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Abstract

Since 2020, COVID-19 has triggered discussions on small-scale living zones. However, the discussions on community
plan considering travel distance after COVID-19 are insufficient. In this regard, this study analyzed actual living zones
and travel distances using community detection algorithms, which have been used to analyze living zones, as well as
the mobile phone location-based travel data. The results of this study are as follows: First, there was no considerable
difference in the functional living zones in January 2022 compared to January 2020. In other words, since citizens' travel
is highly dependent on the physical infrastructure, the community plan, which can affect infrastructure supply policy, is
important for developing a sustainable compact city. Second, the current community plan does not consider the demand
and supply of commuting. Third, as travel derives different functional living zones, the community plan needs to consider
supplying infrastructure for travel purposes. Fourth, a leisure travel distance gap was found between functional living
zones. Therefore, planning an equitable development by lowering citizens' dependence on external living zones through
supplying infrastructure is necessary. These findings and discussions suggest that community detection and mobile
phone location-based data can be strategically introduced to community plans as a decision-making tool.
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Table 1. Definition of variable and data source

Variables Definition Data source
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) Residential and
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Density of Seoul public ~ Number of Seoul public bicycle stops Se;t;lzggéggga}!ta
bicycle stops (no./ha) compared to administrative dong city area
(2020.01~2022.01)
: Environmental
vy == x X
=2 2i(m/ha) Efoc;g ;:;Lx(!c?m_l ;Iizldfaéjﬁn:inistrative dong ci Seograghic
ARSI EN Road density (m/ha) e P 9 nformation Service,
Built environment EGIS (2021)
factors i HHME A7} K| PR CHH| 742 44 National Spatial Data
4= d=(l/ha) ber of buildi d f |
Building density (no/ha) Number of buildings compare Infrastructure Portal,
' to administrative dong city area NSDI (2020)
i Community DetectionS Z&3l =61 7|55 M2 H
7IsH Ao“%ﬁ%@ TIsx MEH 0| s y = =
Rbegarishving Fu?wgtionaal living zone Dum?n variable for functional living zone -
zone factor 9 Y 9

derived by Community Detection method

78 "EEAE, M59H H2s (2024)



MEA| COVID-19 M- & 7|S= MEH Hsl Y S3i7i2) 98 991 24

A8d £42 Community Detection Z2f wet 45
o] 3t 7153 AEEE vu] MeR A% ol g =
Aol 5 8 o7t T3 B FHsH velgol weh, 7
d 24E1E &4 Adez A7t

3. 54
1) Community Detection

dae|Ee] Rt pa.rameter"ﬂ T} Community Detection
o] 7153 g B d3e E2H 4 AdHPoorthuis,

2018), ol we} 7152 YA 2 fsiAME &8 HolH
oF HAof| w2t Adet Community Detection "HHE0] 28
2 487} tHRosvall et al., 2019). HA YW O 2 Com-
munity Detection 25/ (modularity)e]2h= H7} A] 30|
7185t 4 AL W71 BEA A= -10014 1 APolY
&2 79, OD FEY 22 715 Y EHANAN 248 Y 715
2|7k A3 24 7 7ME A B FEHE FY 9 10 7k 5
A& Holi= gholrt, o]} F-2 REA A4} At B 7]
Wkt $2 B7HE WAl Q= Z-2 Louvain ¥alg]&0]
THChen et al., 2018).

Louvain ¢a18]&e| 33} WAl o2 S oEd
(Blondel et al., 2008), YA 2E =E(node)= Z4AL 3hte] &+
A& FAe &, £ 949 7le0lA 2 A8 Ve 33
9 Tl 27 Hrt, o]F ZF =50 tigf o]z =50
Hojl BYlE A%, BEA HIp SAAY. ol uet 7P &
REA Z1L Kol #HoR L= AujA)s}A =}, s1x]uk ok
£ TRz A= ZEAY #E7t =rl A-ollvt A3E
o}, 97|14 2R 2 l] 7 EEE AFAPL SU™E B2, reso-
lution parameters 53 wH2E AUIAAZE H2|9 +FE&
At 228 39 A71E§ 2438 dchLambiotte,
2010). ¥ AolA] EEF pythond] UESZ &4 #7]A]
igraph®l] M€ &4 Qv t A3 2t mE HIEHZ JA
7R &, i, je =5, Ae =& 7 THledge)d] 7154, ke
3 o] AdE ML 1A &, 8le; ¢))= i B2k BT}
2L 2ol £ 391, obd A 09 42 7T, resolution
parameter?l 7 3ol AZFE A E 7|19 o B2 7 &
2 & EE3ES Skigraph, 2022),

s %g[‘dﬂ—’y;‘—::]d(c‘, c;) C)]

7 wEso] BEAY uet 2HoE AMAH o1F Louvain
drelEe 7 24 wER ATele] 2o A 2L o
A| AlakA) gk, ol QO] L pass® HOH T, BE

49] 7)4do] o]FfR|R] ¢k& WiZHA] passe BHEEC, o] H7gof
A o)A passollA] EEFE 2 2F =E2E 239 ¥4 e
A Ee b 282 4 U} 25 resolution parameter®]|
uebhs A EA = 249 2718 2-T 4= 3o, oA
pass?] FAE FolA= 2F LAY A S ATE 5

SHAYE g0l 7]RIet Yate|EE otf] Wii-el a4 Zwofdt
23& H5eo] AR AR7E FAE 5 ks Hol AFEHS
t}, ojofl w2} Rosvall et al, (2009} HIES]L Y5-0] S5 (flow)
2 H7Fs7] 918k A1#2] map equation®ll 719t Infomap &
NEES EEIGIch Infomap EA1EE2 4 E2RS 98
random suffergh= 7dS 835tk AR 222 random
suffere W& 715 HIEQ A WS SolhyAY, 880 uet
&7t o5 (teleportation)3t HIEYA W 358 Kol 23
& ZASH| g}, A4A= Louvain @alg]|Ed} vz A| =
Infomap ¥312|52] Markov-timeE 5-3f E‘%ﬂt 3¢
A7 2HY 4 it 2% Infomap YIS BF UE
=20] gt g £40] 7Hs87] w&el u&-%wé.g_ 7= OD
Hlojg & &85 Ay 1‘:3:4‘1‘:'“ ZE8=HZhong et al,, 2014),
2, Infomap ¥312|E-2 map equation *|3°f| 23f 23&
EE&5AR 4 £E d0E 9rishkedl ohe Al 2ol WU
A& 12T BEHE N 4 Qlth 4y i =E2RE j T
2 WS 7R Y 71, Bt Al e 2 gk THA
o) 7} A F, -2 i B0l Yk 719 71A & 1
o= THEE Y| EY S REA 9] A} ZtH(Nicosia et al,, 2009;
igraph, 2022).

