‘ ") Check for updates

EE pISSN: 1226-7147, elSSN: 2383-9171 Joumnal of Korea Planning Association Vol 61, No.3 (2026)
'HI !| https://doi.org/10.17208/jkpa.2026.06.61.3.40 CfEt2E - SAEEHE|X| "2EAE], H61H M35 pp.40-59
b |

71563 EAE AR 913 AlISE - AL F2e] vl
. Flowbca®} Combos 24]0.2”

Comparing Hierarchical and Computational Approaches to Functional
Urban Area Delineation

: Focusing on Flowbca and Combo

%a*n :élxll_luw t_ll_olauu. &0 ng-“ﬂ,”

Yun, Jongjin - Kim, Jimin - Park, In Kwon - Woo, Myungje

Abstract

Current regional development discourse encompasses both the emergence of super-metropolitan areas through
intercity linkages and the implementation of strategic infrastructure optimization for smart shrinkage initiatives,
reflecting the coexistence of growth and shrinkage patterns throughout the national territory. In this context, the scientific
and objective delineation of functional urban areas (FUAs) has become increasingly important for the provision and
maintenance of infrastructure involving multiple municipalities—such as metropolitan transport networks and other public
facilities. Methods for defining FUAs have been developend by adopting new techniques that minimize arbitrariness,
with network-based approaches that further limit researcher discretion increasingly being adopted. However, eliminating
arbitrariness does not resolve all previously noted issues; it remains necessary to compare recently developed algorithms
and assess their potential for complementary application. Accordingly, this study compares the strengths and weaknesses
of a hierarchical approach (Flowbca) and a computational approach (Combo), and evaluates their outcomes when applied
to purpose-specific origin—destination (OD) flows between regions. The results show that: First, the Flowbca algorithm
can reveal the hierarchical structure of FUAs and the nesting relationships among them. Second, the Combo algorithm
can identify relatively independent spatial units characterized by high internal cohesion within a network. Based on specific
policy objectives, these algorithms should be used complementarily to ensure scientific objectivity in FUA delineation.
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2817] Y3 =Y= it &, $eluehs FoE Wl F2 7%
dzete] 7 5 53 Al =AEE A48 ik
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OJtHEAR 2], 2025). 3HH, AUEE 2l QAR Q3| I}
o FEE 7N EXolg 4 E AR (g 9,
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Z2PAEL 7154 QAE B3 AT FTEIA, AvfE 24
£ AFEAR G 7NAEE BgFoE AU AL 53
o= 3}, &, FEF| gist AT} $49] )7t &
A Tt o) A Q] =AH AAo] Fasie),

EA1AS) AL gloejel £ W] olEHojn] A
oA gcho] iYdE utel QIcHATHA, 2019 =53 9,
2012; oJAI¢¥-o]3]A, 2015). =W AP Aol A= 2000 &
T 9 =5 A EE o183 AAsAU, 20108 S 7|
o] ZRE Ak WY, AQeFAES] A% W § et
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A Hhie ol HAslelEA A etE 35 BEoR k=
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7} gk, FAH|FH O FTof e AMGEI Sl AlEH
H4]9] Flowbea €ate]& Al4H] 29419 Combo &
18Z&9) Z-EE X9 7 B3 oDl 243t 23S wwt
ch, AAs Hofofl A AI9HE Flowbea Yate|E2 =71 7+ 89,
F-4k2 28 5 WA 55 gojE & 7Hhe g A= yileh=

43 ASA SY2EHPolH, S4HEAIY A3t Y| 7t
3t A o] 9lthMeekes and Hassink, 2018), 7]& IntraMax-
DS EZAMEY -TTWA F WHEC] FHEA Aoy 7|&
& ARl AFALY] oS s wfAsEA] ek Wb,
Flowbcai= &5 Hlo|H 25 FHAE WA o= =&sfal A
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T AFUE HAHe e dagE o] 2 4% Hold
A, 7] 49 FA9ollE Eetal Ayt MEsHA] o
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A7) - BE22007)8] QoAM= BYAE FHEAIZ AT
T A=A gt = =A19 AYoJEE, AU, T2
AL 37HA] R #o|A 27H4] olifo] 71EE THES uff A1
of ZgFslct, A HE o-8-3F WHE 2 195075 20001
ZR7HA] v, D&, vt AR A4 B FAoA AREE
HHoR F2 UAFE 7IECE FAEAE A AT T F
AEA RO FEE IR, FURIT &= T 7IE0E BAEY
= Aoz APEJCHEE, 2021), 12y A& A
a2 A 7158kl sl ezt glol A7AkY Aldo] o =
31 /o] BE3ch= A EXFC

EAEE A 7 17E 7R 2 AAE= Jlgoel7] wiE,
2010t E = QR8N (factor analysis)s Z-83l A 53
tlolg o] HHE WSl EAEES AASA A4S A
o 7+ 9 HolE & v o g SR AR 9 Fa¥o] F-A}
g A9 s dYes QASH: HRold. A RE o83t
W e 71Egh Aol BRadkR] grhs HolA o] A4
sER|GE, o] FABIH= 7do] kAl 7 F7E Atk
A& A= 7] diol] SAIE A4 W ECR AgsA]
ek REE] A7 = AeHER, 2011: H4, 2019).

ol HioflA] =A] Tt wF B St HIEHA AR E 7|4t
02 23& FE JEHHA(Intramax) 2t vfEZ AR
(Markov-chain) 2] ARFETt, 1970~80Ath e =<
Aol =2d F WHS ASH S2E % (hierarchical
clustering)of] &g o2 IfofAl= 20100 F4F =A]H
A7 Aol ST FAR o, JES AL EAH YR
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9] B2 Hdjsistal EAJE 7 B Hasp8ke BAYrE
Hpgo 2 F7 o9l §E &3 otk FYHEQ012)E
QEpH A k2 ASH SAHT HREo] dlole AR
AFRE e EESPHAE BgZjo|a ZP|AQ dadEe
Z grslgich, 28y EAEe] EdEE R YEE 4 it
© A 7 TA]E9 HAo] yrstA AE 4 vk H2 ¥
Az 2 A olF AT LSS AX S 2L ¢
&2 7|&9 AESHA due o] 7HXe F 719 A
g SESMAE YR 35 vl&E ole A7t EEEH
SR =AY A=) Aol Jlo] = A Al- 22 Tl
£ Farsf 72 ARk FollA A7 FE/do) YH
QoL & 4= Qi) PR ZAHEFE 2 FHEAIE 2743 F A
9 QAE 7153 A2 2 EEdke WAlold, o)dE - 9%
A2016)2 A= -+ A2019), A ---BA2024)= B
Al & FAHEAR 23 ¥, vE T GH 2 P2 EEA
ZHMFPT: Mean First Passage Time) 3122 2|9 7ke] 9174
< Sl FFEAE AAEH o] W gA] FHEAE
A WA AAslor she Yool EARItHFarmer and
Fotheringham, 2011).

Coombes et al.(1986) ]2t A3 SejAET W Eo]
A ZAE FH o2 oofz|7]dl= AF ZIEel B3l g&
atal A% EA ot HjEsh, T2 55 W E(multistage
aggregation)°ll 7|Z& A H=FAFH(TTWA: Travel To
Working Area)& AAISIL}, A QeFARELS AR +
2] Heloh A-gAte] g W7t YAk A dYE 9u|dt
tHE7IZL, 2023). AG=BAEES ARG EC] 75%F d<
EAE FHEAR A% F, 3P 7180 =€ £ =A]
0] 89 HollA 7|1E2 35 q7HA] B shA1E HhEstod
FFA Y A9e AAsks WHolcHelA1E - o] 349, 2015). =W
oAM= g712H2023)0] 2018\ 37| A HH 2L YAFR )
FARAY 2 2AQAE AR A= A A GeTA S
AQEFEE AuEgt - 0147, s89-34F, 99-%
A2 &R Y9 o HEo|, dF-71e3F], w&-HEA,
Y- A2 § AL oY A-2o] HEE YA Y &
= dYo] A F A% SA40 wetk B9 Her dEA
vEbgth AQ=FARES A4 =9 AF 24 o) 2
%3RS u]F) v (Hamilton and Rae, 2020), 2#¢], Fal#HE,
B5F T ot 37| A ATollA R E SIcHolAIY - 0] 8]
&, 2015). 2t 3] 75%2H= =10l dheiA el EA)
5o, Aot} =217} 254 e § ARl w2 71E0]
el Hofl tisf vlo] oo HTHCorvers et al., 2009).

