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Abstract

Against the backdrop of rapid population aging, how to achieve refined identification of commercial
service resources and age-friendly service optimization has become an important issue in the de-
velopment of urban service systems in megacities. However, existing studies mostly rely on static
population structures and two-dimensional supply indicators to evaluate facility allocation, ignor-
ing the impacts of behavioral differences among older adults and three-dimensional spatial supply
structures on service efficiency. To address this gap, this study constructs a community-scale ana-
lytical framework of “3D Supply-Elderly Demand-Spatial Matching”. On the supply side, a building
coupling entropy model is established to characterize the comprehensive service capacity of com-
mercial service facilities; on the demand side, a measurement model for behavioral needs of older
adults is constructed; and a revised Spatial Coupling Disequilibrium Index (ESDR) is used to identify
the supply-demand pattern at the community scale. An empirical analysis of Guangzhou shows that
the community-level age-friendly commercial service system exhibits significant gradient differen-
tiation and structural misalignment. The core urban area presents obvious supply lock-in, with an
extremely redundant proportion as high as 76.3%, reflecting the coexistence of excessive resource
agglomeration and low utilization efficiency. Strategic new development areas are undergoing a
process of equilibrium breakdown, with approximately 51.3% of subdistricts showing a prominent
pattern of “population agglomeration ahead of service provision”. The northern growth poles still
suffer from a service shortage rate of 52.6% on non-working days, indicating a severe resource is-
land effect. This study further reveals the structural misalignment mechanism between “spatial
form and daily behavior” in public service allocation in megacities. It provides a new quantitative
tool for cities to promote the transformation of public service systems from incremental expansion
to stock optimization under aging pressures, and offers a refined identification approach and spa-
tially differentiated planning support to achieve age-friendly community services and service equali-
zation at the neighborhood level.
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Figure 2. Research flowchart
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Figure 3. (a) Coupling entropy of life services categories of commercial and service facility buildings at the community level
(2019 & 2023); (b) Coupling entropy of industrial commerical categories of commercial and service facility buildings at the
community level (2019 & 2023)
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Figure 5. Changes in coupling entropy of various facilities at the district level
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Figure 6. Comparison of demand intensity for nine facility categories on workdays and non-workdays
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Table 1. Summary of the number and changes of sub-districts with specific facility demands across different time periods
(2019 & 2023)
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Figure 7. Imbalance intensity crnters and global/zonal imbalance ellipse of ESDR values by
time period at the community level (2019 & 2023)
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Table 2. Community-district level distribution and spatial-temporal dynamics of commercial facility mismatch patterns in

Guangzhou (2019 & 2023)
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Figure 8. Mean centers of comprehensive demand zones by time period at the community level (2019 & 2023)
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Table 3. Comparison of supply and demand characteristics of CFSs by partition (2019 & 2023)
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Table 4. Transition probability matrix of spatial hotspots for CFSs (2019~2023)
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Figure 9. Difference maps of supply-demand optimization for nine categories of facilities at the district level (2019 & 2023)

E 9. KBREAKZMEZMEMUEERE (2019 F£5 2023 §)

20194F 20234

B T1 MAEMH R RFLEE MR L, HENFRZ RN R S S5EE RSN
2019~2023 4F 8], A% Loyl X Hh1 - 3 JL 3R 17 Jo5 B S0 A e A, EL¥8 08T IX AT A T b 5 70 24 BB ot v 56 4 2R P
T FSHR) 2 R85 282, 0o A DX R I Al 55 3 18] P AR B I (UL 1] 9) o BRIk, A B 1ol S b a1,k
b AR REE AR, R Ml R A R B AT DB B, SOOI [EREFE . TR
Ir P SUR R 55 S vt o I, TR R ST A [A] 55 20 I A FALAR . R A e e i o 22 1) B A6 O A X A 3
W 5EEMRS A, LIS e S AL, DIERZ IR X 0E 2 ik 55 75 IR