R ©
Iy Infomap FaLE|E2 715 YIEHZ Y 50| 4

ERR] oFS 749 HA| YEL = dis) 1719 Trdd TS
L&ste] RE/do] 002 YeR | EcHRosvall et al., 2009).
F due|Ee A1t =& 3PS vlws| EASE AL (1Y 2

Louvain

Infomap

Modularity @ = 0.50
Map equation L = 4.13 bits/step

Modularity @ = 0.25
Map equation L = 2.67 bits/step
13 2. Community Detection ¥12|5% 7% =5 H|@
Figure 2. Comparison of cluster derivation by Community
Detection algorithm

Source: Rosvall et al (2019, p.10)
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Z, #5°| Louvain ¥312]E, 50| Infomap E312|E 9
3 =& 7 Ao},

2) 715X MaH 2o

HA =AY A FA2021)0] THEH 202089 20~50cH A
50| AULEE AME-EL2 98% oFo.2 thE AFdlof ul3) uj
£ E2 FAE 2ol 9lrt, ol¢} HEY] 20~50t] HBSS 7
A GF AFEAN A A F0] F4lo] Hn BEE FA4
71 2 7198 ko £ 4= et ofofl whet £ A= Adels
glolee] 4% o7& Haselal A7 £4 AL et
A} 20~59A419] 53 HlolElE F&3] EAof E83idltt ®
3, AGAA YL MEAE Y WE 3aL 9la, AgRIT ]
oEl= A& 9% Y 7 5L AT YA 7] e &
A= A& Y RofA o] Segutke st

olF, B A v|5AF EAL Kol £33 FUR 53
PEL o] (29 3)3} Zo] a3 et T/ 83
HEE AuEgict WA F2 F32 o7t B B Ao
2 R0 A13)A A)e7]| B 4] wet Sage] Sojus
FFE Btk ooz £33 99 FYP& Uiro] AR
W, 50 4¢ FAR A TFA R0 B on|sh= HWeF
TER oA FAR 2] FHE oJulshs WHIF 71 & Rl

E Holal ek, 9 A AUEL FAX|L} 7E AlFA|
FE 24 Weekday trip
e s Sa b

P EdTaw !
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Figure 3. Average daily traffic volume by traffic pattern
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£ €83k 97H FV(EE, EH, HE) W=7} 718 2 202 1
EPATE. ol 2040 E=AZIEA oA AR =AIRIS] 2 4o
el FA(ive), BF-(work), 97Hplay)et YATHAZE:
A 2023), ol & A= FF 52 BAHW)T FL o7t
SYHE)L2 33 el o] S-S A Ekt

2oz & dFe vUEHA #49 %°lA pythond
igraph H7]X5 28315t WA B2 =53P7] S8 &
Hes AR Ao 28 Louvain Y312|EH Infomap &
AE T T8 HEol et A}t deEE AYstgH.
Louvain ¥1215E& 88 A%, 44y + T 7I54+=
shte] e 704 7S A2 A, ol ¥ 9 i o] uhet 3
et deEE =53] sl 4 9% 199 Community
Detection A22| BE4S v]ag ¥ (& )9 2. 2%
€ Atz oz 32 o o7t TdET ZEHC] ¥A YE
L, AIUEY 52 53 e o7t SR R JBE 9=
o] Fe AL &+ Uk

(& 20l AlAE vie} Zo] 35 5L A Infomap ‘Q-L
g9 BEH2 0202 YER 52 T3S 24T 4dE
= Louvain ¥al8|Eo| A% A& o &= ik olggt @-‘4“\:
HWIHS 223t & S3oM = FYsH Uebdth. Rosvall
et al.(2009)0] Z|Agt vje} o] F & 7he] FFARgo] FEA
UeRE 3% Infomap ¥318159] BE42 022 UEd 4+ QL
<Hl, 28A% 5AA7) 33 32 Tl o] Al &3
Aol & 4= Qlot, 1 9o ke B9 BEAHZ 0.3 oL
E, BF YR FdE530| 3l T3lo] =S Bk 4= 9
HChen et al., 2018),

$HH, oj7} E3o] SlojA] HRHA O 2 Louvain ¥ilE| 50 BE
/go] oF45HA| Infomap arzigol vlsf A vebdo s
Infomap Y3215 W YES A 798| ZEA S Altsie

Z 233 313'-“ AL & 4 Qlek, B3 o7 3 &
Ajoll 285 dlolEli= HE, EE, EH¢} Zo] F=AR]oA &) 7]
B AIFAE AR H FAR 2 Btk <84 FHE Tal ok
olof w} 27} o] BAR|E 714 = o417} 53l dfdiA= Bl

E 2. Community Detection 12|58 2 &M
Table 2. Community Detection modularity by algorithm

Modularity
Category
Louvain Infomap

Weekday commuting 0372 0.000
2020.01 ‘

Weekend leisure 0.541 0527

Weekday commuting 0370 0.000
202107 _

Weekend leisure 0.562 0527

Weekday commuting 0.373 0.000
2022.01 :

Weekend leisure 0.553 0537
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T BB #EE Hole F 4318E F InfomapS A8 A
o] o7P3g v =& Bt A g8l Maeda et al,, 2019).

o} % 2[3igt dare]Zof ule} F3 wjEd, YHE Community
Detection 412 Al¥38I5Ict. =3t 2+ Aol djs £+ 2%
g7}e] &85+ Adjusted Mutual Information Index (AMI)
& 883l B4 Ao A4S SH3IIHLu et al., 2018).
AME= 091141 1 Ate]9] & 7AW, 19l 77845 = 48}
9] dik= FAPIcHE YulE 71, olof weh 7t EAd=
103]9] Community Detection= Al2¥5t 14| 243 5 U
Z] 979] Ao} 7H Aol 7HE 2 Bt AMIE Eol= 4
IE 7HA%E RF o= A|A|EGIH

