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Abstract

Creating a vibrant neighborhood environment is a key component of sustainable urban development. Urban theorist
Jane Jacobs explains that urban vitality occurs through the interactions of human activities with neighborhood
environments. Drawing on the recent development of big data and machine learning technologies, this study analyzes the
impact of neighborhood environmental factors on urban vitality. This study utilizes big data such as De Facto Population,
Points-Of-Interest (POI), and Street View images for the city of Seoul and employs a machine learning model to understand
urban vitality. It derives key variables that affect urban vitality and checks the nonlinear relationships between variables
by utilizing explainable machine learning model. The main analysis results are as follows. It also indicates that land use
characteristics and POI show strong associations with urban vitality. Specifically, SHapley Additive exPlanations (SHAP)
analysis results confirm that the independent variables largely show nonlinear relationships with urban vitality. Moreover,
the study identified critical thresholds for variables such as residential area density and distance to subway stations,
beyond which their impact on urban vitality becomes constant. This study is significant because it provides a clearer
understanding of the key neighborhood environmental factors that affect urban vitality. Furthermore, this study offers
planning and policy implications that promoting urban vitality and social interaction.
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=93 F A= B2 TEoluiA ZeAT, AlEE] 8%
She ARB1A F7to] E uf 7i2& ¥ o] AZickal 33t

olof w}, Eaj7 AT EARE S| Ao AT i
TE oA AtAte] olsf M= Uk, 22 ] Aol
Al 24229 A 2 EAREE UHE d9e &2 BEd
T2 3 Aol ok, 53], A=A BERAE S
FIE ARHA0laL B2 AlZte] 28 57| wlEef EA] ¥lElolEE
ASA o2 Bgslo] ZAIEEE AR 97 S8l
%AHHe et al., 2018: Yue et al., 2019; Liu et al., 2020).

TS, 71EQTE BA ZUETE A4S FEERIN =AEY
off digh 28 549 AdiA $24L Bkl 3rkSung
and Lee, 2015; Sung et al., 2015; Ye et al., 2018). &1}
B2 die ZAEE ] 932 niAe 2d0e] AFuA &
Aof] 23& B3 3lo] HIARB/AE AYshke ol TAE 7HA
3 Qick, 2 BAFEA EA4 diF AEF QU 3HRAY T

£ F5317] Y3 71485 Machine Learning) ' E0| &
£5]31 9ltHScepanovic et al., 2021: Yang et al., 2021),

mEA] 2 At EA| 33t ddlojEet 4 7 AT AE
(eXplainable Artificial Intelligence, XAl 7|H& &85
EAZE TS v|A = TAEE S4E =Sl g &
8], EAEE ] 9FE v|H= &7 299 BAFE YA
TFHELEN, B4 YA 7508 s S At A
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SAIZEE AEIA S g oz oefdt QulE 7HA]aL Qi) =
A2 AL, BAAREE AL & Qe BAY Fagt e
4"(Jacobs, 1961), "3, f-8-A14o] Bal Hal+7F BHg
A 2] E/"(Maas, 1984), “Th¥gt whdat &Fo] Yok &
48] £4"(Montgomery, 1998) 5o thefsAl A ej=aL 9l
o}, iR EAIEY I A8 AT EY f-5du A
o] AF LR ARFES EFo] s Yolu= F=E EA
geog AJosal I3 &+ Ut

o9} &2tk AR MEE AFH R Ss] 9
A et 2950 BB Qi FAHF R EAREE S
sl7] st ARZ 43 2R /He(Yue et al., 2019), 7H=0)
Z(Kim, 2018), of7} 2(Zhou et al., 2023) 5-0] &-&x]9lc}

a3 2 AutEE )4 vlE|o]HE 7HA| AL AR o

#8h= =7E0] $718H%HJacobs—Crisioni et al., 2014;
Long and Zhou, 2016 Tang et al,, 2018; Li et al,, 2020),
Jacobs—Crisioni et al.(2014)2] I AUlEE glo[E & 7|8t
o2 EXo|g9] T3 =Tt EARE Y ] A%E 245
%L, Long and Zhou(2016)2] A7-= AUfEE HoEE 714
31 7129 o] 42 vl 290 435191 53], Tang
et al.(2018)2] A= AUIEE 7|8t vld|o|E]7} =AIZE ] 9
o] & 7HA A& 7L otar AEsieict. A wiA AHE A
o] YA FAE 2AntEEZ blojE e vAAY AR oefdt 5
T A=A Ao EEE RIAT 4= Uche Aol = A

& SUtEE o7t A ANALE Z3E17] gl W2 F
& 3T 4 A EAIEE Y AIRH, 3R H3kE NiYE
= AL 3t

H, SYPIME AuEEZ 7HE ABUTLE B85t =AR
e %= A7 F7BIAL e SR (elRE - HE S,
2019; =4 9|, 2021). FAHCE 24 2Qo2DE 712 o
iR PERITE AMESH EXo8 A% =g adl
o] 7I2& o v|A= FFE M AT SRl B£8R
o}, Egh AAE - G712019)02 A=Al 20179 BRI HH o]
B & 8831 A2A| 5 295 7SR 2AS U A
A7 ANAER e RPNk, 4 -39 Ay E42 o
oFsiqict. 24 A, Aeo gl F3 WY AlRidel
el o el S 2 glon, o|F uigo R QT BEE &
A517] 18 A2 HlHlolE 7t #7-8351A] B8 4= the Al
APEE AABEGEL, ol Y, AT HolH = EAIZYE &3
&= gl o] et el A& G+ Ut

2. DAlEE Rl

S FFalo] digt dEA Q] 0] &2 Jacobs(1961)] <
3 AAE . Jacobse 7HEEEE AaLslr] ff3k o] 717 &
ZAoE AT Y A2 EE IR, EXo]89 T3t Hk, o
#E dEY F84 & AASA. ol2d WL o]F B
Aol A =AY v 2= 83 @ Y FAE =
&= A7} = 9K Montgomery, 1998).

