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Abstract

Children's playgrounds are important urban amenities because they promote the physical and emotional development
of children while providing several educational, social, and public health advantages. However, in the case of Seoul,
redevelopment and reconstruction is centered on apartment complexes. This causes the polarization of the housing types,
which in turn results in the issue of spatial equity due to the differences in the access to playgrounds. Therefore, this study
aims to investigate the policy implications of reducing the spatial accessibility gap by studying the spatial distribution
characteristics of playgrounds based on the housing types and analyzing the horizontal and vertical equity of playgrounds.
To this end, the urban network analysis (UNA) methodology, which supports accessibility analysis through the use of
actual road networks, was used to analyze the accessibility and spatial equity of playgrounds in Seoul's administrative
district in 2021. Furthermore, using spatial statistics, this study identifies the main factor affecting the accessibility to
playgrounds. The analysis results show that there is a difference in the accessibility to playgrounds based on the house
type. Specifically, a higher access to playgrounds is obtained in areas with a high concentration of apartments compared
to those with a high concentration of single and multi-family house, and a lower access to playgrounds is observed in
areas with a high concentration of detached dwellings and multi-family houses. Moreover, there is a gap in the accessibility
to playgrounds based on the difference in the income level. In other words, the children's playgrounds were being
hierarchically and unevenly supplied. Finally, this study confirms that the socio-economic factors and physical spatial
distribution were found to influence the factors affecting accessibility. Therefore, these results suggest a need to improve
the supply and accessibility to playgrounds in existing residential areas located away from urban redevelopment areas.
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Figure 1. Spatial distributions of children's playgrounds in Seoul
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Table 1. Number of children's playgrounds in Seoul

i Year 2016 Year 2021
dxiga
Location A HI8(%) MA HI8(%)

Place Percent (%) Place Percent (%)

ZASH
Urban park 1,432 15689 1,620 15.76
oj2lo
Day care center 781 879 1019 991
A
Kindergarden 467 522 520 5.06
ZRENCEX
Housing complex 38 60.74 6099 59.33
i
School 564 630 652 6.34
=gt
Mixed-use complex 29 0.32 38 0.37
A
Sub total 8,717 97.36 9,948 96.77
7|}
Etc. 236 264 332 323
gl
Total 8953 100 10,280 100
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= HEHR ¥ Ul 24 o= E =98 4= U FAAH
9] gzolt}, ueha] FYUT =2 YIELA Yol 4] Reach Index7t
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Reachable destinations: 10
(r=250)

Reach Index: 7
(r=250)

Gravity Index: 5.84
(r=250)

33 2. Urban Network Analysis 7 &= (2 24712 B4, &: Reach Index; ©: Gravity Index)
Figure 2. Conceptual diagram of Urban Network Analysis (Left: Radius of a straight line; Middle: Reach Index; Right: Gravity Index)

52 "SEAE, Mssd M1 (2023)



MEA| 0j2l0] =0[Alde| ZEEYa 7MY FBY B4

39S 4510 VIEHT WL TEAIEE 2 53] ol
I HE, A5zl ©E T ARE 2L, T Al
A, EE 30] BE ofdo] T FAAT 71EE 28314 250m
2 47819t} Reach Index?] 42 oh33+ 2},

Reachli]” = .5

JEG—idli,jl<r WTJ] (U

The2.E Gravity Indexe H3A|3 ol =E3817]714] LAzt
T Aa4E 1198lo] SAIT Gravity Index= H3 4]
Aol dizt w1l vlskaL H22)3 Afele] Aol Bt
HjFste, ol& 517 Al A 2= Ae7h ARgHEh 2
FolAE EAAHQ ofdo] EolAA A AR 22t Al
2 Ue ¢h& ARSI, Alee AR ATE 71N R 0.00217
& 24313}, Gravity Index?] 412 o3} 2t

wl5]®

Gravity|i]” = jeG-idlijl<r ef * U]

@

2AA 2] 78 oA = AT & Y SHAE HetEy
g, P4 AIE E25 we} o]Fsieg HA) I 4
W= A7t obd 4= Qi) o] 8 Es| 18] =& Y EYA 7
Wk kS A7%31e] Reach Index®t Gravity IndexE AH=3131
ot 3 =2 HEYS 7|utoflA] 2 WH rol A B BAA]
£ 72, Ao b HIA Ajol7} A = ek, olE
G171 3l A2l wE A4 akE A 28 A2 Alojeh=
Gravity Index7} 288 /3 A= ek}, wepi] 2 A
oM FAAENA ofo] FolAlde] gt H4HE Gravity
Index® 43}t

Iv. &4 Zn}
1. O{210] =O0|AlA0]l CHEH T

EZZQl FA40] 9k, ofdo] FolAlA ] ot AL AA
of ula] ojugt Wt} A=A FAste] Weks vjosigit,
FEITER| O] 7P 109 A BRI BE U B 3~59
HEQ 7|7t JE = B9t BoEE BA AIEL 201692
= AAsiqict,

