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Spatial and temporal heterogeneity analysis of influential

factors of nighttime ride-hailing travel demand
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Abstract: In order to explore the spatio—temporal impact mechanism of the nighttime ride—hailing travel
demand, this study examines the impact of built environment on ride—hailing demand and its spatial
heterogeneity from the local dimension during 20: 00-01: 00 (the early night) and 01:00-06:00 (the late
night) , based on the multi-scale geographically weighted regression model. The results indicate that the
fitting effect of MGWR model is better than that of geographically weighted regression and ordinary least
squares models, and the effect of explanatory variables on the nighttime ride—hailing demand shows

significant spatial heterogeneity. During the early night, around the transportation hubs, the bus station has
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a positive impact on the ride—hailing demand; during the late night, in the north area, the bus station has a

strong positive impact on the ride-hailing demand. In the northern and central regions, population density

has a positive impact on the ride—hailing demand in both periods, and this impact gradually decreases from

the north to the south area. Commercial residence in the northern and central areas shows a positive

correlation with the ride—hailing demand during the early night, while this positive effect gradually weakens

from the east to the west during the late night. The findings could help deepen the understanding of ride-

hailing demand patterns under varying spatio—temporal conditions, and provide scientific basis for

optimizing operational strategies and resource allocation.

Key words: engineering of communication and transportation system; ride—hailing; nighttime travel

demand; spatial heterogeneity ; multi—scale geographically weighted regression

0 531 F

B 25 B T Ak P T & R RN T h M Y
IR AT R R B S IR A TR E A £ R
RUETE M EEITHE . W08 48 U 78 SR 48 5 o
(0 EE RS2 T SO0 T R R AFE 2 75K,
BT T T WS A B T A S A |t
1 F K 22 B0 L A8l AR AR [R) 45 1k B L 2 A AE
Sy —FhOET 2% 10 iz i 0 =X A T 4 2 R g R
95 MR 55, PRI B T 7 ) A7 B R 4 L T 1Y
WPE L SR, TR B AE B B R
75 () K 58 it A1) FH 45 T S5 H 8] IE 8l A7 7R AR T 2%
S BIR] AT SR 0 52 2 M 0 22 R 1 Sk I 2 42 i
SR T H PRI . BLAh, 5 B R e, 1 1 32
ARV A TS Ak, 3 3000 24 2 A 5 SR B s
Frbk O ma R R 2R, NI, WA AR
Tei] 1 A7 2 i B g RS A 985 o G T A9 5 e L 7 44
HEH A H AT A . NI IRA
PR 58 0 18] X 24 26 1 A7 8 SR B 5 i DR 2R e Lt 4 5
JEE T A I 24 4 a2 8 A B 4R v AR g5 R
T 338 3 3 TV 78 1R 28 0 Bl 14 2 4 R B G
FE L, [A 05T 45 S A B T A T A A
TR 1] 38 5 T I ) Bk 5%, I Sy 30 i 48 [ 56 A 25 it T
A= J s 340 BRI AR L S S AR

MR, ST T R R TG B B R R AT AT
R BF 5 K 2 4R b T 3T R N S b B D
Fowh £ 2 A AT, AR 5T 48 R 2 R AR TR H
A A 0 22 VR AR A BT R B A [ 1 B0 2R 1 2 g [
Z RO, S EEEREmNE , 4
B R e R E gh EEAE PN Y) R
R T 1 S R IR 45 7 T, S ) 2 80 A 08 (7] 96 2 42
o Y 2 ] A S, T AL S IR B i) R P

149 12 55 b 28 R4 T R) AT 7 8 ) P i e 3
JE B R TR o . BRARCAE R AR IS i B
B[] B B A7 0 R B B %k G 0E A& ] 3 A7 % sl i H
ORPAS U R RS AU ) A T e g [ PP
B AERE ST Ob R E %K A (Point of interest,
POD) Z Mk 2 IE A ¢, 515 £ 288 Bl M 0
RO, A 2 IR B A e R TR)
P16 sh 7 T, PR 25 AR AL A M v TR P
RS 8 7R T FE BRORCTR] H AT I Bl A A (6] ) B
{14 53 A5 R By LI s AR R AE R R A0
TAE BT CRARSIE  POLL & R 3 55 2 T5 41
Tt BRI TT 7 1R) 9 g 0 R A B AR X R, O AR
SEhlh AR Eh SR A IR . RN AR
A [B) s AR R R 22 RURE Ml BN AN (8] 9 A AR
22 A DR 28 X0 R 1)t A7 75 K5 el 1 25 A1 800 o AR
SRR, 561 S A B0 %% B 0 A ) S A7 oK
BARERmW,

