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Nonlinear and Synergistic Effects of the Built environment on Street Vitality: The
Case of Shenyang
YANG Dongfeng, WANG Xiaomeng, HAN Ruina

Abstract: Creating dynamic streets requires the optimization of built environments.
Grounded in the understanding of the intricate concept of street vitality, this study
explores the non-linear relationship between the built environment and street vitality
in Shenyang, a city in the northeastern China. Employing machine learning and inter-
pretability methods, it also investigates the interactive effects among various ele-
ments of the built environment and provides insights into different types of street vi-
tality. The findings indicate the following points: Street accessibility emerges as the
predominant built environment factor influencing street vitality; Non-linear effects
can be categorized into positive, negative, and irregular influences; Interactive effects
exist among elements of different dimensions of street environment with street prox-
imity and building density playing a predominant role; Street types are ranked by vi-
tality values from high to low as follows: the high vitality-density driven type, the
high vitality-convenient transportation type, the low vitality-poor design type, and the
low vitality-overall inadequacy type. These street types differ significantly in the
mechanism contributing to vitality. Based on these research findings, planning recom-
mendations are proposed to inspire street renewal designs toward enhancing vitality.

Keywords: street vitality; nonlinear relationship; machine learning; built environment;

multi-source big data; Northeast old industrial city
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Tab.1 Data sources, time of data collection, and preprocessing process
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Tab.2 Built environment indicators and calculation methods

i s Pk
B 7 500 m 2B DX Y B 72 K 8 DT B
i R 7500 m 20 b Y RSO TR 4 DR LL /%
B A7 500 m 2B D A LA T 5 T AR L0
7 55 m WX Py POLIIAEZ RERE . TR SRR B, AR S = =3 (p,, Inp,, ). p,, HETIEEE
. R S 1515 POUBCRE 17 .72 4 25 POLECR L9, 0y S AT LI POURAHE. A FLA K
W , TSRO R ME O
LR LT T G 2SI LA K R WL /)
e AL & HC R KT %
KA M SR R o L R R T ORI 1%
RE A SEHESE SRR T 0, S WS 4 L /%
wit AT LA T EL S HL A SR 2 R /9%
SN ST LRI 2 IR WO ST K B
7 e HTEI BT LR J 7 L
RS E ST I g 5 L E L TR T B 1%
DA 517 500 m FE YA ZE U AR /(11500 m)
P R AL A B BT R AT M B3 S BRIE S
A IS BT o AT /2 22 352 B
TR ATk 57 500 m S5 N TPV SCE LRSI 15075 1 (447500 m)
- Gy ILIE SNETT I BRI 500 m S YL LI AN (1500 m)
AT T km AR, — SR AR B HADAE R B AR A BE S T2 (101, LA sDNA th iy NQPDA® 25
A1 1k 2 FERE 408 P12 30 ) FUAERUTB P2 HOVCRC, B <DNA 1 ) BAZ 076
LT 1 km 2PAR P T AR S I B T2 AL L sDNA 1A DivA 221

TEARNEE (EFB) A8 3 AR 457 1 X K
FEAR M ZAFAERT, fEAE Pl Zhod B

R3 ZEINB[FEIERRIARILE

Tab.3 Performance comparison of the three machine learning models
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