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ABSTRACT

Urban vitality is a key indicator of urban activity and social interaction and is an important element of
sustainable urban vitality. Urban green spaces are widely recognized as major factors that promote urban
vitality. However, in highly urbanized cities, opportunities to increase the quantity of green space are limited.
Consequently, attention has been directed toward the spatial arrangement and structural characteristics of
existing green spaces. This study aims to analyze the effects of green space landscape structure on urban
vitality at the administrative—dong level in Seoul and to propose spatial planning directions to enhance urban
vitality. In this study, linear regression model (LM), generalized additive models (GAM), and geographically
weighted regression (GWR) were employed to examine the relationships between urban vitality and green
space landscape structure. Socioeconomic and accessibility—related variables were additionally included to
account for regional differences. Urban vitality was quantified using outdoor activity population data
representing the urban activity intensity and Point of Interest (POI) data reflecting the spatial distribution of
urban functions, such as commercial, cultural, and service facilities. Since the effects of green spaces vary not
only by area but also by spatial arrangement and connectivity, which influence accessibility and usability,
green space landscape structure was characterized using PLAND, PD, LSI, ENN_MN, and SPLIT. The results

indicate that green space area shows a negative relationship with urban vitality, whereas patch density,
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fragmentation, and Euclidean patch distance exhibit significant nonlinear positive effects. In addition, the
impact of these variables varies across regions, confirming spatial heterogeneity in urban vitality. These
findings suggest that dispersed green space layouts and spatial planning strategies that consider local urban
environmental characteristics are more effective for enhancing urban vitality than simply increasing the green
space area. This study provides foundational evidence for developing qualitative and spatial strategies for green

space planning in urban master plans and park and green space plans.
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1. M2

TEAgEE B4 At oot Al 258 Boleols TS dnloh kA9 9E4, AR 1R, w8H
g JE|a AF Ths 22 A Al ofe] SHE o= Jfdolth(acobs, 19615 Chen et al,, 2023).
EGH A W ARIES] SEn AaaRgo] A&H 07 ofFolx|i= S oulsh | o (Jacobs, 1961: Lu et
al, 2019; 29} ol47], 2021 Xia et al, 2022; QAT AFH 2025 TAQ] As7iEat ok} slEw}
A&7Fs/d<S Uedhe Al ZidolehLiu et al, 2022).

Tt SR ZARPE JeEe] wet FAEES] AEAQ] St tiEe] 3 BT, BA
K RE 5 EAAQ] BAREAPE ARk Qint o]t EARRAR: EARICNA] ARl AEE
H 27 Slofear AHgoks AoR AMET qlom 4] A Asiet LAES] ot ojofd 4 QITH YR,
2021). ole]l w2t ZARIO] 4fe] vt TAle] FEg FXANNA 4 Sl SXH - A ths Hktel digk a7t
AL QloH =AF7re] et A A= TARAIE A3kl gt Fag HE F s A= ¢l
THZhang et al., 2020).

TA Y] B2 A AS sk (Kabisch et al, 2015), 94 @42 A3fsH(Li et al, 2022), A
AMEIAS A5l S(Hegetschweiler et al,, 2017 Kici¢ et al, 2025) Tl 844 7152 S35kt &3t
TA 7He] WHE FANZ|T(Wu et al, 2024; Alshehri et al, 2025), 49 2& 479 (Kaplan, 1985:
Lee et al., 2008; Biedenweg et al., 2017; Hong et al., 2019), A2 - XA A7} Z79] 7]ofsl= S(Alcock
et al, 2014) ARPIAA SHANE Sa3 AL T J EASAE ZARIY] 4] A2 Eole Bl
W D/ AR AeARE-S viicks EAZE ] di Z)eh 948 7153t Haaland et al, 2015).

g, TAEES Ao Bk o Holle TAl U EEAE 1 ARs Wik iRt HlofElE
SERE Alrh ZHES] offoiAa Qi AR, POI(Point of Interest) HlOJE], FEZFA, Q1L Wizl Bz}
4, OREF 2%, SNS g 4 5 Ut H4E L8% TAEE] ARk 7t vt FPEQLeHSulis et al.,
2018; Chen et al., 2021; 2023; Kamata et al., 2023), TAIgFgel st QAlat AE 5 IAH @9k =SH
HZPHE A= 9k Meng and Xin, 20195 Li et al, 2022; Xia et al, 2022). 3] Zjojlal= vlEo]e]
Zgo| 7Kl w2t GPS 7|9t olF HloJef; ARgAlellA Algshs FAl Z7INF LRI HoleE 283t EA4o]
s =1 QIchE gt o]47], 2021; 7hbet @519F WP, 2023).

