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[Abstract]

The demand for welfare facilities is increasingly accelerating with the super-aging of the urban population. Implementing
services based on administrative boundaries does not consider actual accessibility, creating service blind spots and spatial
inequality. Facility placement is critical to addressing these challenges. Data were analyzed to develop optimal placement strategies
for social infrastructure and verify their effectiveness. The target was home-visit welfare facilities of older adults in the Gangdong
Living Area in Busan, which became a super-aged society in 2021. The supply-demand status and spatial accessibility were
determined using the 2SFCA method. The regional characteristics were captures through K-means clustering. Optimal facility
placement was examined through hybrid optimization using the genetic, greedy, and P-median algorithms. The robustness of the
model was verified through Monte Carlo simulation, bootstrap validation, and OpenStreetMap (OSM) network analysis. Supply
shortage was severe as the supply-demand ratio was 0.118, and supply was regionally imbalanced as the accessibility Gini

coefficient was 0.326. This study contributes to evidence-based policy design and citizen demand-centered planning.
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Table 1. Monte Carlo simulation analysis variable

clole] 7|k Y& H2lg Sot ol SAIAM 215 vix|et H& 0t AHS

Category Variable Name Distribution Type Parameters Basis
Demand Elderly Population Variation Normal 0.15 KSNO Population Projections (+15%SD)
Uncertainty Aging Rate Variation Normal 0.1 Busan Living Zone Variation(8%~12%)
Accessibility Weather Factor Uniform U(0.8, 1.2) Weather impact on walking speed(+20%)
Uncertainty Personal Factor Uniform u(0.7, 1.4) Individual mobility variance(WHO, 2015)
o Walking Speed Uniform 0.8 ~ 1.6m/s Korean elderly range(KGS, 2019)
S:r?asl';'svi';y Max Walking Distance Uniform 800 ~ 1,600m Elderly Welfare ACt & Literature
Elderly Mobility Beta 0.5~1.0 Adult Mobility Ratio(50-100%)
4 A% PEES A8HQCH0LI31]. FEAED e Qrh P F8-FF uES 0.118F Lo, ot %
AlE ol Azte] Akt A FAE o 2N EEITH £ oH] Fgol] vl F5ES oJu|sit). 24 EH% 6071 Al
B2 B4 Avkel BAH AIYS nAFE GBS FAT A F 507) ANOBIWANN FF FE @] BHe
th o) 9181 5008]9) REAEY B FHL B A4S o, FHl FRIUAMLS O IRE G o s
AES] 95% ATFAHE Ak, SaelE kel B Fa-FE BRPe B BT B 98 A%
4 frolde ARk o8 Bal AN Ave) AwY  5e-TF AT AFHA AT (F-TD/E
(robustness)¥ 4¥4(consistency) S FEH o2 Hrlst e AXkeIioH, 1o 7S a5 F-55o] AAgs 9
A, njRie}, 54 A3, WA ARle] B AR 0.847 5 e
o T Aol A2 B B e SIS
V. 242y E 3 AlME 3342 HI8 B
Table 3. Grid-based supply-demand ratios
4-1 EMZAA ZSE2H A7t AA L £2-35 HE
al P Indicator Value Visualization
U A9 {9 2
Avg. *
1) $8-FF €% B4 © 2SFCA A4 B4 2 Demand-Supply | 0.118
_ Ratio
BabgelA] AEA v 28370 Axe] Q7 8 Ak .
o =15 _ - = Max.
QEAAE EEAFS BN A5} E 29} 2k A4 F Deman ooy | 0901
7= FA 5177elA Al 7,60178714] ZEdkglen, 3 Ratio :
T 2,759.79 0% JERdth uTE Bt 478.3W 0% Min.
[BESIRE Sal ZH7]—}1—_°]EX]1\]}H—°— Z= 607047} ié}ﬂ glo Demagd;Supply 0.000
atio
W, A Ht 829092 50.31 =5=o|th ol
A7l BRI A o= AxPE aHlFE A5 Adequately 59
_ H iliti O
o FEFS Ao Fgoldog =AY FAG A Supplied Facilites | (98.3%) )
FEAgA AAe 1EATE £ 135,352% 01, A7t .
N Jo] & 2=ao]e]o oo [ Under—supplied 0
XA ] & 489192 3,022 0 & YERT) o]F E3 Facilities (0%)
25T AA Fe-TF HIES 0.0228 & tjH] o] & -

