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Abstract

This study examines the dynamic evolution of polycentricity and urban centrality in the Seoul Metropolitan Area (SMA)
from 2000 to 2020 using origin—destination (OD) trip data. A multidimensional framework integrating economic, functional,
and structural centrality indices was employed. The economic centrality index, derived from principal component analysis
(PCA) of land prices, population density, commercial/office floor areas, and employment data, revealed persistently high
centrality in traditional Seoul cores (Gangnam, Jung-gu) alongside emerging clusters in satellite cities like Seongnam
and Suwon. The functional centrality index, calculated through weighted combinations of inflow (50%), outflow (30%),
and internal traffic (20%), demonstrated increasing self-sufficiency rates in major cities (e.g., Goyang's Seoul dependence
decreased from 79.03% to 61.74%) and diverging spatial patterns compared to structural centrality. The structural
centrality index, evaluated using network metrics (betweenness, closeness, and eigenvector centrality), highlighted the
growing importance of transportation hubs along GTX corridors. Its correlation with economic centrality declined from
0.7363 (2000) to 0.5451 (2020), signaling a decoupling between infrastructural importance and economic activity. Multi-
scale analysis addressing the modifiable areal unit problem (MAUP) confirmed intensified spatial differentiation: grid-level
Moran's | values remained above 0.76 (p<0.001), and district-level CV correlations strengthened from -0.1125 to -0.4078.
Spatial lag models (SLM) identified significant spillover effects (p=0.48), while cluster analysis using ARI/Jaccard indices
(0.847-0.696) revealed phased structural shifts: consolidation of first-generation new towns (2000—2005), GTX-driven
reorganization (2010-2015), and specialized cluster formation (e.g., Pangyo Techno Valley post-2015). These findings
underscore the need for differentiated infrastructure investments that strengthen transportation-economic synergy, multi-
scale policy integration balancing grid-level precision with district-level equity, and adaptive cluster management to support
functional specialization in emerging hubs. The results also provide empirical validation for Alonso's bid rent theory and
Christaller's hierarchical models in a contemporary metropolitan context.
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2 ojEAo| EAFOR, o]& YA HoZ TB3IA] Yo £
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A oA A H (Spatial Lag Model, SLM)E &5}
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4, CESS e 2410 MAUP szt
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2 30 HAEE AlFoo v|AF HEkE Z2R = Qe
o] glon, Altqt Tl A T FYY 712 dRA
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5. 2HEMI SAH B Ext

A A HiEE FRssial 1 e i AAA
o2 £43517] 913 K-means 3242 AABIE 24 &
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Ale=0.345 S8 AFsHen, ol 3 59 ¥4 S84 e
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A= A2l AR 7HAY UgES 245 S13 7187
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aFoirt. 7L B9 w9 A e] MEE0] 25% vHhe = LEht
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S8l ZAFSARIS(VIF) S AlLtstgon, Be HaoA 3,0 it
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1. S 78 32 Wl iR 2SXs) iy

1) ZRIN 4 Mol thE Hsjet Z7HH xi7xs}
2000415161 20204172 9] AAA 448 A= W3S £A4%
A, =d WollA F3g 9AA wgE S 30" 4= 9l
o 84 7170 Al DAR R8sk A e ohga 2 3
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o}, A23E ©§A(2015-2020)00 4= ThaEH 2827} $JA|g
Aare] AAF iAo FHA R F7RIY AaAle] A
ZA4 4= 20154 o] 20208 F7H=2 87% A5t A
A 712t F 7P & HEE B ol TaH Akl 240
2 QIgh FHity EvAH 41 WAt weol Qirt. 2020
7% B 2ol 1,259709] U719 64,497H) &
2A7F A= 9loH, FuiE2 of 1072 Hof ggitt. ol
A E82ES 42712 8- AR FH BA F
HAehE T2 A2E 739 AAY $4H8S ASso B3
SR A7 BAE B AAA T8 A S AT
£ An, S5 Ugh sk gl o] ERIE Tt AA; & AAIH
Z414 9] Moran's I 2+ 20004 0.6189]14] 2010 0,765 =L
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23t WISk B BAAH 02 {03 $2:E(p<0.001) -2 VrET
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Al SolA . FARE sfElo] #EE]S], Moran's 1 30]
200041 0.34201141 2020 0.463 2.2 A|&H 02 Z7181 A A|
2] Aol A F7H 37 A= AL 93-S BIsHT
gHH, 27t 2ol 434 = Alonso(1964)9] TxtA
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T 4= Q) 53] Mg g Fad AFESY 571 A
o Yehhz A 9E0] F71staL 9lo] 7153 oiglrt A8gE sl
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AoA 20208 309,518AL.2 34.9% F7HoH, FEHFS
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e8] A0 EAA Holu 52 At FAA
& AL 9SS Hoje, A A& g&EE 20009
28.6%°14 202041 24 4%= ZAFow, AEELS 62,5%)4
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163,28973914 20208 302,559 2.2 85.3% S713eH, 55
3Pke- 433,091 7404 861,423 0.2 = uf oA} Z715ict, £3]
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LT 353% 3713 AL Bl Al 2402 QIj AR}
7kt AFF R Adgn AgAe AL oEEE 20009
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27t ol GTX 5 #9us¥ F3oa 124 F440]
733 3ol Etelal, AA B8 dEoiAe AE YTt
ZAashal 2| U AFAo] ZstEe B2 WIkE Hojgd,
SHAIE 27] AlA) e gFo s FA3 HsE Bel XY
olt}, 2015 o1 F FEHAIEA] UF7F EAJEHA] SHAJA9] F
Sl 20154 552,60774°14 2020 688,727 0= 24.6%
78t} 53] 58 FL MM A& 9Ex7) 20159
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=7 TSt Ao M LIELE S4Y BEZs sl