3) 322

< 37 A= AYF ARl o2t 4 271484
(spatial autocorrelation)& 7FA| 7 Ec}, oljgt F714] 27|43
S AESHA] B AY, I BH2 A%l 3 AR
3& E33to] U s AEE 4= YtHAnselin, 1988), u}
A & Ae ol B4 Y HeleE FHE S s, |
(queen) 4] 2] F717153  (spatial weighted matrix)E 753}
gtk olF, FWEHES T8 A A SRS g
39 £4& JFsH, FH3 2714342 Moran's 1S 31
A5t om, IM-lag, IM-error, Robust LM-lag, Robust
LM-errors &3 A%t A% 23S AHsHcHE 200 2,
2015). Moran'’s Iof] T3t 42 of2jel 2o, Wiz 73,
7= P75 19 gt N2 P52 ot

szwq(xs —7) (51_5]

™ —2) ©

Mpran's I=

FTH BEEE B FARE AR QRN et
T A7)V 3E A = 7] vl (& 3) I o] 3 F
42 AL, 727t F7HE A7)dHAdol 1= E
g (& 92t Zol BY e vlalste 2F 4 2PE 3
AAHF(SIM) 22 AEiskick,

B3 3134y
Table 3. Spatial dependency diagnostics

Category Moran's |
202001 0.847 ¥
Weekday 202101 0.847 ™
Commutlng
2022.01 0.843**
202001 0726
Weekend 2021.01 0631
leisure
2022.01 0.661 %

w0k 0<0.01, %* p<0.05, * p<0.1

4.2 MR
Table 4. Model's goodness of fit

SLM SEM
Category
AlC BIC AlC BIC
202001 661686 668976 663603 670893
Weekday 500101 660232 667522 661122 668412
commutlng
202201 662146 669435 663224 670514
202001 633486 644421 636313 647247
Weekend
loisure 202101 629302 639426 631691 641815

2022.01 632405 643340 634502 6456436

ot
or
!
0=
[

I

ML
1z

1) 71s 82 Y&

AGAAE L] A7 ARle] AA| 53 v vHgskA] et
AL leks EA12Aef et 2 A= Community Detection
o} 2updE 947] 7|5t 33 tlo|H & &8st 7153 ALHS
SR, WA =5 T2 53 B85t 20204, 2021,
20229 1499 7153 AL =53 a0 O 9 2

E2H 7158 AAE AuEY, 47 A AXTF FAL
Y5z ALz YERTh ol 7189 3% +9 A Al
9] &Fo] F&5E o] =EE AME E 4 IthDe Montis et al.,
2013; Yu et al., 2020; Wei and Wang, 2021). 121} 374 73
A D A8AA2 A GASHA s 7153 A7 AR
2}, Community Detection A= AA] 2AI19] A7 252
2lsl7| il 7163 BAZE =AAIY AR sieE Fart
922 AAFgtcHPoorthuis, 2018),

71E9] BBHAY S A& dAgES 244, ARE, Ad
d, F54 98 v AgdeR il Qo =&H 7)F
3] 3 AT AR AHHY Hes SR 2oy, A%
A8 A =AdeR YoJE A Q2 AEAY FEd HYH
of LFEhaL Qe &, ol23t ks 7| gAY A =4d
o] 31§ FAHAE HAsh= viF FA A FE LeslR] £k
Aoz & = 9t} T, 3 old A F9 A% 7ha 4ldol
SAE] 7hd =49, Add, $9d e Agdes 23
Hof Yttt o= 4 od A 9& Agd, F9d 27 A%
deoz §Easlal gl AgEAE Y g g =ado] At
Ao =M 758 oujgit,

At Aol tE AEA W T 3] Bt B3AT L 7]
T3 T AEHY B4 Y AT 7] M E AWE s
Gt 5%} 2}, WA BEAHL 0.35~0.39 22 YEKTH, Y]
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2020 18 SEA
Communities on January 2020

20213 18 Sy

Communities on January 2021

20224 18 AEH

Communities on January 2022

JE4.FE 24 M 2
Figure 4. Analysis result of weekday commuting living zones

B 5. MEM 24 52/017} 58712 % Community Detection Ziat
Table 5. Monthly commuting/leisure travel distance and Community Detection results in Seoul

Analysis result of weekday commuting living zones

Legend

Boundary

D Communities

[ Admin. ‘Dong’

Boundary of community plan
Dowmitown area
Northwest region
Northeast region
Southwest region
Southeastem region

Analysis result of weekday leisure living zones

i Avfi?sg:r:tZZVEI Modularity it of Mean AMI Av?lri:g:ﬂ . Modularity e Mean AMI
(km/trip) clusters (km/trip) clusters
2020.01 744 0372 b 0.847 559 0.627 14 0957
2020.02 774 0.354 b 0933 501 0.652 16 0927
2020.03 755 0.368 5 0.896 490 0.671 12 0923
2020.04 744 0376 5 0914 499 0.643 11 0942
2020.06 7.33 0.384 5 0.893 508 0.661 12 0942
2020.06 7.39 0379 5 0.885 518 0.658 11 0941
2020.07 741 0376 6 0.888 27 0.649 13 0932
2020.08 741 0375 5 0913 520 0.653 13 0930
2020.09 742 0376 6 0.883 505 0.662 11 0935
2020.10 7.30 0.383 6 0.906 5256 0.650 13 0954
2020.11 743 0375 5 0.899 545 0.636 13 0948
2020.12 7.50 0370 5 0.879 525 0.639 11 0945
2021.01 744 0370 5 0.896 508 0.627 12 0942
2021.02 761 0371 5 0.890 521 0.649 13 0.940
2021.03 740 0375 5 0.889 533 0.636 14 0941
2021.04 7.38 0.380 b 0.896 522 0.649 13 0945
2021.05 7.30 0.383 b 0.856 532 0.642 13 0.949
2021.06 7.36 0.380 6 0.901 27 0.646 13 0.941
2021.07 7.37 0.379 6 0.888 512 0.648 14 0938
2021.08 7.35 0.381 b 0.887 510 0.651 14 0924
2021.09 721 0.391 6 0.887 511 0.652 14 0.960
2021.10 724 0.391 6 0911 536 0.5640 14 0.949
2021. 11 7.36 0377 6 0910 551 0.634 14 0975
2021.12 7.37 0.376 6 0.888 564 05616 12 0926
2022.01 745 0373 5 0.890 531 0.637 14 0945
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EQIA9 BE40] 0.3 o) A% YR d48o| Jdfar i
4= Q7] W&o (Chen et al., 2018), =&% 7)54 5 AL
B S AR FAsd, 337 =29 231 =56
A, B FHAYE 7.4km W FE0E HF Fo| FA Y
L‘:ﬂ 0] COVID-199]| whE A5 3] #slel Aot E+-5}
T2 B8 S8 A= A vH7] e S AR

