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Abstract

This study analyzes structural differences in urban vitality formation between capital and non-capital regions across
803 housing development districts in South Korea, all developed under identical national regulations. Living population
density from KT mobile signal data (total, daytime, and nighttime) served as the vitality proxy, with 24 explanatory
variables covering land use, physical environment, infrastructure, and urban scale. Seven models were compared (OLS,
SEM, Random Forest, XGBoost, LightGBM, MLP, and TabNet), with XGBoost selected as the single interpretive model
for SHAP analysis to ensure consistent cross-regional comparison. Capital region districts showed approximately 38%
higher vitality than non-capital regions. While non-capital districts exhibited greater relative heterogeneity (CV=0.67 vs.
0.52), absolute intra-regional disparity (IQR) was wider in the capital region. XGBoost and Random Forest showed the
most stable predictive performance; the capital region had a higher single hold-out R? (0.61 vs. 0.49), but the non-capital
region outperformed on 5-fold CV (R2=0.51 vs. 0.28), implying that capital region vitality is driven by complex factors
beyond physical variables. SHAP analysis identified population size and industrial cluster accessibility as common key
drivers in both regions. In the capital region, industrial clusters dominated daytime vitality and park accessibility ranked
highly, whereas in the non-capital region, commercial cluster accessibility exerted strong influence across all time periods,
especially at night. This suggests that capital region vitality is structurally linked to industrial and employment functions,
while non-capital vitality is more closely associated with the spatial agglomeration of consumption and service activities.
These findings highlight the limitations of uniform development standards and underscore the need for region-specific
urban planning and housing development strategies.
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Figure 1. Research framework

2. A7 X

£ AFE MR EEA, ol wet 24 248 AN
T B4 OS2 At GANEATE AR, 71%A]
Al SR, 85 vjx] Fol 71 718 uet £YEE AR 54
& AYoi(F 4] - A, 2009), ¥laA FARE i FAE A
k= Aol A 7 23 2olE B4 st o
T AL A= 1,16570 AT F 20234 7|E 5 EE 240
2= 803712 SHYSIHCHIE 2). A= 20258 HAFEA|
2glof| A - F531gon, £ 2847, HIEH S19702
T35,

=)
Housing Development Districts Housing Development Districts

in Captial Regian ool Nationwi
-
e
-
=
- L
iy
: a
el o
@S x4y
e o
I L, .
I 5
S o
e
=7 ity
v o«
5 :
z
t -
e el /| 3 .7 i
s 1 / A ;
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Table 1. Variable description and descriptive statistics
Capital region (n=284) Non-capital region (n=519)
Category Variable Variable Eelle) S e e
(Year) Mean Std CV  Mean std  cv
[Dependent]
: Total living KT Living
vit population density Population (2023) 389.104 203369 0523 282074 188992 0670
o . living population KT Living
Urban vitality day_vit density, 09-16h  Population (2023) 15264 7703 0505 10991 7458 0679
; . living population KT Living
night_vit density, 19-06h Population (2023) 16.932 9188 0543 12.301 8309 0676
[Independent]
entropy  Land use mix (Z;O”Q'g? Information 0.566 0255 0451 0514 0285 0554
residential_  Residentialarea  Zoning Information
reitics riliics (2025) 0.806 0190 0235 0812 0259 0319
commercial_ Commercial area  Zoning Information
U o (2025) 0.042 0088 2094 0.047 0112 2370
industrial_  Industrial area Zoning Information
Y, e (2025) 0.008 0074 8909 0.042 0174 4709
Landuse  green_ratio Green arearatio (Z;O”Q'g? Information 0.140 0130 0925 0.093 0140 1514
& physical
environment GIS Integrated
FAR Floor area ratio Building Information 1.130 1492 1320 0809 0673 0833
(2025)
GIS Integrated
BAR Building area ratio  Building Information 021 0595 2818 0178 0231 1298
(2025)
RAR Road area ratio gggg'}“‘”“ bend 0187 0068 0364 0219 0089 0404
Road density Digital Twin Land
road_den (km/km?) (2025) 24888766 11,561969 0465 24770873 10678993 0431
No. of subway :
sub_500m  stationswithin ool Data Portal 1151 1717 1491 0279 0774 2771
(2025)
500 m
Accessibility 2 G Railway station Public Data Portal
B it train_dist accessibility (2024) 0.196 0300 1629 0318 0489 0201
: : Healthcare Big Data
hospital f‘k‘r’ﬁ%‘t"’" density  5pen System 24160 25451 1053 17594 22775 1295
(2024)