Tt FAAE BRI 79 A= B4 Aol EAffoks WA QIFE ERSHRE Aol Ao SEs
SR Feofl mAIEES] i 94l kR X E Ao ARl EF s Rk Retthe AP ATHA
A, 2018). R, wUje] AYATES F2E A5 7, EAOLE S/, wE A, Y YEQE U § &
Ao B2ElA QA4S FAoR TAES BAS) ghom(Montgomery, 1998; Sung and Lee, 2015; Mouratidis
and Poortinga, 2020; 297} 07, 2021; Dogan and Lee, 2024), =49} T=H Hat e o w4 ]
2 AR o7 veEo] gitiMeng and Xing, 2019; Li et al, 2022; Jiang et al, 2024). ol2igt A =]
7} EA o] HHZel ke ujiitks A o]ojd LUt Btom(Meng and Xing, 2019: Li et al.,, 2022:
Jiang et al,, 2024), o= =29 4 FEHtoR= LA FRlo] otk ZE AARITE
AgAle IFEETE w2 dEA F ol TPUt Exo]8at BFARl BA] 7)5o] Hokd F3H A
£ AU §ick B4l A Tt =2 Fro] Extglo] A A FollA HAol ot 1529 34
| 37t FAHH R ARt A Heldk, of2fet WEtollx], 529] gedt WA SErhs =219 F

tA ot vz BAES 1Efst AYH Ho] Zast TAEY FAS Qg FEA THA L =]
Age] Fasi.
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AT A WA G BAske RS

pid o= YT

A 3 HOHE 7[He= POIS} oflZE I AaE F8olo] =AY ARE AFIAN, () A

& #Aot] mAgE de aiE BT A=A AFAARRGWRCR A 7 Ao)g gl
o Q) ik BUEATEA, £A71EAY

oket. 3 5 24 AY 9 A 5 BHel 28 et 3
A U919] 712ARE ANGonH HAgTe] aed F8E 443 £A3] e S0 g A4
A

2 5 Aol el 4 9ke Ao AAdgek

hl

2 Aol ARAE Vo R TAIEE ZBot w2] ARAERE ARFHoR Bkl w2 AT 0]
TAEE ujAe ek BAEI 20239 J1E ARAlY] 1919 TEHAe AATes Ts 1804m’R o]
L 7)1E aellA] Bug #o]d(15.7m?), AZFEE(18.0mY), H-8(14.7m%)

T v QITHALEATY, 2014; AAL, 2023). TR ALY F8 =2 BARCEE o AR HEE]
Qo] WA o= olf 71eet =AW =Pt HEot w29 311 2t Bt Aos UetGeH 5,
2021). B3], A2AlE =29 3H Bdtd gt A8 4] G52 e 1909 S EHAS =ol7] S5t AlY
< S0k JoH(AEA), 2023) EA A WS Foll TAl B AlnE FXekL Qlrt offet A Lgut
AT Akl AdA & 1S aefete] B Aol dhdRE AEAlE AAst