Etﬂ“, 7153 32 A8l 6712 Uehd 3= 5s71= e
d 7153 32 AEHE 5 0| AT A5 -
T AgEoR 2atd AoR Yyt old A= 1
FHA7F 2 Al EAE FF 7163 AEd 38 oF
7% ¢ U2& AR, 53] FAE-HAFT, SHF TS+
AL 3 - 015271(2016)9) HAGE BN E =&
ui7} Q17] fiZell, FE ABEA A= olE 5T Bavt
ek,

HH, A A= 7153 AEE =390 lolAl AR g2
2|9 7ke] A EEE Barskal 9lckZhong et al., 2014 3HA)
@-ol7], 2016), of= ZFea whaiel Lol Y A7} Qs
A gejehe 7153 AgdeR Y £ 9= 3T ¢ vEg
4= Q= Ao}, Iy BetdE 93] 7]¥ OD HolHE &
|3 & A9 Ak A 2F Ao AA 7153 AEE =5
o= A 2+g3HE Barstal it

2) 715X 0f7t MEH

o7} 539 HAR= T2 T o E FE Bl et o
7t Q=et 39 2 S A T nEsE s g
&5kl 2433IT o7t $2 B¢, diF2e] ¥l FAA
oA 3] 27 ol HHAE 7= ¥ o] e
2ol Infomap ¥LEEE B85 7162 A2EE =S3)
R, ARt ke (H 59k 2

7163 2 A8dn vluwstE ) 7153 o7t A&de] B
- B B o] 39 FAAE EASY] wiEel o w2 Aol
EZEI o’ Bk AlNE0] F2ETR: 971 FHoIA
oA & AEFe Yehdch B3 7163 of7F g

20204 TH W
Communities on January 2020

20219 18 SA
Communities on January 2021

A QA 7B =AHE0] A4F o2 e A & 4 )

AZE Aol weh =g ozt F3of digt Bt A
Community Detection AuE vERl Fiks (& 5pe) A
WA COVID-19 A& T Abel7F vebd 2020 29, AJRIES
oi7} g WS Sk AEE Bt AR SR 20204 1
4 147 =02 vehd A8 24220204 28 16702 F
7¥ste] ekl e] 47t ERlE A, 22y 20209 3 Bt 5
YA = o FoHSolE Eteha AgEL 7|1ER: g
Ao 73 71 AA vl olgt A= FAL o7 53
= Z71519, 7|1&9] AZH 7 W d&o] ke yEpdt 3
2 gk oA " AL 717 Y Yehte 7153 A ¥
3= 7129] 7] F71& 7HA= AgdA o] Hlolgef 7]kt &
48] HEHE jHdsir|of vlE& = S AR ¥R, 7]
A o7} G 4] 20229 1€ 7] 202090 197 B3 2
o] HEH RIE B ALS|F yislo] o A8 W= gy
ol ALz eyl

2. SA72| 8 =22 E4

1) 7|=EAI2A

Gt 6)2 T5HFY T 524 S3A Y sHHeSo o
g 71254 Q:ﬂ}o] . WA FE5He B 58ADY HE

A7t Aol F5 B2 WS B ako] oF 7.4km = A
O 2 Yeit 13‘1‘-} F4 o7 39 A d=of uet
5.1~5.6km= Bgto] & #3E Her), o]23t Auh= A
Community Detection 4] 2304 7|3t Bie} o] 2
TR AL 7t S E FH2)7} 7P A 0] Pk S/
711 A o2 & 4= Qirh,

¢, 4 §4 F =2 3% UEE AnHY 52 5
o7} 3ol vls) Wutgh ofy] EEHEAL] 27)7F =2A) L}E}lﬁ
t}, ol= T2 B30l o7t FHHY B Ao EA27} HE
=0 Vet A= sk

B o §4 F el AR YR A 20204 o F A

20224 18 S8A
Communities on January 2022

Boundary

E Communities

[ Admin, ‘Deng’

Boundary of community plan
Downtown area
MNorthwest region
Morthaast region
Southwest region
Southeastem region

IR 5.5 07 AR 24 2D
Figure 5. Analysis result of weekend leisure living zones
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Table 6. Result of descriptive analysis

Variables Mean Std. Dev. Min. Max.
- 2020.01 740753 160717 379620 1237121
FESHM/SY)
Weekday commuting 202101 739763 1565970 379744 1199569
EEH = m/tri
S I+ S (m/tip) 2022.01 741800 159160 377092 1218444
Dependent fverage lravel 2020.01 5,608.95 806.84 428866 947916
variables distance =2t 047 (/=) : .oUG. - 1£00. Il
Weekend leisure 2021.01 510741 65491 403466 8816.10
m/1ri
( P 202201 532504 70851 424336 9,02815
2020.01 1,683.48 671.07 10043 4256830
Weekday
_ ) commuting 2021.01 1,042 36 427 80 6131 2,773.08
=2 5% U= (5% /ha) 202201 128761 53685 6140  3336.56
Density of outflow trips
(trip/ha) 202001 46470 19148 3293 134981
Weekend
L —- 2021.01 11857 16399 2696 1,176.23
o= 5@, 202201 51785 205.66 3189 1,43795
Density
factors 2020.01 128854 132126 3756 9,936.51
Weekday
o commuting 2021.01 86539 816.22 5573 521558
S& S U (H/ha) 202201 105044 103530 9442 704840
Density of inflow trips
(trip/ha) 2020.01 41212 28550 53.67 2,466.21
Weekend
i 2021.01 37468 260.75 2013 2,272.80
202201 46152 32082 3053 2,899.16
2020.01 122 311 012 38.66
Weekday 95101 120 272 014 3067
. commuting
EAREYY 2022.01 1.16 2.43 0.15 26.31
Inflow trips /
=gH4 outflow trips 2020.01 111 162 018 1585
Independent Weekend
ek =5 24 i 2021.01 1.06 113 023 10.03
Diversity 2022.01 1.05 1.13 022 9.85
factors P
FH-E5 =
Residential and business mixed use fEh Lo %2 1ag
FHHY 2R
Residential and commercial mixed use &7 Lo 02 140
UMY SR
Business and commercial mixed use Gt axs 145 10
XlsiEY L (7H/ha)
Density of subway stations (no./ha) i e i L
AX2%Fol
= £4 HAFY A0H/ha) 0.34 0.16 004 139
S . Density of bus stops (no./ha)
Transportation
factors 2020.01 0.04 003 = 0.15
S0 7% Y= (7i/ha)
Density of Seoul public bicycle stops  2021.01 0.06 0.04 = 025
(no./ha)
202201 0.07 0.04 - 025
HESIH EA E2 U= (m/ha)
o 454 Road density (m/ha) 0.47 011 0.19 076
environment iz alz gl /h)
factors Biiding density: o b 18.56 10.39 013 53.60
No. of obs. 424