Z| o] o]Foj7l EAIEY W HAFHSE B9 & =
& 7o glen, 2 BEX|olg SA(Ysh 9, 2016: Wu et
al., 2018b), WEEE 54 (Wu et al., 2018a; FEZ 9], 2018),
7128 (Yue et al., 2019), =AIFE 54(Buchanan, 1988),
A HEA F ookt BoA At olFo At &
3], EX|o]8 EAMTE 1Y dFolA =AR= Y 2%
o] QI3 Holal qlr}, Zu W WeelA =4, A4,

5 59 EXolg A3 x| &o| FFIL 3lo] A F o= of
H EX|o]§ Aldo] AR YT W0l =A] AA|sk=
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g 2HAZE et ol= HetollA 2 FAA Y EX|olE 3
4 t#Hsl= Point-of-Interest(POI) A2E HAjof E-g3al
AcHHe et al., 2018: Liu et al., 2020).

ozt < 712733 o|ujA] HlHlolg e} 7AIskE Hed
(Deep Learning) 7]<2] W40 2 A=kst 7k2 73 o]v]] 2}
271 Hghy IR AF Aol 8855 9t Wang and Ver-
meulen, 2020: Ma et al., 2021). 9§ €9, Wang and Ver-
meulen(2020)2 7[2743 o|u]|2] & &-golo] T2 vl&, EZF|
o 20| 2 o] BYPHri= AFAL T30 B el EA
gejo] WA Yeht= Aoz A3t

3. DAEE BM WHE

T, SAIEEE B4 A8l ot A ES] o] R
Aok, EAY] Fgh a4t SAIZE | vA Pkl dfs)
F3E 2] 71 A HHAQl dyos AAAlE
H(Ordinary Least Square: OLS) 3] H2H-E& ARE3}aL qlct,
ady AA 2SR ALY B v AFEA
(Non-linear Relationship)7} o] E&%il $ItHDing et
al., 2018; Tao et al., 2020; Yang et al., 2021). 2522l 37
A4 W ES o|X) = o) A A BAE B4 &
AL 7H1AL ot EAE R G v|A]= S v]4Y
HAE aL2jstA| Zahd mAIZE F2E g7t FAIA Q] B
RS AABRe o] FAI7E & 4= AT Wu et al,, 2019). &
=, BAEES A3 Yang et al.2021)9] A EAIEE
FEFE v|A= T 24Tt HlAFAY dAS 7HAAL 9L
ohal skt ol g W A9 YAgE 20 gt
A=} dio] 9lar, B4 s A M el 3
U ABAE 7HE = 2 Yuigi), olEE S0 AR
ol & vz 82UE EASH= o Slo] A AR M
7rel v A E4o] Fasital & 4= it

EAZE Y AP 7 Bl AgAE W] flste] ¢
A5 F8 Eof F P2 7] A8 (Machine Learning) %
Yol f-831A &84 &+ Aok, A2 7GR P
FTEE 0] Bl B BAE BASAAL 3 At TR &
ofoflA] MY IrHWang et al., 2014: Gan et al., 2020; Yan
et al,, 2020; Yang et al,, 2021). 2E3|2] OLS 3724 ¥
E2 24 dgy exRe| £ W 7| gdssAA T &
Aol AT 7HS HARZ sk Qiok, whY, 71A)Isks HE
< o|H3 7PdE AA= Far UA| grot ot Mg 2
AT 4= glow vlAdF A Aok AE& 7HAaL Qi
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al, 71 FFFo] ofFA Wslsl=Alof gt Y 7FsAS wolL
A} g}, o By 21l 873 A @AY =7]of oist A A
Zhol=lE AAIY 4= & Ao 7| H,

upRjuto 2 vlAE FAE LT 7|E AEE SASHAT,
2 e I BAIE ERIgke H 23 & #3eH, §4 2
Q9] AL 785k ol FAIA Aol REF ey A
2t JAGE EET= A2 TAEE S v A &
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Al S AAISRaLA} jhct,

I, A BEHE
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& A AE SEOIEFRNA AlFshe A2Al B2
T HOJHE EAZY X EE FEI EAEY SHEE
AEA AR By 7Ahs R o F55aL 2y 71
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Figure 1. The boundaries of administrative 'gu’ and jipgyegu’
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HAE BT 5 EAEY diEisE ARSIt F51

1 #4548
Table 1. Description of variables

7 ‘=AY 227 o= AEA] ARAIZERAL HlolE|e}
WA &5 IS ek AT 99IE W AIHO
A-18A)Q] %, T4 YT ARIE BHo2 P3el
o}, FAZ R AEA FRiolEBolA AL 9 2019
1Y 195E 20199 12€ 31U7HA] 1A7F AJ&A) A1 g
ol AR E E-EHE AZAlS] AT A vl W=
9, A= "RAF A A ALl HFEER Qs At
B AL F2AE EARE 28 45 W, 42 4 0S5
YAH LR AEE Fot PAFRE FUsks AV-E IS
Q-5 TR A2l QrHAEE A, 2018, p.6).

£ AFollA 83 EGHSsE A EXol8 A, POINA
E4, 1% §4, 293 By EACE o] 5l
(R FD). 5HNUF F EX0|R B4 W A AT 2E
o} R3PBF| FFL vF 5 e T3 ¥o|th(Jacobs,
1961). EX|ol-§ 54 W= E2YF4 DBOA AFEHIL Qe
52 dojHE &8st F531sict, AgdE 28 J
AT FAANAE aHd U, AYAA dHE 4, 954
A Y2 Absle] 33815kol4=7] £, 2016; Ysh <,
2016; 24¥ 2|, 2021). =3, EAJo|§ == AEZT] 2|79
MaS B8t EXol§ EdEE 00014 1 Atel9] ke 7
A, 19 717R&EE S JAelA BR8] EF Hxert
Foe Yulskar, A&L] A9 Hat 0.309] A= YT

th&0 2 pOI Hlo|El & E-83}o] POINA BiE 753190
POINA ¥ AAdTo 2 ALY 24, 44, 45
T g EXo)8 Bl SIS Bt o= ot B3] AlRE
9] 5 YT WAL 7= EXO1§AIAEY F7HHEQ FF
£ giiE 4= 9l Aol Sich POIXA ¥sE 7P WS &
3 F-53t9lem, A4l HA| oF 428,668712] POIAA Hlo]E]
E B4 &34t POIAA HlofEE ko] vjAHos &
AlBh= A7 919 F7 HolEE, AldE, AsH, 9, 34
A T8 FTFHE IR 5= o, AY A, A R, A4
33 & HEE ZFskL k. $HE, POIAA HlolHE= & e
off shte] F FEE dESH= H52Q EX|o]§ dlojg R} 7
= TolA ekt 89 AE o ARS8 ST = s
B74& 7 AL QT W et al., 2018b).