2 AFelis 2570 ARTe] 425709] e w4 w9l AXetda(TE

B 7R} 2w Qe TEiste] 20239 14 1

Ax), AR W9k S8l

Qe 20234 129 1Y 1902 Fskc

2.2 TAEE A8

2 AFN SAZES TA| 371 AA &
A A" 98 sk= POIPoint of Interest) H

I 1. S CHARS] &, 7 A, A Y 3R Alo| 25
wpp A FRA N STXY EEAS(R) [ ]SEA 7
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A=E Bl FHL 4 glom AT Ame A Fedlolel ¥ 20239 B4 7|9 AmE 28513 ©]
+ 9 AReA B4 33F Ulell EAcks AA| QIS oufolH FAAE 71A= AR TNt R A QI &
IS WHGRHAREA], 2018). 12t Al = lﬂ Aot o5 g QT BE ZYEERE LA
F0 A FE s AR Hdeb] ofeleH, BEC] o Rl Hik A 5] oy HES] S
o] uhet g E4o] Aofstrh(A§&at ot 2023). °]°ﬂ HAPHE S (Dasymetric Mapping) 71H} 22
tord Hoz AR Y AYRI7ELE FA45I0lon ARE {Td dwdyl Agel 7io] EAA THAS £
AUIRE A e R Fgslelet

UEE 45l 94 Aue FENEEC] 2049% SEAS 7NteR Sigih AuijlE Fdob] $
of, ALRIHE TR Aol 11559 S AW SHNSE ¢ %"4"“@5’1 A el A
29 8= A, Y- 3E O AR Al 7 BFR SRSkl o] delA AkEE 8 SHARE
28310 4] 12 AYRITE AAJSItHIwin and Murayama, 2009; Tomas et al., 2016; Chen et al., 2021; A
£33} o]k 2023; Maneepong et al 2024; Vergara, 2024). S|PAlGE i A%FE 8o WA ot
UL a2 Bfoks 7IAR, 7 A5E 85 fyo] AT R viAE Adid gRFEE ouRith A 1
j Aol Al o —rj%f A A Wi e 799 dud, 191 g+ 1 AE Y9 3

IP, ) A% B; ™)

e I &2 T FEE 4 Qlo] T HE 54 TSt A AR ot A1) Slsh Al
57+ £2(pycnophylatic property) ®4je] whet 4] 29] Akg Agste] APHTet 2ol A AARIFE 7w
ARl gk Axrdstelet. oleidh 2 219 7 Q1] Auje] i AolS whgshy] ikt B 7Rle®, 7]

E Aol 28 37t ARei(dasymetric mapping) HAIT FARE HHOItHOlAE 5, 2014). 4] 2014 AP,
+ 2749 o AUT TS UL TP AY (9] F RIS LERT
TP:
AIP; = IP; x ’

(12

Sp
j=1

wheto, 4] 3o A 2 TS ol S48 ARITE ASe UiAE 0P ‘ol FEITE A
stk

OP, = TP, — AIF, 19

Mg AA9] POl ¥ OpenStreetMap(Geofabrik) oA Algsk= 20249 108 78 A9 HlolHE &4
sto] Aktslgirt. POI= 2414, 718, dIAES, wsAld, 23 5 tAZEn TeE 8 7153 AEEC]
Z3Fejo] glo] TA] FXF W 7]151—41?_ VIS Uee A8 ZAEE S5 AYols o #-8% AFolthLi
et al., 2021). =5 POI HloJH= & 116,766710]1, 453 POL 5 A&7 5l ArcGIS Pro 3.2.1% 9]
o] YT AAY S0 FHAA P W= ARSI ofF #E] WAE st HAE POI
5 HHoE W 2 POl UE= 4AFESISIT) oFe] ipdollA] 455t ofeles Wwet PO s 217t 443}
St 3 T EE 55 71 6kl o] 1004 Thde] A 2ER FRASIGICKChen et al,, 2023; Doan et
al., 2025).

[OtsH, TAEEe] g1 EAE widsh] e, d5E §xd dvd ARE skes Ay Q4 E BA
S BRI Hlo[HE 2851 offdE o5& S5 o17]o]l POIL Hlo[elE Adste] TA| i &) 25
He} A os EASIITHIY 2 X).
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8= AAAS A

EAgeE
Bt
‘ OpenStreetMap H =R PR INES] '—b‘ Density of POI }—P{ Xg-ﬂ-i}(z—score)’
« ArcGIS Pro S & 7HH ETSPAb
e maaA s
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O 2. SARRIE Wt jEA s2c