84 "=ZEAIE, M558 H2E (2024)
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SA9 FEARA A AA AR whet AlE S7F8ke BE
& Kol glt}, mEhA iF 54 Wigel ©e| el R E
Ev AEYE 48 Ao] Asinal & 4 i

A Wiae dEE TS A5k e A8
a7t th27] gige] (B 7)& F3 A 71eH Agde +
A vlEgE AASIAT. 7153 B2 A2 e 4 Ble

B 7. =9 75T A0 #HE 14 14 Y 1l
Table 7. Number and ratio of administrative dongs in func-
tional living zones by year

Number and ratio of
Category administrative dongs
2020.01 2021.01 2022.01
Gangnam downtown 68 68 70
region (ref) (16.04%) (16.04%) (16.51%)
2 126 129 131
Northeastregion g 709, (30.42%) (30.90%)
FEec
. 65 65 65
Weekday Southeastern region (1633%) (1533%) (1533%)
commuting
: 71 73 7
Northwestregion 167500 (17.20%) (16.75%)
: a4 89 87
Southwestregion o179 (2090%) (2052%)
Gangnam downtown 41 42 44
region (ref) (967%) (991%) (10.38%)
1 Yeongdeungpo,
73 73 73
Guro, Geumcheon, = = o
Gwanak Dongiak  (17:22%) (17:22%) (17.22%)
2 Nowon, Dobong, 66 65 66
Gangbuk, Seongbuk  (1557%) (15.33%) (15.57%)
3 Gangseo, 38 38 38
Yangcheon (896%) (896%) (8.96%)
31 29 28
Adongpa (731%) (684% (660%)
5 Gwangjin 2 23 =l
9 @72%) (472%) (472%)
FE Ot 6Gangdon r o 1
Weekend i (448%) (472% (448%)
leisure 16 16 16
Exergsah @77% (77% (77%
8 Jungnan 16 s 18
gnang (377%) (330%) (3.77%)
15 15 15
9 Donpxkeratn (354% (354%) (354%)
10 Mapo, Seodaemun (5_2‘;%} i ( 4_33%)
11 Eunpyeon 20 (156%) 2
pyeond (4.72%) (6.13%)
34 25
12 Jung, Jongno (802%) - (6.90%)
1 (10.14%) 18
13 Seongdong (250%) (4.25%)

AL T AR 7Tl FA) WEsHA] koL, 7)sE
o7 AR Wep} &1E7] miZef S el Blsf 47t &
o] Hr A2 wsle] olsf 52U & < Sl

2) 82 S872| & 221 M

T 53 Bt S3A di3l d= B4, EdE A, &
T 54, B3 ¥ B4, 7158 AYd 549 a2gt 3
232 B89 24T e (& 8 2t 2y 888
0] VIF gk 25 5 ofsl2 veht tg344 41 ¢tk
a1 wesieict, =3 @213k0] Moran's 1 42 81814 &
el SR BEE B3l $7H AprPdagol Alof=ge
£ & 4= 3t ©l= Rho & S E E8vk=d], Rho 32>
BE 2PA] 0.8 o149 o F-5 WAE B FHRe
B AT} A A G B2 AL} ¢ 3 Aud
AL 7HE & 4 Sl

A T Bt FeA ol el EAR REelA He B4 F
T 5 Ueet =2 39 Ui BFE fofs vkt &
U w2 53 U 247 539 a0t 33 vEiE A ®
22X, 5 FolAE= 3l Y AF A7 FARE o
2ok MieEial & = ok, FA1F R & 39 Evt w2
5 A= oo, =& B Uert 555 YA
2l EojE0] Al dTet dX% datE BAh A 345,
2010), &, ol2jdt A= A4 A9 959 Y gk 3
| 49 7o) A1 FARE Soletl 719 & dSE
AARE, e 20219 19 S B U, & B R8T
YAt f-ou)gt WA E HolA| gok=t, olz3t k= 94
5o 22 A131A wistel g YA AntE W th(Hanzl,
2020). ¥HH, =2 FaE Wl 92 20219 190l 7HE 2
Al YAl 202249 1900 ok dashsl oy 20209 185
A P}, oljgh Aik= 318 FAAeF A% K| e] B2
He7} COVID-19 °F 7HAlE e, covVID-199] 4443t
o] Fofli= sk Aol UYehg 4= 32 AR

2389 53A] A4 S 7198 = s EBE= SAA
= =R/ A4 =T RSt vebsct |
A 2} S U Ao stof] malRy/EUge SYAYL F
O3t H(+)2] BAE HGlsul, o= -8 FAHA o digh "4
o] ¥ A Holete B3 a0 vls] FFo| FHAHLE £&
$ 23]z FAAE 58 = USS AR &, AF Q]
]3] 3-8 g0 Ied] #2255 FPAY} solvs AR,
AR 2030 AJLEAZ o A= At vl Zo] 1§ FAHA o] of
g HjE =4 A Ho] a1 EaL QA] ¢7] el F2 F3AE
AEE AsiMe T2 58 0 E T 5 U= A A9 S
AgaA g 2 Bart ok Ty 20219 o) F Z=AT/
SUF2 O3 BAIE HolA] ot FF AA| 534l 71RIgH 7]
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8. Td 5 SUH2| 24 gt
Table 8. Analysis result of average commuting travel distance