Hct, AZ@F/g0 0.59] 7HERE Folgh A A4 107 A
o +9] HEE°| 18%2 Yerted, ui7iFd gl 0.59 715
A& Fofgt AolE 2% 23t 7P SEE 230l A
& 9] HEEC] 25% vite g Yeht Axte] by SR
4 A%t 200090l A& T, FET 5 F3HU EH A
ool 23 FAAl A Ueho, 2020808 245 4=
AL, HFA, AEAl F A7E F8 BAS 323 F440]
A3t A 2ok £35] 201549 o1F GTX § Fus
T HF Aol REHA F8 F5o] YAT BAEY F
Z3 FHA0l A A F£9AY A ddFA40]
2000 002340141 2020 0,03872 65.4% Z7F31o™, vfj7)
A E 20004 001569014 20201 0.02982 91.0% Z7H3ch.
ol AL EH G A9 iF AFLEA o] %
ShE]IL QS-S HoEr), QFFAl QA KTX JFE gt 4ok
T BAuTY FAR 3 23 FHP0] AKH R st
3 9k, AEA = AEFFI PEIFFAEA] LR ]
ZA F4/90] 3438 A5et AlEloltt, ZEA S ai7lF4 42
20008 0,0045°14 202041 0.01982 340% Z7HHom, o=
AAFF AT AE AR A 1T S| EEA ] AT 3]
711%k,

2. B4 XIE 2 ABT| 2AT HSRS} HAO)
R

1) Al Hajo| Malx M

Al 74 F44d A4 7k A= Al vt HEtksh of
He Blon, ol F4A g @4 #44 FA7 |
o}, Foj& A 71ECE AR A, FAH FH4Y
7163 43 79 s 20004 0.7920014] 20201 0.661
2 16.5% a3, o= AAIA et A4 33 55 19 A
A7F oFBHE| Sl Q0S-E AR, B4 3t Al 71 S48 A
A7 Al whe} Hssle] st A4S #]1skir, o
£ uF gz 23 F841 FAA 71 A 7 HEH
A7 ofStE AL 93-S WES| Hojgd ¥ 7153 4
A F22 S48 7 A= 20009 0.495914 2020
0.4072 iz o2 HgAQl £=E& AAIF. o= AAl &3
He T YELA 2 71| AL FAA 2Rt AdiFe
2 53 US AR, Adoltt & mAIE B8 B4
A= FARE Higo] ERIEN), AAAH -2 F44 7t 20
ot ARG 20004 0.8320014 20200 0.8372 2353 4%
F7H=d, ol <% Ao E 23 A RAE L gl
U A3 2 Aol A Rt AYEIL 35S BAE
th3E 4)(19 2).

