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Street Space Quality Measurement Based on Multi-source Big Data and Its
Impact on Street Vitality: A Case Study of Guangzhou's Historic Urban Area
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Abstract Improving the quality of space and street vitality is one of the core contents of comprehensively promoting the development
of high-quality cities. This paper takes the historic city of Guangzhou as an example, uses street view pictures, Baidu heat
map, and other data and machine learning analysis techniques to build a spatial quality measurement system based on the
hierarchy of needs theory, measures street spatial quality on a large scale, and uses the spatial econometric model to reveal
the spatial heterogeneity of the influence of street space quality elements on street vitality. The results find that: 1) The spatial
quality of streets in the historical urban area of Guangzhou is characterized by "high in the center, low in the periphery",
and the agglomeration characteristics of high-quality streets and low-quality streets are significant; 2) There is a significant
positive correlation between the overall quality of the street space and the street space vitality, and the street space vitality
has a significant spillover effect; 3) Street space vitality is comprehensively affected by multiple street space quality indexes.
The larger the pedestrian accessibility, facility density, facility mixing degree, openness, interface circumference, walkability
index, and social interface index, and the lower the traffic sign ratio, the higher the street vitality. In addition to direct effects,

most of the indexes of street spatial quality also have indirect spatial spillover effects on street vitality.
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Fig.1 Street space demand hierarchy based on Maslow's demand hierarchy
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Tab.1 Index system of street space quality measurement

W | 125

=XEH O G RhRE STEAR BLR e
T R ) 8 AR D SRt RE A MD~TD/(n-1) TD,H .

RERELE BTN 0.116  WA=-22MD-1) = geion's mompr i no RS oT 2 A IEARK

EAZERR R 0.092 PD-POIL  POREAERANEARAMPOLANE, L ra i KE AR
WREESEN o126 PY=SEXINE)  PATREFOISEEHOBKOUE. RRETEOR i

FaE 0.136 GV=GIA GHERER FIIAR SR 2R ANGREL BEE  THX

R L 0.091 SV=S/A SHERER MR TRER ANGRERREE AR

rmEA o114 I BREEEA OB AEEAAOEER AVER pie.

R s 0123 swowr  WHESERTSTERER KVEREATHIANET 1o
Rz i@ Fitiss 0057 VI=V/IN ;jﬁ;fgizﬁqﬂmiﬂ$ﬁ’9%§§ﬂ%%%)—*ll:lﬂmﬁj]iié it

. - THERE A A XBE S R BE N EEE RVES ..

SOBASE 0038 TR R mlme s 2 i e

GESEE  ARREER 0.104 SI=IIL e P e A

DX 3 T 4 D S S A A SRR AL R > Rl
R M 3 4 DX LA R R AR A /1 b
I~ A TR B S TR A B 5 A ERCIR A X
(WLIE2) .

21 HEZTEmENZES FEE
211 HiEE W PSR R

TN D S 4 DX A 0 2 ) o R ) A A
FRAE , ELAR BRARAE .35 o ) g s 3 X 2 BRI
53 F T JRPE AL TR R R S B X3, T BRI
P T A 76 X 0 73 25 1) S TS R ol
LR —ANER” 18 2 43 A AAE (JLIEI3)
BT A8 DX 3P 23 VG TS I e o o SR
18 BRI DX, P A B S N R
B~ BRI e B 300 AR S 1, DA B AR I 7
TBCH~ ST I~ ST I T L ) A 3 3 W
A i 5 o o TP R o O T R X b
BT B 7 30 2% T ok J i A1, 12 AR P A A
A I~ VG S AR I e A R R XU DA
At DX o B30 0 X 4 9 e R ~ [ A
S A3 B 25 ) At R R 5 T A1 L P9 R
e~ ETL Y S A S I T SR A T A A D
5 8 AR o 8 A5 10 2 1) ik JBEEA T JR) ¥ 2 1)
FIAH 583 A7 5 22 ) 187 3 25 1] ok JRLISAZR K 1
(WLFE4) , T DU H R i J5 0 AR o J 7 1
BERFHMER% -

2.1.2 I8 W) T Y SRS SR
O A2 38 n 384 5 W, )N D S X

B8 AT AT IA A i ebG ) A BB R “AR—

[ R (U D= B e L P BV R E
M7 AR IR X o ) AR A I AR IR IX
A4 BRI AT 3 P E AR R X3 e JZ - O 2
AE AR 55k 5 T, ) S AR X b S 4 3
L, A TA RAE X R A6, b B E
VO AR B AR b BB S RE O IR &
BERE T K, BT )T 3 S X A
10 Ty RE O AE 1 2 2 1 T R o 2% 1) &7 48
T3 T, )9 T S A DX R A AR i 4R
1R 2R P e~ b e B R e o\ e T
TR L0 1% S W3 S5 15 o 7 L X v A
KA T ] B 1 Ak T K ~F: , R 25 TF W BE i
R 1 o B A FE BRI DA R AR XU A B
PR A R 2R o J) 32 o e B 5 s
243 AE g 53 X g R B 1 0 X 3
VA B J7 52 338 DX 8 ) B A 8~ 4B
SCH B — il @ RSN & M T T, )M R
I DX A T TR AT KRS A AT
AT RIBE A5 B - B AL 2N 20 TR 4 H A
AT AR I BB 2 )4 A AR AT S AR U
P, 2k X 968 i 98 DX 3 A L2 A2
T4 O A2 AR IR HR R - O3 P R4
T R T 8 i R VY R