Variable Description Data source
FE YBF AERIT(9-18A) F5 2 AR YEH YEe 4
" A weekday average daily de facto The average daily de facto population in the M2 SelCj0|EEY

L population daytime hours of the weekday (2019)
Dependent Seoul Open
variabia Zeakolmg MSI0|71(9-18A)) FE AR YT YEOT & Data Plaza

A weekend average daily de facto The average daily de facto population in the (2019)

population daytime hours of the weekend

CHS HI0| X|0l| A (Continue on next page)
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Variable Description Data source
FARE GIME AT (mY/m?) FHBE F HHE / |7 B
Density of total floor area  Total floor area of residential facility/
(residential) Jipgyegu total area
AUBE AN U (mY/m?) AYSE F HHA / Tl HE
Density of total floor area  Total floor area of commercial facility/ C2HEA DB(2019
EXOIESY  (commercial) Jipgyegu total area Roalﬁ:ame (2019)
tanduse, o r oA al e (m? address DB
characteristics ST do™ = (m?/m?) B2 = GIHA /A7 7 A
Density of total floorarea 7t 20 = = e Fcilitv/Ji total (2019)
(office) otal floor area of office facility/Jipgyegu total area
—— A7 EX0180| 28 e (7, 42, 2R, %17
. and-use mix of jipgyegu
Land Use Mix (Residentia+-Commercial+Office+Green+Other)
T |ok A Ol r
ST A EsmRN e T e
et Tions fac s Totalem[l]n;‘hfr ofepL:]bil(; g;sat;‘g;tions facilities by
(Num /km?) JIpgyeg payeg
BEANMUTOIAM) T mSAN BT / BT O
Density of educational Total number of educational facilities by jipgyegu /
facilities (Num./km?) Jipgyegu total area
THOA| A LU (7 /km?) S MOAA SO / A T
Density of convenience  Total number of convenience facilities by jipgyegu /
facilities (Num./km?) Jipgyegu total area
A U= (H/km?) E S8AM Sl / 2T T
Density of finance Total number of finance facilities by jipgyegu /
facilities (Num./km?) Jipgyequ total area
IRAIE L (H/km?) EARE A SOt /7 Bl A
POIAIA EAN Density of leisure facilities  Total number of leisure facilities by jipgyequ / 717128(2020)
Sgds POl facilities ~_(Num./km?) Jipgyegu total area Kakaomap
independent characteristics st e Gl/k?) ATE B 7/ il i (22
variable : w1 A0 =
Density of culture facilities Total number of culture facilities by jipgyegu /
(Num./km?) Jipgyegu total area
A L (H/km?) EAE FRAE S0 / 2 T
Density of hospital Total number of hospital facilities by jipgyegu /
facilities (Num./km?) Jipgyegu total area
NUNMYUEOIAM)  EATE MEAA ST/ B O
Density of industrial Total number of industrial facilities by jipgyegu /
facilities (Num./km?) Jipgyegu total area
Al A L (H/km?) EATE A S0 / 2T B
Density of trip facilities Total number of trip facilities by jipgyegu /
(Num./km?) Jipgyegu total area
SAEAE L= /km?) HAE A B0 / 2 B
Density of dining facilities Total number of dining facilities by jipgyegu /
(Num./km?) Jipgyequ total area
- Al TAE WA B/ A O
in?gf;eytrzgons(Num Jad) Number of intersections / Jipgyegu total area
: M2 g2 dlo|gf EE
mi= HAZRZ Ul /km?) I AKZEFENA /Al x4 (2019)
Transportation Density of bus station ﬁl?ll"?b%rulf_bﬁg ;E&EH;{J?HFE %?otal S Seoul Open
characteristics  (Num./km?) Payeq Data Plaza
e e 2019
RGN EI(m) IR SHEN R e KR e 0
Distance tothe subway  The nearest distance from each jipgyegu to the
station(m) subway station
HHSHE Sz Hig AT ED 2= HIg
Wfikir% ¥ Sdewalkratio Average sidewalk ratio E|0|H1 JISAE@O?O)
: aver Map
environment A I A
characteristics = G = (2020)

Green view index

Average green view index
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Table 2. Descriptive statistics