23 5H0] ZBTE S U ASIHY 4

231 =Alo| AuTz

=209 AoTr Ade AA] SRR A, o EXNER(2023)E E-8sto] ARSIt & At
A Aofet ‘=2l = WAEA19] ige] obd 2023\ Qe e TIMteR A EAE Amo] AA A
EAS ouei PP FEFIold TAAEMNAER AEE Y, T, A ofFet BARlel Al
=2 mEo] FAchs BE A|GE ufRith. ofF ffslo] AeAl EANER 2RAA § AAHAGe] gtk 2
A, Agerd, S 2Rl Sohs AARA9} AFEA9 AR § EL BAE ARIRt 78 225
=22 Aootgltt. i AR FE2 ArcGIS Pro 3.2.12 ol8sf| FE31] ‘AT FALE F501L ol
diaE Am= Helolgirt. off HAERlE A=A AR =AY FAlwet BT A Eelts S0k B
458 =29 HaH AmE A

2 AFolie B2 AUTEE WEE =9 $9 et o FHY) B, S 226t =4] 5]
7] A7 R A& FO 7 BEAow eIt ofeflRt =219 EAS AEHeR M| ffetod
FRAGSTATS 4.39] PLAND(Proportion of the Landscape Occupied by Patch Type), PD(Patch Density),
LSI(Landscape Shape Index), ENN_MN(Euclidean Nearest—Neighbor Distance), SPLIT(Splitting Index) Z|EE
ARESISIEHEE 1 %), PLAND= 9] 32 a0 A% 385 =27 AAlsks HigS Uedie] PDe=
9] BN =21 329 e Lol A7 of2] AR olFolA Al &2 shto] mAE Hof Al
£ W7IHe Apolth SPLITS A4 ¢ Wals /WE =4] gi7]o] WA Aky o= Ue ghoz A 149
shHs} oS Hiedein] glo] 245 Aol Alalse] At wjat B S Smdith. ENN MNZ 7 sj
29 ZAPIA 7V 7Pk A9 el ARE Aktsle] Budhs ARERE ARE glo] 245 7L A
= He] gojy 1Ee] Q5 vehdth LSie BE =2] wjx|0] A ZolE WA diH|z mFeRl glo=
HAoL; wj2] ko s mofgt 4 gl =20 Fefa] BT EfadS B7kske Aol

E 1. FRAGSTATSE 0}23t =ajZ7lo| Zpax A|E

s A cie| ol
PLAND (%) x 100 % Y| = A o] & =) HIg
N Y S U 2| 3| 42 2 £ BH(MAOZ Lie &
PD — (10, 1 7li4=/100ha _ I
4 (10000)100) | M/ 10,0002 1002 B310] 100ha= BISH 7t
5 0.25 M S 7o} Slig HHE Lol BB BE x| Tijo| ZAM
JA Z0|(m) 2 BHASH ZI01| 0.25(HAE] 3o 2H)2 B3t 2t
A2
SPLIT s, - | 5 P ()2 MBS 52| T B ()0 HIF EOZ Lk 7t
. i 2| S LI 7K 7Pk S=2] ThapRle] A2 (m), 5] Tha| 7]
- m 7t 7RIS THIOR M ZAON A SAMIR| Aist 2t

A: A & BH(), @ T BH(), N: I T
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2.3.2 N2lEAA Sdut M2y e

71E Aol ofshd ol 2He] Ao FekS wAlE 89l AlRPAAlA B4 HEder I i
T Slh Egd A5 A9 A a2 vEhlie BAE g2 TA] U AR 25 4] 7T S5
AR A3to] QItHlLopes and Camanho, 2012; Chen et al., 20215 Jin et al., 2024). FH H A2 TA |
F T EAS UEin St w2 299 TART] 8t SRR A YR 0]
UehdthLopes and Camanho, 2012; Jin et al, 2024). 324 4+ PAT WA Bf=0] T 47} tisw
s BE= St g Aol HaEe EA U APl B%s fioks 31t dngfeln| 9%t
g2 ofe] SFAdH} FIF o8-S ok o2 BEUSISItHSung and Lee, 2015, Guo et al., 2024). olof £
Aol el 71xsto] ARPAA Meze 299 A St o e Hdohs AR TS
4 Bt A5 Bt 99 A28 Adsglon AT Eale § At disns B ol8st] SAs
THE 2 32). F7Hos BARt 225 SAIP] Siofl JFEEs deix|az S8oiglied] AeAl 44 <
U= SFHETE TA] S0 22 BEE Hol= SA4o] glof o Sl e =Rt a2 ¥ &
ok Qe AREAl Eeidlold FEelA AT B9 FRISE IFrE FS5IaleH T HACE Lol
TS =S