CHS HI0|X|ol| A (Continue on next page)
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Capital region (n=284) Non-capital region (n=519)

: < Data source
Cat Variable Variable
o {rea) Mean Std CV  Mean std oV
.. Healthcare Big
pharmacy (Fmg”acy density ata Open System 7.163 7029 0981 5534 6281 1135
(2024)
Local
school Schadldensiy: oSG 4535 3952 0872 2684 3031 1130
(km?) Licensing Data ' ’ ’ ' ) '
(2023)
Restaurant KakaoMap API
restaurant e o ma) (2025) 177650 143878 0810 232161 189351 0816
Cafe density Public Data Portal
cafe m?) (2025) 19087 15178 0795 21577 21447 0994
Accessibility :
o . Living Safety
BARNIES:  pge Cate bensity Information AP! 16122 11786 0779 14426 12150 0842
(km?)
(2025)
. Central place ~
center dis _cocaibilty 0.693 0759 1.096 0.258 0504 1951
Park accessibility  Public Data Portal
park area s (2025) 1.138 1791 1574 0.748 1249 1669
Commercial 3
com_cluste cluster E%tgjg)[)ata Foral 3467 2025 0684 2585 1994 0771
accessibility
. Industrial cluster
ind_cluste  ocecdibilty SGIS (2023) 20447 12926 0632 11301 8139 0720
pop Population SGIS (2023) 21830476 9514977 0436 16550266 0,028625 0.546
Urban scale  Worker Workers SGIS (2023) 4984104 3854510 0773 3767642 3847.314 1021
central.dy  Metropolitan area = 0.729 0445 0611 0.403 0491 1219

dummy

Note: CV=Coefficient of Variation (Std/Mean), Unit of living population density: persons/km?
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T Y =R SHs1gen, o) POI 7|8 BAoA] Al FE
7t AEUT F40 FAHLE RANE BIicke 972 WY
3t Z0|HJin et al., 2017; 2¥-0]57], 2021). ALHEYAAH
dlo|g] & Shile 717 APIQ025), BY ¥ 72 R 9=
gdloly 7 AlA|Q024), 241 E 7HH= SFlelHE"
(2025), HJHL LAY E APIQ025)E 839 47319
o A 2 4 EeaE A4S 37 FF axE ugst
7] $13l 23 D= A Y ELEHe SEHeIHE
g 43 £F 018 (2025), AHY S¥LEl= SGIS A &
9 ARIA &= Azl A A2 ARIA g HE 1Y AT
HDBSCAN(Hierarchical Density-Based Spatial Clustering
of Applications with Noise) ¥312]&-& 2831 3714 3
2 E=&319HCampello et al,, 2013), ol= o4 7|9 A4
o] Y Ald BrEct =A] 859 F7H 532 A gtk
=915 mE Folth(Mclnnes et al., 2017 784 FHE,
2023), S AE F2A AR5 A Q)2 2ol ArEsigt.

sz'zec
5= ¥ e, 500) o

S; L GHRIPR] A jo] EYAE AL He

Cn: AT %47 914 5km o S8 AF A

size,: B2 2E ¢ R

di: AT § 23 AAS} S82H 44 71 A=
(m, F278] 515t 247k 500m)

THA AL EAIEAR A FHAE 284 AR AL

73 5 A 7AE Fofskar, ARG S04 &
<A FAHA BATA L Aol A TAE A8t 483
o1, 500m ©]8} k= FYADGeE BAseIt

ol EAIEH | FHYFATHCBD)2] Aot dHskA &
HEche Aot FRcHLI and Zhao, 2023), 39 &
T FEWFRY AXEAZY FREZGO[EHQ05)E &
|3510] ¥ 500m W EAIEY HAE 710 R AFgstgeH,
ol AT AT AlF &E 7o RS MHIHEIE 4,
2014).