Variable Obs. Mean S.D. Min. Max. VIF
F5 MEH(9-18A))
i A weekday average daily de facto 17,196 406426 1020376 839 40683944 -
S5 population (9:00-18:00)
Dependent
variable FE Y2AQ(9-18A])
A weekend average daily de facto 17,196 15615683 295801 432 81108.04 =
population (9:00-18:00)
FNHBE HHH AU (m/m?)
Density of total floor area (residential) 12136 180 LA it s 1
AURE HHA AU (m/m?)
L@qg@%@ Density of total floor area (commercial) B JA6 15 Hekt  dm Wi dee
and use
characteristics ~ F8% A UL (m?/m?)
Density of total floor area (office) L ged 43 Gt o .36
EX0I8 S
Lt e 17,196 0.30 0.30 0.00 099 213
SB7 A D (74/km?)
Density of public institutions facilities 17,196 1339 4575 0.00 185612 1.05
(Num./km?)
WA e (H/km?)
Density of educational facilities 17,196 9371 160.57 0.00 369735 121
(Num./km?)
THOAAE Ye (74/km?)
Density of convenience facilities 17,196 34225 495 48 0.00 1386417 221
(Num_/km®)
2| Ol
SEAE A=) 17196 1443 6301 000 216860 140
A S Density of finance facilities (Num./km?)
POIMNZE &
POl faciities XN L=0HAM) . 17196 2596 6249 000 126692 148
characteristics  Density of leisure facilities (Num./km°)
S5 e (H/km?)
Density of culture facilities (Num./km?) 17196 e e G a2 2328
YA L= (/km?)
Density of hospital facilities (Num./km?) 15130 2808 134 am 2128 b
A L (H/km?)
Density of industrial facilities (Num./km?) 1219 <1961 cl e s 16
G L= (7H/km?)
Density of trip facilities (Num./km?) 17,196 469 2673 0.00 247068 103
SAREAAE Y= 7H/km?)
Density of dining facilities (Num /ki?) 17,196 206.61 37316 0.00 1106217 208
Rk U= /km?)
Density of intersections (Num /km?) 17,196 1727 4225 0.00 1161.31 1.09
BEN HIAREE 2 Gl km?)
Transportation TR e ; 17,196 2813 5695 0.00 1161.31 110
AArartarstias Density of bus station (Num./km?)
= o
RIsHEA7IxIO) A2l (m) . 17196 62227 40722 581 407193 106
Distance to the subway station (m)
syszsy  RIRHE 17,196 311 155 0.00 1779 119
Walking Sidewalk ratio
environment =
charsclorstics  —TAE(EVD 17,196 1593 1310 000 8285 144

Green view index

(& 32 POIA L] F7et 74 AAl8k= POl 93-S =8
3t 71EA o0z st diofA AlFdls ERE g8l
B o] Fof AT} F-lo] gl PO A4 A5l

BT 7|20 POIAE HIHE Al s Wel, Ak, 483
28 AJAo] ARk vlgo] Araom A vepi) Ea,
glo|ElE TSt A8 20204 6HE sU7IR|o] ], 7} AL
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# 3.POI HH|0[E{9| EF
Table 3. Types of POl big data

Num. of facilities

Types Detailed facilities
(%)
Public Community service center,
o~ police agency, court, 6,498 (1.62)
ministry of education, etc.
; Private institutions, library,
Education schiool, ete: 34,476 (8.04)
; Beauty salon, furniture sales,
Convenience clothes, mart. etc: 131,470 (30.67)
. Banks, insurance, finance,
Finance ato. 9,677 (2.26)
; Basket ball club, football
LEtsore field, golf club, hiking, etc. | +162(2:60)
Theater, performing art,
Culture O 14,077 (3.28)
dissEEl Pharmacy, dental hospital, 20,819 (4.86)
P health clinic, etc. ! :
Factory, telecommunication,
Industry construction, architecture, 104,943 (24.48)
etc.
; Tourist attractions, guest
Trip house. etc. 3,873(090)
Dining Cafe, western food, Korean 91,673 (21.39)

food, etc.

Source: Types of POl are based on existing studies (Huang et al,, 2020; Li
etal,2020; Tang et al, 2018, Wu et al, 2018b).

A BER Al (Od 2)= A&A 45T e
A% A2 7FEeoA POIAAS FHet 37H4 REE
el Joloh, 39S K 7 AE0A ot AldE E])
g = 33, olF F3l POINA HlojEl = a2 ARA< o)
SR oSS & 5 Uk

g 54 vige AN AP 971 AR, HAR et

2 = -
Types of POI Bigdata .
Public insfitutions
Educational
Canvenience
Finance
Lesisure
Culture
Husgital
Industrial
Trip
Dining
Building
‘jipgyegu’ boundary

e N = \1:; . _.-,r'f HL/ — ———
3 2. POI BR2 ZZH EE(ME &4I2| X9 o A))
Figure 2. POl types and spatial distribution (Example of
Wangsimni area in Seoul)
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AR 5 gl A4 ASdddolg 3ol Al
SEE AR diojE et AFEY YAAE 28al HARPFLE
A dolelE &8sttt 24 AAT FAHEAA 7P 7H7ke-
Al A7Ix] 8] ArlE Atstalal, AAT-S] WAL s i
A2 420 Yot AR FA 0] PEF AL

opRjElo g2 2 A-tollAls B 84E ARESH| 3l 7t
277 Ygole2l NSV mhighu} o]u|R]E Yoy Z|EoA
APIE o] 83le] 35314}, 4, NSV mhielu} o]u|z]|& F
E317] 913] Open Street Map(OSM) =29 dlo]e] & w}et
10m 7H 2.2 2 (Point)& /38901, 3F AHES A%
02 A= HE(WGS84)E AHE313ct, ol F 4had A% 2
2} APIE &85t 7 A7Eel Higt 629,467 NSV ke
ghut o|u|zE 5T 3 & At skt sk
NSV oju]z|9] ¢ AA 813 o2 Hpepe] 5 AIHS 3L
3] 20204 4, 5, 69 ©[9|AE ARSI

5% NSV oln|AE 7HA]aL g guEF &% 7Y
(Semantic Segmentation)e 5o 2HFe] FP 94F &
3t Qu|E3 B3 A 9|2 2 g9 ofujz] A a
271 o]H 84907 T 4= )= 7o), QJulEA] £ 7Y
2 Tt 2ol EASHA | £ =F-2 WAukE (Benchmark)
of| A =4 Yehts 23 (OCRNet+HRNet48)1 ADE20K ©f
olf NIEE A S5 BE S 88t EAsioit. ou&
A B8 7|H o2 £&E NSV Bt} o]u|z]9] oA] ARl
(19 33} 7t} B =Fof] AME= =A]8{Green View Index:
GVI) B 4] ()3 4] Q)2 Zo] o]u|A] ZA) G4 = o8] =
A2 54 ojux] g4 =2 Yepd 4= glom, 331 F7HolA
A= 52)9] % ulghth(Li et al,, 2015), £ E40)A] A
43 ADE20K d|o]E] ME2] Tree, Grass, Plant H&2] 3HA|1&
F83l0] HAER 5319 &, olnjA] Y SAEE ERE
A2 0of| A 100 Afo]2] FHE 7HAIH, L glol 245 3 AH
oA AlZE o8 Hol= 529 HlEg-L Frh= A& u|hKi
and Lee, 2021). =3}, U3 WHO 2 712 7% ofu|x|of =g
g 2R vl 8-E JAste] {4 L8314l