Table 4. Changes in centrality correlations (2000-2020)

Yo Economic- Economic- Functional-
functional structural structural
2000 0.7916 0.7363 0.4952
2006 0.7654 0.6891 0.4823
2010 07234 0.6456 0.4567
2015 0.6892 0.6934 0.4321
2020 0.6609 0.6451 04070
g ete 165 260 178
(%)
Interpretation Moderate Strong Moderate
P decoupling decoupling decoupling

2
in

standardized centrality
=
=

0%

2000.0 20025 20050 20075 20100 2125 050 20175 20200
O

Figure 2. Time series evolution by centrality type

2) EkSE3} Bikdo| 0|2H 4

o2t A Wsh= Al 714 o] 22 FHoA AT 4= A
o AA, BAE -2 FA4 7 388 B Giuliano
and Small(1991)0] LA EAJHA FERE AT LARIC, 3L
SER UER 09 A SAHATHISIEA B S 29
o] Mdgeo] BErh= A2, W qlxel o] FAHYE
o] F3H ke S0 Ze uikich EA, FAA-7)E
A S48 7 = AU FAE Castells(1996)9) 58 33t
Moz dect AATE] JFd X2 Y 580 AT

€ 0l ASHI UEE BoFH, ol AEY] 44 o
&0] A3 AAA 712E ek AAEIL S-S Quigich A
A, 7153 -722 A4 7 52 JBWAE Hansen(1959)9)
G olB0E PHT = ok FRAOR FaT A A
Al 71 =3 Ztols Aot o, ol AT TEEES
SS9

3. CISA7|Y EM0t 37V E3te| dst
1) ZR-AIZT B 24 xjo| A

EaAY 24E S8 A4 Teleh Al B9iel 4 At
Aol AAZ o2 HESC, 24 23, A% &9 AA1A T4
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ol F7H 71433 B4 A Moran's T 32 Al S9jEct
A3hE| A A YErst), 20208 7] A&} @9 Moran’s [ 42
0.766%1 ¥HH Ala=+ T= 054302 YRt 0.2239] ZlolE
Bk, ol 2ol 37k HA dFgelA] YAk BE &4
I ;Ao Qlrk, AR oAl =A1F Holz} o AlgstA =
= HH, Al 99E AAE s 34 iR o)F
o) HatalE]o] FHA Apr|Ado] st AlHE A7) o
olE¢] WA EAoME EeETA oy Jde] BT X
ol w2 HEAR(CV)7F TEE, 2020 7]E FHf W
A 5.812 UERoH, ol 3T Al Wil 44
A4=0] Ha7} o vk AE Quidtt, Al W A3; 9
HEA 7] A= 20008 -0.1125¢914] 2020 -0.4078
2 735E|Q0T), ol gl FPEHA Al YR 713
B3} ASHE 1L 982 AIARITHER 5),

2) eIF T 7t5EHe| 1t

ATEEE 7IAZ A83t 7159w AT TeBd 4
of alolE EATE A, AAA A0l Bt 0.2442] Zpe]
7h HeRgt, ol d77E AFE A9 S0l gl
T 47 Aol e BojErth 53] Aurld] B¢
7V Sl 7 BAA A4 Aol 12302 7P A
Al et ol Hald Al e 2o e A2
o] QHEE 7HEAE S8l o 3| HYEIL S-S vt
o, ARl AR A o2 Aol 7F AA yebd=dl(aht
0.34, 0.28), °l= °I& A o] Aoz F53 MUU=E 2
o|iL &2 AARIT,

Table 5. Multiscale analysis by year

Correlation
coefficient
(Grid count -
cv)

Regions with high
coefficient of variation
(cv)

Year Moran's |

Gunpo-si (22.78),
Namdong-gu (22.63),
Suwon-si (9.78),
Guri-si (6.23),
Seongnam-si (4.22)

Yongin-si (14.82),
Ansan-si (321),
Uijeongbu-si (2.44),
Siheung-si (2.29),
Hanam-si (2.29)

Uijeongbu-si (5.81),
Uiwang-si (3.63),
Hanam-si (3.38),
Goyang-si (3.09),
Ansan-si (3.06)

2000 0.7893 -0.1125

2010 0.7648 -0.0884

2020 0.7664 -0.4078

Note: Coefficient of Variation (CV) is calculated as (Standard Deviation /
Mean)x100. The high CV in 2000 is influenced by the small sample
size of grid-level data.

