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Urban Vitality Characteristics and Impact Mechanisms in Beijing’s Commuting
Circle: A Gradient Theory Perspective

JIANG Yuxiao, LU Yi, YUN Yingxia, REN Lijian

Abstract: Urban vibrancy research has received significant attention in the field of
urban planning; however, existing studies mainly focus on the city scale, with only
a few adopting a cross-jurisdiction perspective. Using Beijing commuting circle
(BCC) as an case, this study utilizes Tencent LBS data to construct urban vitality
metrics, aiming to gain a deeper understanding of the spatial pattern of urban vital-
ity. Through an examination of the tidal footprint of vitality, BCC is divided into
three gradients of high-, medium-, and low-vitality zones based on the tidal foot-
print, and the spatial characteristics of each zone are explored. Additionally, spatial
regression models (SEM and SLM) are used to further investigate the impact mecha-
nisms of urban vitality in different gradient zones. The key findings can be summa-
rized into four points: Beijing, Tianjin, and a few other urban centers form a multi-
centric pattern of urban vibrancy within BCC. Using Tiananmen Square as the cen-
ter, we dividle BCC into three gradient zones with radius thresholds of 8-22 km,
32-68 km, and 94-134 km, respectively. Except for the Olympic area, the energy
level of vibrancy centers is positively correlated with the gradient level and nega-
tively correlated with the extent of their hinterland. Except for road density and land
use mix, which exhibit significant positive correlations with the vitality level in all
gradient zones, urban vitality is influenced by different factors in different gradient
zones. The paper concludes by suggesting that targeted planning strategies should be
adopted based on the vitality level and influencing factors.

Keywords: urban vibrancy; gradient theory; Beijing commuting circle; built environ-

ment; impact mechanism
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Fig.1 Study area of Beijing commuting circle
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Tab.1 Raw Tencent LBS data of study area for one day
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Tab.2 Description of urban vitality indicators
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Fig.2  Spatial distribution of urban vibrancy indicators in Beijing Commuting Circle
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4l POT 0.319(0.332) 0.034* 0.361(0.051) 0.339(0.021) 0.137
AR 55Vt POL 0.357(0.701) 0.122 0.491(0.115) 0.290 0.693(0.101) <0.001%%*
JEAE X POT 0.469(0.534) 0.218 0.122(0.057) 0.032% 0.069(0.019) 0.026*
R TR A B 24.203(17.774) 0.009%* 13.534(11.004) 0.021%* 3.424(1.694) 0.037%
B | R Y 4 AR X -40.612(30.952) 0.0077* ~143,233(44.959) 0.0017%* 28.376(2.203) 0.631
T 578.699(23.557) <0.001%5%% 378.078(15.362) <0.001%5#* 181.476(11.764) <0.001%#
S 1A R 226.152(251.768) 0.002% — — — —
ISR R 0.839(1.842) 0.433 — — — —
R A 7= R 0.001(0.000) 0.447 0.000(0.000) 0.187 0.000(0.000) <0.001
A 30T o A — — -23.067(76.377) 0.528 11.198(5.304) 0.321
T AT Y TR A B A T R — — 0.001(0.001) 0.324 0.001(0.000) 0.146
el i A K — — 5.794(7.529) <0.001 %5 2.735%k5 <0.001%%5
LK 24.659(5.927) 0.043* 53.046(15.736) 0.068 12.244(7.521) 0.074
5 ] TR A A 5 LA
R? 0.646 0.717 0.747
LL -1732.681 -1464.923 -2137.983
AIC 3495.361 2933.234 2635.105
SC 3546.453 2942.786 2636.207
LM—lag £ 56 2.796 34,123 113,781 %%
LM-—error #6 45 0.248#%% 72873k 105.567
Robust LM-lag ¥ 5 43.796* 5.91 1k 11,3215
Robust LM—error £ 4 41.246%%% 44.681 31.072%*
R e SEM £ SLM 57 SLM #57
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