FARAT = treeF AT+ grassH AT+ plant ¥ A5 ()

38 3. 40|t mi-2fot o|ojx|et Haid ojniE X 2et A
Figure 3. Naver panorama image and deep learning semantic
segmentation result
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1) 7|1A1gHs WEE

£ A7 EAIRE ot &S 8] 522 OLS 3H1&
A 233} Rt 39 71AskE 23S ARSIl a0 4
o] 7 2 BPZ AAEtLA} gt £AZ 22, Random
Forest(RF)= @45 H22 w7 (Bagging)& A3l 2%
U (Decision Tree)7} 2.ojA] @i ZAE(Random Forest)
& /43t RFe 23 UFE SH2 08 ERslal &1 AE
oflA 529 JFHe A7 wiell 2 3HOverfitting) &
£ vR) & 4= Qloh= Aol 9itHLiaw and Wiener, 2002).

322 Gradient Boosting Regression(GBR) mye gt
Ho] 3l ute] EdE F&3in 479 A28 Ede ZE olFY
Ed|7t 225 WA HResidual )& 202N FF LYY o F
35& woles ol Priedman, 2001). GBR 232 ks
Y & AT Ao dojd 4= vk To] it

9HH Extreme Gradient Boosting(XGBoost) 2L GBR
of vl3f Hlole AEQ & £%=7t o WE3l AF3HRegular-
ization) *$A 2.2 AR} £AIE T 4= A= AHE 7L A
tHChen and Guestrin, 2016). T2t XGBoost 282 th
gt 2opllA &2 AYEE Hole 71AgE 23 F shyold
opRlEke 2 45417 (Deep Neural Network, DNN) 232
e ST 9] Y83 (nput Layer)Zt E23(Output
Layer) Afolofl of#] 7]2] &Y% (Hidden Layer)2.2 o]#3 I
4174 W (Artificial Neural Network, ANN)S Z835H= W
olcHSchmidhuber, 2015),

olo} Zro] tiefdt 189 7|AIghG W Eo] B8H lo,
ZF i Enie AAEE 7R Ak, wEbA 2 e AEAl
AT S99 =AIEEE 245 s d®Ael 71AskE
HPHE9] RFE, GBR, XGBoost, §]Yd 282 v|aE243}51 7}
& dgEo] 2 7143k 23S =534 Eich

2) siA7FsSH 7|AIsks WHE

71A1Eg 232 Aoy oo FoeE A 5= Q)
A|qE, 23 Y& wAYEZY E40] F71ge) weh S o
3sh= dl of=Zigol Slct. oleg EAIE s dstr] Al 71A1g
&4 B4 235 AT 5= 9 SHAP B Eo] tekst At
Al B-g¥3l QIcHLundberg and Lee, 2017; Kim and Lee,
2023).

ZAIZE FFE vlA= Hel] 7|9 EE &5l W T
o] A A HAE TAE Bsl7] 218 SHAP HHES &8

515t} SHAP HES 58] =55 Shapley Valuew 715
g 2= W] 23] disjA] 7 W] 7]oe g FE e s
B713E goln], ol T SHHST FEHLE ST 9 o
oh 7] 4= SRl el R84 Y= A3 THLund-
berg and Lee, 2017).

Mz}

Iv.

i«

—_—

AR BM oY o En

EAEE S di®EShs AERIFY] BHEFHL Python 7]AIE
& 49 2ol B2 (Library)?) Scikit-learns &-8-315ic}. 23
7He) d5EE AAHor nwsly| s +HE HA wE
17,1967} &< 223 7t k202 B89t ojf kg &
2 AA19] 80%2] 13,7567H, B7F FE-L- 0%2] 3440712 TF
St AR £4 eAs HA oG 22 B9 4 BES
g3t e sHEe R g W BESS] $4EH
AR B34 BERIT = dl5510] HF=E Hriehlt,

Uut OIS 23} 4717 7| A3G 28-S vl B437] 93]
APATFoA F2 AR = ARAFRY), B ASE &
ZHRMSE), 18]31 H dd 22HMAE)E 871 #E 883}
HrHChen et al., 2020). (& 492 ZA3}o =2 FF AL
T2 AAASRY I 0.120~0.5652 LFEFEIL, RMSES=
6.375~8,362, MAE:= 2,025~3,0822 eyt 3Hd, 2 A
gHolo] AAAS(RY) e 0.226~0.5640]31, RMSEE
1.811~2.424, MAEE 0.726~1.0608] F2.2 335 JEATE

¥4 22 5t
Table 4. Model evaluation
Dependent 2
s Model MAE RMSE R
oear 3082 8362 0120
regression
LightGBM 2.025 6.375 0.565
F5ugon 9
(Weekday Random
dé facio forost 2076 6.443 0514
population) -
Gradient 2047 6375 0528
boosting
XGBoost 2038 6.377 0528
Linear
regression 1.060 2424 0.226
zat Aysio| LightGBM 0.726 1.811 0.564
(Weekend Random
Aot ot 0773 1928 0.602
population) ;
Gradient
boosting 0.761 1.856 0.541
XGBoost 0.765 1903 0.328
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th o217t A2 A o= et

AT 71R] 7|1 AShG 239 H7H A B YR AE
39 2Fof vlsf F2 52 BT A= ey 53]
oAl 7] 28 F 7P AWEo] &2 2382 LightGBM2E
UERTh LightGBM 232 3% Ee] B3H(Leaf Wise Tree)
WA 08 A7t & EE FHLE WeA A5 oidh 24}
£ 4l WHeR shgATte] e AE 7HA|aL i)
0EhA] LightGBM 232 HFEYP O BE3}30m, sj47}
& 71AIEE HES B85l =AEE Y FF& A= 4
Yro] | AP AE £