20161014 20218 5t A12A|9] offlo] mo]Ald 9] HA
T AEE= G 2} 2, ofdlo] EolAlde] 4= 8,95371 el
A 10,280712 14.82% S7F8H3lh. Reach Index®t Gravity
Indexol gt H-&A] Btghe =&3 A1l Reach Index®] 4

H 2. MSA| 0{20] S0[AMME| ot Hy B3t
Table 2. Changes in the number and accessibility of chil-
dren's playgrounds in Seoul

B2y sl
HE 2016 2021 Rate of

Accessibility AR

BRSNS RS

Number of children’s 8,953 10,280 14.82%

playgrounds

Reach Index 1.89 235 13.76%

Gravity Index 1.48 1.59 7.43%

- 1.89914 2.152 13.68% S7131%1L, Gravity Index®] -5
14891141 1.592 7.79% Z71st5ich. A4 B Axe= 2D 59
7FdPA ez 715k Y-S e ATH(TE 32, <38
4a) F2), 18Y| G5 AHAGE B opE A HEAAS F
ke WHA((HE 3b), (1H 4b) I=), oFE 9] 4 2]
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I Administrative ‘Gu’ boundary
| Administrative ‘Dong' boundary

2016 Gravity Index(0~10.93)
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12 3. 2016\ Gravity Index (3a: AIZAl; 3b: OHIIE ARHIX|; 3c: OHILE 2 F-Ef AR{IX|)
Figure 3. 2016 Gravity Index (3a: Seoul; 3b: Apartment case area; 3c: Other houses case area)

1 Administrative ‘Gu’ boundary
| Administrative ‘Dong' boundary

2021 Gravity Index(0~15.75)
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Figure 4. 2021 Gravity Index (4a: Seoul; 4b: Apartment case area; 4¢: Other houses case area)
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Figure 5. Gravity Index by percentage of houses and population under 15 years (Left), Gravity Index by number of houses (Right)

E 3. Gravity Index 7271 £7|
Table 3. Statistics by Gravity Index

15A] o2t ol FAHAE #gus
) Population under 15 years old Residential facilities Administrative ‘dong’
Gravity Index
+3) HIE(%) =) HIE(%) =+(7h) HIE(%)
Number (person)  Percent (%) Number (family) Percent (%) Number (ea) Percent (%)
G1 0.00~0.90 163,595 16.16 605,984 2010 108 2541
G2 0.90~1.59 329,231 32.52 1,046,393 34.70 150 35.29
G3 1.69~2.44 288816 28.53 786,171 26.07 102 24.00
G4  244~362 136,841 13.62 347,330 11.62 39 9.18
G5  3.62~597 93,808 9.27 229,453 7.61 26 6.12
A Total 1,012,291 100 3,015,331 100 425 100

2021 Gravity Index
[ Too-os0
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| REEET
-3
| EEE
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e

O

38 6. BHS T 01210 =0[Al Gravity Index
Figure 6. Gravity Index of children's playgrounds by dong
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Fe 2] A 219 9) offo] ol AL FHE A7) Aol
=2 20 /P 5 Qlok, TR 34 A7) AR Al
oJ& 4= = Geoda SoftwareS 53 232 23S #3535}
cHAnselin, 2005).

(G 4% °]30] 50| A4 Gravity Index®l] P& vAE &
AEacle] tigh 714 $A 4 datelct. OLSE B3} 3713
ARFGL Y3 =X 7L A BHLE 59 UEE, A 74
AJAdofA] offo] EolA AR Gravity IndexE $4 W2 4
Asto] BAstoich. ¥ 4257 FHFS dAez sigey,
Ordinary Least Squares(OLS), 37HAIAHZF(SLM), 3724t
B (SEM)E vliste] & Aol A3 mg-S A4siqt. 3
FAEA Ahe o3 2T ((E 5) =),

A5 OLSEH 9] 7§ Residual Moran’s I k] 0.0952
FAHCRE fofste] FHA A ARAel w2 AL ¢+ 4
o}, mehi] OLSEHETH: F7H8 27|43 Alofd 4= Qe
SIM 22 SEMel Wiz 12j7} desit SLM, SEM 2%
Residual Moran’s I Zk¢] Z+2+0.,000, 0.0012 2J814] oo} &
7H A7) Aol Alol=EgleS ¢ 4 Aot 28 2y A
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Table 4. Descriptive statistical analysis