B, T2 5 T3 NE e B R SRR K 5] e (0 A A R T R ) R, R R SR T 1 R R M IR 55 1
FCE. s 9 FioR, 1ZEXIERAE 2019 FE2 4 THIXFIEDIRGS, 2 2023 4 AN Bt Fim
g s, RMIMALFANSIEEITRE ST “FRE KR T MmN P Btk r & . Bk, f£4EX
R L, RARSewh 55 45 . B B DX IR 55 S5 FE At A 6 BB AT AR, 1 2k DX 2B 3 P ) 8 B s FEAT BUX
JRT, BgEAG SRR S5 B 5 R AT A I P R BC B, 8 e B R PR - AR A R . RIS,
JSELE T XA P AT B RN TR BT S A SRR s A1), DARIR 2 88 N 1 AR KAl R AP 78 7SR I 0

=, T4 PN L4 TUAR MBI RIS, IR G S XL AL E . ShEIXIAE 2019 4
i b A TUAVIRES, A 2023 4 BAT AT, (B A7 AR it 7 A 805 A R AN v (4 T (L 4
9)o FEN HVE FEARXTBURMIZEAF T, B4k DR R BERAN A Ml ASEELARR 0 A o BRI IE, N AT EUX R T

DOI: 10.12677/sd.2026.165182 27 GRS 94


https://doi.org/10.12677/sd.2026.165182

ISV

%, EANDERETAMEEEIRGIRA, BaFE. BT R XARS DR, 3=t R &R H
Ko RIS, N SCE AT RS E A AT, ARG B A RA T, DL R SRR AR
R 55 F) 22 TR A

e, MR A R R 2 RS VP A R, DLERTHI T A LIRSS 16 B M BN BE 7). WK
ESDR fi b5 S Ho o AR AN H A M IIHESE, f 57 “ A DORSHEIR T - X R B A" 1Bl 6 BEALE] .
i RS R AN A X S 7 S0 R AR, R YR e T AR 1 R m 22 1 1) SR A PR e AR T R, AT SEEER
RIS B e Rl T B 1) B TR R A T

5. iR

ASCAEBR A S HORBAR ESCL T XA R E 5, R IS R A R R, R
WAL 7 FEAT AL, R T AP ER 23 18] 25 1) SEPR AR IR L R @ B PR VPO A 2R, oAb 1 AR gt dnikd
ITAl Th AA RPESCR IR X — 3 AR ST T R — R BB 2 50T A 1A S R NS
AL - AT 9K DLEC B ST (0 B FS

Hk, AR R EWEFC AR GEE AR A T SEARE SRR 05 5 0t Huff A8 . T G P i i 7 3
TEARS S B R &, 20 1 52 2% T B T 5 ()6 2 NS AR 3 Ja 3 MBI NAT N IREIE,
FEANBEAL T 41 XORE N I0IE 2 R 58Z . 454 ESDR BAUKHE TR A FCAS i 40 2000, S fF s (a N
MRS HE “SiCERT” SR AL T MARBI BP0 SE BEEOR AR, AN 1 RO AT v 5 2 R4 R S T T A 2
Ho

PR SE R, )T R AR i £ R DL G AE 2 A% R b, BRIy “R0 i - B KA A -
SBIEER” B =JREEM; AR, RO R IEd IR “ BRI W LA g, RE R
PRBEN VAR 1) A0 1 (E it B B Ja T N P, SBUR IR AR M . ABE, R
IR T P TR 2R o A R SR A 1 IR 55 M RO B, 2R A SEPRURSR 5B Bt i A TR . A1
AR A AR T T

BT ERge, RRGBENRFFTE AR, ZOMX TR “ RO R R UE 2 Dh i R
THFERE, AR X R 7T ESDR Hia AR (0204 M0 A SR Se B S R D OB, oz 50 X 4N AL
AR R ORBRE, E RS R R AR 15 T R T RS AR UL RO R B, AR B4R T ORI T R N ke
M R GEIE VL RE ) 5 25 (] 2 KT

SE 3k
[1] ZWRH, REX. ARZE L ST /CRUSRRESHEAANLRFS MR Bt S&280] EEiA, 2022,
38(10): 56-70.

2] EMA. FREEAT AR T I AR R b BN AR SR i B PR AT L (D) [ 2 A 18 0] MR AR AEMOl R,
2019.