opR|ERO 2 EA] FE WEs S A 3 3] A2 A
ol& BAIEl7] A%t W F43%cHYue et al,, 2019), A+
o} FARA} 4= 20234 SGIS 100m FA A2 E T83lo], 7}
AR} ARG A G Fef ol fHAs] ZEE HA| e,
A AR A= AT U | 81&0.5)2 J3te] Tk
WAoo g 2| T ZhE ARESHl, ol Avret FARL &
7H BRI RE} R E Aot b FRT QS A=A
FATE NASIAHATE 2, 2021). o714 ¢l A2l
TE oujdtn], =AIEE ARE ARES AERIF= AA AR
GFATE g oz AJolgh Aok, AA glolelofA] F A
# 7t AEASE A% 49, =4 r=0.586, H&Ed
r=059152 AAAAE Bt olo BT} AU+
= 533 AEE AFINER A7 W Ao Z8sk= A
o] AHsict wsiele), dEAlE A= FeEdEguAEY,
FPAA AR, ASEEA, B, BEAAE, S T
She SRR TS A A(= )22 E7E olR MR, 3
437 7135 A4 F2A AAE Hgsl] YRt ol WeE A
AeHACHAE A - 94, 2014),

4. 24 ¢4

2 die ATA AR, 71Asks 23, 29EY B¥E A
A L2 vluste] 29 - A HF FRYS =531,
olF 7|Hte.2 E=AIEE Y aUE 8= 284 24E 7%
shadct.

R WA dAof A= TRt 52 ¥ o %S vlusrt, A
x4 BARYoRL OLSY 7O AR (SEM)S Hashsic
OLSE ® 7+ A% BAE 788k 712 37123 °lH, SEM
= Aol YR S A7 st wehiae] o
£ HEe A8k BFoltt, W ISFB (W) KNNK=5)
HpAlo g J1231a1 8 HESHrow-standardization)S 283}
Fom, OLS o] tigt Moran's I ¥ LM-lag-LM-error &
Ae B3l 3704 A4S A A B, s=U v
T2 25 A -3t oz A Azt ofl A Moran's 171 2] 5}
Al Vbt o (= 1=0.088~0.111, p<0.01; Bl$&=H
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1=0.077, p<0.002), RLM 74 2% LM-error’t LM-lag®
o GHEA A Vet AP (SEM)S] 8o A3
202 BRI 7|AEs ¥ 22 RF(Breiman, 2001),
XGBoost(Chen and Guestrin, 2016), LightGBM< 283}
ArHKe et al , 2017), 983 2302 = MLP(Taud and Mas,
2017)2k TabNet2 2-83t%tHArik and Pfister, 2021). 2
S H2> LT oS 7IELE ShFHEHon, d&F
91 3% A9l RMSE, MAE, R29] A 7}4] |25 28310 A
52 ¥ 3IATHWillmott and Matsuura, 2005), 242 37F
TFEEEY, BleEd)d A 2A(EA|, F1, oFhE 4%
g 659 AluE] Lo s} 242 4=3stSict,

glolEl= Z380%)  HAEQ%H)E &3 L™ (random
state =42 317%), StandardScalers &3 t|o]gof| firdt F €A
E glo|¥]9] transform3}o] H|oE 745 YA|8131rt, so]H
wetole s ohg Zol A48t XGBoost(n_estima-
tors =1000, learning rate=0.05, max_depth=6, early_
stopping_rounds= 50), LightGBM(n_estimators = 1000,
learning rate=0.05, early stopping 502]), RF(n_estima-
tors=100), MLP(hidden_layer_sizes=(128,64,32), early_
stopping = True), TabNet(n_d=8, n_a=8, n_steps =3,
patience =50). MLP- TabNet gradient 7|§F Zgog F&
W 27A|1do] & A% shgo] BHEaiAle £440] 3loi(Shan-
ker et al., 1996), T%H4(y)ol = StandardScalers #-8-311L
9% Al inverse_transform< =88}t Axke] Qg AS
< 913l XGBooste} RF] t8] 5-fold AMESS 571 A A8}
ek,