. 2020.01 2021.01 2022.01
[
Coef. t VIF Coef. t VIF Coef. t VIF
£ 5 U= (53l/ha)
Density of outflow trips 0090 195 153 0111 149 168 0109* 176 173
alg EA (trip/ha)
Density factors =& =8l 91z (%/ha)
Density of inflow trips -0.202"* -533 387 -0.340™* -554 400 -0280** -540 437
(trip/ha)
AR EU
Inflow trips / 23771* 1656 323 24266 147 338 28717 141 386
outflow trips
FHYS Bl
Residential and 33.958 023 232 88192 060 236 116.983 079 230
E | business mixed use
Diversity factors — zyj Aoy 8jc
Residential and -695.298"* -409 202 -612.262"** -365 203  -730.002"* -423 204
commercial mixed use
HE-HY S
Business and -107.747 064 129 -17.032 -0.10 128 -121.764 -072 128
commercial mixed use
X[eHEY L& (7H/ha)
Density of subway 2,201.887 119 114 271565625 148 117 1402992 075 116
stations (no./ha)
nEEY HAHFEY L=(h/ha)
Transportation  Density of bus stops -109.629 -062 125 -131974 -076 128 98 607 -0655 127
factors (no./ha)
50| Y7 L= (t/ha)
Density of Seoul public 1,642 503 147 123 414.080 0556 127 319.361 044 135
bicycle stops (no./ha)
ol
2x812 £ ﬁjdieg;‘i’;;a(%/ha) 539521  -1.34 295 476845 -120 299  -911.273%* 224 299
Built
environment 2= 2=(0l/ha)
e Building density 21519 450 377  -18711™ 400 376  -23915™* -492 381
(no./ha)
7™ MEH EN  Northeast region 135485 163 222 49848 062 227 99287 120 225
Functional living .
. Southeastern region 52117 0564 188 -1.287 -0.01 1.80 38.131 041 1.78
(ref: Gangnam Northwest region 42196 047 182 -20.688 -023 192 23401 026 185
downtown ]
region) Southwest region 162.147* 184 199 45107 053 194 83.681 096 191
Rho 0.852°* 0.858™* 0.8455*
Constant 2,220236™* 611 2127311 ** 582 2623747 695
N 424 424 424
Moran's | (error) -0076 -0.083 -0.085
B. P Test 36.640™* 52 351 44, 3847
AIC 6,616.862 6,602.320 6,621.457
BIC 6,689.757 6,675.216 6,694.353

ok 0<0,01, ** p<0.05, * p<0.1

473 "UEFo] 8-E T

HH, B7] 0|89 =Tl w28 AU gAY T3E
5ol 53 54E& 94T o= JrHBoussauw et al,, 2012), ©]9]
w2t £ s AREoR oust BX] o] 7 EjHert 51

o YA BasheA) Avngic B A3 24 olg 3
FASH A BUwIt B BYALS fAT )] BA
£ Holt o2 Uitk ARA0R 37 MekE Alvln
2019 19 FA% 4 TFES JFL askgAL,
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2022 1€ 71813l o2t Ak S Al df
A A A2 Gl ARl Wl mEt msd 4 9l
o AR, ey FA9 AR A 7k E7F e 3dtt
B SRS FH)Q BAE HolH folF FFE vIAA
b=, ol Aite 2E1| 7hs /g0l iRt 75 A4-E

ol Al o2 Ao et o
WF 54 T Heusdy vy wead BF3A 52

AL} ol AE BolA] Podtt. o7t A= 52
o wgsdos 587 2 HEE RSk A 7Y
€ Aos godch

T, A= P B4 AL 584 ATHE AP B2
HEE 2020197 20219 B ST} f-2f7t FAE EolA|
PRI, 20229 19 B EHAL R () HAE B
ol Ao yepit, ol COVID-192 %t g S22 58
A5 Asdte] vepd a2 & 4= 9o K Vickerman, 2021),
2021'd 1€l F-2IRt ¥A7E HolA| ¢7] diEo] 34 £
o Zavt i, ¢, 2 583 Aol I T3 AY A&
£ 587 o8-S LY £ YRR - 4T, 2010), &
AAZ DAlCA 2] A H2E Hart Qi ojeh el A
& Ut 329 F3AY 39zt felg ()9 HAE 71
€ A2 2 YEyrt, o] dats AYAT e} viR7R| 2
A A Aol FHAR Al 7] = U2 ARG
(Ao etal., 2019),

uRjgo g 7153 A E4E HAEE b, AgdY B¢
2020 1]l A2 e B4 vls] 82 FHAE
oot 2 208 et &, 2A|Y 234 d3E S8
E st A8AAE T B AA 52 ¥%A SHA 23
o] Uehd 4= S-S AJARRITE, T2y iR o] o] 33zt
e 248 F3AY Aot vyehR] ¢k &
u, 7153 2 A8ASY 18 FHA AT ¥EAHU A
o2 fekEr), E3, o] d A= 52 $3°] COVID-19 9]
T 723 9 25 o8 &AL, A, A S Aa
7t BE 7153 AgdfA # L8 eSS AR

% o ofn

3) 07} Eai7{a| Hat Q91 B

o7t B0) W EAA o] el W B4, BYE 54, @
= 54, 53 34 54, 7153 Q8 B4 neisie] B
A B TE BT Ak (& 9ot 2ok B2 Fe
247} oA E RE SRl VIE ZE 5 ofsl UEht
tEEAN EAE Qirkn Beelgon], 2318He] Moran's I