B Xt X 249 420 (8] H AT B B 5T, Tirachini 251
KL 90Y (38 14 Uber 178 A EfER ], H K £
BAT R PR R AR . He™ & BLAE B 1]
0~6 siif Be, AR B9 M 25 = w] HlL gk & 2 T 1TAF
H L3k 5 8 KPR A 16 B 2 410G . Hughes 451
HENT T A ()R 2 ] A AR A 9 ) 24 2 AR AR e ]
MR THERZ BRI R 45 REV] X AH
BN 22 S R R S DXl /D O 7 L ) B
B I)AE F AR R A R I R
Wang %" ffi ] f% /) — 3 1] 13 (Ordinary least
squares, OLS) F1 Hb 2 Jin A2 [9] 9 ( Geographically
weighted regression, GWR) # B4R 58’ 24 %2 1 47
HEWAEZ MR, HREY TEHE BT
DL R A7 R0 05 5 IR 55 XoF W6, v e R R 3 B B 1 ER AT
W 5 | 5 Wi B R



-+ 1290 - THRXFEFFHR(OT FR)

% 56 %

ZE bRk E AT A E AR AT T
(1 IF 23 R PR R H 52 i LB R T — s 5T, O
T ST B 1 24 42 3 18] 0 A 75 oK 5 8 PR 45 1Y) 5%
Foo SR, O T (B A W] IRF B i) Do 24 4 1 A7 oK
5 MR PR3 R L A Al oy S R R AT O R ik
T AR SO AT LR TIT 1) 22 DS L DA 4 Je) A ) ¥
Y B g BT 99 249 2R B) HE AT SR S e DR R N s
] 52 M . B AE L R OLS Rl GW R A5 R 43 B &
L R AR N TE] P 24 A AT Y R A A R AL
N o HOR G ds 2 ROBE H BEOMAL [R] U (Multiscale
geographically weighted regression, MGWR ) 5 #1
A PR AU A8 R TRL AN [] s B 19 24 2 1 A7 SR 1Y
SoMA PR 2R R A ) S B o DA 7S I 24 A2 T
AT AR A LA 5 5 e LB SRy S PG AR R] R
M I AZ 3 FiE T it it A R Y B AR Al AN T
S

1 %% ¥

1.1 HREXiH
JCER T A T AR E P b X, S i XU A &

BT R — e 0 2
(a)RAFRT

FSCAR oL T B 2 122 X0 25 2 il A AL,
K 1(a) .

2 2016 4F , g AR T By B AR 14 335 km?,
AN L 1591.76 1. 2016 4F &1 35 5 4
MR, Kis BEIA 5. 612 AR, HI R
153. 21 5 NI 538 8 N 38 2 586 4%, %Kiz B i
ik 16. 2740 NR 5 5 Fe 2858 43 #7235 35% (https:
//baike. baidu. com/item/ % E6%88%90%E9%8
3%BD%E5%85%AC Y E4%BA % A4/38554657
fr=ge_ala) . M E 201649 A ,HHHITFEE
Sk WS T 850 J7 i B4R Ak AT MR S5 AR
AT — HBUN & R 2 U, L HAE T X (LA
1(b) ), AL 4G BT R [H] SC 20 FAT O 55, B it
B AE WG AT T R B o T | 25 s
W5 1R AE T N2 4 AR A AT O 3R] 4 I i 4
(AT B, BN TIT R AR T A E 2 A 4
PR I, 398 3 R i R Sl W 5 58 1) A — i AR R
P 05T 25 5 BY T B A A T TR RO R AT
SR AR Ak, DT A R T Dk 3R A B 4 b TG O AC
PR