T ¥R A ojAl= oS Aol 7P $4% 232 A5t
SHAP 7|5t ¥ 7102 242 35131t SHAPS HS2F
9| E¥gE 4 AT 7|9 = Eafste] Hsd FEE o
T 71800 AT 5 =S HAE WU Z(Mosca et al.,
2022), /i W7 & ofiSgle] v]A)e 34| 7| EE PR
o8 PRk 4= 9ok, AU Aoldt R3S H8H AS

SHAP 3t9] A v|AHU S 24 o] et sed-vleEd,
FH-o7k 7 W4 7] 0] A vlart B7Fs Al oo #
& 7k A7 7 PRl o duE vlaE 3, A4 67h
AL F o)A i e 7153kl U AoA e XL
A5 B3t R? 2pe]7} 0,021 o9l XGBoostE T4 a4 W
o g AAeFrt. OLS:SEM-MLP- TabNet2 BE AUz 2
o4l XGBoost ¥ RFEL} -2 55 Ho 22 202 44
E|7] ookt

1

|

V.

i
my

1}
1. 7 ES AN

TEAEE A R0 7145A4 A, £EAY vleEd 7H FRE
Aol7F ERIEICHIE 1), FA A7t &8l A eEdS 3
=+ 389.10(FFH2} 203,37) 2.2 vl B 282.07(EEHA}
188.99)e]l BI3fl oF 38% w2 ~E& Bt F7 €8 4 ot
A IME SEHO] TEA w2 S Yet), £29
ZHoA B, HolAl(CV)E HIsEH(0.67)°] +=80.52)
Hoh B oin] AdiEQl ojdAel o a3, AdiA B2 ¥4
(IQR ¥ A3l 10% FAh= E=d(IQR-268.6, 10% FA}k:
147~640)°] H<==AIQR =240.1, 10% A2k 54~495)E.C} ¢
WA Jebdth Levene 1% 23 5A1A 942 SEEA) &
U2 1Hp =0.054~0,074), ©4ke] WFFFL SEHAA o 2A
Uehts B3-S Bt ol $=do| Bl Hg) w2
W EEE SR S, A 3] ZHelA AT 2t
29| k537t o F3lakA SRS AAi

(1" 32 A AZHE AT BE EAS Y
o], SEAS A B2 A5 BEE vleeH2 H 2
WSS Uepllct, 20 FeiE AuEy, AX AZder £
74 ot AEAT BT SEAY vl A FARE FE
HYHIY 4), oiRE] SRR F7L E2 AT =&

Total Vitality Daytime Vitality Nighttime Vitality
1600 | Capltal mean: 389.1 . 809 capital mean: 15.3 ® Capltal mean: 16.9 .
1 Men-capital mean: 282.1 Nen-capital mean: 11.0 60 4 Non-capital mean: 12.3 -
i 704 -
1400 A T 2 -
£ £ o *
a & 60 o £ -
T 1200 5 =1 .
= § 5 .
g . 250 2 404 s
S 1000 . = p=d
g g : J
= — § a0 . s & —
800 1 l E = = a0
S B = l_ o < 30
i a
= o 304
S 6001 g 2 g
E 3 2 20
A @ o
= a0 4 £ 204 E
S £
& 2 10
200 4 104
. L " o L i
Capital Mon-capital Capital Non-capital Capital Non-capital

Figure 3. Distribution of urban vitality by time period
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AFE Jlen, A7 NYE A7} 2] 0 EF WEE Y
Ashe FHY BE SAS B vleEdodA = AR -7
A FAEAREARICEA A 1,630F/km?), hHBAA]
TR 61.9%8/km*2 vl o7k 19]), 24 EA- HARIT,
AHAE AR So] AA AT 71E 2SD(6608/
km?) 23} oRgElolol2 BRlEglon], o]52 ANt 7 €A
o} HEE 7154 - YR A B4 0R U3 52 ¥ Hol=
Ao g Bk,

