Geographical Science Research HiBER} 2 5%, 2024, 13(3), 469-488 Hans )0
Published Online June 2024 in Hans. https://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2024.133045

ET L IRHIRE AT S M O 5& 5
REFME T2

&k
TR AL 2 G, TR T

Weks H . 20244F2 29 FHBER: 202445170 R HM: 20244F6 H3H

wm B

BEXHIB T IE 1T LR =28 R SRS S RAE R A DS KR E T FIMAUP H BRI B, %
BURESR LRI RSET BT X, A3CET S IRE RIBGR RN Z RN O 58, 23 ARSER 2021
RN OIS ST AR RIRHE, FEFI A BRI SR AR A5 B - ASCE TR AN OE I RERRN . B
FRA: WEIRNOWERBOTEMA AT EFRETET RN E S M OFE AR HmE T
HEARESBE, HPAEKXT500 mRERN, EEESE. BMESRARANARESERE TTRE
BHENEE; 7500 mRFEL TR, EMADEASMH=AZRETAPOIEE. R AEUK
BAZEREEE; HEAPHEsmEEE. TR ARSI, OEAAE SREEE A, A
FIRRIBUD HA R —, BER A SLAR S Beitain 59 X 3 D5 7K.

XKiEid

WHEN, WERR, FRHET, HmERNE MAUP

Urban Spatio-Temporal Weighted
Population Vitality Detection and Its
Influencing Factor Analysis Based on
Multi-Source Data

Yongyin Cao

School of Geography and Remote Sensing, Guangzhou University, Guangzhou Guangdong

Received: Feb 29”‘, 2024; accepted: May 17th, 2024; published: Jun. 3'd, 2024

SCES| R UK. BT 2 U BT I A IS O BRI R e R T A ). M ERRRERT ST, 2024, 13(3):
469-488. DOI: 10.12677/gser.2024.133045


https://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2024.133045
https://doi.org/10.12677/gser.2024.133045
https://www.hanspub.org/

Abstract

In view of the lack of consideration of the MAUP problem of the combination characteristics of
spatio-temporal dynamic changes and the influencing factors affecting population vitality, Dong-
guan City with rapid urbanization was selected as the research area. Based on multi-source spatial
data, this paper constructed a spatio-temporal weighted population vitality index to analyze the
spatio-temporal pattern characteristics of population vitality in Dongguan City in 2021. The ef-
fects of 15 natural and cultural factors on population vitality were explored by using a geographic
detector model. The results show that the spatio-temporal weighted population vitality index me-
thod can detect more population vitality hotspots than the thermal mean method. The influencing
factors were sensitive to scale change, and vegetation coverage, road network integration and
night light intensity were more sensitive to scale change when the scale was more than 500m. Be-
low 500m scale, POI density, functional mixing degree and distance from bus station are the three
leading factors affecting population vitality distribution. The higher the intensity of social and
economic activities, the lower the mixing degree of land use, the greater the accessibility and cir-
culation of transportation, the less land use type but not single, and the closer to public service fa-
cilities, the greater the population vitality.
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REMEBESROE W% 360E IR AL EEE AR, BB R G A SE
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Figure 2. Dongguan main city building
area extraction results
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Table 2. Calculation formula for the average value of heat
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Table 3. Selection of indicators of factors influencing population vitality
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HARR &R FEBE IR X1: MEHHEGEE NDVI
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X5: BEHEEE R PR
X6: EAEFEIREL CONTANG
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X7: PEHeREEIREL Al
. X8: FHEARL AR SIDI
AR Z
N X9: BEE NQPDA
LR -
X10: FATE TPB
. X11: BRE ARG ok e bus
A LB RS — —
X12: [Pk P metro
X13: BB E PD
BRI X14: FH S [ #E 2 Parks
X15: FEE{E R Parking
NDvI = NIR=R (5)
NIR +R

A, NDVI FoRfEgE f2 5%, NIR FoRIEZLAMNR B RE, R AT WOGL e B S . 24 NDVI
ENHU, ATRER KK, J3—J7 0, WR NDVIEIGE + 1, WA EERISH . 2 NDVI 6L T%
I, B e, ARG ANE KT XK.

3.2.2. HRRFENEF I

1865 4F- B E M A K o R TR IR, SRR IR — D RGN AE IR ELIE {5 2972 C.E.
Shannon (F4%)7E 1948 SR A2 R IBES SIN ) 75 Bg b IR b, umrefs B IS R A
SENE, fE R A

S(p)=-kX.Rlog, R, (6)

S (p) FRBEHVAEE p (00: B9 p LR OB, SEARIRI RIS, BIATE R X 36 T
Fg POI 4812 R D3k 0 2 PO SRR Ll MR, A K, RISESTHAERY POI I 5 L )
BN, W POI SN A K R, W, AR, ORI B o) IR AR B 26,
IR £ LK, ST ERBEE S 0 P 0 DIk, RSG5 PO AT AETR A R BRI 0
DB BEs Al o A AR

N®=Z$«@15j 7)
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Table 4. Landscape pattern index
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CONTAG =|1+ =
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X, p N RFUMHE, m SRR, g, AR DL kI
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Table 5. Traffic Characterization Factor
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HUEA 08 1 d(x,y) 458 x B9 8y SRR RS . 482145 R & 500 m.,
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1 x iy #z Sases b
%,Xzyiz
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2 (AU Jo A SO A A S oo B S 1) S PR R AR S AR AT W FU I o SO 22 TR0 SR B 4
SOMALRE TR, B H AR oA SECE [31]. AN Ai 2 BT . BRI SUF ISR R K5
Wi, TR B A Rt B A AR B, S BCE S A A B R B, DR SR 0 2 TR RS SR A th R
ML — 5 AR T A 5 2 B R o AN SO BEBR 3% T (Patch Density, PD) HE BB BRA) 2 (R 4% J 2 AT B4k,
1l B DA P PR R HUAA B