52 r=2E7E, Me0d M5S (2025)

4, STHZEE 24 Zue} 2itsnt

1) LR Xk ZE

SIM #4 A3} FI7BAT(p)E 0,482 BAZ SR &
ofste] Q1 A< 7+ A ARE Q1SS 2d Blw A
SLMP°| AIC 7[€2.2 71 S5t AeE B}, OLS 249
9] AICE= 1,580.2%1 21 SIM- 1,234.12 24 /A= &
ZHo AR F(SEM)S] AICE 1,245.72 SIMEC) tha &4 el
ot SRS E)IE 0,482 BAIHLE fodon
(p<0.0D), ol 1A Q8] FHAol 37 AH ] FHdel A
g Y v 1SS o)ttt SIM A& & Hate] F7HA}
71482 0.02(p=0.12)2 27 Z4sle] Bdo| 2A o] 2l
E[ATHIE 6).

2) D™HSIR} A[ZHX H3}

IREN 2 B3 AZREY AY EAR A 24, 34
AA 59 B TAIR A, &% AIZHA ¥E 531 3%
T 4= At B4 F= 20001 ofH] 20208 AAA S48 B
T 7ML A7 1.2%=2 Jeigod, A9 & s 29
o}, Al 97 B 4.8%2 $7HEE 2o 71 w2 AGA
£ vepglon, o] F2 20104 o]F wiH Az Y &
T2 sfagct SUA(ATE 2.1%)9F SHIAN(A7E 3.2%)= A
Hog 52 371 Bt ¥ AE 9% A9 29 57t
2 BAEY|, F23E A -0.8%, T 97 -0.5%2] 7
AA1E YT ol 154 &4 7159 987 & A9
2 BAE AL QLSS AlARRIE

5. ZEEH Znjet MY Rt

1) gi=E 2& Ax0o| Pt w3t

K-means #3E41E B3 SE8e 4l 202 2RS4
I, dxd 7 T2 BT HSE SAlol 1™ 4= 3l%d
t}. Adjusted Rand Index(ARDE F% 3 A& 244
2000-2005% 7|7k 0.847=2 77E A4S R3O 2015-20209

Table 6. OLS, SLM, and SEM results (Summary)

Coefficient Moran's |

Model Variable (Std. error) p-value (p-value) e
Independent oo 0.48

oLs var1  048(012) 0.003"* ;) (orum 15802

SLM Spat(lg}l L33 §48(009) 0.007* 002(0.12) 12341

SEM Spatial Error 039(0.11) 0.009" 0.03(0.08) 12457

)
Note: *p<0.1, #p<0.05, *p<0.01




S CIaHsH TEROIM LIELKS B4 BSEs} 3t

717+ 0.696 2.2 Tt 2] ¥ishE UePlltt, Jaccard Al #
Ao A= fARE sjEo] FISict 2000-20051 0.4099114]
2015-2020'4 0.679= S7F5t0], T2 45 7 1+ AA7}
oS YA AL 93-S HAETHE 7).

2) T E4ut SAM Z=2njl

4 1EY A= AL Fa ek A7 ZEEA
t}, o] -2 Al 717 F44 RN & & Bol= 539
ek 20208 71E B BAA F4AA 5.015, 7153 SHA
159,857, 7+&3 F44 0.0091 2 ZE& SH A il =& Y
Bt 4 20163 E3H3)0lle YA, AL%Al, R4 Bl
ZFE, o] 2L 7158 AL AW A4 -2
AL AT F LR W2 E4E Ht, B4 7153 FHES
125,944% & Hol}, ZAAA F448L 2,628 23, 4
3(F2E ARG AEA, YRA 5 1L 2FA7 2
Ak, 23 FAAL AN AAA 7158 TS AR
A& BQlt), ofE A9 FF M Ao w2 AR F
7Hch 23 4FHAGE)olE 718, dAE T o A o)
EZFE ), BE 44 ARA 2 & Boln, ==H |
oA Aoz FHA XE AX|FIHE 8)(3E10).

6. &5 Al 24: nYA|et A S| ESEs Y

1) DA =X SAMD 715X KI5l SA| Ast

ALY = GTXS 22 FQuY T3 123 F44ol
748 A Al R BAE AAR gAY 2A FAA
Z4== 20004 0.00529014] 20201 0.00872 67.3% 715191 0]
25t H3kE JAggict

53] vi7i5-444] 73 2000 0.00189114] 20201 0.00412
127.8% F718to] ==l AERS 2F Ao 2A o] T4
AEE G BoE Al YAE A9 U ASAE 24
FFEIh A1 9=E7E 20008 79.0%14 20208 61.7%=
17.3%p Aagon], AL 44.95% 4] 49.31%= 4.36%p 5
7Hgict, ol#gt WMSl= Christaller(1933)2] F41#|0]E0A] 9

Table 7. Cluster similarity index by year

E:r';;‘:’a'im“ ARI Jaccard Interpretation
2000-2005 0.847 0.409 Strong persistence
20052010 0768 0475 Partial change
2010-2015 0.836 0794 Stable maintenance
2015-2020 0696 0679 Moderate change

Note: Interpretation based on Hubert and Arabie (1985). ARI=0.8 is ‘Strong
Persistence’, 0.5-0.8 is 'Partial Change', and <0.5 is ‘Structural Change'.