Cd 5 58 4% U4 EZE BHoAEH, Bl &
2|3 g SHoME = HAIEA ] A Y7} #A
Uehgth. $282 £Ed B 11302 ¥R H4 0.81H
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o} OF 40% %0k, A WAL ==Ho| °F 63% Ul Zitt, EA|
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FEd A7 o S EXolg EAE Bt ¥ 3
A9 ¥l (industrial _ratio)> BlEH(0.042)0] S=H(0.008)
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Figure 5. Comparison of key explanatory variable distributions (Top 12 by mean difference ratio)
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A A7} 2] F4AG} o 7h7te] YRk Aol E1E%
o}, §hE 7]abe] A2 HIeEE(0.32)0] £=H(0.20050) =
Al YebgE=d], ol vleEd HApEA 77 Y AY Fey
I AdiF oz sirto] YR E= FFE gt ¥ A4
(park_area)e +=(1,14km?)o] H|EH(0,75km?) .} oF
52% Eokow, AAEHAE A2 (ind_cluste) EIF FHEHo|
oF 1,84 ot A 2 19] AHY] B YA w7t o F&-E Ko
Folch, BEHIAE SuoE BHY Ye(GEd 241770/
km?, HIEH 17.5971/km?)2t 3 WE(FEA 4.5570/km?,
B2 2.6870/kmH)ollA sEdo] wUE W, S4H U=
L ul$EA232,167]/km?)o] $EH(177.657)/km?)E} oF
31% &A YEt 22 P& Bt

EA] 2 ESHIAE AF7t SEd H 21,830F 22 H]
S5 B 16,550 ET} oF 32% Wokow, AR 4= 94| 4
E=A(4,9848)0] Bl==A3,768%8)EC} oF 32% Fot =
Rz Ee] Q- 18- R} HNkA o 2 o & o= el
o}, A Eu] M4x(central_du) EZF FEA(0.73)0] HIRE
H(0.40) 5t &0}, S W 2] A<zt e ol E3
Ho] A& HojE},

2, Bd ds Hlw
771 BES 7|Z 02 7 A (e, ¥l4Ed)a} A7 (A

A, 73, oRhHER A Bl AAsion, 1 A= (£2)
of 4|2 o2 LeRf ict,

T AA AT =AZE dSofA= XGBoost ZEO]
R?=0,61022 7MY ¥2 A5-& H3oH, 4 89 9S4
£ RF7} R?=0.535(XGBoost R?=0.524, #}°] 0,011)7}, ok
&8 dZofM= XGBoost?7} R2=0.5612 7] 22 Vet
c}, vlsE=d AH] A7 oA = XGBoost7} R2=0,4782 231
B6E Uelen, F1olAE RF7F R?=0.477(XGBoost
R2=0.456, Z0] 0.021), °FFllAl= XGBoost7F R2=0,4762
27 & 452 7158 24 23 =Y R ¥9e
0.535~0.610°], B8 0.477~0.478% FEHO| ¥4
BT}, ey of Blals Ty B8 Al 7|WBHEE, ol W
A% et §7) s B ot ot

OLS®} SEM @] 74 o)A 3= R¥7F Yebd=t (A
OLS -29.43, SEM -24.69: 57} OLS -15.73, SEM -10.23: °F
7+ OLS -38.80, SEM -35.24), o= 2RE(HAE 577)) B4
A AR Bgo| o)Al B LR E FH8| E2F81A] 27| of
Eo 2 wohEr g BlREE A= OLS R?=0.459, SEM
R?=0,4652 QHF32Q A5 HoH, o= vl+d 88 §
Aol AriF o %A TA | 7S AARIT B3 ek
Hol A SEMO| OLSEtH 4857 w2 452 B AL 37
ojE/go] AdFH R Fadt AL & /e S HAE

A3t A HSE A3l AAIRE 5-fold AR E, ¢+
%A XGBoost CV R?*=0.277+0.142, RF CV R?=0.407+
0.135, "= XGBoost CV R*=0.507+0.115, RF CV
R?=0,524+0.1212 Wbyt Bl4¢=E#2 CVE hold-out R
7Hdidol w2 W, ] AL F g Afol 9] zjof7) 241,