AT BAA M) FH-58 vlE B4 Ashe E 3%

E 2. SAZA ZS4Ed ol
Table 2. Busan Gandong living area population

' Elderly Population
TOt?l g’rc;glélsa)tlon Population Density
P (persons) (persons/km?)
Min. 517 7 24
Max. 7,601 2,364 54,284
Avg. 2,759.7 478.3 10,749
Std. 2,684.3 447.8 9,743
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Table 4. Result of 2SFCA accessibility analysis

Indicator Value Visualization
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12.59, 33t AdA=] 656m, Hit A2 HrE
FEE-REATY XY E*é% B3t} Cluster2e 31
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419m, H+ A2 29 0.3042 1A E-YTHTA AY
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Table 5. Results of K-Means clustering analysis

i Cat Cluster | Cluster | Cluster | Cluster | Cluster
| : 1 2 8 4 5
| No. of 104 101 37 11 30
i Cases
i Avg. Total | g5 3,982 517 701 7,601
| Pop
i Avg.
: Elderly 12.5 50.2 6.5 8.8 95.8
! Pop.
i Avg.
! Facility 656 419 1,421 491 384
i Distance
? ’ ! ilumber of?:lusters (KZ 8 ° 10 AVg -
Accessibili| 0.269 0.304 0.050 0.792 0.340
Awe w24 Al ty
Result of Elbow method analysis
y Density Mid High Low Mid Very High
A — )
Silhouette Plot for K=5 (Selected) ?t;ﬁtsys Low Balanced | Lowest High Balanced

‘

--- Average Score = 0.355

0.0 0.1 0.2 0.3 0.4

Silhouette Coefficient Values

a8 2. K=5¢ Of AR £Y Z3}
Fig. 2. Result of silhouette analysis (K=5)
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Table 6. Algorithm-based performance comparison
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Algorithm F,;lgiiit(i)ezs Access Egg\;grgog' Gini
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Table 7. Spatial characteristics of facility placement

clole 7|t dea 7=

2 ST coSXAY A st FH 20t HS

A N a7el $488 © AR At
P-Median ¥12]5(P-Median Algorithm)< =2 715 A
g FHasks BAoR sto] 1ERITTE HTE A A9
Bt ol s A 5ol 53bE vix] HES 1ok

==
= 544

4-3 Z|Xul 2| Zat AER[O[44 2 HS

D 2H7EE A Ed ol A5

A ale] BEAS
o Aok Bt A Rl
Algorithm)©] 3t 476.8m=% 74 93+ S
HEATE 16.6%9= Yelgth 4 2aE]S(Genetic
Algorithm)2 % 510.7m, W75 16.1%%5 715313k
P-Median ¥22]5(P-Median  Algorithm)<

500.0m, ®EATF 15.7%<] 27& B8]t

Ead

A= I 8
2]Z(Greedy

& wglow,

2 ML

Rl

=
3

olr

2) REXEY AF AR

Az} ol MEHS &35 A7 Qg FrtellA e
A 9] 95% AF T3 A Ay 1 99 2t gy &
18)5(Greedy Algorithm)©] F4 3k 419.5m, 48.8m2]

f

s

[ ] o °
08 o,
?ﬁo ° »° 8o Qweo
& &
8 e a
° ° o
° °
e 8 >
. o 3 i ° s e @
e ®e ® e
o L o
L, L )
= L) L) o 7
e® o @ e® o @ e',oa
e ¢ '@ ° ¢ '@ ®o ¢ @
oso qgc osa
2 8 £
&° ¢° @

Genetic Algorithm Greedy Algorithm — P—-Median Algorithm
g 3. M7HcQI=XAIM E|&ufx| Tops Znt
Fig. 3. Top5 optimal placement results for home-based
elderly care facilities

E 8. =HIFIER AlZdold &3t
Table 8. Results of Monte Carlo simulation

Al Avg. Spatial 2SFCA
Facility Distance Dispersion Accessibility Index

Genetic 8.686km 2.987km 0.525
Algorithm

Greedy 9.558km 3.061km 0.521
Algorithm
P-Median 8.620km 3.049km 0.525
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