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Abstract: The rapid expansion of dockless shared bicycle systems creates persistent challenges for parking management
and the efficient use of urban public space, particularly around transport hubs and major commuting corridors.
Conventional hotspot-identification methods mainly indicate where parking demand is concentrated but provide
limited information on the spatial form and potential public-space impact of bicycle accumulation. This study develops
a morphology-aware framework using shared bicycle order and trajectory data from Guangzhou. After removing
operational repositioning events, dense parking cores were extracted through grid-based connected components.
Principal component analysis and robust spread measures were then used to quantify cluster orientation, length-width
ratio, and bandwidth. Road proximity and orientation consistency were incorporated to distinguish roadside-band (RB),
intersection-corner (IC), designated-parking-area-like (DPA), and scattered points (SP) morphologies. Short-duration
demand surges during morning and evening peaks were identified separately and combined with high demand and
band-shaped morphology to screen priority governance locations. Analysis of 6.902 million orders identified 27,687
dense parking cores, with the top 1% accounting for 43.7% of within-cluster orders. Band-shaped clusters represented
13.4% of all cores but accounted for 32.1% of orders. Among 26,142 strictly classified cores, RB clusters accounted
for 3.23%, and only 21.8% were aligned within 30° of adjacent roads, indicating that oblique and multi-row occupation
was more common than simple linear roadside parking. Among 1,842 high-demand cores, 320 showed morning-peak
surges and 80 evening-peak surges. High-demand locations within 200 m of metro entrances recorded 1.7 times the
mean order volume of those outside the metro buffer. The combined surge-demand-morphology criterion identified
240 priority governance points, 64.6% near arterial or sub-arterial roads and 50.0% near designated parking facilities.
The findings show that parking pressure is shaped by both demand intensity and accumulation morphology, providing
a practical basis for differentiated parking management, pre-peak dispatch, and improved use of urban public space.
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1 Introduction

Shared bicycles have become an important component of urban last-mile mobility, particularly in large cities
where they connect residential areas, employment centres, and public transport nodes. Their dockless operating
model, however, also creates a persistent management problem: bicycle accumulation is highly mobile, spatially
uneven, and often concentrated in public spaces that must simultaneously accommodate pedestrians, cyclists, public
transport users, and other street activities. The problem becomes especially visible during short periods of intense
accumulation. During the morning peak, bicycles tend to converge around rail transit stations and employment
districts, whereas during the evening peak they move back toward residential areas. At many locations, this produces
elongated or multi-row parking along roadsides and pedestrian spaces. Because these accumulations can emerge

https://doi.org/10.56578/judm050401
267





index-10_1.png
Latitude

23.30

23.25

23.20

23.15 o0,

23.10

23.05

23.00

22.95
113.20

113.25

113.30

113.35

Longitude

113.40

RB roadside-band (844)

IC intersection-corner (489)
DPA designated parking area (1,766)
SP scattered points (23,043)

113.45 113.50

113.55





index-12_1.jpg
5 '
L 1@5C) (e}
.l (%Ob . 0.85 p 8 . Q 5 0.85
s O ©) I
2o © B ®o 0.80 3 O' 0.80
o e @ : L
'e) ?_ ?O L - 0.75 L vy L] - 0.75
dll 6 o I ® & .-I v IS ®
¥ A Ob _. s o.7og L4 | (e . 0.70
800' —y = 4 :
CDS ” ] ?} e 0.65 % i 18 ~ 0.65
s}
] s ©
o |QD Cﬂgo b' ol oeo§ & ,' ap q 0.60
o o ¥ & " B ( ] [c) g ¥ ¥ & Q 2 OO
¢ (; e Y @, ¢ 055 £ ¢ * . { 0.55
@ ¢ = ” s 4 ® @] g g - ® A ouy
i sl b on et | 90 T e o .
OD‘O.- o‘O‘O o O?Q. e "‘:' Bt g
Osw a2 . " O ® 045 iy a2 . #Qs & R
ML ey o LT TR Y iy Self B ES
2 ‘@O » e d) %48 - . = | 46} 0.40
(\ = Metro entrance (578) 2 e . d @ e Metro entrance (578) ? . d o
O Within 200 m of metro entrance (43) g O. O Within 200 m of metro entrance (15) (9 o *
= - - () el | L | b B

Evening-peak order share s,





index-11_1.png
= RB roadside-band (n=844)
400 = DPA designated parking area (n=1766)

- B 800
- DPA
- RBmean=15m 700
-~ DPAmean=11m

400

350

2
g
8

8

s
g
8

@
38
8

250

200 200

w
g
8

150

Number of clusters

Number of clusters

Mean orders per cluster
A
3
H

100 100 20
50 100
ol ol
2 4 6 8 10 12 0 10 20 30 40 50
Length-width ratio p Minor-axis bandwidth ss (m)

(a) (b) (c)





index-14_1.png
. L]
O
A

Metro entrance (578)
Morning-peak surge (139)
Evening-peak surge (27)

(a)

Road / open space

Residential

Campus / park

Commercial

Office

Life services

Hospital

School

0 50 100 150
Number of points
(b)

171

Commercial facility 154 (64%)

Designated parking 120 (50%)

Metro entrance 57 (24%)

Hospital 53 (22%)

Bus stop 49 (20%)

School 9 (4%)

0 50

100
Number of points

(c)

150





index-13_1.jpg
Impact index /

- Q1 high demand x high impact (4.04%) Q4 regular (69.11%)
- Q2 high demand (3.01%) -== Do = 500 orders
- Q3 high impact (23.84%) e lp =04

NT 0.’ O

1.2

Q1 high demand x
high impact
1,056 clusters

—_———

b .t .
% . —
b e i oL 92 ‘
3 Voo high demand - .
10* 10°

Order volume D (log scale)





index-1_2.jpg
®

Check for
updates






index-1_1.jpg
)





index-4_1.png