Table 2. Model performance comparison by time period in capital and non-capital regions

Total time Daytime Nighttime

Model

R? RMSE MAE RMSE MAE R2 RMSE MAE
[Capital region]
oLs -29428  1,134.557 271.332 -156.728 31688 8790 -38.801 58826 13279
SEM 24689 1042480 259820 -10.232 26883 8090 -36.236 56.129 12911
RandomForest 0519 142 687 111.141 0535 5269 4146 0.490 6.658 5046
LightGBM 0.486 147 450 114729 0.601 54567 4336 0.488 6.674 4937
XGBoost 0610 128 493 97317 05624 5331 4194 0.561 6177 4640
MLP 0323 169.287 138824 0.329 6.328 5220 0.309 7752 6.304
Tabnet 0.393 160263 130.731 0276 6.570 5669 0291 7.850 6.626
[Non-capital region]
oLs 0459 126832 75364 0437 4736 2918 0459 5807 3397
SEM 0.465 126.181 73687 0443 4713 2841 0465 5775 3336
RandomForest 0470 125631 74415 0477 4 565 2784 0.444 5888 3637
LightGBM 0.445 128 556 78712 0.464 4622 2880 0.446 5878 35677
XGBoost 0478 124 601 TATTE 0.456 4 656 2894 0476 5714 3494
MLP 0447 128248 82713 0.440 4727 3113 0447 5874 3726
Tabnet 0113 162 495 103.638 0.408 4859 3132 0.344 6.393 4062
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A A Jeldt ol B2 $(28471) AIgReE QI fold
7k B3 Holrt A Jehd Aa= 4,

MLPE= SEdolA AA] 0,323, 710,329, ©FF0.309, Bl
EHAE AR 0.447, F7F 0.440, oFF 0.4479] R*E 7|53}
G, TabNet2 s=i=HolA A 0.393, 57k 0.276, ot
0.291, HI<=E=Ho A A 0,113, 710,408, °FF0.344= e}
Wk Avka ez Er| 7|k Rio] Hajd 7Nk 23 oj¥] <=
S B0, oledt A2 2% E JH(tabular) HoH
g0l eEA BHars vt 'ﬂq(Grinsztajn et al., 2022), °]
o] wjz} MLPS} TabNet> & Hl2E Y 2 2goa g
|5t

3. He 32k B4

9 7k 34 w2l e] xlojof| w2 WIS HAasjelal M F 8
E9] B3 7H5A L B Ely| 93], B A 6719 AuER F
471 AtE] oA FHal S-S B2l XGBoost LEE 7]Eo =2
SHAP 241& 4=355ict, oigh, RF7F 33 %S H9 %
A-vleEd £ AUE ] ks REEE I9 1) A4
Epil=g

S AA A7) SHAP 24 A3H1¥ 6), QJ+SHAP 5
2% 73,377} 7F8 £ 7|9EE BYlow, AQjEeAH A2
3(54.96), FAFRE 2(19.11), 39 HA(11.38), -828(10.76)°]

(a) Capital Total

Poputation Industrial cluster

Industrial cluster Papudation
Mo, of workers Foad density
Park accessibility Convenience store
Floor ama ratic Park accussibility
PRoad area ratic (Central place sCcess.
Convenlence stare Flaor area ratio
Green ratio Na. of workers
Foad density Residential ratio

Commercial cluster Commaercial chuster

(b) Capital Daytime

A9l 570 WeE FRIEgh F7F Azl Al S AE
AZ42.90)°] 7F &2 71o=g Byorn, 2AFQ2.39), ==
=(0.49), HOH UE(0.49), 39 HH (0,400 2= rERTY,
ozt AZHjeflAE QF(B.42)7t 7MY w2 7|HEE B,
AFRIEH2AE YEQ2.20), FAR 9(1.06), $2E0.64), 3Y
H2(0,46)°] A 571 W LeRdh

vl A A7k SHAP B4 2319 6), 917-(53.29)7F
7 ¥ 719 =g Bylow, AguaE HT4(35.86), A4
Ze|2E H3024.11), $3E0.45), =2HAHE(6.00)0] 4
9 570 W veRgo, 23 Az el e A7H2.20)7F 71
2 7)oegE Hylon, AgEELay A24(1.49), AEY
2E A24(0.54), FAERE 420.35), LA ¥120.31) &0l
t}. ozt Azt A= ¢17-(2.70)7F 7HE B8 719 =S §AI8H
qom, FASeAE F244(1.45), AAEe A F245(1.26),
£28(0.33), 39 93(0.27)0] A 57 ¥R Yyt &
3], ozk AZidjof] AU ST AE A2 £971 Al EEAE
A Eh A Jebg