¥

N

of

448 U DY 2
w2 Aol EAZE SRS 1] PAE w46 Slol ARRd, widRRd T2y 22 7153l
RPe aA1Fog 24519tk WA, LM(Linear Regression Model)}& £3 H4= 719] B2 AJTAE ojels)
17, GAM(Generalized Additive ModeD< 5ol =74] Zoz| 2} TAEE 710 vldgd avds AFsid o
GAMS] 7o) 37H 27 PdS 13sto] GWR(Geographically Weighted Regression)S HxAog 285}
o] =2] 2] JYol 30 ofFA GeAEAE FTH R ZASII

IMelAE EAEES S5 E AAoh, =2 | met ARPEAA Qlel Ay eyt A5 ] we
Ql thgis Weot Hejr Wrs =uss mikolglrt. E1E BARE s SAll] Sl e drEEE
ZReoR W A 1, ALE A% 008 R trHaE R Eoleigirt. 42 R-packageoiA]
Arsote ImQ-& ARSSISITE LM 1271 Teolo] sfdlo] Bolgh o] QLlotHwang et al., 2016; BRI 5,
2022), A W5 W2 79 vgA IAE Zh= Z10= YeiA Ik et al, 2022: Liv et al., 2025).

ol2igt TolA HAPRHRN GAM A& $a6H, mgev T7]219] gam0%+E ol8al Bae 55K
ot GAM2 LM} 3 §i4 H4E fAsiolon vy B3t 40P Sl 4579 T8 Z8siqirt. Hl
Agudl o EHHsEe A% HARAES wdste] mdl Fsfof skt & dAFelie edf.
(Estimated Degrees of Freedom) = 12 7|50 & Slth. Uitz og =gidaeo] edfr} 19f] 7p7ke 4% F5H
o} AR IAE 7Y, 1HTE 2 A vAES 7HRE Zlog sjMeitHHastie and Tibshirani, 1990; Wood,
2017).

g 7+ vl AgEl(Adjusted ROT AR 7]Z(Akaike Information Criterion, AIQ)2 7|50 & 4345111,
2 R B2 AIC 3he Hole mdo] @4 Hrt # wlodshe Ao seitkWood, 2017). Egh 2o
S AdE AESE| fl6te] Moran's 1 A4E o8l GAM BE9] Zxjo] tigt g7 2 1dads 4
Sttt B 248 QiRE =2d 712 Ay A 4 vy mEle A 59} Zo| AXsiglrt.

ofly
ox
i)

od 1o

Vm = @+ B X QG+ 4 X GGEAS + 4 X e dE + 4 X BPde + g X

A4
PLAND + 4 X PD + & X ISl + g x SPUT + 4 X ENNMN + £ X D, + ¢ o
B2 MNS[EAA e Y AR 2|8
i A 2| Eal

Eus T WS Ao HAZE Tk TH ki S3H0lE 2

Bz 9 | SAE oAc B2 20t RRGR= HIg | m/km? | OpenStreetMap, Geofabrik(2024.10.07. 74)
A A5 s E B A5 o MEA| BEICIOE 2%

I oy WS B o M MEA| BEICOE 2%

ol Uz HHSE ol Bkt MEA| SZIHO[E 23




Vam = @ * si(FF) + (@BALS) + s(nsdn) + s(EHP=TUE) + s5(PLAND) + 9
ss(PD) + s7(LSD + sg(SPLIT) + so(ENN_MN) + s(D,) + & B

Vim = ZAIEE AE 2 (linear model of urban vitality),

Vo = ZAIZE BB R (non-linear model of urban vitality),

@ =5, & = 2 error term), s = smooth function, D; = HulEsi = 0 EE= 1)