© o)A gl Vet 7 A7|Akbo] AelEReS
elsigict,

A o7t B0 it UE B4 BolAL 20 B Y
£ widnto] Golgt WA Btk Eah B2 B gt

w4 Aol g o7t F3A EAolA 2 5 UEE &
()] TAE 7= AR YT, ol2dt dik= S3A Y
TEe ol B8 5400 vl g Apge] 7o) Febd 4= 9l
=2 AARIE, AR CR o7 F3o] FaliA T A5 flsiA
= 971 Ql=a}t Aol HARt FA4 NG AFE o7} =g
o] g 4= gick, ole} vlEo] Azt o] ulet Als=e ¥
SHE AW, 2020 192 8w wf 20219 19 ST 3 Y
E7h 2 A oA o] FaA e 20208 19T} 6L 724319
o}, aau 202249 19l & 5 Uit ulAlE GEEo) 7]
& FEOR HEok2 AZ & 4 At ol A= 20214 1
o] 7320204 19ET} AlRlEo] FARE A HoluA] &
+ 97} B3E 8= AF, 20224 1€9= COVID-19 Y433
et AGE Rk FAXE Bloju o7F F3E sk Aol et
Ao wolEr),

e B 5 BAF/ZUHE o7 B8A 209 ¥
FE X AL Pt &, 539 =8 o8] 350l B
TE Z8A7 Aol Ao, oyt el HeF FAR] A
9] Qlza} -2 o7t FPAT Aol At & AR Ut
Aot 53] =25/ 0] e A7) | uet 71
sz, oldt A= A A9 o7t Q1= =871 X43
o8 Z71%t AnE woke, $HH, FA4 4 S 7 £
2 o7} Bl oM E 397 THA S} F-F () A
£ BoloH, O 9L AS 371 AR Yt olgjd
W= 7 SHARE EA% Ade] dafeke dA)shy
(27015, 2010), 71 9FHS TAE g9 A|7]
A Aol A9 Y A Aol o7t AR A5l F83
A g = A5 AAR, 2eu A% 45 8= e &
T2 20219 199 B4 2FHE [ofstA o7t FAASY &
(H A Bglom, 1 9FHS AEH R IR Ao
Ve &, 5 Ao 9% A A9 AlRlEe] o7} <l
Zelo] HE 0 COVID-19 o3 & Az 9] o7} 534& 3
AOE & 4= 3}, ol upzt o7} A ] A5S A8 A+ A
o Qe A AYQ Y o7 Al EAE AlFA o AR,
AEEA | 312 a7} Qict

Az 3 54L& 584 A4S ddhs =8 Uerh i
2t oA7F BBALL Fo3 2()9] AE Blon, YTl
A7t Ao upet F71eE S Bk WA COVID-199]
oigt 49 7 584 A32 o]od 4 2L 3T
(Vickerman, 2021), 97} 3¢l SlolA 5849 AEE 7|2
o %= EAFot COVID-19 o] F t}& =t tfju] i F oz &
7HE S-S AR AE U 3 o7t S A ] 79
20 9L A, 97 FFAAE 43 o] 5Y
AE AFAE = 92 AARHAo et al,, 2019).

7153 BEA 549 B¢ A A AF =AERg 5 7
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Table 9. Analysis result of average leisure travel distance

mA 2020.01 2021.01 2022.01
=T
Coef. t VIF Coef. t VIF Coef. t VIF
Y 53 U (S8/ha)
TR Density of outflow trips 0.465™* -348 201 -0653%* -402 231 0.420%* 309 243
2= 54 (trip/ha)
Density ppp—
factors =2 S 2= (S/ha)
Density of inflow -0.148 -148 254 -0.124 -1.04 297 -0.078 077 338
trips (trip/ha)
AR EYE
Inflow trips / -46290™ 238 274 -48431*% 173 327 -58.405* -184 404
outflow trips
FHER =8
= Residential and 130.303 124 229 166.458* 167 218 321426™* 304 236
BEEE.'L" g business mixed use
iversi =
Sk ETv e
Residential and -260980* -207 217 -284163™ -233 214 -313844* 250 217
commercial mixed use
SERUSER
Business and -177916 144 136 -130.868 111 133 -199.387 162 137
commercial mixed use
X|oFE% L= (7H/ha)
Density of subway stations 645118 047 122 -509.168 038 126 -397.650 029 125
(no./ha)
nEEY HAMRE A (7H/ha)
Transportation  Density of bus stops 2468 002 150 28601 022 140 44582 033 14
factors (no./ha)
ME0| HRA L (7H/ha)
Density of Seoul public 200472 027 126 -589.468 111 129 -604.352 -1.14 140
bicycle stops (no./ha)
HESHEN T2 2 (m/ha) . - ; P i o
Bt Road density (m/ha) 1,006.124 338 316 1,022.582 3564 316 1,089.239 368 316
environment 22 U (7/ha) . o o
factors Building density (no /ha) -16414 -475 398 -16.618 -499 391 -16932 -486 409
1 249383™* 310 266 219611 286 263 263.188*™* 338 257
2 2156880 265 258 180,193 230 257 236384 206 250
3 268.101™* 287 189 221968* 253 187 264790%* 287 184
4 160.746* 173 176 144971 161 169 186669 200 166
o
Q_g% =X 5 142263 137 1563 119294 118 1582 165.866 162 150
Fqnctional 6 244788 222 150 113.695 114 147 228073™ 216 143
I 7 78742 070 144 104526 096 144 117465 106 142
zone factor
(ref: Gangnam 8 160.004 129 1562 139491 120 144 188.048 164 151
fe‘;"i‘g‘rf}ow” 9 175823 153 141 148527 133 141 262994** 230 139
10 51.241 052 163 39349 038 154
120.041 148 222
11 244199 222 164 237246™ 238 176
12 140152 143 224 % 196.087 * 171 232
157.289 176 242
13 123320 089 153 170128 154 156
Rho 0.799 *=* 0.734%* 0.763 ¥
Constant 2307646 ™ 775 2620272 ** 868 2458198 ** 807
N 424 424 424
B. P Test 36.724* 34299 ** 32.070
AlC 6,334 862 6,293.017 6,324.054
BIC 6,444 205 6,394.260 6,433.397

*k n<0.01, ** p<0.05, * p<0.1
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o7} FAARE 7HAE o] v ERIE I, o) gt A
=5 F9AY 24T vl u, o7} A1de] el S
REA 7+ AR 7S AR, &, o7 A2 YlollA] Al
E0] 0§71 B3 =85 T3] Z3] o Ao oEd=
Aolng 4 WA sk A A= o7t A=t
S AT AY =S 12 B8t sk

HA Z} 753 o7 A8AY AY9S AuEY, (W1 AgAL
FoET 2T AT W TR YR, 2¥ g
e BT k9T AR R, 3 AL AAT-&
A, 49 AL ot 7hdT 4R, 5 e Pl
AT 47, 64 AL 575t 48, 7TH AgEe
BARE, s¥ AGEL T, 9o AYEL FHET, 109 B
H2 upEE AR 2B U8, 110 AEEL 2 F A
B EET 48, 23 AYEL FEF- T ANET 45,
139 A2 A5 YR ZE o] it