EAE Ao disl] AP 7] F2Y W Ee] SABAT
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nity detection)°] tFe.2 A|A=|Gict, AFUE LAY &
282} Newman and Girvan(2004)o]] 2J3)] #|¢tsl Hhio s
HERE AAllA 15 | 94 s 1L 1§ 794 U=
£ 2 3h= A 3= 7idell 71238, ol Al 7H 8
£ s HIEQIARE 7155l EAES Aes e R ¢
o4& wiAIskaL AAolehs HolA =8ltHFarmer and
Fotheringham, 2011). ARYE GAYL 7| PHn g 5
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Eqholzt FAHEA H 53, A= UE HY 1Y 3 F oS
g FAE B 2367 uZof oFd 2 o] 7HEstHH
e, 2019).

AU E B 254 A3 modularity optimization),
29 EY 2 A Y(spectral clustering), ZE%3 2 (proba-
bilistic model) 5 o]&] HPH20] 9)ov(l] et al,, 2024), =1
A= 2EQE A S WHES! Louvain, Lambiotte &
&N WP AE Hassks YHE InfoMap Y3LEE F
o] 2 LFErt, BEAYS AFUE R A4 ol 73
A Y ESIAAC] A4 7]H0gkE A1 gho] AA V| Ef]=Lof4
ARz vlEE AR Ao ARYE Y ddo] 7sial #
FUE 7+ A4o] oFrE F7ske 7ldolch#ETH, 2019). =
E4& HASsh= df#4¢ W2l Louvain ¥ale]E2 344
" (agglomerative method)Zt ©44 FX(greedy search)
& AST AR, ZH WY IS Bastas mEal Jgst
A Ato] 7Fsst o] it = Aol Fids v
ojE & 7Nl AEAlY AEUS FEFAUESTE 4,
2020), T3 7|NIO2 AFA| 9 ABEE EASHHTHHEE
€, 2023), 3HH, 7518 21(2021)= 2ot BolEHolEE
2-8-8f) A7 E QI R A A e B3 e &
A3l7] f1ste] AU E 75 £70] 7Fs3 Lambiotte ¥3LE]
< A8, ofE 23 L. 24 InfoMap HFalE|Eo]
-85 HESA Wi 729 Au7t dolRge ghoal e
o 24ghe] A2 Aoz AFUEE UrES sk 7igely,
EAQ W87 Al (map equation)& H43}sh= Zo] £30]
o}, A" - ol=712016)= 7H-EFHERALE HIFoR &
d9 7 A AYAE =& e, EH2019)2 A
7+ 53 ODE HIRLE A= Al- 7% 20719 EAIECE i
Shgict, 3HH, graE 912020)= 719 T Al 712% 7%
A ZAEY 4742 f3l 9143 InfoMap ¢31aES B8R
o}, 71&9] InfoMap YaLEES A e o2 33 7g e
2 ARYE R 39 ARYE A o585 FAg §F
Aol -2 AH AdgellA = 440l sl
E2 euEre] 54S Btgshr] Slsl Y1414 InfoMap ¥aLe]
& Agaiolct, g, HE4 920200 HEN AloMA¢E
ARESY FAEAIY] FEES AES]AL, InfoMap EaE}Eof 9
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APA-E FoH, SU =AE A% A= 200049l
FE SO = W ARE o83 A sV ARE
AR e 2o] o9 AdejFolek= Thxdo] A FEGI L, o]F ¢l
Egfuliiol oA RY A AeFARHE F FHHEHA 7]
HHf Al ES Ak W E] AYE Y, 283 Tl
HESLA 18} Fofol|Al 7 AFUE Aol 494L F
2351= gigro 2 FE-S w1 Qri(E 1),

EAE A I ES Jo BEAIE HasiehaA, A2 1}
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2 A0] ge|F el AuE EAWHEA, 2019), 23 A)7)E
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Rk, ARUE TS BEY Y
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(HE++4, 2019;
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o] FHEA] A FA A 22 dodol A=EAE 7hsAol
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Table 1. Methods for delineating functional urban areas: Advantages and disadvantages

Methods Delineation method

« After identifying a core city, areas that meet
specified thresholds on commuting and

RicaE e employment indicators between the core

Advantages and disadvantages

* Due to the lack of consensus on which
indicators to use and on appropriate

Previous studies

Kwon (2001)

Kim and Kim (2004)
Kwon and Jung (2007)
Kim et al. (2008)

appDatH and surrounding cities are delineated as }gg\s{i?ocl)dn";Zléj::r‘éﬁgﬁlzth;iﬁl'es Noh et al (2012)
the FUA. Y HEIRE: Byun et al. (2020)
Lee (2021)
* This method captures similarity in
* The core city is identified using factor interaction patterns rather than the
scores. intensity of inter-regional interactions,
* Using the origin—destination matrix, making it ill-suited to reflect the Kim and Goo (2011)
S destinations (origins) are treated as concept of an FUA. Sohn (2014)
y variables; destinations (origins) that exhibit * Because the overall travel patterns are  Cho et al. (2011)
similar profiles of outbound (inbound) trips  reduced to a small number of factors, Nohetal (2012)
across origins (destinations) are grouped not all patterns are adequately
into a single cluster. represented, leading to a discrepancy
from real-world conditions.
* An objective function is defined to
mti )ﬂr:;:gzii:]rglr?;sglggr?étsrg);atagnmmlmme * The process of selecting the final
Intralax progressively merged to satisfy this _r:JLémri;;egn(:f FUA relies on researcher Koo (2012)
objective, yielding the final delineation of Judg
the FUA.
« After designating the core city based on
- popul_atlon SIE, |nterreg|0nal Conneetiy® The criteria for designating the core Lee and Woo (2016)
Markov-chain is derived using the mean first-passage 4 :
city vary across researchers. Kim and Woo (2019)

time from a Markov chain model, followed
by cluster analysis.

* Cities that meet the population-size and
worker self-containment thresholds are

Coombes et al (1986)

Trave_! To designated as core cities; surrounding " The thresholds fo_r popuie_mon size and Lee (2008)
Working Area o : : ; worker self-containment involve an
(TTWA) cities are then_ |terat|ye1y me_rgefd and split clement of arbitrariness. Lee and Lee (2015)

within the region until the criteria are Nam (2023)

satisfied.

+ No subjective choices about centers or Newman and Girvan (2004)
region counts, reducing arbitrariness.  Ha and Lee (2016)
* The method identifies the partition that « Captures diverse flows beyond core—  Kwon (2019)

Network maximizes modularity, yielding high within-  periphery patterns. Park et al. (2020)
detection group and low between-group link * Detects both mono- and polycentric Kimet al. (2020)

densities.

« Algorithmic consistency enables

urban regions.

longitudinal comparability.

Byun et al. (2020)
Kimet al. (2027)
Byun et al. (2023)
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7HIe, mhebA fledo] A YEehe EAIE A% gl iRt
AEE A3 ASH A del8e HasfspaA 2%t
& HA 0 sk Atk HES ¥ 2ok o F A
AY & die B2 SAE 43 408 3 xtEAd] B
Ao 2 B 4 7] wiEelth

lll. Flowbca2t Combo &112|&
1. Flowbca LT2|E

Flowbca:= EE(flow) F= #43(relational) H|o|E|S 7]
Hroz #3E I3 B8 7|8 E8iH gadgod
(Meekes and Hassink, 2018). Flowbcat= S8 % A54 3
(agglomerative hierarchical clustering) ¢al2]&2] UFo]
B, T 79 7HAIE shUE Btk B vt 3%
o}, ojuf, W= 7152 AA| YT SE(bilateral flows) 7}
<8 HlgkE d9ste Aol 73 & B80] AREE &Y
HAZE slid E80] EASe A2 HELL, ol F HIkE A
A S shte] iA1= oAl A oltt 7 e 82 A4t Betst
€ Y& g ol A 552 HY BAAE 29 F
AHA](core)Z g2JgIct, Flowbca®] A9l date|E T2
oh2} gtk WA, g FRE K A9 719 350 of
g KA ggsdold, row)E E4AE, Flcolumn)>
Z2RE ouigich, ) A f; (=)= AFiolA AH
E 3= EdAY 589 3718, fee AEAEY 4R
o2 AYQio YR 55 A7|E Yu|did. old, JrF3}
(row-normalized)ofl ©l3] AdZ<l 272 AAeld B
GB = A (D2 2t

fun 912z - 9k
fi=] ' B e
im Ym o
K
A= !;f,.,. i,j=12,.. K (1)

o GAle A3} 8 B89l Y ¥4 7k A
& AEsk= Aoldt, ojuf, 9} 7} 22 PaE AYEh, 4
ol sfigste W49 ol 00]AY K=1¢ Aol datelE
ol FHE s AYr oA XY s 2 o= E59 A
7|7} g5 7R 7P 2 Y Yulsi, A Y s AGr o
gk A (core) 2 Rt wbA] A r -2 A Y s 2 WHE
H, o] 9] @ E|(unit column vector)2 7-4% 3E o8
£ 883 23E & ok A ro] AYs 2 JAE (k—1) %
2] gyE pE-D2 ot 4] ()9 Zo] YERE <= )},

44 TEE7E, X612 HM3S (2026)

(r.s) = arg max g;
7 (i)

o= (31""’ e, e, .8, 8;+1""98£)
€ iR Ao ot o] EHlE
FE-D - ( C(K)) T K ~K) )

oF FEU7 H2e YO A, HA2} Yol
ghe 34 71 (stopping criterion)e] EEE trtx] elE
& W SRt o gAY BAEE PAR pO0E
ohe 4] (3)2} o] thebd 4= Siek.