31 ZERK, MR, skiul, & TRRNERS: TR SRR A 2 i A REERITTIA[]. MR, 2025, 41(2): 46-53
(4] I A — Bl P RIEFEAR N IR ST IS BOR AT R AR [T]. ALRUM T 22 Be 22 4Rk, 2024(4): 53-58.
(51 &I, EER, sk HT POL HEB i bk i iR B &SR 7T )] AR TTIE T, 2021(6): 109-116.

[6] Hu, X., Ren, Y., Tan, Y. and Shi, Y. (2023) Research on the Spatial and Temporal Dynamics of Crowd Activities in

Commercial Streets and Their Relationship with Formats—A Case Study of Lao Men Dong Commercial Street in Nan-
jing. Sustainability, 15, Article 16838. https://doi.org/10.3390/su152416838

[7]  dk/NSE, ARANDE. R I ARORIR T i Mk A o 1 i 23 AR RRIE S A ——2 T 2 1 POI H¥E[)]. #HVRITF k5T,
2022, 38(4): 468-475.
[8] KMk E. T HEHRAE PR O ERE SR 7e: DL i ik b0 A EI 0], 38T #E3R, 2023, 20(19):

DOI: 10.12677/sd.2026.165182 28 CIESES 93


https://doi.org/10.12677/sd.2026.165182
https://doi.org/10.3390/su152416838

ISV

(9]

[10]

[11]

[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

76-81.

RAETF, 2V, wE, & BT 2R AL T oo RIS AT A]. REITF RS, 2023, 39(3):
257-265, 376.

Chen, 1.Y., Gan, Z.Q., Li, D, ef al. (2023) Comprehensive Strength Evaluation System of Commercial Centres Based
on Multisource Data: A Case of Hefei Central City. Scientific Reports, 13, Article No. 17082.
https://doi.org/10.1038/s41598-023-44139-x

ZRAR, IMEFS, FOMG, 5. BT 2 YRR R Ik 2 (RS 5 B R BR 35 J3 br—— DABRHE 1T HO O3k X Al []. R
JYE K 22 2 (B AR R 3ERR), 2023, 43(3): 53-60.

IS, 25k, 2P0, 45 T e JE BT B IR i R L R AR B [T]. SBERL, 2021, 41(3): 446-453.
BB, R W], BT RS A SR TR T RE 2 T BERIT AU [J]. VAR RS 224 AR FHERR), 2019, 41(2): 109-116.
XEAS, FERAR. A4 AT B0 T B3 T R B —— DAERIIN B [T]. YLPE R, 2023, 41(3): 472-477.

Wang, W, Cai, Y., Xiong, X. and Xu, G. (2025) Evaluating Accessibility and Equity of Multi-Level Urban Public Sports
Facilities at the Residential Neighborhood Scale. Buildings, 15, Article 1640. https://doi.org/10.3390/buildings15101640
Chen, J., Fu, Y., Ma, S., Chen, Q., Zhang, W., et al. (2025) Research on the Supply-Demand Balance Evaluation and
Driving Mechanism of Community Public Service Facilities. PLOS ONE, 20, €0322109.
https://doi.org/10.1371/journal.pone.0322109

BhE, FEIC. FET Kano MRAY KL A & 2 I 7R SRAT AL [T]. BT AR, 2024, 22(5): 35-41, 65.

WERE, HO%R. BT 2R KEERE W HUE ST IE LN 5 T O R VTG I AT FL[I]. i T R,
2019(6): 1-7.

e, EAE, PR, P EWE 2 LR R R A & IR E A T[], ST R, 2023(12): 60-69.

S, weEmE, s, & BT IEER M IR £ 0 S B S ML S T E—— DO R ORI T X
BI]. HERAE BRFEZEIR, 2025, 27(3): 668-681.

Douaioui, K., Oucheikh, R., Benmoussa, O. and Mabrouki, C. (2024) Machine Learning and Deep Learning Models for

Demand Forecasting in Supply Chain Management: A Critical Review. Applied System Innovation, 7, Article 93.
https://doi.org/10.3390/as17050093

Hall, P. and Pain, K. (2006) The Polycentric Metropolis: Learning from Megacity Regions in Europe. Earthscan.

S BR. F TR 2 v 22 RV 25 A ) DM P B S AR 3R 0T D). T3 F 1, 2022, 35(11): 53-56.