E1 #MREE

Fig. 1 Research area

1.2 #iEATE

TSGR TIT 1) 247 A 250 4R R 5T T T i S 8 T
R Z R AL A 2016 4E 11T H T H &R 11 H 30
H B9 ™ 245 4217 % {5 B (https: / outreach.didichux-
ing.com), 3316 105 003 K Hif7 . F B EE LG
ITHID RE L F AW LK T 4407 B &4
AR R . AT ZHA T/EH N 20: 00~
06:00 1Y X 24 A7 1) 13 47 Kl , OF 2 i 7 s 47 4
A EHRE(LE 2, EES W R F M, TR . |
Bl 28] LLE 1,78 01: 00 FiJ , 7 8] H A5 75 2R = A7
TN EZES, FEH N 20:00~01:00 fF& B4 H 153

IR IR BB At S8 06 B R B s AR, 01: 00~
06:00 #E AR 2 v )R i B, Hh A7 =Rk 2y /b
F W MR FE A DB IYE AR AT, BT
I, 7R SCK B8] AE AR 43 R 20: 00~01: 00 1 01
00~06: 00 W A~ B [i1] B 328 47 56 % A9 43 B, A i
B RE A B 23 1]l 865 477 Fl 152 485 %%

BEAN, R T 43 B 18] ) 24 2 AT 5 SR 5 )
KR A SCR SR T B R S5 5 A0 436 3 I
A ERPOTECHE o Horb, 2% M $idis >k I8 T Open-
StreetMap [ JJ5 8212 5%, VF 20 5% & 48 4d F 3 1% 20
ok i Ak 5 B A OGO R IR R A A R4F



% 54

AL SR W 2 R AT E R e B 8RR R ST

- 1291 -

(R SEENT N B R R WorldPop & Afi Y
2016 4 v [N 1A A% S0 2 (https: /hub. world-
pop.org/) . POTEUE /& 5L T Python il i Amap i
FHRR ¥ #2 1 CAPT) M =5 78 4tb 1] I 3T & (https: /
Ibs.amap.com/) 3 HC, #<4fg /& 12 4 (K] POT 43 2 G
i 2%, A SC Ik X 13 28 POT: 48 TR 55 L 2 W) 4
v Gy e 55 4 Rl 55 BRI 55 AR T IR 55 AR
Wiz g Ik 55 (B I7 IR 55 BUMBLAE A3 16 IR 55 R 5%
2 WA MEMA AL, BT 7 APTRR
— > % HLRE 3K B 900 4~ POT & #i , A% 3¢ fili
Python %] 43 5 JE I & 114 J7 2 € HBCRE A X380 P 1Y
J A POUE B o i 1 47 db k47 B2 3 40 A, A 3¢
Fe I XI55 24~ 1 km X 1 km (849 [ % BT
JF3 3 ArcGIS B4 1T 8RN 1 1 3R 458 5508 5 )
iAo v Sl T i 1Y L
1.3 TEiEE

SRR 3 BT I 24 AR ) R AT R SR B B 23 R o
PR R R, AR 3o B 202 00~01: 00 Al

01:00~06:00 1 4 24 4= H A7 7 5K 152 8 o R/ 6
FEF AR T B4t 2 (U N SCRRIE LA B I 2 4
AT 0 HE DGR | TR ) 25 RSO AR IO T 470, AR S
W19 A R AR B IR 4y Ry 526 TEBE W LN 1 %%
JE POLEHE . + 2 FEE RN L sg il 5 4 . H
Hh B I R A B R DS PN 1 K
5 o A AR 2 EG A 5 N T )R e A
W A% N RN TR B S A% T R L A
POTEUH F12A 352 38 48 b 00038 58 31 550 4% I Ak D9 4
LR A5RS8O B0 R AT 5 b
22 A T U] 2 B o S B A s, (D) B
No MOCAR R IR G R R LR .

o — > A,InA,
I InP;

A RS B ) 0 98 K A Ol A
TS p 28 F MBI 7 B8 L4515 P, SRy A% b 0 Y

IR

(1)

—20165F 11 TAEAREBTE — FPBITE

14000 -

12000 ¢

——

=

8000 |-
6000 -

10000 -

HATE/R

4000 | \

2000 +

\

—

0 i L i L L " L
20:00~21:0021:00~22:00 22:00~23:0023:00~00:0000:00~01:00 01:00~02:0002:00~03:00 03:00~04:00 04:00~05:0005:00~06:00

t/h

B2 ITEBNAERBEHITESER
Fig. 2 Nighttime ride—hailing travel demand on weekdays
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Table 4 Estimation results of MGWR model
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