FE) =cTp® ¢ ©)
C= B oE-) plE=2)  AK)

Flowbca ¥318|E2 2 7417} shte] Sejig ot £k
& 3to] S5 glo] ¥lFH(non-overlapping) e +HFE£E 3
gste], SeAE 718 g et A4S At AA,
F& o] o3z wbA]of ujet WEFdo] s YIEA(directed
network) E= 30| gl WEYZ(undirected network)
o &% 4= glon, FREI oo w2t AfF ZF(abso-
lute flow) -2 A} 2] ZE(relative flow)S 7|E02 73}
o 4= Qick, =S e 80 o2 aEER], 9 WY 58
ThE TR AEF 4= Qlo] Y ERFY 4o wt S 2
AT 4= ok A, aLElEe] F2E Fole U 282 B
(Lave), 7168 Lwave), A5 Day) 5 ARES B3 4
Eoj2EHof gt 2F7] £33 (self-containment)& B7F& 4
ek, 4] ()¢} Zo] FEAH YR 359 nlFo] 258, R
da@/dol Atk AL s, o E SojLE L] BAE A
Aoz vl 4= it

 hls!

L

i=1

T = 1
Lyye= ? ;S's' Lyyye= ?

Lymi= m'in 9s (4)

AA|, K ©] Rigle] ma} Ak o2 Wtshs AlS2] WA
nEus, FTAH7L Y8 JHE GAEE dHE 5
o 53], W ¢A & UL WEe] e FRA0E o}
T ek A, 8 BelA BT SjiE L] S
(core)2 ARE7] Wh2o], Foi2E W o] 2 A4S A
T 5 otk o, R olF oE A gue] wAE AR eER
2, F4A(core)2 AFE 219 27] B 71N 7P A&
AlgE 219 ULE F2Asfof gt
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2. Combo ¥12|&

Combo= t3‘@‘(rtnergir:1g), = (splitting), *==2] °}5{mov-
ing node) 5 B4 H(search strategies)& B5F 237 X4
3tg 33 AFEAE Aot B3RS T[Hte2 YELIA Y] A
FTUEE 2= darElEoltiSobolevsky et al., 2014). Combo
W& Al AR A HC

AR, YEYAA o= 4H AFUER Eds}a A=
it ofuf, 9lej= HIE T 7He] AFUEE Aloriginal com-
munity)2t B(source community)2tal & uf, A258H= 4
< 7|£9] A%t B, A% BE WUTH #HFUE, B 749 2
A& AZ B3 AFUE 5 Al 7-30] A88H, &, 27|+
39 Y9)d(random initial configuration)2} AE3H=
ol weh tefet JEYA &S 8sh, gatelg 497t
=224 A3 local maximum)LE FEER] il YA S
77 €}, 4, M E/IEE d2E Kernighan-Lin-style
A2 =93}, Kernighan-Lin ¥ala]&2 #AFUE 7F o]
9] 5 Faolsl7] fl8f agtE o, ARuE U oz e}t A
FUE 7k oA] 7] #jolE YEhf= o] SEr(benefit func-
tion)& HASBh= F+2E Z=HFortunato, 2010), A =
7] B8 YESA di8] =E5 v o R walsin ol 53
0] £A4T o|5& ALRIAL, ol SFo F7IEo] g} &
5 RCE AujAgict, o]F, AujE HEHILE N2E Y
ggto g AMgsle olE5F7t MAER] B w7iA] §HEA L.
Z A3}, Comboe= °J9F 22 42 (greedy) A2 2H6
gk, HA, A WA DA olA AEE HEQA HEE ddeR
7t =E5 HE ARFYER o|FshH AREA}F F Rt 52T
9] £ ol 55 Az, o]F, EATr7} ASHEE 24
PEHEE EE o|F3L, ol IR AN A 5
7t AdSHEE HAShE = YFo 2 o g A 35t
o}, Ith&-2 Kernighan-Lin-style2 Z3|3}E Y| EfS 5L
ez AR QR BT Akt 71 2 d0E
Aeigic},

A= 2E(modularity)°lY InfoMap ¥3l2|59]
AEY=(code length compression)ol 8+t £ 4
ToME BEAS FA0E AHEC} Newman and Girvan
(2004)0] ARk HEAHS T2 1 m YT SeAE 27}
obd 7Fs/do] Atk ofolrjolef 7|8 HFortunato, 2010).
BEAQS 27| O F23 B4 (-tof A4HE dA] 9 &
32)2 ez 718 29(null model)d} 25U ] Ui & o2
o] A4 Z=(strength)E H23H}, Newman and Girvan
(2004)8] &4 Hl7kE 3 YEZL(unweighted and
undirected network)ell 2-8-59 2] (5)e} Zo] ALz},

1
Q= %'Zj(flﬁ_%)ﬂcéc})

B =2mpp; = bk /2m )

A e xEi® R Ej 7 A oRE Yepdith, WA k= 7)
& RdojA BSE ko] d4E oA £5, m S FEF Y|
EQI=9] R =& Y}, oluff, p;= =S iof SUx|o] Ayt
(stub)o] A&l BE(k/2m ) SJulahs, pie} p; 7t A2 5
AU o M2 949 FEL2 pp;olct” mebd, B =Ei)
XEj7t A2 A4E g8l HiF 71HWkE Qlulgitt jHH,
8(G.C) e =9 et j7} e ARUE] £ 1 |, 184
%o 0 Rigslk= A|A] <Findicator function)t}, &, &
B4 Q= 22 AFYY Y =& H #5549 44 ¢ 7HiE=
A4 9] Aol F Y7 gholw, o gho] E45 AFYE WYY
94 71 71E RdERE dEs R & AL 9ujgid,
uebs @7} 245 UERAY 271 WEsHA Sadtt,

BEALS YESHZY 715219 W] T Feiel vkt gvky
ol Fe|2 A EIcH Arenas et al,, 2007), 4] 6)o)4] =Ei9}
REj 71 715XQ) Wy 93 oRE Uil 45 8, BE
7H5212 el W 2mE cfAIghc), $HE, s s iofA] o
E LE2 Pl dREY 7IFAE, s kB Bolok
AR 52| 71525 ou|ste] 212} k; 9} k; o th-g-Hrt, whehA],
7t Aot Wakd & aleisto] d¥islE REAY Q2 Q9 9y
7t h2A] gt ?

5 E _sts)
Q= W{Z}_(% ) 8(G.C) )

Combo+= Louvain 5 7] ¥alE]|E ojd] A4k A7) & &
A=A BE4do] B AckSobolevsky et al., 2014). Blondel
et al.(2008)8] Louvain #FHYE B4 BE4S 23}
e BRI WY os EE AujA|sle BEYO]| A=E =
A (local)?! 319 AFYEE +43 F, 3t AFUEE ==
Z Fgste 2E4o] FUBIEE Stk ASE Wt
(Fortunato, 2010; Li et al., 2024). Louvain< Combo ]
ERAE Wil 271 WEXN 27] /449 o et o
A uet 324 HYgle] =29 4= itk &, A (global) o
E FA3lE Y EQA9| £ o4 317} it

3. F ¥u2|Ee| Hlw
Combo+= tg‘@l’(merging)'1"§-§'(slz>litting)'II:E-‘Q‘-] o]&

(moving node)& 233t 223} Li1e]E 22, Flowbcat: &
A ASA SulAEFHoE Qo 4= itk F¢aeE 2E ¢
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Table 2. Comparison of the combo and Flowbca algorithms

Category Combo Flowbca (flow-based cluster algorithm)
Researchers  Sobolevsky et al (2014) Meekes and Hassink (2018)
Summary ggélg:matlon eambming merding:selitng, A meung Agglomerative hierarchical clustering
@ Eg;rggEsrar;?;:r;;:zar;ncpginsplfszesdtﬁgr;andom L @ Merges two nodes with the highest flow, setting the
A:ggg;[;m @ Moves nodes using the Kernighan—Lin-style algorithm o (F){gf:a\;r:ﬂ;{]:smgr\:g ;guov?éﬂgng%\gsa:égﬁfgginOde
P @ Repeats until the objective function no longer improves, il th ; ot ; f'% 9
thier salaita tha Hosk fesiilt @ Repeats until the stopping criteria are satisfie
%ﬁﬁgﬁe Modularity (Other objective functions can also be set) Self-containment
Stopping When further improvement in the objective function is no  User-defined criteria (e.g., average, weighted average, or
criteria longer possible minimum of self-containment)
T — Achieves higher modularity than other algorithms (e g, Defines the core of a cluster based on maximum flows
9 Louvain); shows high stability with variation under 0.1%  and enables interpretable hierarchical clustering
S - Sequential merging makes early steps critical; in small
Weaknesses Eggggvﬂfﬁoﬂgﬁgﬁf 'ti(r:"ig RasciclpRISaemen or densely connected networks, small clusters may be
absorbed into larger ones
Userinputs - Network structure - Objective function - Network structure - Stopping criteria
HAoR eI Fee 54 9 7 7S 2890 |y, EAIH AA Zn}