ASCH AR REEE M A b 175 ARG Al Bk SEN DR S 3 M3 T A RS 23K
REN AL IR EL RS, BRI RAT BT B, A3 E iR KB B0 500 oK, R ER AR RS (B A ek I A R A
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Figure 3. Comparison of results of urban population vitality distribution by
different methods; (a) 8-hour population vitality map; (b) 15-hour population
vitality map; (c) Average population vitality map; (d) Time-weighted popula-
tion vitality map
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Figure 4. Actual hotspot areas detected by spatio-temporally weighted population vitality methods; (c) Average population
vitality map; (d) Time-weighted population vitality map
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Figure 5. Distribution of population vitality hotspots in main urban areas of Dongguan city (upper left) and time-weighted
population vitality results; The boxes show the shopping area near the Dongcheng subway station entrance (Area A), the
shopping area near the intersection of Guantai Road and Hongfu Road (Area B), and the shopping area near the Hongfu
Road subway station entrance (Area C), respectively.
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Table 6. Magnitude and growth rate of explanatory force g at 100m and 1000m grid scales
% 6. 100m F0 1000m &M RE THEED q ER/NSBKE

SR 100m 1000m R S 100m 1000m KA
X1 0.1154 0.1503 13.49% X9 0.0836 0.0931 10.94%
X2 0.4653 0.4376 12.78% X10 0.0627 0.0626 10.01%
X3 0.3399 0.3086 13.13% X11 0.2927 0.3610 16.83%
X4 0.2078 0.2054 10.24% X12 0.2018 0.2725 17.07%
X5 0.1776 0.2243 14.67% X13 0.0528 0.1198 16.70%
X6 0.0906 0.0984 10.77% X14 0.1390 0.1476 10.86%
X7 0.0496 0.0848 13.52% X15 0.2020 0.2538 15.18%
X8 0.1390 0.1769 13.79%
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4.4. SMETFXA OTENRMARERE D54

IRl F-H3 %8 500 x 500 m {25 (8] RO R 45 L7 7, 7E 500 x 500 m fIRE T, & 52 755 A H
TG 153 A = R AR T4

POI #[%(0.4632) > POl ThREIR&E(0.3577) > BUS(0.2728) > NLI (0.2149) > Parking (0.1964) >
METRO (0.1933) > PR(0.1698) > Parks (0.1400) > SIDI (0.1220) > NQPDA (0.11188) > NDVI (0.1186) >
TPB (0.0942) > CONTAG (0.0844) > PD (0.0639) > Al (0.0392). POI /% F A5 i q {i 0.4632, it B
1 14 MR E I POl s % B2 e N HE i B A1, 2 POI R DhREIR & B 5 B dil
NSRS EE B AN . 10 AL B BRI g 18 0.0392, i B A AN 1I3E J1HE BRI R N . B
fabr q [EXTRLE) p AR TIEANMERMEEN, N 01 REREZE, 14 MEWRGRA NELT 0, Ui
SELASESETE N

Table 7. Spatially stratified heterogeneity and factor detector results (500m x 500m)
F 7. =ESEFREMERETFIRMIFLER(500m x 500m)

NDVI POI %)% POl REE NLI PR CONTAG Al SIDI
q 0.1186 0.4632 0.3577 0.2149 0.1698 0.0844 0.0392 0.1220
p 0.000 0.000 0.000 0.000 0.000 0.000 0.0031 0.000
NQPDA TPB BUS METRO PD Parks Parking
q 0.1118 0.0942 0.2728 0.1933 0.0639 0.1400 0.1964
p 0.0343 0.0580 0.000 0.000 0.000 0.000 0.000
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Table 8. Population vitality and mean values of impact factors under different categories (500 x 500 m)

F* 8. FMETFETREATHAOENSHME(S00 x 500 m)

A+ I II I v v VI A% 11 VIII WE
X1 70.87096 77.90327 108.8733  106.674  105.2413 105.5865 96.64861 77.28106 93.63488
X2 7171334 108.9525 121.4575 133.3627 132.1658  132.1527  138.132 - 111.2521
X3  70.62818 1153317 107.5901 114.7244 112.4422 116.3396 124.4016  132.015 111.6841
X4 ~ 73.28507 102508  120.4829 117.2779  139.848 - - - 103.4177
X5 52 52 125.0023  113.8787 97.31504 76.19929  64.72343 - 83.16551

X6  70.79314 80.46996  90.5756 102.882  107.7583  106.1479  115.743  83.99832  94.79599
X7 7223877  78.0342  96.50625 99.35146 101.9748 101.8303  104.378  83.81654  92.26623
X8  87.24993  118.789  110.5786  110.2459  105.4428 97.30834 85.40575 71.11926  98.2674
X9  100.7329 109.2871 126.4069 136.6696  133.4999 136.7857 150.1848  151.908  126.6849
X10 109.7797  105.2214 127.9084 117.2321 132.2798 134.9892 1124177  136.379  118.9885
X11 114274  109.7833 92.20595 74.39874 60.67197 56.77668 52.01413 52.11501 76.52993
X12 123988  115.3031  105.007  100.5136 84.39148 84.27285 76.74665 89.90516  94.73982
X13 83.03584 8257431 87.12142 96.04489  103.887 1059873  107.672  107.2792  96.70022
X14  111.293  106.0084 109.7905 100.3051 87.37856  76.71613 62.11711 73.53775 90.89339
X15 110.355  109.1411 89.11514 83.76717 62.45081 55.45578 5552563 52.05653  77.23341
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