HA K E# B H,

N
e AR
QaEEE L LS sunum
sanmos
e sunsy
snem
o AREE
anm
’ sam
A @ WANLE " L
L, @ RErE
o
% . sEs
HEE
A
% - rHEEEMELR

B2 MmsEEXsEE
Fig.2 Historical urban area of Guangzhou
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Fig.5 Spatial pattern of street spatial quality indicators
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Tab.3 Estimation model results
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WX Zi@BARIR G EE — — -0.546
Wx it 2 REEE — — 0.080
W TR — — EHEEBER
o 0.312%** — 0.716***
A — 0.859*** —
Log—L -1 034.01 -926.54 -915.43
AIC 2106.0 1891.1 1.800.9
BIC 2196.5 1981.6 1967.6
FELREE R AR KL%, 5%, 10%K BEMAKTFT BE.

HBKI:E# A H.
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Tab.4 Street space quality estimation model results

RS RRTERSMNN D RER

Tab.5 Effect decomposition results of explanatory variables

THE SLMIB A TR EERN BERR BRR
AET EEZEmR 2.690%** EZaIprN o 0.857*** -0.080*** 0.777***
HEEKE -2.275%** BTERE 0.466* 1.031 1.497*
B an kAR E 0.132 BHREE 0.946*** 1.865%** 2.812%**
A FIEF WV EEEESE 0.288 SFINR -0.167 -2.429%** -2.597%**
ESlfSalims ks i) -0.052 RKEFAE 0.619** -0.162*** 0.457*
NEILZRE 1.456*** AEEGE 0.072* -0.448** 0.376*
EESXARE 0.140 A HITIEE -0.313 0.847** 0.534**
o 0.373*** MENZEFIIER -0.258 -3.0271%** -3.279%**
Log—L -1079.21 ZIBFRIR LG EE -0.996** -2.196 -3.192
AlIC 2178.4 R mIEE 0.251** 0.175 0.426***
BIC 2226.1 Hen ex R R L%, 5%. 10%8) B E AT T E#.

TR A B R R L%, 5%, 10%#H) £ 3 &
KFTEZF.

FHHIR: 4 B #,
. Z %4 0.857 H58. 3, KW 447 vl ik kv
1 2 A1 ) B B T AT R AR P o PO A T
WAL A SRR E LW, A
B WV AT A S o AT AT A A G L
M. £ % 4-0.080 HLid i 2 35 M s B, BIVAH 4%
T8 2517 T 38 2 X A 7 306 955 ) 722 2 47 1)
SR o
Q@ fil Ml 55 1tk J5 T , i 2 M) LA
R Z B4 91 R0.466 H. B2, 3 0 5 it %5 JE
F B34 1 i S 3 R 5 A T ) o BBUEE TR A B
BN #0.946 H 535, BRI SR A
JE R T G ) B A 3 E R R o ) B R
TR A JBE A7 AE 535 1 %% TR0 ¥R Hh 2000 , AR 45 7 38
P 5 T B R 5 A A T 2 TR ) Bl 2
PR TR SRR TR VPR T 58 & T
AR 55, RE A% W N B I 2 SE IR 55 75 5K, MK
7 384 588 25 1) W 51 7, 8 4 30 05 ) o T 48 3
4308 9 BUE 2 FEERR T, W 5T ABERY 5 1) H
F1 th, 55 22 96, AT 3 A5 A G N D ) E 2R
B 42 o
@ %% I) & 38k J5 T, 43 W 3 X 1 3 0
3 EL R RO AN S (EL IR 2 B R B
H-2.429 H. 58 3 , ] IR 4 38 4 10 2R 11 30 Y
R ¥R-2.597 H. 583, BEVR 35 47 18 1Y S LK
PV K 2 AR A I 25 RIS ) - AR AT 5T
2 I 2 WA 3 1 A R A N\ 7 AR AR P 0 B R
S, TR R e e B R R RO M
Sk X P9 A AR K R R A, 3 T I R LA T

