntESE dlolelo] 2AsHHHES FAsHA 2831e] 2 34} A
st

213t B ARES FIMO.R 20164 ZFEER L EA HlolHE % 4le] 202 2RSSHAL. 1 2k, 2 27

A o] g R skt A2t 85 ARk AntEFLE dlole o] 23] BRghnt A4 3080l 4 Hh 2417 Aol 2 1t
ot 02he] 27 Futeh ch A ebgrd, ol 2 ] S8 271t sl 2L sk 5
#j0] A7140] ufe} AR Afolet S gk,

webA, 212 449 7H S A EAF 2 AntESLE dlole] FHEL R okt A|Za BE Ake] B,
FHA, 2ol BFE 57 5 o] 7HF S AR LheRd 29712 112 AR OEM AESLE Hlofe] 2
Y50 59EHS 459t

Table 4. Clustering of total public transportation traffic based on K-NHTS data

C e Statistics First alight time Activity duration (hr) Number of passenger (%)
1 Standardl\gefjgtion (hr) 86.()94 13 46 17,560(80)
’ Standardl\(/ilzjir;tion (hr) 91..537 Z(Q) 1,373(6)
’ Standardl\c/ilfe:jir;tion (hr) 101:31 ié 1,698(8)
' Standard dosion (hr) 11:39 33 1,356

Table 5% 55 5954 +3 278 B9, 27 12 WA o 98%2 22 % 55} B4 $AS2 74w o]
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Table 5. Result for trip purpose imputation

Cluster Y. First alight Activity Number of Trip Purpose
uster - fear time duration (hr) passenger (%) Work/School (%)  Business (%) Recreation (%)
1 2017 8:31 10.7 9,145,961 6,328,349 64,574 64,574
(57.5) (98.0) (1.0) (1.0)
2021 8:33 10.2 8,231,652 6,347,699 64,772 64,772
(59.0) (98.0) (1.0) (1.0)
2 2017 10:52 2.4 2,186,644 1,136,063 27,708 181,770
(13.7) (82.0) (2.0) (16.0)
2021 10:15 2.2 1,696,404 972,332 23,715 130,434
(12.0) (86.0) (2.0) (12.0)
3 2017 11:21 6.1 1,859,426 266,769 106,708 1,404,986
(11.6) (15.0) (6.0) (79.0)
2021 11:02 5.6 1,408,015 211,525 84,610 1,114,031
(10.1) (15.0) 6.0) (79.0)
4 2017 17:00 2.7 2,711,581 409,755 102,439 1,516,094
(17.1 (20.0) (5.0 (75.0)
2021 16:09 2.9 2,599,477 447,934 111,983 1,657,358
(18.2) (20.0) (5.0) (75.0)
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Table 6. Analysis by age group for each cluster

Cluster ~ Year  User type First alight time  Activity duration (hr) Number of passenger  Change rate (%)

1 2017 General 8:33 10.8 8,079,927 -
Elderly 8:06 10.0 264,830 -
Student 8:13 10.2 755,918 -
Kid 8:18 8.8 45,286 -

2021 General 8:35 10.2 7,469,377 -7.6

Elderly 8:05 9.7 408,650 54.3

Student 8:22 9.0 199,101 -73.7

Kid 8:21 8.2 41,661 -8.0
2 2017 General 10:52 2.4 1,579,198 =
Elderly 10:56 2.4 178,352 =
Student 10:32 29 89,860 =
Kid 10:38 2.8 12,016 =

2021 General 10:20 2.1 1,228,461 -22.2

Elderly 10:20 2.1 349,891 96.2

Student 9:10 2.7 114,052 26.9

Kid 10:24 2.6 4,000 66.7
3 2017 General 11:27 5.6 1,723,230 -
Elderly 11:11 5.7 387,903 -
Student 10:33 6.0 66,521 -
Kid 9:16 5.8 8,990 -

2021 General 11:05 5.6 1,127,383 -34.6

Elderly 11:04 5.3 206,837 -46.7

Student 10:11 5.5 65,665 -1.3

Kid 9:18 5.4 8,130 -9.6
4 2017 General 17:03 2.8 2,231,773 =
Elderly 15:51 2.2 193,946 -
Student 17:33 2.9 234,062 =
Kid 16:40 2.3 51,800 -

2021 General 16:13 3.0 2,085,264 -6.6

Elderly 15:14 2.3 273,451 41.0

Student 16:50 3.1 199,101 -14.9

Kid 15:49 2.3 41,661 -19.6

21 o4
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Figure 6. Changes in the shape of the population pyramid due to aging

e, oleieh Q17 P& Waleh WAAR DR LHY WA o] F BFLE BTl o] Gl wakh WStk
A2 RS, Table 72 2 ol 19U DULT T WS AT WS Lol A7 WlE

A Helch 7 23 28 ol8 f301 oS

274671 1T 4 ot o]% Q7 Hﬂz}oﬂ b9 E1 55 B Heb Ao o 2 Bow

3 274 1% BT I53e, o A A

Table 7. Transit volume changes with respect to population changes

User type Year I\[I)l;sl;:s;e(r)f Change Rate  Population = Change Rate (Rate of number of passenger change)
o (%) (million) (%) / (Rate of population change)
(million)

General 2017 13.61 -12.5 16.16 -10.5 1.19
2021 11.91 14.47

Elderly 2017 4.56 27.8 1.02 20.6 1.35
2021 5.84 1.23

Student/Kid 2017 1.25 -38.4 1.67 -19.2 2.21
2021 0.77 1.35
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Table 8. Most frequented areas by general passengers

Rank _ 2017 — 2021
Origin Destination ~ Number of passenger Origin Destination ~ Number of passenger
1 Seocho Gangnam 80,079 Seocho Gangnam 63,708
2 Gangnam Seocho 64,369 Songpa Gangnam 53,559
3 Songpa Gangnam 62,820 Gangnam Seocho 52,028
4 Gangnam Songpa 50,994 Gangnam Songpa 49,093
5 Gwanak Gangnam 42,635 Gwanak Gangnam 39,502

(b)

Figure 7. (a) Most frequented areas by general passengers in 2017; (b) Most frequented areas by general passengers in 2021
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Table 9. Most frequented areas by elderly passengers

Rank 2017 2021
Origin Destination ~ Number of passenger Origin Destination ~ Number of passenger
1 Seocho Gangnam 4,758 Seocho Gangnam 5,358
2 Gangnam Seocho 4,704 Gangnam Songpa 5,121
3 Jongno Dongdaemun 4,202 Gangnam Seocho 5,114
4 Dongdaemun Jongno 4,104 Songpa Gangnam 4,755
5 Gangnam Songpa 4,091 Songpa Gangdong 4,528

(@) (b)
Figure 8. (a) Most frequented areas by elderly passengers in 2017; (b) Most frequented areas by elderly passengers in 2021
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Table 10. Rank change in most frequented areas by elderly passengers

Oriein Destination Number of passenger Rank
& estnatio 2017 2021 Change rate (%) 2017 2021

Seocho Gangnam 4,758 5,358 12.6 1 1
Gangnam Seocho 4,704 5,358 13.9 2 3
Jongno Dongdaemun 4,202 3,945 -6.12 3 9
Dongdaemun Jongno 4,104 3,693 -10.0 4 15
Gangnam Songpa 4,091 5,121 25.2 5 2
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