Lang, R.E. and Dhavale, D. (2005) Beyond Megalopolis: Exploring America’s New Megalopolitan Geography. Metro-
politan Institute Census Report Series, 1-33.

BIeHE, Wik, ZHECRMA TP I T R T I 25 854 0 T[], BURIT R 51137, 2021, 37(11): 1339-1344,
1353.

WMk, 8, BB, 5. JET 2% PP 804 DX AR 3 Pl 28 38R 55 Bt I Ak SEmE iF 78 —— DA 7 i L i IX N
B0, iR, 2024(1): 9-16.

D, MR ARG N AR P Al pf R ——LA N T S 4R IXFRZ RS LB IR ST [)]. TEI54TE
FBEAAR, 2023(6): 69-76.

Song, L., Kong, X. and Cheng, P. (2024) Supply-Demand Matching Assessment of the Public Service Facilities in 15-

Minute Community Life Circle Based on Residents’ Behaviors. Cities, 144, Article ID: 104637.
https://doi.org/10.1016/j.cities.2023.104637

Jing, C., Zhou, W., Qian, Y., ef al. (2023) Trajectory Big Data Reveals Spatial Disparity of Healthcare Accessibility at
the Residential Neighborhood Scale. Cities, 133, Article ID: 104127. https://doi.org/10.1016/].cities.2022.104127
UG, BROESC, RGN, A, 1) 7 R A SR S AL B A —— LU I T 1) 2049 FR3 T A e Al
BN SETTRLR, 2024, 48(S2): 60-66, 74.

He, G.Z., Zhao, X. and Yu, M.Z. (2021) Exploring the Multiple Disturbances of Karst Landscape in Guilin World Her-
itage Site, China. CATENA, 203, Article ID: 105349. https://doi.org/10.1016/j.catena.2021.105349

Song, G.W., Zhang, Y.J., Bernasco, W., et al. (2023) Residents, Employees and Visitors: Effects of Three Types of
Ambient Population on Theft on Weekdays and Weekends in Beijing, China. Journal of Quantitative Criminology, 39,
385-423. https://doi.org/10.1007/s10940-021-09538-1

DOI: 10.12677/sd.2026.165182 29 CIESES 93


https://doi.org/10.12677/sd.2026.165182
https://doi.org/10.1038/s41598-023-44139-x
https://doi.org/10.3390/buildings15101640
https://doi.org/10.1371/journal.pone.0322109
https://doi.org/10.3390/asi7050093
https://doi.org/10.1016/j.cities.2023.104637
https://doi.org/10.1016/j.cities.2022.104127
https://doi.org/10.1016/j.catena.2021.105349
https://doi.org/10.1007/s10940-021-09538-1

	超大城市商服设施适老性的精准识别与优化机制
	摘  要
	关键词
	Precise Identification and Optimization Mechanism of Age-Friendly Commercial Service Facilities in Megacities
	Abstract
	Keywords
	1. 引言
	2. 数据与方法
	2.1. 研究区与数据概况
	2.2. 总体研究框架设计
	2.3. 基于三维实体的商服设施供给能力精准测算
	2.3.1. POI数据选择与清洗
	2.3.2. 三维建筑耦合熵计算

	2.4. 基于老年群体特征的商服设施需求测算
	2.4.1. 老年群体访问行为描述模型
	2.4.2. 基于访问行为及可达性修正的需求计算

	2.5. 社区尺度商服设施适老性水平精准评估
	2.5.1. 供需匹配精准评估
	2.5.2. 供需匹配模式识别


	3. 结果分析
	3.1. 社区尺度商服设施供给特征分析
	3.1.1. 供给强度分析
	3.1.2. 供给结构的时空分异特征

	3.2. 社区尺度商服设施需求分析
	3.2.1. 社区老年群体访问行为描述
	3.2.2. 老年群体需求的时空分异特征

	3.3. 老年群体商服设施供需匹配的时空分异特征
	3.3.1. 社区尺度供需失衡强度的空间结构特征
	3.3.2. 供需匹配的时空分异特征分析


	4. 讨论
	4.1. 适老性视角下商服设施供需演化逻辑
	4.2. 商服设施适老性供需机理与路径依赖
	4.3. 适老性商服设施供需匹配的优化策略

	5. 研究结论
	参考文献

