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Exploring Dynamic Change in Public Bicycle Networks over
Time of Day: The case of Seoul
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Abstract

This study examined the structural features of public bicycle networks at
different times of day. The data comprised 10,113,919 travels between 2,741
bicycle stations in Seoul during October 2023. The networks were constructed on
the basis of this data and their structure was subsequently analysed. Our findings
indicate that the degree distribution does not adhere to a power law consistently
across all times of day. Furthermore, the networks exhibit small—world
properties throughout all times of day, with small—world coefficients correlating
with average travel distances. Stations are geographically clustered, with the
distribution and size of these clusters varying by time of day. Ultimately, we
consolidated these station—level networks into cluster—level networks, enabling a

visual representation of inter—cluster travel and revealing key patterns.
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- RIS =
S =93t JrH(BAEY, 2023). FF AHAA AH| =9 5420
AdA ol gAEe] olF IMEE deofstal o]E [Wtoew MH[AE A

T3 Aol I UEYI] T
A BAS oldllstd &y AdA Au| 29 o] & sfHs wotsta HAstels d =
ol & 4 JH(Wu and Kim, 2020). MES T A2 A|=Hle] Fx9 52S o
sk o wie- AR WHoR, A gofih(ns)s ol5S AAsts FE(E
A)E AR xdsta #A4E F Aok o]F Fd TF AHAAY ols HEH}
AA Alz="e] FxE xAA R o3 F Ut} ol wjAoE UESLT A
WS ol gste] T A Au29 o]g HHS A v A7 3 EHA
(=S B9, AFEy} o]l 2019; Wu and Kim, 2020; ALA} A3, 2021;

Builes—Jaramillo and Lotero, 2022).
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WEYZY x4 HsE AHEth 35 F Altde wEt 33 AdAE o] &3t
v EAHo] A Znksle] trEatia 7pgs = gl o & B9, ofHdle FE &2
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HElel] FFS v A E A Fxo vidd Zolth. upebA] A FE AR
A YMEYA +A4E T3 FF AAA o& ] dig old= T AHA AR~
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AlZtchol E S5 AMA HE/ATS SH Hat BHM: MEA Al

Aol 7t FF AAA Aua Sl AAbek: uhE Eols Heltt,

B oATe] 248 GAa] fal, ALANA LdeE TE ANA A2 oE
% Ao dolHE #¥stn EAAAT 20159 108 FHOE LG A&
Wgolt AeAne] AguErvor A2l ol AUA vl olge] Frtea 9l
o AgAE 20239 @Al 45,0000 el ARASE 276200 o] velxE &9 F
oty 24Nt BF AAA MEAZ U A AFEL 2ASAT 33 E
dolel 43 W AAe H4e Nuaa, BF AQA UEQAY F2H 54 =
Ao ARES 2Aen 24 29 ANGT Lela 4gels AFAE BE
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Garcia—Palomares et al.(2012)& wl=gl=9] &
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Lin et alo](2013)< %t Efolulole] 83 WA A28e BAso] dio]so]
A9 WESD AAHo] AAA o g WAL FFS BAASAT. tolne] A

|
[e}
A2 Aol FF AAA AxEe] EEHS A FIND F A2 AN

AEST} 0]990(2019)2 wWEe] Aulze] o] &F AU e

= pIS
Fa velad A0A mAde A4 Pk Adsldth, A4 FRFE gae 19
EOF MG wFo] AHIAF ol§ tolid B AT AU dolad 94 F
NS ZAFI FARN RN ANt

2.3 MESZ 54 &4

HENAT 54 48 338 AdA Az a&4o = Agst= o Z83 7%
A 54& oldlatal, o]& 7|Wto g AAEE HA slelh= H AFE-E AT

Yao et al.(2019)& A 3F Al=EHe] & H
sto] T Ao AdA T A" fgloh 1 dAE EAESITE 3 AHA Alx
glo] AAZE HolHE 7o el ¥ % 3
e, A A, 7 FE2E R :