Variables Obs Mean  Std.Dev Min Max VIF
ol =YY
Dependent A Gravity Inde: 425 1.59 1.03 0 597 -
\far?able Accessibility vy X
15M| 02k 21I51(ZE)
o1z Population under 15 years (person) a2b I3NET  JA2T 7 BATE 448
Ilgopulation 154 0j2k Q1+ =(F/ km?)
Population density under 15 years 425 233445 142966 761 854937 289
(person/km?)
g OHIFE 7H2(HE/m?)
Apartment price per area 426 543781 321573 0 2510000 258
(1,000 won/m?)
grl Sd E el AR
h A ArE Other houses price per area 425 276687  1,393.60 0 1150000 163
(1,000 won/m?)
A5 £5(0HE)
House Income level (10,000 won) 4256 551067 243455 324428 1476494 139
OHIE £(3)
ESTE= Number of apartment (household) BN 56N g 153 484
Housingtype  opmje o 78 (5
Number of other houses (household) &b HEdl BB 4 13100 856
Z7{/24 @)
=S Residential area (m?) 425 179058 306419 0 2811469 256
Independent .
variables AKX HE(mM?)
Commercial area (m?) 425 118059 243286 1987 3294738 154
8Ex|of LRI ()
Zoning area Office area (m?) 425 262313 625353 0 7050688 156
=X|X|E A (m?)
Green area (m?) 425 5508368 1405171 0 11900000 245
GXxIof 2(7H)
Parcel of land (ea) 425 217061 134525 36 8286 386
OHLHESE HHM(mM?)
Apartment use gross floor area (m?) HR 1SBATLE0 25104 G 22BN 148
OHIE 9| FEARE HBIR(m?)
Other houses use gross floor area (m?) b BLEGRI] 477306 g #bhiss 3
EXoIE MBS HHT(M?)
Land use Commercial use gross floor area (m?) %b Gpusl0  BIRB 8 Slglee 15
HEEE HHY(mM?)
Office use gross floor srea (i) 425 1102040 638504 0 2003517 149
2 S5
=X[0[8 S2X 05 0606 0197 0063 0933 294

Land use mix index

E2Ql AIC 3He 21318 o, AIC Fto] 2R F7HAIARE (SLM)o]
EPget Y-S & 4 9k

Gravity Index®ll 23 M2 A AT, A, 59 §3,
Al 71X BA o= 258 4= Qi)

A, AT B4 F odo] molAAQ o8RRI 154 wlgt
T £ FAHA AT WEE (D% AE e
o}, ol= PAF] WAL AoslHE w), AAA ZHoJHE
T B3| ujg} Fo|A|Ao| ZAET 9SS on|dict
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5. 5718728

Table 5. Spatial statistical model

oLszd BZNRRE B
Variables (OLS) (SLM) (SEM)
Coef. t Coef. z Coef. z
154 0]2FQI72() RS g s .
- Population under 15 years (person) 4 2E-05 081 2.1E-05 -0.43 5.2E-05 099
lFTopuIation 164 D[t Q17 A (F/km?)
Population density under 15 years 0001 ** 321 0.001 **  3.08 0001 ¥ 320
(person/km?)
WA OliE 7HA(EE/mM?)
Apartment price per area 0.067 158  7.8E-05 1.52 0.085 ** 210
(1,000 won/m?)
go e DI OlIIE 9| 58 7HA(RE/m?)
o etics  Other houses price per area 0059 ™ 437 -LIEOS*™ 419 0057 ** 437
(1,000 won/m?)
AE A5(2R) . “
House Income level (10,000 won) 023 &2 6212 8 200 181
OHIIE (&) e sk B
— N e et 96E05 414 T.8E05 344 91E05 388
Housingtype o oz 4(3)
Number of other houses (family) 36E06 016 -1.1EG5 054 -34E06 015
= te:] 4 7
Eggﬂ;nﬁaT‘:EE; (m?) 3.7E-05 ** 230 3.6E-05 ** 232 4 1E-05 *** 261
AR o] me
EE;:;QEEI(E e} A { mz) -1.1E-05 068 -7.6E06 -0.47 -7.5E-06 -0.46
=Y Ao [ =R g lez[s: P!
;;ﬂ;area gfggéﬂa E;E“r;% 19E06 031 28606 048 -47E06 079
e (o] ] 4
Srﬂ;‘ﬁa&'&? 21E08 058 -35E08 106  -43E06 125
or|o] A
;aﬁ';'él"(ﬂgn des) 0013%* 310 0001 * 235 0001 % 233
OHIIERL HE(m?) o . F **
Apartment use gross floor area (m?) 4.5E-06 20 4.1E-06 203 4.4E-06 210
OHIIE 9| FESE HHE(mM?) ; i 4 . _ x
Other houses use gross floor area (m?) 20E06 164 -2.1E06 183 24E-06 192
EX 0|2 AURE HHE(mM?) : .
Land use Commercial use gross floor area (m?) el QI (A6 Ce RIEL 1L.IF
AT S HHE(mM?) e i 3 ] .
Office use gross floor area (mg) 1.9E-06 -0.96 2.2E-06 1.18 2.4E-06 1.28
2SS
P i’;'; o 0610% 221  0617™ 233 0702* 258
ZZEARIAIL= Spatial Lag (Rho) - 0,198 ** 389 -
SI@XA4 Spatial Error (Lamda) - - 0275 ** 397
Constant -0.605 049 -0.661 -0.56 -0.603 047
No. obs 425 425 425
R-squared 0.611 0.626 0.627
Log likelihood -414.33 -407.46 -408.54
f{;’}?;‘;i;y AIC 864.66 852.92 853.09
5C 937.60 929.91 926.02
Likelihood ratio test - 13.745 == 11,57 %
Residual's Moran's | 0.095 *** 0.000 0.001

*p<0.7, **p<0.05, **p<0.01
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