Pa1e|E 2HF WA A OlS vl g ke (& 2) 9 2ot

F garelEe] 353 AuEd, A4, W -7k -4
TF2Hrow-normalized) %2} 34 glo] thofst Fejo] YIES
20| 2go] 7hsstch. E4, M@ 8(reproducibility)e] T,
Flowbcai= 2|t} 358 7|WHO2 Wsh= AW Wilo=
W sl FUsH 47t &€}, §HH, Comboe £7]
oA HIEQA MES HO= /8R4, Louvain F U
Gaie)E ojy] Axke] WEAdo] Al Qhg Aot Al dlFH
(non-overlapping) &5 AABIEE, 7} =T she] AR
Lot &3}, o|2 s AuE olsfsial 3)Alak= Aol
ghaict, 3HH, = garelEe] 7H 2 Aol Aol digh A7t
‘53 (interpretability) ¥} 54 Zl(core) 1% o132}, Flowbcat
Wk oA A 259 AR E FHRZ Fostal, Hst
+ & ASH 22 & 4= Uk BHH, Combo= 27] HIE
=2 AEo] JYFor AAYEDR i} FUsie|t= 1 2
A2 Ao} o E 4= Sk, &, Flowbcat AlISA +28 E4
A 27) e |FEol Ay, YEZ7L AAY 2T HE
=7t 22 SeAE7E & S9LH SeEE Al At
E3L BAE SHME F E1EE 2F ARYEHEHS
E]) Y] 3l kE 7H] dAAL 243HATE, Combo: %
7] YEEAL} i 2.2 B|Wd}al, Flowbcas Wi Adigs
ANg-8= Zo] 7} Qiet,

46 TEEAE, H61H HaS (2026)

B49] 522 I71ag DBOIA AlE3shs 20229 71E A9
7+ 52 oDY AA|, &2, T, 45 7L 718 5 671 oA
330l tisto] Flowbca®l Combo ¥al2]EE 285 A
H A% ARE vla B4sh= Aol o, dlolE &= o]
e 7 HESAR F53 ¥, 3 ®E3E F83 4HF
Qe VIR gt o, A 7 WA 23S w57 A8
SR} FAHA7F 22 YWREHFEE B 09 gro= At
o}, A9 3 WY AFE- 51 342 5 37 =4 A
HE ALIRE 15970 Aol 3P, F daelFoles 548
tlolel7t A

EF0ODE +3UR B4 o= 53 53] vigske
TA] 7159 Zolof wtet EAJHE] W7t GEfAlEA] mefslr]
g Aolth, & 582 =FAIHEE, S ¥ e
G5 T AAEE, A7 B8 AFA T4 AgEE, 718
582 49 F AH2ES 742 gt

1. Flowbca &112|&

2 goliMe B Al-wo] EAIEO] Y8 UES,
£E Q] A7) EePAdef tiRh Hsgto] 02 20 o) FASHES 4
otk 15971 Al - 2] ZA Sl ik iR 2 ™ 1,
G5 & DI At 1A, A A gl A=) i &
01 0.78% 7 2 9t& HolH, f5-ggAE THEAR ¥
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Internal Relative Flow

Intra- and Inter-Cluster

Statistics by Cluster Flows in Overall Flow Modularity
= & E— mean = intra / g‘ | — modularity
B mlnd_
== meqian
— J_f""
g {— max 2 — 3 -
«© | o | {
= = /Rfaznd: 95.1 B
Ratio: 0.5
= | ]
o = o
= S
3 81
J o |
(]
= = ,f
[==] =
L L L L L A L e T rnrirrnrr PP A T EEEEETE T
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Round (cluster number)

Figure 1. Round statistics of the Flowbca algorithm relative to the overall traffic volume

T o] YAHET, o]F 1587 Al 7H] A EE-E thA
Aikste] ¥gto| RHEEL) 2he= 27 23] FAZE A
HEH, B A o] Feold, S0 s 41 olF
Wit FARE ghE Bl B3, Ad)-Haghe AY ¢
(Step function)E Eol=H|, TAE W&} AQof|A 8 LS
Aggict, olE E0, g2 2= 148~101714] 0695 &
Fort, o]F 100~2HA A 0.860.2 F7Ieict, o] A2 2l
A-AE-AZ- QA QF- X - G- - BF T R AT
5l A7) G Al-Fo] S FAAR F EAESE Ay
w Z7] 2ol F78ke Al7It ¥, g2 09 ghol A
=07} 2E 139014 0.219) groE ¥sksh=), o= 137
EAIge] BF 271 ol Al-#o® FAEUSE vt
&, OA7IA = A ES F8HA g Al - o] EAFi
arelE IPgo A SR AEE B8] S8l AA 53 7he-
ol A W 32 vl BEAe] oig A wE AneEc) |
A, Bl o TAE W 539 HlFE A& sk, Tk
E 9571 oflA A 7t BATE QA g, 53], $3F
o] & 82 -4 30| A& EAEeR WIEHE HRE

Table 3. Results of Flowbca algorithm

79~77°014 A W S B F0] S50 BeZ Bt 2
B4 ZH M E s 469 0,370 Tt F AZ0] F72 vt
HoIE7E 2R 11 olF S35k EE Hoh tehA YE
H2e] 23 SHcMe 9 +F 9T olF 740 gl
4, #27F 2 EAEO] A2 REEA YEYA 27T 22
FAATAL & 4= ek, R & o] FA] Al 2= 139
B2 0.352 YeRt 2gighe] 238 2718 B

671l F373ll Flowbca U385 287t A= vhadt &
tHE 3). ZE 5ARFoIN EAEY AF T2 2842 e
L, A9 =AEO] Shl EAIEE EAskE AAPE AEE. ©f
o, A 7271 2BAE YEhds ol daEE 27 e
Al 222 FAE EAIEC] AZ0E AEEI, ofF EAHE 3t
o] A B35 et A el yRtEY] mizelt) o
S0, 819A 0Nl Ao Fujof] W= EA|HO] s BAE
2L}, 18TA A o] EAIEC] ti3t EAIEC R E5EE T
F& 2ok 2E4L-0.35 Ul9lo] g BAou, d57H0.24=
7P 2131, §3710.682 71 Zich 7HH, $A] A2 =ATE Y]
T v 0.9 Y@= gii2e FE T8I eH, A7) 2

Type Overall H2W H2S Waw W2H Other
Stopping point 13 rounds 26 rounds 27 rounds 19 rounds 13 rounds 12 rounds
Total 26 30 36 30 33 24
Number of FUA Lower 13 26 27 19 13 12
Upper 13 4 g 1 20 12
Modularity 0.36 032 0.68 024 0.32 038
Proportion of intra-network 091 0.89 0.89 089 092 088
Mean 0.60 0.55 0.65 0.61 0.567 0.65
Self- Minimum 021 018 0.27 032 019 0.36
containment Median 062 054 067 051 067 0.66
Maximum 097 097 097 0.97 098 0.96

Note: Overall (All Travels), H2ZW (Home to Work), H2S (Home to School), W2W (Work to Work), W2H (Work to Home), Other (All Other Travels)
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/ol iRt Bt 5 SHUE A2 2 AolE EolA| YTt
Flowbca d312]50f 2ot A1 A4 2ot () R ES)
o At A= A9 EAEY FHEAIE, o= 3] =AHES F
HEAIE 2u|sle], @2] 51| A HS: A2 A9] EAJH £
AETL £ 4= Qlok, WA A 53] it A AR, 4
2 137119] A9 B 319] EAEe R FEE dYEE AuE
B, T2 7070 Al-Zo] EE, ofF Al-T2 771, YA,
FHE, FHE W A% IRE Yepdt, 53], sEH 319
EAES 23 $29- 454 - A - S8 - A - o
- A 35 5 9701, SHEAI] Aed A7t .
AET} TIRE Al 22 A& diRt SEET} A HE A