Wu and Kim(2020) UESA o3 F7H A7 ddaA w4 Aows A8k
AAA s A="Y 724 5 T A Y-S Augdth v=, Ay, S
ol &gt AAA FH AAEY] HEYAE B3 Aajol] o, 7RIt 2 WEY

A7F FRb gt HIES A el thofae] AAgd Aol i er wigken, o
A3 Aol w2 dodae Bl JFTHANE Aow Yt

Nt 2482021 229 AFZ whgo] ool el WslE Tasr] 9lst]
]
A% FEegAse Baddn 2

& Fl AEA Bl AT 2HES ZEH9 A5

Zo 9AF THEES ALH PL WS AL wolFU,
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Li—Na and Jiang—Long(2023)< Citi Bike A|&HIS & 74 we Wslsl=
A HEHZ 9144 54 B8 HEYT +4 RS AREste] 2
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=5 T
2| 3E
obzt | okl | oF | AN | ok | ok | 2F | AY

L»+= -’-F 2,726 2,741 2,739 2,734 2,719 2,734 2,734 2,733
O‘j@ —}F 61,719 168,352 246,395 263,220 58,071 116,070 216,979 180,983
7V #% _ B

'1-74] 246,071 2,003,600 | 2,187,532 2,580,076 181,123 600,805 1,600,905 1,266,806

o,

ES
&
i
N

| T3 Fu
A%

okt o} e =t okz} o} o3 e
HE T YA ) 21 24 32 31 22 26 34 31

PAE (v E) 2,845 | 3,233 | 4,115 | 5,350 | 3,050 | 3,371 | 4,375 | 4,108

“T_
H &% (km/h) 9.30 8.70 8.04 8.52 9.18 8.64 7.98 8.16

3.2.2 YIEYZ 54
WEYZY % 13

HA 2ol (L)= HA HES A EAleh= B

A Fo Hyow =43P (Watts and

)
i
o,
o
do

1E dA4ste] 545k
= o HAd H=Eo| &A%t
trogatz, 1998).
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AlZtchol E S5 AMA HE/ATS SH Hat BHM: MEA Al

THete A Folt TE A7 UEJAANA d=e= A olFo] ofd A7
o] o] 5o 2 ItFske Fo| Bttt dE 9, ‘a—b—c AEAA addl I™ AHAA
7F bE A coll A= 7 AT, adl A" Aol bE AFste] c® olFsheE A
ol 7] wiitoltt., mEkA FF AHA HEY A FHdA2do7E e A2 5
A AT A dEHA AGH o2 X 7Hsdo] wre As o gt
THATE =2 AolY] B BEE SAste AoR 74 wro A AT
(CHE oL dad &+ Jd+ d52 =439 H(Watts and Strogatz, 1998).
<2 2> C = d

ni(ni—l)

<A 220X [ = =E O] o] =& Ato]e] HA A il
H oolxe] ottt 7 mrf] A9 FPATE Hdste] WESNA Y A9 7
AE okl A9 SZAIFE dold (transitivity) 2 =% 545 =
EAsk= AA A @ (triplet) Foll W3 @3 A5 & (closed triplet) 2] H&=
2FEth(Wasserman and Faust, 1994). f A5 o] E45 ol m==Eo] 1Y
SHA AZAEo YEAAZ +RHS dAse 4

28 A EAIE SJAF7 s5olx= &6t
ZH=t}H(Watts and Strogatz, 1998). HIEH A 22 A} EAS AH3ste= Alnt
(0)e Foix UMEYAS] HaadFdATet BadEdolE 53 729 vESA
(equivalent random network)e} H]nsFe] AAFE T (Humphries and Gruney, 2008).
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<2 3>el M FHAF Csh BarARDol L& Folzl UESNZS golu, Gt L&
TEE TAS MENAY FRAASFY HEA Rl otk Aantrt 1He 29
E937} Ze A4 YED 540 g duath HETY e A4 5
B5G A7 )