2. SHAP 2| 7|0 =4 Z}

£ A 2 0] 84S FeIsk] ol ERE LightGBM
23& 7|4k 2 ShGslal, 7| AsHEE 34 E 4= Q= SHAP
HECZ Shapley Value(7|9%=)E =334t Shapley
Valuei= 4| dlo]eof|A] 2} Hs=of gt Adfiz|Ql 7]oje s 4
B 4= low, 7t Hapo] R % E Yeld 2]sko|t}, o] ujz}
7} M0 7|98 FRIsHH (1| ¢} At

¥ 4@+ 75 BEUF A ¥ 7|20l (1"
1) FL AT X ¥f 7| =E u)3it}, X5
Z} ¥=9] Shapley ValueZ & = 3131, Y& AA 9 9=

Finance Facilities Density | NN
Residential Facilities Density | R
Land Use Mix_
Intersect Density_
Bus Station Density_
Hospital Facilities Density | RN
Trip Facilities Density | ENRREEEN
public Facilities Density | NG
Office Area Density_
Culture Facilities Density | N
Dining Facilities Density N

Distance to Metro Station-

- Fositive
Il Negative

0. 0.2 0.4 0.6 0.& 1.0
SHAF Value (Red = Positive Impact)

(a) 75 EoH B 7|0

The contribution of weekday de facto population variable

a8l 4. SHAPR =55 7t

g W2 7] =g EABIHT M| A= 71012 g
of wet sttt 12]al 54 W] AAgo] WHA 9] vl
Jefz uf AYRATe}F K+ BAE oulsta, wFe] F¢-
AT Z(-)2 BAE et

TAHc R 5 AEIT(TH 4)9] BF FEAIE UE,
FAAE U, EXo]S TAE, BAR UE, HAYRY U
T2 7|9E7t B AR UERT o= 384 9=t
£, EXolg0] TJHAY, RARY| WEI} #2245 EAY
i} ()9 WAE Hole A& HAF 4 9lrh. 293 &)
o A E Hole ¥R FAAE Y7t £31, AsHEH71A4]
A&7t deE F5EE0| Wolxl= WA= YERut

H, FE9| B¢ EXolE ERETF 7P 83 aklolx,
HAFE UE, FAANE UE, 38414 B, IR UE &
S8 EAZE A Gl A ety ()9 B4
e 790 22 FAAE 2R, ASHEA7IA 9] A2 2 e
Wt 753 g ABAFE B uS b, F52 ARE0l
TEAET Z2 GFFOIA F8P] il F2 844
o] &2 FATN EAZEO] B2 ALE LERgT, W
FEU2 FE F7, 45, A EXolEe] T3 AT
5 EAZF0] £2 A 02 UET ol AYAFfA EX|O]
S0 TR EAGSF AL It ()2 BAE Ellvks
ATt FU AAE £ k=4 9, 2021).

Lana use v
Bus Station Densi ty_
Residential Facilities Density | A A
Finance Facilities Densi ty_
Intersect Density | N
Hospital Facilities Density [ RN
Office Area Densi ty_
Trip Facilities Density || | N NRQ NI
Public Facilities Density | G
Leisure Facilities Density | G

Distance to Metro Station_ - e
Dining Facilities Density [N i Vegative
0.0 0.05 a0 015 0.20 0.25

SHAP Value (Red = Positive Impact)

(b) L HEOR B 7104
The contribute of weekend de facto population variable

£94:0| 7|04 =(Global Zt)

Figure 4. Contribution of each variable derived by SHAP (Global value)

196 "=EAIE, He0H M4z (2025)



oERE S4u EAEEe MY 2 24

3. #3 - FH HIUE A 24 Z2nt

A ANSRE SHAPE &7 W2 /4 7191 E(Global Fea-
ture Importance)i= 4| 750t EAIEY 710 EZI3L 1]
Ay BAE FAACE 498 4~ gleng 7lxos IR|F
#4= 7|91 % (Local Feature Importance)& 5314 SHH7F
A ojd AR|A0] SleA] BABISIH FAIReR 2 =
£ LightGBM 2&& 7|5t 2 S8 e £5 S0 &AZ
g Alol9] BAIE AYstarA) sigict, X2 33 SHHs9 3
0|1, Y&9| Z} s EAEEE 5T o ddd v
A 9] UE AR 4ol v]A = MRS Yehdc (2
d 5 SHAPY| 7|9 =5 U2 g EARH] MeEe] 5 %
A A AT FAE UERH, (OF 6)2 &4
73 Wt £ W AR 49 A8UT BAE AEEh
£3], W] H3Prt ZAIRR | v)X e Qo] o BA Hlsh=
2] #R137] 21814 Cleveland(1979)2] Locally Weighted
Scatterplot Smoothing(LOWESS) 7|1 &-83}0], ZAZ ¢l
3% glskar, o]t S0l FoA uldE AR Bl
it

2] 2R e EAIEY Alolole vAdFAA #
Azt vebstth, A (" 5@) e (O™ 6() oA FA8E A
9] AHA Uk FA AU Y7t oF 3(m?/m)7HAlE EA]
Zeo| F7PlaL, olF F7MES Aashe Al YEH. F
ALE AE GUAL AFA A= A= dHFo] T/
Ao AFE 71e 42 ARAAT, 94 82 2451 =X
glof| |2 A= 24 grhe AL 2u|§i

&, EXolg EF=(TH 5(0), 28 6(b))olA =ARE
o] I oF 0.4 7|H 02 £A|Q] F¥o| Zhshe AU B
ok, 53], FEojA 752 o A dEkil, ofS3 ik
FZ EXol T AL 7L Qe A2 AFREC AR o
£ Aol &5 = 3o (acobs, 1961), EX0]80] E31E
o AlEC] gt AR 8E FAE S & 4 ok EE
o2 EXolg =T X9 AR 34A YU 93¢FE v
ks Majatet Wehs ZolgithzY 9, 2021). £ 4A