= PSR X7t Aoz wetEn FEE 32 2~379 A2
o2 A 319 EAIHo] A2 WHSIAL A FAAR F
TEA G Aol YRS £ &2 -dF - FEES A=
WAEA] AL, FHES] AA it B AL A2l
tHAo] Yol FEPOR WPEI? &, 24 715
I A dEEo] BiEEA S FLE7A] Bl 2=
& & < 3k oyl 3¢ EAIE S FeRt B2 Fakan
ti-goltt. 147] Al- o2 g FAHES FUAGH), AA
A2, AFANE, 1497] A Fo2 T4 7L Fuld
(372 391 A i o= Z3psliet. whd, F5d07h) i
AL FAA Dol 519] E=AIHO] UehtA] gkt ofst

Table 4. Results of functional urban areas delineation by the Flowbca algorithm

Overall (All Travels)

H2W (Home to Work)

H2S (Home to School)

Note: Triangles (A) represent urban centers of upper-level FUAs, and circles (@) represent those of lower-level FUAs.
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Table 5. Hierarchy and extent of functional urban areas by travel type according to the Flowbca algorithm

FUA Overall H2W H2S W2W W2H Other FUA Overall H2W H2S W2W W2H Other
Seoul A(70) A(43) A(33) A(75) A(81) A(70) Daegu A(14) A8 A(10) A(9) A(14) A(20)
«» Incheon ®(2) Busan A(14) A(11) A(6) A(5) A(12) A(9)
§_; Namyangju e(2) Jinju A(b) A(7) A7) A6) A(B) A6
3 seongnam 2 Gumi °(3 A(3d o2 A(d
§ Suwon e(2) Changwon e(3) e A(d) e(3) e(3
FQ Anyang e(2) e(3) Geoje ®(2) A2 A(2) A(2)
g Gwangju e(2) LI6)] o) Gyeongju 0(2) eo(2) A(2) A(2) A(2) A2
S Paju «2) e 8 sangju AQQ) AQ) AQ)

S Pyeongtaek 2 2 Andong AQ) A A(B) AQ) AQ) eQ)
@ Ppocheon °2) o0 8 Veongiu AQ) AQ) AQ) AQ) AQ) AQ
Hwaseong ®(2) e(2) g Cheongsong 4A(2) A(2) A2

Daejeon A(17) A(10) A(10) e(5) e(11) A(11) @ Geochang A(2) A2
Cheongju o(4) A4 AQ) e(4) e(4) e(4 Mungyeong A(2) A3
= Seosan ®(2) A(3) A2 o(2) e(2) Uljin A(2) A2 A2
g Yesan °(2) 4A(2 °2 o2 Chilgok o (4)
ﬁ. Jecheon e(2) A>3 e(2) e(2) Tongyeong A(2)
g Cheonan e(2) A(2) A3 e(2) e(2) Haman A(2)
é’ Gongju e(2) Hamyang A(2)
3 Danyang e(3) Jeonju A(12) A(14) A(15) A(13) A(12) A(13)
® Boryeong A(2) ‘(g Gwangju A(10) A(8) A(7) A(10) A(15) A(10)
Eumseong AQQ) o2 § Mokpo A(Q) A€ A9 A9 A@) A®
Hongseong A4 g Suncheon AB) AB) AB) AB) AB) A6
Sokcho °3) AQ) AQ) A@Q) o3 @3 3 Gangin 2
© Chuncheon ®(3) o(3) A®) o(3) e2) e Gunsan ®(2)
‘é Donghae o(2) A(2) A2 ®(2) ®(2) Note 1)Overall (All Travels), H2W (Home to Work), H2S (Home to School),
S Wk e@) @ A *®) ®@ ®@ 5 itmes wperies FUA vhie s cneslonerionl FUA
g_ Gangneung A(2) o(2) 3) Parentheses indicate the number of si/gun within each FUA.
é Samcheok ®(2)
Jeongseon A(2) A3 e(2) eo(2)

of AFA127)), ZEAO7), =AddE7N),

4 EAAER AEAQMN), HEAEA), 3

M) 5 2709) Al- o2 FAE EA o] A HE it
a9 laf\li ARANE v|wshd, EAIES

3671, #7F 3370, &<

olc}, 223t A7k

AFAGHN) & 5

SN, 4380

2L Ty

3 G5 7} 3071, A 2671, 71EF 247) &=

of uet A L F4
o ua g4 AH AR-21 5
S | Q- 2o
Fo49- 514 9 5 59 Aol Az APHElI A2 5 54

ol vpepdich, ¥ha, A7k

SA|7}h uHE 97k LeRde, ol

AL}t FATE AAE Ho|HA, 53 B3
EA7F Aslshe E4E B, &2
A oA AHER] B2 EA]

gret QR AT AT

shaA, YRk} B FUl2 E2eke A0R NE 4 9l

[o 2 )

)-..

oltt. ol

o ofl ru1r|

o2RE Y4 3

T 5 dool gdi=EE

I, $EUY A2 488 9] AGe AF

23] Holo] Sfsf &2 Bl WAL 23 £
2 2 4 ok, A7 EROIA A2 AEE shgl ALl 43
|25 LS B3 AR A7
EAS] REEYF il AR F2ouz,
A S EFHFIA A go] AAH: uFo] Ack, uepy B2
212 93] |53 A AT NG0B BB 5

At EARE

2 %oz Z7kt B4

. 1=

FAA7} ol 717k FA Rk & 4= 9k,
Sit ekl § DERS7|Ho] YN Q- A%
SRR S R RS

o] él%-“clﬂur, 24-<

S3& Hld 2, dF=

BE e

¥ T =Y GFHe) 7P R, Fak-di+ % REFAA
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oA 319] EAIHO] FER AEEX] Qi) ©, vl
A TARdO] A, ARWe] FEH| HREe FRER
Tk 71et 82 B, diTde dFEHol Wolzen, ol 4
AEES £% § 48] 28 ti-39A7E Feoh] gEeR
wekE

A9 EAIES BE FRTR0AA tiFE A=, S
EAES SRR wet Aolg Bt (& 5) +EES A
Ao A9 A9 ok T 7 A7 T 0l wEk sk
o] AR AEE, SHEE GFE AEEE EAE] giR-
A HE T o, EE S AAalol 5ol
2t et} AdEs S35l s A% 5 7 Al-2el,

At A5l o3f 27l ato] AdE), mEbA A 3
oA AdEA] FelelEte, 574 3] S0 wet 715
St EAEE B98I lee ¢ 4 3k ol TRRFER
Al- oA HEEE FRE Aok RtgEE AUE i E
& AolTk,

2. Combo ¢12|&
Combo €185 83t 30 Av= (&6 2 &E 7

2t Comboe AT 271 UERA| gion, EAIULE S}
10702 7P R91AL, T2 S373L 257 7] o] A

Table 6. Results of functional urban areas delineation by the Combo algorithm

Overall (All Travels)

H2W (Home to Work)

H2S (Home to School)

50 rEEAE, M6 MaS (2026)
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Table 7. Results of Combo algorithm

Type Overall H2W H2S W2W W2H Other
Stopping point 7 7 10 7 7 7
Modularity 065 070 081 066 063 065

Proportion of

e Ca 080 094 096 089 089 087

Mean 081 084 094 078 079 081
Minimum 0656 071 090 066 057 069
Median 084 085 094 078 084 083
Maximum 095 097 098 094 096 092

Note: Overall (All Travels), H2ZW (Home to Work) H2S (Home to School),
W2W (Work to Work), W2H (Work to Home), Other (All Other Travels)

JUSLUIUIRIUOD
41eS

goct BEAL St 0812 7P Aod, &2 0,70, 45
0.66, A 2 71} 0.65, #A7F0.63 =22 YT &, a7t
OE 33 /9 O] vIEN A 27t ddAH o8 PEsital &
&= ok, AA S ke =AE W F89 HiFE vt
0,962 7 7o, o2 T3 732 0.90 Welo] ghe 23
o}, 7] 2339 HHE Fu7F0.942 7P AL, 2 53 &
P2 0.8 Y2 viepdtl, ofgtef] FAIkl disiAE F843
ZEE Aol HolA] ggitt,

ZAEY] EXE AHEY FIE ALt FHRFY T =
AL Al - o i3t FAFAE FHLE FARE FHE 2ot
(36, ®8). WA, +EHA)2 A& 77]- QM3 HYTLo 2,
ZUEB)2 YT A FYUE A Fo2 Tt 33
H(C)2 &2 FFoIAMT MAe] ==L, A7t 7|8 f-3el
M Faato] ZEE L 3, FEAE)S T3l vt
AT 3L 230 1Y o5t gefils § BAE A
A7t G5 2lolE Bt diTFAD): BdEES} di-geAl