717b0]| whE Zhd =4l dlTke] S A e AolE AmER, HA|
2oz 20219 199] < 20204 19 wl3] 7]5-3] A&Ho]
=L S A e FE o] /HAE AR eyt

AREoR 1 S, 21 AEA, 3 A 7P =44
of oigt B3P A 2pol7} 20219 1€l FAFE o & Yepyirt,
E3H 73 EAEERC o7t FaA 27 AA e 49 g
A, 69 A8E2 20219 19 g =A@ o7 S3AE &
o|7} f-olulskr] giA vepsict, dHA, g 74e) F8] wE
AT Hsh= doldt S B4t 119 8220208 1
o 7hd EAdE o7t B3A R 4A Yoy, 20214
19 1091 BN F=H FPA 2ol= f-oulskA veht
Z| okgict, whd 128 At 139 AEE-L- 20209 19
EAAT o7} FBAR Zpol7F veRtR] ghgkon, 20219 19
T olF 7hd mAldf v3f SFA T FelsHA 1 AR
el= it

20224 199] 2%, 20209 197} 5L 7o) 2HLE 7]
& o7t Aol Yo, i B4R SA 7 &
o5l 71 AL ol Aoz veitt AlFA o= 20204
19 78 =43l vj3) o7t 53 A7 71 A8 671 AR,
20229 1€ofl= 8712 eI, AlEA S8A ] Aol7t Viehd
AL oyl e 129 AgEoz BlEgic) g, 19
AT, 29 A, 491 A2 20219 199 7 =4E
T AT Aol7t Aad BEE HAAT, 20224 1€l &
813 20204 195 BAA A7k FKE BEE HY
COVID-19¢] ¢/dslof] tp A9 7+ E+t3 9] 7145318 AAR
o}, whg, 3 AN, 119 AEE2 20209 1HETE P &
AET FHARZE 2A FUAE, 20219 oiv] I BgS
Hoj ol g a7t gl

V.2 &

& A= AolF Hlo|E2t Community Detection 7]1%H-&
883t 7]E9] PHECEE 24| ARREY 2 Y3t
31, 7]&9] LAY FHA AAEE AAStaLAL st &
A dtol 7IKigE A9] 9] U A AR L ok g 2t

A, B ARatet A =419 AFE0] COVID-199]

£ AUES 38 v F4E i A8l £48 A=
She AeRE 81l Al a2 AA| ARl 33 wEe &
AT A g2 TS 2 WPt slslen o7 33 71EY
TEE YER P B ol Ai= COVID-19% 2
< 2 A313 W= S5, 53 71EY =9 A=z}
9] YUAlof =4 & 99 FFof T YL vehdct I
2y 29| 2|&7hs4 S s & o, FAL] §3 4
7FsAE 9E3al YA E AEATIe A Al EAAE
A eFsfiof & v 24 <= gict. ol w2t COVID-199} 2
< 979 AI3|F A Hohe AEUA g Zo] 718 Ald 35
9] ZAZL Bz TA| AL FACE v EAAYS WS
AAISh= Aol T3l & 4= Ut

=4, AZAEY ui7} AN dH AE AAS UEEE
A o, T2 T ABAAY AolA 7P Fa351A 2L
o8 Aldoldlal & < k. a2y 71E9] A8E AY FA=
= ¥ YYES YU Wrgstr] Fsiar ot HEA
AGAL SR HiE 52 2A7H EH, EAEEAE 49
AZ =N =AIZ|2AEE FASBe F8% =99 532
Adot, 2=y A8EA ge] A4} | Eo] AR Alule] F2
T3 S YR X & AL BES AgCE A -+ 3
o}, w2t AlTEe] AA1ZY 8 HEE 7He R s A%
A9 =Ho| Basirial Ak,

A, 53 2ol vl 7153 A8AL] 7 9 Feh= 012
o2 et oj#dt & e o, A==t 352 ZA%
e A2AAY 2 A9 T3 E3 o we} FEEo] £HE 2
271 Qi) &, 53 530 wE 7153 AgEE 1A gk
5 Azt Fao] AA A 2 S NG R E ¢ Y22
AARiE,

YA, AZEAE2 AEA T 47 THE 81 Qi
T & QoA =8 uiet Zo) o7t 53 39 AR, ¢
F 2o ANEE 7153 A2d E9 WolA 53 53& 24
51A] & off AR o2 A =AW A AlUERY 7 ASE
W= A0E YEPgT, 123l AlZke] o] wlEkA] 27t
H3tEle Agdo] SRS o#E Bik= %7} 532 3%
4 SHA AIUES] EHE o718l A Y T HAE DA
T 8908 e 4= Qi) wEA AZUA A= ANE
Sl 7HI%E B2 F3 A2 2ol & BRIkl o & v &
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BAE A 4= Sl AT T Yot ik

opAjute 2 @R AEA]| EAZIEARY] 8 oF 108S F
7|2 o]Fof|aL glom, ARFA EAIAZE A|Fslal Al 1
oL 22 7153 E = AR 2] Wto] Blaf A8 7o F7]= 7
Holw, HA| ANIES At o2 it AlRodite s
+ A BAIAEO] o]RojFrial BY) oY, §3| £ A+
9] AxjolA| glgt vl Z2 7|17F e 7]53 gl WE
o|& SR, < FFsH WAstal = ICT 7|3 v
olH = AIAE B A =gof AR H|o]E 7]Rte] 1}EH] o]
A RS =9 7Fs3E AAIBEAL lckBibri, 2020). ©]
of ujzt 2 Ao A &85 Community Detection} HHMY
£ 947 719t dlo|HE &-83 BYE R A EAtEn A
A o] Ak o= =9l 4= Q)

Ty £ A o3 22 3AEE Add 3, AA 5
Y2 AEA| YR=Z FHE Ao] obd QI EARS] F3o| )
Z9E 2 s A2AI9 QA S Lot B4, &
e FEY HTE FHE o7 FY L= 7HYste] 245K
A9k AR S 971 FH = Alol7t A= A EFold
< B39 F3o| o]FoE = qir}, vpA|Eteg J&olF dlo]
Bl 345 4= AAE dlolg o] EA1517] wiEol, Modi-
fiable Areal Unit Problem(MAUP)S 15}2] 135t sHAIE
A e, ofof] wha} & AR Thofh 24 Dol 4
a2 ezt gl

A=
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