Table 8. Weighted sensitivity analysis results

. Rank change Cluster -

:::%gb';:lation atedor 1an — compositin a:st:;st:mz’nt
10 regions change

Betweenness g Minimal

centrality 0.5 Lo change Stable

Closeness - Cluster 3

centrality 0.5 22 reorganized St

E;%i?;?t;tgrg) 19% Minor change Stable

it:igggd 156% Nochange  Very stable

Extreme ;

combination 24% reorpgrﬁg s Stable

(0.7/0.1/0.1/0.1) 9

Stability assessment criteria:

- Very stable: Rank change <15% & No cluster change

- Stable: Rank change <25% & Partial cluster reorganization
- Unstable: Rank change >25% & Significant cluster change

Note: 1. Rank change rate <25% is considered stable (based on Hubert and
Arabie, 1985).

2. Stability confirmed across all 27 weight combinations, demon-
strating the robustness of the results.

53t i} o], W JjAle] TR 715 oA et A
A BB oAl AL AFH LR HolEn, AP e =
A A FII 718 A A eSO A9E AR
Crelie} A = 87k < SlTh

2) HeAl: 7ls= SH4el S48 43T ZNE g3t

Al BAIEA 7P Bag el 2408 7153
F44g0] 943) 43% Aol AdAlY) 7153 S48 A
+ 200041 216,842¢114] 20208 597,341 175.5% S7Hich &
3] 5% T3] 7% 20009 73,7017914 2020 333,991
02 353.1% 3715t =AU 8 dAe] FHAR S
& RN £ Sl AAF FAUA 9A 4% FHE A
2010 oiH] 202018 ZAAZ] 4 A7 87% 53t HA 7]
7+ 7P & HEE 2o, o] BuH A 240R Ql
T W EoaE 34T AP R A, v Ad
A& 22 FAUAE AR o2 AIHA 7t 23,

F2A F44 A= 20008 00071014 20208 0.00892
254% 71 A, 7158 AAH F4A8Y 48T dxE
olgtt. ol A7 TRl AE iAo Wl ¢
A|SHAAE ESHE AHY 7508 Q) ZEd F44S gad
A e Bo|E & 9)(1| 3).
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dynamics of aconomic cantrality

dynamics of functional centrality

dynamics of structural cantrality
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Figure 3. Changes in centrality of Goyang and Seongnam

Table 9. Comparison of centrality changes in Goyang and

Seongnam
Category Goyang-si Seongnam-si
Centrality tvpe Structural hub Functional
Y HP type specialization type

2000 0.0062 0.0071
Structural
centrality 2020 0.0087 0.0089

change 67.30% 25.40%

2000 121,037 216,842
Functional - “555 247,325 597,341
centrality

change 104.40% 175.50%

2000 79.03% 73.70%
Seoul o o
dependence 2020 61.74% 65.560%

change -17.29%p -82%p
Self- 2000 44.95% 45 40%
sufficiency 2020 4931% 57.40%
rate change +4.36%p +12.0%p

Transportation hub, High-tech

Specialized function New town industrial cluster,
residential T
Metropolitan Pangyo Techno
Development driver transport network  Valley, Bundang
(GTX) New Town
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Table 10. Network centrality correlation by year