Table 8. Number of functional urban areas based on the
Combo algorithm

g, AHIG)S Add=et ibigAE et o, &2
A AF- oA A5 A7 AR Y= §40] Ue
Hot, FaE AeRt SR AE A AAl AXRE Al-
9] HY o517t Y7 Aol § By o, thEE Al = Al &
F ZAIHo] FAEGH. ©, AF A= 2295 715
tiste] Riblo] 7leAoR FE ACE Held 3 Fu
TR olME A=) Aepdieof A EAlEO] AlEskE| o] YEekst
o HepdEs FFA0T EX-Aed()eE, AddEe &
AHGQ)E AN R, A4REE dFdD)H FsEE)
2 2H, Flowbca 9312|159 4utel Zo] ComboolA:
e Hghl F A5 gRe vy wAA| o8
S¥ugo] Zx|FH o s FEE = o2 AekE,

3. EAIH 2% ZitH|w

1) SESEIE Hlw

gaz|Ee o8] AFE =AIEo] HA AAH R P &=
Al ARAEh=A] Bl EASHETHIE 9), vlal th- R EFT
A8 12}, 22h 42 A g EAEE EEFIHE 10),
32 9 42} FEFFA YL FAAY B2 A BAJHOR 4
A QA 2 AJolF HolR] ko, 53 ZEFUAZ A
= FAg FEAA 5] 53 ol mAES HER A8
oo} dlaL ool ALJstact, AHPEALHY] e BE
Aol dig] EAIES AAEHA slal, SREANEE B
HAREA - so]&BEA 7 TP o B4 didlA AlLste
o, EAE A% Ao ARE B8 AR H|ad £ 5
e EE3ch EAA 7 A2 2% EAF(Adjusted
Rand Index)E AH8-3l AF2 0.2 vlwshy, 19 7P7M&r5 &
2 BF At fARSIChL & 5= gl Y

WA REFAAE 7] A &g AuEd, 129} 22} 7F ARI
+ 0.8322 o, 1-221e} 47} 7holl= 0.57 2 0.522 WA Y

FUA Overall H2W H2S W2W W2H Other Table 9. Comparison of functional urban areas and compre-
A 34 34 33 34 34 34 hensive national territorial plan regions using the Ad-
justed Rand Index
B 19 19 18 19 19 19
Comprehensive
C 25 26 28 25 26 26 national
D 23 21 12 21 23 23 Type territorial plan  Flowbca Combo
E 15 14 15 15 13 14 Ist 2nd 4th
F 23 23 7 23 24 23 Comprehensive Ist 1 083 057 0.61 068
G 20 22 6 22 20 20 national 2nd 1 0562 058 059
H 0 o 12 0 0 0 femtoml pht < g 1 039 085
| 0 0 13 0 0 0 Flowbca 1 046
J 0 0 15 0 0 0 Combo 1

Note: Overall (All Travels), H2ZW (Home to Work) H2S (Home to School),
W2W (Work to Work), W2H (Work to Home), Other (All Other Travels)

Note: The ARI ranges from O to 1, with values closer to 1 indicating a
higher likelihood of being classified as the same urban regions.

Journal of Korea Planning Association Vol.61, No.3 (2026) 5]



=T -AX|2- 4RI - LA

Table 10. Metropolitan regions designations in the 1st, 2nd, and 4th comprehensive national territorial plans

1st Comprehensive national
territorial plans (1972-1981)

2nd Comprehensive national
territorial plans (1982-1991)

Re-revised 4th comprehensive national
territorial plan (2011-2020)

Note: 1) The 1st- and 2nd-tier metropolitan regions were classified in accordance with the 159 cities and counties. The figure illustrates only the boundar-

ies of the lowest-level hierarchy.

2) Squares (m) denote the 3rd-tier hierarchy (four major regions and metropolitan living spheres); triangles (A) denote the 2nd-tier hierarchy (eight
sub-regions and provincial urban living spheres); and circles (®) denote the 1st-tier hierarchy (17 sub-areas and rural—urban living spheres).

et} 12 9 22k 3710 S91E e EAR AR A9 7
A7 oS- ARt} ER, 270 1349] 4R Ago| AlRStE=
FHE Bt dIE S0, ALE2 A4 T4 - Mo E, o
FE2 EF- 55 AM - 99U, 4T 4T 95
AFUS AF- 43 - 9Y 522 B35t 0|9 FA| 5 =X
U2 A7 BAZE 2= AN 12 WY FA 1 GA)j, $H,
47 A2 A B2 4 E EAECE, 12 W 23 BAJ Y
9| FAE =g}l

Flowbca®} 1:22}= 0.6 WIS BE3lom, 424 0,392 WA
UERT 123 EA|AZE] 8 AolHE ATy, HA £
H o] Zee 7 A2 ZFoIHEA FAE o] Yehd
ok, 2719 4594 9 357 SAAY dYoE AEEHR] &
3L, SHAY FEHe| BF R 2T F A B R
Ab-ditd W sh9) B ol AlHE ol Flowbeas H+d W
FojEE, MH Yl Y- AR AEdEE Z88aL gl Al
TEZPA A sl AdEA § FHRES 243514
A, A7 AFEH Z=AIZE AR A A2t AEIFEA
7] wigolct, Rhd, 23 Aol AlQte - - A% T Al
T EAEE B EEih. 53 Ee] BF-1-2719] F8
EAZHEAIEE B oY, s EHEE= FHE Y
ek, o]23t Apo] 2 Qisf =AIEO] AlESHERlZolE ARIZE R
A vepd 202 sk,

34, Combot= 12} 710,68, 2%+ 71 0.59 5 Flowbca®] ARI

52 TEEAE, H61H MaS (2026)

oF AR 2715 BRon, 42h= 0.852 71 2 & Hilth
Al- 9] YHRA FAHE AE A= gEE, 1239 =
A A ER 0] FAE TR AAHH W HELE &+
o}

2) MgHT Hlm

Agddrel vlal EA% Ak oh3at 2ohE 11, #12). 4]
AL AR 20109 B2 ARl Hist] 2| FFAgdS AT
olAd1¢ - 0]3]A(2015)2] ¥+, InfoMap Ya1e]5S S-83t Ut
AH2019)2] AF, 20179 B2 2=} T3] InfoMap Fale]ZE
T EYA AlFA|E T4 HEA 21202002 A7 ek
Al Qe B2 V1R ¥ F8H0l Jlon, A2019)2
HEA 9](202002 B InfoMapl 2 EAEE FYHA 4
stalet. 1oh22- 20159 9 201949 F53 A= E AR v}
FEAHEF o] FFHA2EIAIZHMIPT)E 233t 4=9-
LBA|2019)2F A - +BA2024)9] AE7F ek, T, vpa
& 21(2020)= BB A= AArdel izt 719 2 AR
il InfoMap YLE|EE 2835k AF AT 7 AR A RS
AR, o4l 0] 5] A(2015), HtH2019), HEA £1(2020),
A= - LBA2019)2] A= AR oF 0.7 WY 2, AA
-2 A(2024)2 BkAE €1(2020)= 0.862-2 YERTH &, =
A A7 A7 fARE 7S fEoR FREY, ol B4
A T2 WY Zo| 2 QI3 dutE HHtE, 9lE S0, 34
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Table 11. Functional urban areas delineated by previous research

TTWA approach
using 2010 home-to-work
(Lee and Lee, 2015)

Network detection (InfoMap) approach
using 2010 home-to-work

(Kwon, 2019)

Network detection (InfoMap) and
Network Constraint Index approach
using 2017 home-to-work
(Byun et al., 2020)

Markov-chain and K-means approach
using 2015 all travels
(Kim and Woo, 2019)

Markov-chain and DBSCAN approach
using 2019 all travels
(Chun and Woo, 2024)

Network detection (InfoMap) approach
using 2018 all-Industry transaction counts
(Park et al., 2020)

Note: Triangles (A ) represent urban centers of upper-level FUAs, and circles (@) represent those of lower-level FUAs.