& THACE B Ao EX|olg &9t 7710] 0.47171A]
ANHEY Y 78F FE3] FFAI7IR] Rl glow, EX|o]
4 &g AEZT A7} 0,45 FoloF o B2 ARl g 1t
oA Rt BFo] 7FssiATal & 4= ok wEbA EAEY
= ¥0)7] fEiMe Y SRk OE 59 AR A4
EAo]g &fo] Waghe AlAR,

o2, (¥ 52 (¥ 6(c) oM =AE=ER 2413
AEE BAE BAE BuFE o SAFHAEY W=t =2
& EAIEY Y 7|90 FrIshe ALoE UET ol 243
Al =7t 2255 5 2 A AT W=7} ot

A A2 et B3], FF4e 24 4271002 5
Hog ZF7hskal, 800 o1l A oflA F71E-2 A= AL
2 et A3 22 A9 AE Bt EdE =
A Bgof @] A3(Ye et al., 2018), SAHAAES WEr} &
5 A7 595 gor7] g oE Y ARESE Bole
F e AAE AT £ gt ol Aike A& R
7tEgE | G v = AALT 5 40l 7P Fasd
3 dTe] Aztel wEkg: Zolgiti skt 9, 2017),

AL} =AEE e JA (1Y 5(d), 18 6(d)E B
H FEAEY U7t Mk AR 2eizoA BRIF
gou, F8AE YErt 48 A B2 Ao E gt
st 53] S84 Uert 325 AT vl 719 %7} 15
2l Rh, 0 Bgel = 3,82 YERT, ol S-8AEY AL
FE YR 8ol7] Yo Ut vjuFe o, FF =AY
of Bl G| & AL oulgitt,

gHH, (1% St (O™ 6le) ol diFwse] 282 2
F g Al FAe)x, dAGE 7R AoE ey, #
Aoz HAHFA Yt 27M/km? BEHR] FF BAIZE 0|
4317 7181, 1770/km? FEHE F71E0] a3}t 60
M/km? FE=REE 37150 A= ATl A= A2 Y
et} o= dgiFEuEe] Uivt 607/km>S dolAl o|lF 5
AR Y] W3t YR AL AIREEY] olF a7t BHAo
2 FEEYH 8L 37| Y8l dFnsy s o wole
o] &x7t A7) g2 A& & 5 Utk

2|3l Ak A7kA] o] Arjet =AIRY 7k EATE S(-)9
Wako 2 Vet d 5(), 19 6(). ol AsFE G A7t
YojAeE TAJEE o] Zaditke AL oJulditt, 83] A5k
H71x]2] Ae]7t 650~700m oYY A ALF R wAEY
o 3AA2A FFE v]A 4= glon, of: T A Ho] AFFEY
I 7R A B S 1E HYE Ao EN AlYE0] 3T
Aol HHE U chrd QAREE AT 4 Qi olg A
+ Yang et al.(2021)9] d-e} vleeh Weho 2 Ul A&
Ale EAIEE] 9o 9A1d H 9= 650~700mE & 5= S
A ALY,

B 9] A 49 =AZ(TH 5(g), ¥ 6(g)2 =AZ
B} oH(H)e] BAE 7= A2 Ve o H, 54182 10%S
7122 EAIEH| A BT T, 23% o) FolH B4
Yo v])= FFEo] YA Al Uekitt, oo gt
olf&, 7I=2R| EAdhs A7t & 2R A 99| 3L, #HF
g 27| F o2 st B3] Y4eEo| HPg 53 o|F
A 5 93 FYY o8 EE FHANLEN(Ki and Lee, 2021)
AR Y] F71o] B vIRlE b E30lE ¢ e A2 7
A% 4= 9lrt, 3HATE x| 2 vl&o] 23% & HolAl o] F kA
g0 v])= Y F71E0| YABHA Yepit, of=g
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Figure 5. Nonlinear relationship between weekday urban vitality and neighborhood variables
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Shape values for Green View Index
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Figure 6. Nonlinear relationship between weekend urban vitality and neighborhood variables

Journal of Korea Planning Association Vol.60, No.4 (2025) 199



ZE-guixy-ol7]

TH= Yang et al.(2021)8] A7oll4 EE€ HA1&0] 24%2c} 2}
olo} M3 Walking Propensity)h 3H(+)¢] BA7F 910,
E=A&0| 24%F Z2NSPH 3] v 2]z G AR ol
+ Al & dgolr}, 712 =Xx]9] H|Zo] 2 A ¥ H¢-
A o] golut AlgEol A2 4= i ZA017] "ol 7+
281 Folu|d BAF oA 92 Ao s woE)

opReto 2 B2 vl &(1¢ 5(h), 19 6(h)2 4% = °]
ol A EAZE o] F7PstaL o] F YRk o] WMFo] =] A
el 7t288a IA7E Qs BYE vl&o] dAE ol
2 Z71e A HYR v|2E ¢ Fole A2 7128 A= 2
A7} gichs A& BRI = o), SA19F 3= 49| dit
£ T8 B BAIFOIA AR B 4= Qs A9 B
29| Bl 80| F2E EABEO| £& = AT ¥4 & o]
o] H W AJ7te o] AT 429} F-ofu|dh #A 7} glrk= A
< 99l

V.4 &

£ ATE ASAIE AR 20199 AEIF ARE EUE
FEU Y W AR A ABYT - FSUSE LR
SHAT AEItef viRe ZHESREE 7] 918 SHEeE =
A] BlgjolElE B-85le] EXol8 54, POL AE 84, 18 5
A, B B4 F R B 18E s Yok, 7
AlgtE WHECE EARES AR oS3k RS
S8IIL, 477 HES B85t AR 93¢ v
A W2 719 E EESIL M 719 6|y WA S BRIt
Tk -] A AR A A A2 ohea 2,

A, EAGE T TR 89 7H) FA A w4AFH
o] EAZ FlStA. 71E ATl A% VA E 7Sk
7397 woken, & A EAY ot 7 8903 AR
g2 54 dARE 7IE0E Wtk HlAguAt dled B
et POIAES] 787, 2 Al Bdef) uheh A1 o] 3
7t t2A vergtt, 53], SARAES AFRFE0l A o83t
T AR, ETL sl BAREO] 315k A¥E 9
T 5 U v, SEAAES 2 FE dde dFAEe]
7] g2 58 =AEHT A e AR YENET, ol &
7 POI AlE 9| W7} 5, FU9] EAIZE bE 93¢ 1|
AL, 7+ Alde] S et EAGE dE UEE 28T
LR} S AR