Economic

Functional

Structural

Year CL No. Num of CL centrality centrality centrality Representative areas
2000 1 52 0.4780 60,893 00078  Gangnam-gu, Seocho-gu, Yeongdeungpo-gu
2 13 1.1584 84,128 0.0088  Jongno-gu, Songpa-gu, Seongdong-gu
3 2 17939 148,635 0.0091 Jung-gu, Mapo-gu (Seoul)
2005 1 50 09905 71,699 00078  Gangnam-gu, Seocho-gu, Gangdong-gu
2 10 18572 82,909 0.0087  Songpa-gu, Yongsan-gu, Dongdaemun-gu
3 6 24414 113,005 0.0091 Jung-gu, Jongno-gu, Seongdong-gu
4 1 21942 106,577 0.0090 Mapo-qu
2010 1 46 14414 81,803 00077  Gangnam-gu, Seocho-gu, Gangdong-gu
2 10 32636 105,150 00090  Songpa-gu, Yeongdeungpo-gu, Gwangjin-gu
3 7 3.0880 93127 00085  Yongsan-gu, Jongno-gu, Seongdong-gu
4 4 3.6832 154,568 00090  Jung-gu, Mapo-gu, Seodaemun-gu
20156 1 43 15880 97,037 00076  Gangnam-gu, Seocho-gu, Dongjak-gu
2 12 36928 118,746 00090  Songpa-gu, Gwangjin-gu, Yeongdeungpo-gu
3 7 3.4653 101,406 0.0085  Yongsan-gu, Jongno-gu, Dongdaemun-gu
4 5 45662 161,907 0.0091 Jung-gu, Mapo-gu, Seongdong-gu
2020 1 47 15974 103,763 00077  Gangnam-gu, Seocho-gu, Gangdong-gu
2 12 26284 125,944 00086  Songpa-gu, Yeongdeungpo-gu, Gwanak-gu
3 3 50148 116,536 00092  Yongsan-gu, Jongno-gu, Dobong-gu
4 5 47589 169,857 0.0091 Jung-gu, Mapo-gu, Seongdong-gu

Table 11. Region classification and characteristics by centrality type

Cluster type Representative regions Economic centrality = Functional centrality  Structural centrality
Gangnam-gu, Seocho-gu,

Comprehensive center Jongno-gu, Jung-gu, High (5.015) High (159,857) High (0.0091)
Seongnam-si

Functional specialization Suwon-si, Goyang-si, Bucheon-si Medium (2 628) High (125,944) Medium (0.0076)

Structural hub Gimpo-si, Ujeongbu:-si, Low (1245) Medium (78,532) High (0.0084)
Anyang-si

Peripheral area Gapysong ques Yeonchean:que, Low (0 568) Low (45,123) Low (0.0045)
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Appendix
Appendix 1. Economic centrality index and rank Appendix 2. Functional centrality index and rank
Region 2000 2005 2010 2015 2020 Region 2000 2005 2010 2015 2020
cananamqu 25006 50758 82033 03338 157601 Gananam-qu 2062097 3377830 380106 34364006 4317305
gnantg (s (st (st (1s)  (3rd) graneg sy (s (st (st (1sD)
Jung-gu 23780 37294 55731 68355 168872  Jung-gu 204824.8 204354.9 273946.1 303483.8279910.2
(Seoul) (2nd)  (3rd)  (5th)  (ath)  (1st) (Seoul) (2nd) (2nd) (2nd)  (2nd)  (4th)
. 23706 46508 74351 84823 102707 .~ 16965241952352 2461487300600.12995045
o9 @rd) (2nd) (2nd) (2nd)  (4th) E @d) (3rd) (3rd) (3d) (2nd)
A— 18762 30262 46263 54948 167040  Yeongdeungpo 165776.2 170504.7 212444.2 230675.4 240666.3
gno-g @4th)y  (sth)  (6th)  (6th)  (2nd) -qu (4th)  (4th)  (4th)  (5th)  (5th)
S 16118 34498 62684 7.3637 81992 Jonanoqu  142479.8146071.8 1932406 1796404
9pag (5th)  (4th) (3rd) (3rd)  (6th) gno-g (th)  (7th)  (6th)  (10th)
Yeongdeungpo 1.4374 22210 35942 42607 6.4491 sonapaqu 3804361398469 166656 5 1956115215437.4
gu (6th)  (9th)  (9th)  (9th)  (8th) 9pag (6th)  (othy  (8th) (7th)  (7th)
Seonadongqu 14157 23791 39564 45892 52904 Bucheonsi 1292091418109 _ )
9donggu 7ty (7th)  (7th)  (8th)  (9th) (7th)  (8th)

Vonasanqu 13921 29611 57515 65120 82514 Seonanam.si 128569.3154878.0 1978566 2755880294969.2
gsang @th) (6th) (4th) (5th)  (5th) 9 8th)  (6th)  (sth)  (4th)  (3rd)
Dongdaemun 13889 ) ) ) —— 126884.9162367.0 191089.4 2211964 240624 5
qu (9th) (oth)  (5th)  (7th)  (6th)  (6th)
Swandingy 124 4281 ) Covang.si 1053634 152757.1 1886959 2089555
gin-g (10th) (10th) yang (10th) (oth) (8th)  (ath)