)

s Agsele & g P v e)E YMENAY ZHAFE
3 e vE

E 93 (equivalent lattice network)®} B3 HF A2 HolE F5
Y39} wuste] ALt TH(Telesford et al., 2011).
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254 (modularity) & MEYAS 2E T wHOR Ure ZEE A= A
Folth(Newman, 2006). REAE & o U9 =7t b2 FH9o o Hlg
ME dub "R dAH AeAE Hrlkske Aow, il HAA 92 o
ddo] FAAR ExH 45 22 TN ddE= A2 Abele Aol SAT
U REAS dubdow ta w43 ARgste] AlttE T
<2 5> Q= i ) {Au_ };ZZ} sls/2+1

<2 5>A me UESY T EAets BE dF Folal, Ais w8 & j Abole]
AA Folt}. kot ki 247 == o jo] AF Frolth A YESYAE F e
doz s w == b f 1ol FaH saz 10] Har a%8A] Fow si= -1
ol ¥vh. B&54d ghol 1o 7MhEss HEAAZE oA Wl == 3 42 B2 whd
T el AL AS F FEE Zdevts AS At 2 45 Sl
REQS HHgtele FHl]l €arg]E(Blondel et al., 2008)& ARS-SHSITH

AATFA (degree assortativity) S GAA LT} B3 == Alolo] dAsle = 74
FS SATH(Newman, 2003). AZ2FFAHS ZHATE AREste] AL, gt
W= 1o +174A 0w, A2 FFA Fhol +1e 77k 3B Apole] ddo] &
Ast= ASA 2o MESAZE G4EATS delaL, —10 77k vESA
o] Aol nEA EAtEo]l 5S UEHdT 00 77k g FAIE AAo] o F
oAx = Zowm, AL} =29 Ao 43S vAA geve As o

%A (reciprocity) 2 WA HEYFA w=to] A% dAE 7tsAdS S35}

el F A4
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<FE 3> AME g AdA UEH A 54

SEE T
A%
oFZk op3l % A4 oF7k opxl % A
Ftad 22.64 | 61.42 | 89.96 | 96.28 | 21.36 | 42.46| 79.36| 66.22
B Az o] 3.25 2.67 2.40 2.34 3.20 2.81 2.43 2.53
W y3 AT 0.29 0.41 0.44 0.43 0.28 0.36 0.43 0.42
Aol 0.20 0.34 0.33 0.31 0.17 0.28 0.32 0.29
254 0.76 0.77 0.75 0.72 0.74 0.77 0.73 0.73
A45 74 0.12 0.11 0.10 0.11 0.10 0.14 0.11 0.13
AEA 0.32 0.39 0.54 0.51 0.30 0.45 0.54 0.51

IvV. 4 43

41 dAARE EX B4
AAG % (degree)= 5 xto <l o] <4=o]al(Barabasi and Albert,
1999), AAARE L2 Ak UMEINAN AZAAETL 42 =9 v &= Ao},
HEQIY dARAE Ex7F ¥ AHS g2y {5 g U EYA(scale—free net—
work)@} a1 3cH(Barabasi and Albert, 1999). F&E e UEYIE AZdAH =7} S&
LE7F QRS AAEt AAFET w2 A FHTF EAjg

T3 AAA UMES A7 AE gl UEYAJA &lst7] flste] dAAHEe] X
g BAst <" 1>8 FAE AT HE glE WESA(N=2741)%} A7t
o vELIS dAZAAF= dig AFAH F
Distribution Function)& A]Z}8}g A o] E
EfTe] JdAHE Bxef BRI 93
o= s B7F EAeHA Feval & 4 vk o3k Ade <iF 3>4 AAIT A
AETAEY Fol EE ARt
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<I¥ 1> FF AdA EYAY] AZ4H4x: B X
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A A § A MEAAE e A MENLRD @ § 2o 2
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£ 0o AAARA 230 0o AAAAT AGA G 044 BoA Lk e
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