EZF, EXolgd BAH Wy dignge] AL AR
it ulAdE BAIE 7 e BRlskT AR R, FA
A% Aol Yol AHA7A| S| A7t F7IES EA
o] Zeo] AasARt, gl Y +=FAAY dHF 9
UL O 3(m’/m?): AE7FA] 9] Az oF 650~700m)E Hol7}

200 =EAE, He0H M4z (2025)

H SAZE | IA = YA A2 vEly old A=
Yue et al.(2019)9] =5 A} FARLL, AEA] EAIER ] &
ol B 2|5t 99| g0l 650~700mel °|=H, ol= A
SA GAIE N S AT u AFE 2AZ 8 4= 9L
=& AARRI,

183 EX|o|g St o] vy PAE Ejls] & At -8(-)
o] AN FH+H)Q FAZ §ssh= Aol EEEAL F+
AHoz EXolE EF A= 0.4 ol DA A= o]
FH+)e] VAR BB AL & 4 ) ol F2 AR E
Z|o]-g-2| ZHo|A AFHES] B A& Y Fo] ERE 0] ¢l
< o o ¥o| Qa1 ¢HAFE EA7} E 4= Atk Jacobs(1961) 3
Zof| izt AFA 2A7Fd 4= Sl

g3l AR UEe B AAH R EAg= Y A
A BAZ} = Aoz SRR, HAYFAY] et F
7ate]| wet EAZ s el BA AHou, dAw
(607]/km?)= FolAl o|F E=AIRH | v|X= L A3
FAE e}, o]#dh diks AR Wiert YAg oA
7R AFEAbE diFuaES o ARES 85 AT &
USE AlARRHEL

ZAIREOA AR LR HolE Al HIYPE Hl&e] 7
L YA 5 oAl 2 24%; B2 v oF4%)Y o] =
AlgE it G-oju)gt WA 7F YRR i, ol SAIE} B
Z g2 Y A 8T BF0] F2 o]FojA= i
o] Arkz AL AARI, webA EA|9] 88l g ol7| ¢
g AZE O] =A] 72 TS Ao] obYef, H3 8
o] 4& wolat, B3 F4HY 3F 3L 24%= ol 2
Skl & 4= Qlt,

A, EAEEY A7) e M 9F «HE FUs)
$18ll SHAP o2 7} M=9] 7|98 E&3IGr), A3
2 F5E a5 4k, FUE B8 =T} mA g
7H 2 9% vA= 8008 Yt £530 29 2
Yol G vjX= 8 o] fE2A Yeenz, 53
FU 5T S WHGe =AEE Ao ko] "asi
F7HA o= 3 24 FAE U CE Large Language Mod-
el(LLM) Zo] 83, ket A2l 21qt ohzt
AU g uiFoR RAREHE ST £ US AR T
o

AR, 2 Ats VA B3-S v|ugho 2 ) of BFo| AZA|
TEAEEE &3 bl o A7RHA| AF3t Eul(Tree) 2
o] 4712 7|AISks R} Unt AE B9 71A] B RE F
3 7t 2F 9] A5-S Brelad. vlugt 41}, Ed] 29 714
S 2 25 d¥ H33] 2REG £ & R Sle
Aoz eyt 53|, AAE 4717 714185 datelE FellAe
LightGBM 28 9| ofl% =7} 7P 2 202 e,
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B, B AT ohda Zo] 2 7] RS 7 3R,
A&A] POIAA dlofEl= Z+ AJd9] 7ieE 5E]0] 97] uf&
o 3T Al 9F Aot ES] AU N - gl T
Azo] ek, FF AtllA PO 715AE F7RIAY E
Ao|g AHA dlojElet 238 EAIEE o & BT ¢ Ue
HEE FEole] 8% Hart Aok 4, SHAP YHES &
831 ZAIZEo] P v M V)oe 9 BAE
EE3GAI, SHAP PHEL EPusyt S48 vjXE
Gl it QA= S 5= gloks A1) Sl AlA,
AR 84E 47H] S8 AN, 7 A A
glof JE | T Y Haeo] digk 2712l 2wzt
og Ao woE P X9 ZARY P FUY
AT, AHBZHAF BA, ARAFE 5o wet 2e)7h & 4=
o}, wehA] ohofgt AR 2Q1E EHdt EAEY 249
A& AT Gart Qi) vl ge R, A7 glojg F59 &
AR Al YERIT dlo|el & whgakA] 23 A7t o,
COVID-19 9] o]H9] A =X g vhgstr]
A3l 20199 BLRAIF Hlo|ElE L83t om, M| o] 5o ¥
/9 iAIste] TAR R 2 7] 2 F BAE B
aaLzt shgict,

Iz EF31aL, B A A Ydlo|ele} 7| A gk W
Eo2 ZAIZE QTS vjXE 2 20 EAR:
HollA ezt git, E3E, 7|29 APATofA AH LR A
Y v EAE T2 AYHLE RIS, A A
2 AAPEE AlF T oA o7t acka dgE, TAg
B& A|a3t] §I% AN o], BAIZE ] G v
A9 nlAgeEA ol oigt Ft ols= A A
o] 5-83H E82 = & 2l o= wdE

Z:1. 201947 ME0IT H|o|E= 20162 EARY191637Y) 7|&2= ZA
SISACE SHRIE SEHAQI Yo opX|2 =E2E BHEE A &
271 UL MHIAE MESIK| Q0P 1,9577H EARES| HIOIHE &
&4 gl TRt 2 te 2R 24 Ho|ED) gl EAHE H
ofsia EFHo= & 17,1967 ARE 7|24l 2AHRIE 8ot
Ak

2. 2019 MEQ Ho|EH= 108 1525 H 277K & 13| Hjo|H
7t £20| =QIC) mEtM 2 Se & 352U MER HolHE &
85101 5 ARZITHO| YT QIS 22 AHMSIIC,

g8
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