J2u GAME et 304 e disitks 7 A= st A9 1 oldAdS Ridslolle A
7HIH. B8, Me2 A9 7Fe] EA] 70} 71se] WAt A7) mieel] 22 SA]9] 7k e 294 9
2ol whet EAZE] njE o] Aol 7Hsdol EARI ool B7F4 ol2dE Hetelal K9 34 4
e WP el GWR 245 F7H s £89ith. GWRE 7 5A1de SHCE I A9 71541
5 Fofote] = Al E FARemM, W] o] gibHor S vt B e NiE &
KL et al., 2020). £ AFlAl= ArcGIS Pro 3.2.19] GWRE olgsto] 243 4asilem, GWRY| 2=z
AR A9E siAket Ao 24 ARR)E T4 o ARZ BEste] 57 FErrrt BAZR 1)
Al 99| 374 AolE Al

3.1 7|=z3AE

TAEE, 52 ARTE, ARPEAE Wse] 7125 ARS B 33 Pk ARAl P AR HeE A
0.179014 2t 76.08737H4] Bxslom, Bte 1755802 tepdeh dubog Ay Pgso wAjgo| uj
S RS polagh AR PE wie A 2 7t Eye] Fect

=7 ABEz A8l Uit 71&5A4 Ax, PLAND, PD, LSI, SPLIT, ENN MN9| Hagke 22 50.33,
142.92, 20.27, 4,720.60, 10.252 YRt A&ARs AAE o2 =2] vlgo] Art Fo|A|ut PAFuict Bt
SoM| 2ot w 2| ellA] =27t AA| shEsE Y Bt e EAfechE 3 ).

ApPgAE ol B QP 445642, FHAESO] FE5 olRY glon, HIPULE B k'Y oF
5432molvt BEEA} ohe- A 29 7 BYR 0] Axpt I Yelit) 9d A5 B oF 3409 o]
Aovt BEHAPL 959 ol ol A 7 AAE S5E0] Aol FSelolnt. uAEte 2 iFnE Uke Bt
287MAa/k?, A oF 37Ma/km’ollA o) 93714/km®7iA] A % H2A40] Ao} Vet

i

3.2 MEA| =M, ARSI ARy 4| 87 EX

321 ASA| EARR B
A EARERIO) 370 B EANe} oI b i Aolg Uehit (1Y 3 45, AN, 55 52

Big Zi2t ED A o HEHA
ZAER 0.17 76.08 17.55 10.55
PLAND 0.46 85.78 50.33 18.04

PD 6.19 455,52 142.92 71.46

LS| 2 55.77 20.27 9.37
SPLIT 1.61 181,634.40 4,720.60 1,680.48
ENN_MN 3.54 56.39 10.25 6.89

o 36 52.9 44.56 35.42

Lo AT ) 211.00 745.85 211.00 95.26
CHRRE U (4 /kmd) 275 93.48 28.00 14.66
HIHAE (m/kn?) 0 25,931.61 5,432.47 4,544.40
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ocoo= = [S) S
Hay: 0.17-9.97 ¥ 9.98-16.00 ¥ [ 16.01-23.06 ®
sy i zasy
T, BT AET 5O Ve AdiEer w2 g9 aF
M 32 g2 o] SRIHG B St Heit 5
< TAEEE Bt 7 0] 29
s, 5] ZAlY oo AR Ao gol vehdth 2

| ebgon], ejgel
3 o AAde] X AREL AHoR
Aoje ngeint e A Aolo] ghoz, Mg Aol 12

AZEe VeRR 71E A7 AvKLee and Kang, 2022; Dogan et al., 20249} tidl2 Uz

I 23.07-76.08 &

o, 2%, =57 50

it
=

o
O

=

A7 Uehd EAgRe)

74 By

o

)

sk
322 M2A| 7] Zazo| 2714 Bn
Mgl o] B TS BAg A} PHEEE o[4S Rol], B 74 HoHE E2igt 2ol

7 Uehdeh T3 4 AN W% U910 A BEAR0] T
Aol
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