TE W, 518 2RI 2R o T AR e Y L S
Tl RE A% A W B2 38 2 Atk 2 Se AR WG 2 3R 5 4
A 2 22 A, e D9 ) K P AR AR AR o R
T v B ) ELH 8O R $R0.619, RN R
HR-0.162, BSR4 W3, BT R 25T I
P 5 15 16 55 LG ) 2 IR A %, LA A A5 18 Y
K23 T ) JBE 5 A A 00 22 TR ) B AR O B
T B JBE 0 EL R 50N & o 0.072 HiE i 12
PR , 7 U AL 1 A RO, I G B
1o o 736 AT B MR A, Y 3 I T 3 T R
R, 20 5 W 5| AT AEA 38 23 1) EAT 9 38 A
LA AR AE AT TG ) BT o S A Y
M43 R0 B B H-0.448 H B 3%, W 4K i 15
T8 S Pl BRGNS X AR I A5 AL ) R AR
B B o

@ & 2 4k 05 T, W) B AT HR SO A
F 50 AR T e 2 A R, IR R A
0.847 Hjd it . 35 A B , 7 W AH 4R 4538 By vl
AT HRBON A 18 25 G ) A B3 R IE
i 1 28 o 3 25 1 25 4T S ) SRR AT AT
5 B0 9 SR A, AH 4038 1Y 25T 2 IR A
A R AR AR T8 T A 2 0 2B AT 5 ], R T
P 12 AT S 1 45 R4 ) o WL 3D 2838 T4 4R 4L
A7 A S B LR RN, T TR 452 5 B
H-3.021 H. W3, WK 25 A0 40 438 i BL 2D 2
TR B, 2 AR A AT I8 2 0] BYE T -
H 1 1 2 ) LA ) 455 A0 T AR A , 48
T8 2 1) P AL B 2 A8 B il , #4138 P AL 3
BT AR 5 5 W A 1, 51 R 15
T AT ARIR o LA RS ) B B

HARR:E# A H.

IR, 5% 38 I8 A8 R DL 5 P AR A
JH 3 B 22 22 IR A 0 2 RO i 45 3 Y R
Bl 2 FEA -

O fir w22k 75 T, +k 22 T 5 OH 2
BN BN 0. 251 HLAR 3% o+ 2839 B g N TEIG
ZhAFE AT A TR T A A, 78R AL RS
P RE BT THIH B35 ), B WRIR M A E RS,

4 SHRFGEE

L T 1 1 2 1 ot R Y A A 9 7
BT8R, KBRS A0 AL D0 J3E 18 18 5% il fo O
BRI {5 ) B S MAIL R , X3 2
TEHRTH A R AL R AN T IE S
T PRy A 233 i 5 SRR 33 5 T oK, B T A
ACHLA T B TE 25 1A b BN PR A R, X
473 3 DX 1 22 T ik JBEA T R R, I
A Bl 2 T A TR A 8 3 2 (A it 5 B
7T 2 T ik B 4 JEE A1 A R 14 3 4 ) # Ei
YRR W R EE R A

(1) T s X A 28 ) 2 o
A —AMEMR” 82 3R A RAE, EL R
T XE AR iy 57 57 18 4R SR ARFAIE 5235 o BR YL L8
ZR VG T JS A v o B T AR R X, BRAT
T VR VAT T KT8 A o 0 TR JB/IN VS L 53 i 5 1
T AR SR DX, BRI T DX S 3 T i R
T AR

(2) 79N J7a s 4 DX A 1 2 TR A R
A2 NG ) B3 IE MR, ELAIE 28 A3 )
LA 35 1 0 230 o o 13 2 () B3



an TR BB AR 55 8 ) 2435 3 7 % DN K R
32Tt o
(3) J7IM P R X I A WG ) % A

I8 2 0 o S R 23 B, 2 AT
WO 85 B~ PR £ KT A S ST
B AT AT 4R BOM AL A2 R I R FOMOK , A28
R ol b ARG 4 18 1 9 7 0 o B L S
B, 13 25 T i J5 4% 44 R i b b 46 K & S d
o8 455 108 95 ) 3 LA 14 2 10 ¥ i 2808 - A
AR IE BRI £ AT AT IR B R o2
PETFAHETIE G J) , A AR A A7 LI P 2R
B R A TT ) B~ S v Rl 6 BE AL 3 2238 1 4
TRELAHR ) 2 B AT IE T ) FEA o

HeF DL B850, AT LR BB
PRV A0 3 B M BOR W — 5 8
38 25 A ELB) S8R, WE % Ak Bl
710 2 i i 5 AR R A 9 ) 4 RS )
Hh RICRE R AR 4 2 TR 355 g 0 4 D ok o 2
BRI AT T IE I3 7 A R o A7 38 2 1 AR
A B2 45 3 e SRR DS, IR AR B 5
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ReAIE” B, DA AR 2 O 2
] 5 5K S 1, DA 2238 2 2R TRl 25 kAL
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T 23 A DA, HE 0 1 22 e e, AN 25 Il 285
THRE , 394 56 1 18 A0 B SC A 9 05 L, WG i SR
&8,

32 B AR AT BR A , A S o 1 38 9y P
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