B2 A(2024)= FFE4 9] 931 DBSCANe®] tfaf] Z-5-4]
7} EAEE F3%Hs MFPTHEE YAAE 2A310en, BA|
A 7 MFPT7} YAIR B} 242 2o 3hfe] A HC R B
kit ghE, viad €](2020)= 71 2 A7 Al = AAIE
dolx= F94 EAo] glofeof vt o] girk,

I8} 2 9419 Flowbea®t Combo €alE]& Aol
7t ARE= 0F 0.4~0.5 Yo 2 Yeh drjos W ghe v
%t Flowbcat= 4719 A19A-e} ARI7F 0.4 9] 242 &

@ar, A - A (2024)9F ¥AE 2)(2020)2] AFep= zkz}
0.30 2 0.352 YEpsitt 38, Combot 4711 A8} 0.5
Helel g Belal, oAl ©)3d2015)2 AAE - A
(2024)2] A17te} 0,382 LERdt) o] Flowbca®t ComboZ}b
7|1 & Aol A APEEA] gAY AolE Hol= A EE Al
31 71E oju] ApESHE A0S AN 5= s PTHEYS Y

Foh?
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Table 12. Comparison of functional urban areas and previous research using the Adjusted Rand Index

Kimand  Chunand Park
Type Le((ezaon]dSI)_ee (I;m) By(r;rt;ze:);ﬂ Woo Woo etal Flowbca Combo
(2019) (2024) (2020)

Lee and Lee (2015) 1 0.77 0.67 0.65 021 022 0.37 038
Kwon (2019) 1 078 073 026 0.29 0.39 047
Byun et al. (2020) 1 077 028 033 043 0563
Kim and Woo (2019) 1 033 037 043 054
Chun and Woo (2024) 1 0.86 0.30 038
Park et al. (2020) 1 035 047
Flowbca 1 0.46

Combo 1

Note: 1) The ARI ranges from 0 to 1, with values closer to 1 indicating a higher likelihood of being classified as the same urban regions.
2) Where previous studies excluded certain regions or failed to delineate FUAs, individual regions were assumed to be FUAs for the calculation of the AR

£ Ao ASA AAQ] Flowbea Yate|E A4t
A A2l Combo Ei18}5e] - &AL vlwslil, 2|9
2t 57 oD #-&3 ARE vlusiie. F daEE WY
3718 -tk ol F R YIEH A 288 4 3loH,
Bl FE2E AL AB] B2 THS A=t &
Flowbcat= A SAHAE A48k, AE J2E &
3l o] 7Hs3HAITE, Combot 58] XA 3HE 9Jsf
HHE 9] giZ2el 7P 2 2oE =S 20229 57
ODOfl 7+ Yale| 52 287 A¥h= v Ee

Flowbca= 4 % 71% 13719] 491 4 31%] =Alge=
TEEH A F2E B $EELS 7] @S YshH
A7) EGo] 75k BEHIE Bole 5 datdae 9AE 4
BE 83 2AE A I 78 HEE BT 9k
EHUL 73710t AR FHES] AR A2 FYE Al
FAAsH 7P 4¥Eol Zlow, Fab-dit 5 FIAE TAHE
A2 T EAJEOAE 319] EAIEC] G5 APEEITE E7E, F
Be| H2of w2t 7152 skl =AEE FAsHL 3%,
TR ToME st A7 7P AldshE dYE HEH
o, o, SuE S| WA 23f, HA7h= A FAA
o FFELZ A= F4E Ao wehEo) Y, I
FR0lA =] G| 7P 2 A= yEyT,

Combot TIE ALt SRR Al- o] FPEAS
THOE EAES A5 E3, A2 A SR
Al B 57 AR Aol Blou, 1 Ak A A
Sttt *HH, T oA HEhe W LS EAE0] £
9 7 B2 EAE 8 B3

7 darElEe A 9 2393 AA A 474
H9, ol darelEe] 4 g %= 580 Flowbca

54 "=2&AE, He1d H3= (2026)

EUAIFLR T A 7H BAof 7[Rl SA| A oE TAlEE A
817 Wzl YEET}F w2 A F Yol WA FAE A,
Comboi= AAZ LR ofe] £A] 7+ TAE FTHELE 188
Wiel =7} 71 A E HAsishs 2HgollA el A
B, &, RN EAEE Aok Azt vt 2F F
JE =AY F7H 9919 27]= AolE B RESTHA
3t vlw gt A M= Flowbca:s AEH F419 123 AY
I FAREAL, Combot= Al - = 8734 49 42 A8} #
Atetget, 12|al £ garelE2 AR AT A A4 dxet
Aol Jokom, ol 7| WHE dj¥] ApEsiE JEE A
T U2 AARR,

LA AY A0S EYjE F garglEo] A s the
1 2t AA, Flowbca YalE|E&2 EAIHY AlS 29 £A|
A 7o) Z4sk= AAE EA4E < k. Flowbca= 7F8 & 4
338 B F AAE Wt et Bl 7Wet,
AR 11 AE A EAE A S G 4= ok 53,
Wk o|F A 7he] AIE thAl A olgtel wlel, HtE A
T AR AFE 25 Uil o= =AIEY o¥3kE
ufoldh 4= Q1 oby gk, Al 7] 1A 2 A SRS 4
4§ ARE AFshe, 7159 97 A4S 2457 g &
AZ B8E = ) dIE £°1, AYSOC F 7|NHAHE 319
FAES FAlo7 FouEe FH ol AXI(Hub and
Spoke) HE 2 49 =A| AT} 319] BAIE 7HAIRME = A& A
ojc},

E, Combo ¥il8}E&2 YEYAE 7[§te= Y7ol 33
T7b w8 593 1 2E AEE 4 ok Combo=s &
Agk2] 23 Y8l A Y& AufA|sh= L WHESl] =
ZZQ HAsfof =Y 277t A on|, o7 27] 4o 7]RE
3 ¢HE 2Rl AutE a3t uebA FYRA YA et 3
29| %7t F71%HSobolevsky et al., 2014). o]#{3+ 2}
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€ 2394 AdLE 755k ol etk YP2A FYu
ST AAL T FHE AP oR FEske H 78T A
2 ek, F A3 2399 5 A9 230E 913 Al
- AP I FHE oA AAT AUA el o
g et IARER 888 4 k& Aolth

F darE|Ee] AR A= 9t Flowbeat == 7
g ATES 8SIER, ZEAleh 2ol ofF A 30
A A EAEE B8R AR B EE 5 2]
o B2 F¥e TR EAHS] FFHo] A, o o] 1L
2l 5olA BE Al-to] 270 o) Al Zo ' AE EAIEe R
AAHES AT 35 A5740] 2AY F0] 24k £
ZAtole ARA 2 AYE 53T & Aok W, Comboe
HEo] HHE glo] EAIEE R 2N AAStER, T4
A T OE R 24 o e ek o Ej b
olej9] S443} AtAte] F2of ufeh AuE FHE 0= sjA s
of jith, 12al = darelE BE M IS AAEHA o
£t oot Z2 A dHE 1T o, =AE A4S B4 =
23} dlojele] S/dof et o datE|ge] W¥aE 28t 9l
ot A% 520 upet dare|Ee] ofgt AHE R os &E
sto] ;A A7 9] 2eHE Q] Au/dE HEsfoF gtk

£ 479 e 24 DHE Al-ToE A 7)€ 3
SIS AR Aol 2T Rudd HiHlo|EE T8 AT
% ofgo] /EL gleng, FHF T o 22> 3 DlelA
A0 AleE Wart Qo datEge] 7HkRt EAIE A0l
o E3% YEHANA B8A0] 52 AR =] wiEo]
th, ?H, Aare|Ee] 34 IS AAIBKE § 7410l olF
A "avt Qlrt, B F9 HlolEE iF Azl 4419
YA 5 EAIFEE A A 02 vgshs AR o AEd
o AR2olE - 22l FARE § EAEES FASH] Ashe
TA7E A,

Z:1. Newman(2003}2 4 2 &(configuration model}g Salf LIESIZE &
HISISIGIC) Xig(degreel= 2t L=C0f HZE K| 22 olojsi=y), 2
E LCo| X 4 S¥(degree distribution)oll 7 |BksH ZAEC) 2
g HEYI0M= A (sub), & WXI9 5% & =2 ' iEs
EJal Aol 228 FAGHIAL SIICE 2t =0l AT AT
(stub)E et 0| AHSE PARIZ WX|K UXZE FHEo2M
HIEQISE 1M5ITt ety 2EE HIEYT9| AIX| 27t mY of, A
ol £ 2m 022, L= 0l AF0| 2 S50 p= K E 2m
OF LiE glo| Eict 8 95k YIET0IME Zt S0} indegree
@ out-degreeZ LESHH, 0152 YE0| 2t WX|of X7+ SMSIC

22 Sobolevsky et al(2014)2 C++2 ZAEl Combo B2I2E M5
Qlct o203 L REM2 AlAe| Haiot AjZks s YT 7tE
X HESZ HEGIH ZENS AlBiCt,

33 B A= 14 9 2R ZETEAIY| 23t YAl SH=AZ XPEE o
2 A= IR Az eIX|ZRoL), AT SAIRS SM5HK| 2
SIUCE T S 7124 TATM USRS HIZ2 2602 &

=l EAEE Sdety| ffeiMes Het 014 § HIEE Eo{of &
Ct (22 #1) Ol S0, 28Z2 420l 737% 4= |FAl
536%E HIFO0| 30, g WHT2 ABAl 269% BFA 12.7%. M
BAl 9.7%, 4T 6.0% FT 64% FET 4.9% 5 TR XAt
SHE(0] ATk So| MEE FSHEAR B AT V| 85, 22| d
2 R 202 HEslHN J8A Y BT Uit §™ HIS0| 5
Oxtm, H=0| EAIMS oAl 2ot A Hite o= moart