_— 23230 35818 50099 e 1242063 _ )
gdong-g (8th)  (10th) (10th) yang (10th)
I 21942 36055 46758 66960 — ] _ 162129.018268112053406
po-g (oth) (8th) (7th)  (7th) 9 (@th)  (oth)  (10th)
. 2137943
Hwaseong-si - - - - (8th)
Appendix 3. Network centrality correlation by year
Year 2000 2005 2010 2015 2020 ) _ ‘
. Appendix 4. Results of correlation analysis between central-
[L)ae‘{;(rjg:ce‘ 00956 01046 01044 01062 0.0788 ity type
— Correlation 2000 2005 2010 2015 2020
03666 03854 03772 03855 0.327 ; s
Betweenness Pearson correlation coefficient
Landprice- .
03099 03260 03229 03299 0.2801 Economic-
cl . :
oseness Functional centrality 07916 07697 074563 07199 06609
Landprice-
Eigenvestor 01074 0117 01161 01178  0.0879 - R
— ngﬂg;&‘f fuctural 47363 07271 07051 07046 0.5451
Bmeorness 04016 04016 04016 04016 04016
Functional-
Drec: 05385 05385 05386 05385 05385 Strtiotural cartrality, “0H982: Q4TZ1 D476 04253 [0.407
Closeness
r— Spearman correlation coefficient
Ejggémecmr 09798 09798 09798 09798 09798 = .
conome: . 07129 06824 0.6996 0.6541 0.6361
Betweenness- Functional centrality
i 0813 0813 0813 0813 0813 s S
Cgﬁ?rg;’t‘f fuctural ng32 08523 0.8495 0.8533 0.8371
Eg;‘;i‘;’é?gfs 04465 04465 04465 04465 04465 S —
" . 05366 0.4933 05094 04527 0.383
Closeness: 4597 591 0691 0591 0591 e
Eigenvector : ) ) ' '
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Appendix 5. OLS, SLM, and SEM model comparison results

Category Variable name 2000 2005 2010 2015 2020
R-squared (OLS) 0808378 0.760693 0683276 0.694901 0.691635
E;ﬂgpatow R-squared (SLM) 0.896014 0.867757 0828332 0.83786 086546
R-squared (SEM) 0.798471 0.747635 0681116 0693232 0.69009
Loglikelihood (OLS) 38465 -48153 -11979 -137258 -13614.2
Loglikelihood (SLM) 74732 -1102 -84536 -10063.5 -87233
Model fit Loglikelihood (SEM) 6827 -1456.8 -88204 -104512 92568
AlC (OLS) -7681.1 9642 6 239699 274637 272405
AIC (SLM) -14932 4 22181 169212 201409 17460 6
AIC (SEM) -136419 29256 176529 20014 4 185256
Population density 01339 0.2208 0.344 04179 1.2625
Commercial floor area 0.0363* 01173 01628 0.1001 0.2592
Eg[isa)b'e SoRH Office floor area 0.0052 0.0223** 01133 0.0698* 0.0064 **
Number of employees 04475 0.5653 0.5002 05766 -0.1074
Number of businesses -0.073 -0.1253 -0.085 -0.0624 00772*
Population density 0.0471* 0.0794* 0.1231 0.1609 0.5961
Commercial floor area 0.0581* 0.0474* 0.0490™* 0.0138™ 0.1689
gﬁg"e coeff Office floor area 0.0731* 0.0055*** 0.0424* 0.0127* 0.0286**
Number of employees 0.1407 0.3288 0.2941 0.3613 0.0185**
Number of businesses 0.0042 *** -0.0465 -0.0069 -0.0237 -0.0578
Population density 0.0655* 01324 0.2095 0.2581 05873
Commercial floor area 0.0580* 00734* 0.0800* 0.0455* 0.2062
Eg‘éﬁ;"e Goet Office floor area 0.0689* 0.0386™* 0.0626* 0.0231** 0.0205*
Number of employees 0.1997 03474 0328 03928 0.0524*
Number of businesses 0.0057 *** -0.025 0.0221* 0.0203* 0.0001 **

*p<0.1, #p<0.05, #*p<0.01
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