S AT} vz A SHAP 719 ¥ 7]ojg vwgt A3t
(3 3), Q7 AR S AE HTAL F A RFA AHA-F
ZH- ozt A7idefl AA A WeE vebth i Ad S
2 AL vlsmAol A A 39, 37139, oRF 2= I
T4 AF91de] YA, o= A -F7E 109, oF
7R AR W &9 Bot) ¥ HAL sEHY

(c) Capital Mighttime
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Figure 6. SHAP contribution comparison between capital (g, b, ¢) and non-capital (d, , f) regions
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Table 3. Top variable rankings by region and time period

Tne i Rank Capital region Non-capital region
Variable Importance Variable Importance
1 pop 73.37 pop 5329
2 ind_cluste 54.97 ind_cluste 3586
Total 3 worker 19.11 com_cluste 2411
4 park_area 11.38 FAR 945
5 FAR 10.76 RAR 6.00
1 ind_cluste 290 pop 220
2 pop 239 ind_cluste 149
Daytime 3 road_den 0.49 com_cluste 054
4 Ccvs 049 worker 035
5 park_area 040 commercial_ratio 031
1 pop 342 pop 270
2 ind_cluste 220 com_cluste 145
Nighttime 3 worker 1.06 ind_cluste 126
4 FAR 0.64 FAR 0.33
5 park_area 046 park_area 024

A 2] 491, oRE SZ Al $1A13H v, W= dof A= A
A 791, ozt SHE A o2 Wit

B ATE SA AL A sl 24T A 8037 DA
WATE PO R EAYH] TS uAE Ay ¥ T2
o} HejE FAES vlw BYsjel, SEU MR 7 B
T GA T2 Ao| AT}, RQIY VAT S
Uit USEDL EAGE BAT WY WY T FaE
o4 A Aol How], RQ2S BANAE ol Jare]
o] Z-olzk At wet el AolsA Lrehb Ao®
vepsel,

WA 715 BY 23, SEY GAAEATY EAZEL
MG B]3) MO R o 7L B WA /1E
ot Bl4EHo] SEURC ok Bt Tl A o Aol
o 2 7102 vepot, AejE B WIIQR)E SEHo] ¥l
SEAR Y7 WAEe] £ Ao} A2 T A9l old4E
MHgeka Qigo] G, 5 SEBL IQR L 4319
10% A7k B 27 b, WA o2 n8e 7o AeEe.
2 AZY A7k EYSHE JFAE F2E B ol 4=
do| A1 WE Az TRH LAFAS 0|29,
2022)% W3k gl BB, AT 7153 YA e
Y2 70| TP AASET e ol W, ul5
E7S BF Y| W= Aoy olQyo] Ak FelA,

66 ZEAE, H61H M4aS (2026)

F93 A RTh= T AL 9] AP g8 g4 F
(F-eFu], 2021; A8 9], 2021)& w3l QLS AAMEH},

T hold-out 7|&2.2E 4= B dygo] HlEgd
tju] &4 Yebgo, 5-fold CV 71&02E Hl$Ego] 5
Hxr} QPgF o g Kol F &7} Aoldt ke vERT o]
£ el 2R E20847)oA vlEE 9 Eghe] B
Pt A, =l o] A 18- 1E 5 /N wise
03 Qgrr) ol ko] Wk 2gla 3 AsElgo 9
3 BA=E B3R 72U AR (358, 2023; HES-
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240l 7k AZtdof AR} {2 FREE HoH, o)
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Appendix Figure 1. RF SHAP variable importance: Capital (a, b, c) and non-capital (d, e, )
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