74, HEXSRand Index)= HI0E2| Hpainjofl tigt T 712| SAH 2
UE HwE o, 2T Z2 SYAHZ ERSPILE 2F OE S AH
E 2R 429 H|ES ARSIt O, S2AR9| 271 QOESE 2
T OE AR ERLe 47 RorEl w2t 10 2iiKE 2X
£ allF5l7| 2/l Hubert and Arabie(1985)= FA{912 FHAH Zit
ol Mz 7|3t Eete 2 MEX{Adusted Rand Index)Z X2t
SR,

6. H, AR 29| AOIE siME the Fot ERsiet vl ol Mt
Hole R 24 AR, du2lg0| 2F O20 2 A419o| W2
AR 02|50 Aol 7Ilsicta HiEelr | ok w2k HEA
29| AR H|me HHEA XEY0| A 2727 |20 2 o5l
Zi7L 71E SR HojE EAIE FAZE MARIChE AHds HEE
o=z Rlsk= 7IaX XE= siMsh= 20| HHsict
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Appendix

Appendix 1. Round-by-round results of Flowbca for the overall travel

Round Origin Destination Cluster g Round Origin Destination Cluster g
158 Gyeongsan Daegu Daegu 0.775 79 Yongin Seoul Seoul 0474
167 Geumsan Daejeon Daejeon 0761 78 Suwon Seoul Seoul 0675
156 Yeongcheon Daegu Daegu 0753 77 Hwaseong Seoul Seoul 0.730
156 Goryeong Daegu Daegu 0762 76 Osan Seoul Seoul 0806
154 Hwasun Gwangju Gwangju 0738 75 Icheon Seoul Seoul 0.668
153 Goseong Sokcho Seoul 0737 74 Yeoju Seoul Seoul 0815
152 Muan Mokpo Mokpo 0727 73 Pyeongtaek Seoul Seoul 0.687
151 Sinan Mokpo Mokpo 0757 72 Anseong Seoul Seoul 0829
150 Cheongdo Daegu Daegu 0725 71 Namhae Jinju Jinju 0473
149 Haman Changwon Busan 0.681 70 Jeongeup Jeonju Jeonju 0.465
148 Yeongam Mokpo Mokpo 0676 69 Seocheon Jeonju Jeonju 0.462
147 Naju Gwangju Gwangju 0674 68 Goheung Suncheon Suncheon 0458
146 Jangseong Gwangju Gwangju 0672 67 Boseong Suncheon  Suncheon 0551
145 Damyang Gwangju Gwangju 0678 66 Chuncheon Seoul Seoul 0.452
144 Yangsan Busan Busan 0665 65 Hongcheon Seoul Seoul 0725
143 Seongju Daegu Daegu 0646 64 Inje Seoul Seoul 0587
142 Hanam Seoul Seoul 0642 63 Wonju Seoul Seoul 0.464
14 Wanju Jeonju Jeonju 0.640 62 Pyeongchang Seoul Seoul 0.501
140 Okcheon Daejeon Daejeon 0639 61 Gangneung Seoul Seoul 0.456
139 Asan Cheonan Seoul 0618 60 Danyang Jecheon Seoul 0.450
138 Yeonggwang Gwangju Gwangju 0617 59 Nonsan Daejeon Daejeon 0.447
137 Hampyeong Gwangju Gwangju 0666 58 Buyeo Daejeon Daejeon 0.452
136 Gwangyang Suncheon  Suncheon 0611 57 Gochang Gwangju Gwangju 0.446
135 Uiryeong Changwon Busan 0.607 56 Sunchang Gwangju Gwangju 0.447
134 Hwacheon Chuncheon Seoul 0581 55 Jindo Mokpo Mokpo 0.445
133 Gokseong Gwangju Gwangju 0.580 54 Haenam Mokpo Mokpo 0474
132 Bonghwa Yeongju Yeongju 0568 53 Yecheon Andong Andong 0.445
131 Gyeryong Daejeon Daejeon 0564 52 Gurye Suncheon Suncheon 0444
130 Yeosu Suncheon  Suncheon 0559 51 Tongyeong Geoje Busan 0431
129 Yanggu Chuncheon Seoul 0.558 50 Hadong Jinju Jinju 0.430
128 Goyang Seoul Seoul 0541 49 Hongseong Yesan Seoul 0424
127 Paju Seoul Seoul 0.639 48 Sejong Daejeon Daejeon 0.409
126 Uijeongbu Seoul Seoul 0584 47 Gongju Daejeon Daejeon 0.664
125 Yangju Seoul Seoul 0687 46 Cheongyang Daejeon Daejeon 0.461
124 Dongducheon Seoul Seoul 0763 45 Muju Daejeon Daejeon 0410
123 Yeoncheon Seoul Seoul 0765 44 Wando Mokpo Mokpo 0.405
122 Namyangju Seoul Seoul 0.627 43 Gangjin Mokpo Mokpo 0.464
121 Guri Seoul Seoul 0.870 42 Jangheung Mokpo Mokpo 0427
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Round Origin Destination Cluster g Round Origin Destination Cluster g
120 Pocheon Seoul Seoul 0822 41 Hapcheon Daegu Daegu 0397
119 Cheorwon Seoul Seoul 0798 40 Gunwi Daegu Daegu 0393
118 Gapyeong Seoul Seoul 0.645 39 Uiseong Daegu Daegu 0416
17 Yangpyeong Seoul Seoul 0678 38 Chungju Seoul Seoul 0373
116 Hoengseong Wonju Seoul 0.536 37 Eumseong Seoul Seoul 0.451
1156 Gwacheon Seoull Seoull 0.534 36 Jincheon Seoul Seoul 0554
114 Ulsan Busan Busan 0.532 35 Jecheon Seoul Seoul 0.303
113 Gimhae Busan Busan 0544 34 Yeongwol Seoul Seoul 0.653
112 Sacheon Jinju Jinju 0532 33 Jeongseon Seoul Seoul 0576
111 Sancheong Jinju Jinju 0557 32 Taebaek Seoul Seoul 0577
110 Miryang Busan Busan 0527 31 Donghae Seoul Seoul 0.428
109 Jinan Jeonju Jeonju 0523 30 Geochang Daegu Daegu 0.366
108 Imsil Jeonju Jeonju 0561 29 Sokcho Seoul Seoul 0.363
107 Yangyang Sokcho Seoul 0517 28 Mungyeong Sangju Sangju 0.354
106  Gwangmyeong Seoul Seoul 0513 27 Namwon Jeonju Jeonju 0352
105 Pohang Gyeongju Busan 0.504 26 Cheongju Seoul Seoul 0345
104 Taean Seosan Seoul 0499 25 Uljin Seoul Seoul 0350
103 Jangsu Jeonju Jeonju 0498 24 Yeongdeok Seoul Seoul 03563
102 Yeongdong Daejeon Daejeon 0.491 23 Dangjin Seoul Seoul 0350
101 Bucheon Seoul Seoul 0.486 22 Seosan Seoul Seoul 0.399
100 Incheon Seoul Seoul 0594 21 Boryeong Seoul Seoul 0341
99 Gimpo Seoul Seoul 0928 20 Yesan Seoul Seoul 0.355
98 Siheung Seoul Seoul 0.567 19 Cheonan Seoul Seoul 0367
97 Ansan Seoul Seoul 0.540 18 Gumi Daegu Daegu 0339
96 Anyang Seoul Seoul 0534 17 Hamyang Daegu Daegu 0342
95 Gunpo Seoul Seoul 0659 16 (G;%iegc’s’;% g  Busan Busan 0332
94 Uiwang Seoul Seoul 0779 15 Geoje Busan Busan 0412
93 Seongnam Seoul Seoul 0.569 14 Gyeongju Busan Busan 0318
92 (g}ﬁ?)?}%j;i) Seoul Seoul 0712 13 Yeongyang Cheongsong Cheongsong 0.309
a1 Jeungpyeong Cheongju Seoul 0484 12 Daejeon Seoul 0282
90 Goesan Cheongju Seoul 0487 11 Jinju Busan 0270
89 Changwon Busan Busan 0.483 10 Sangju Seoul 0271
88 Changnyeong Busan Busan 0.601 9 Yeongju Seoul 0382
87 Samcheok Donghae Seoul 0481 8 Andong Seoul 0.457
86 Boeun Cheongju Seoul 0.480 T Cheongsong Seoul 0.187
85 Gimje Jeonju Jeonju 0479 6 Mokpo Gwangju 0149
84 lksan Jeonju Jeonju 0.507 5 Jeonju Seoul 0147
83 Gunsan Jeonju Jeonju 0527 4 Suncheon Gwangju 0107
82 Buan Jeonju Jeonju 0.506 3 Gwangju Seoul 0089
81 Chilgok Gumi Daegu 0474 2 Daegu Seoul 0132
80 Gimcheon Gumi Daegu 0488 1 Busan Seoul 0132
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