118 | RBEMKI

PLIE Y R E RITH AGHEFR RS ME R

EFFHLE S B R NLiE

Travel Mode Structure and Influencing Factors in Rail Station Areas: An
Empirical Study of Wuhan Based on Mobile Signaling Data
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Abstract The effects and mechanisms of urban rail transit development on promoting residents' active travel behaviors remain unclear.

Based on mobile phone signaling data, this study analyzes the spatial differences in travel mode structure and influencing
factors of mode share rates in Wuhan's rail station areas, proposing planning strategies. The main findings are as follows.
First, conventional bus and rail transit mode shares in Wuhan's station areas exhibit a competitive relationship with non-
motorized transport (NMT) shares, while demonstrating synergistic trends between rail and bus modes. Together, they form
the core of public transportation dominance, whereas spatial variation in private car usage remains statistically insignificant.
Second, network centrality metrics of rail stations significantly promote public transport adoption and reduce car dependency.
Built environment characteristics differentially influence NMT and rail transit shares, while car usage primarily correlates
with socioeconomic attributes. Third, through hierarchical clustering analysis based on travel mode structure and key
influencing factors, three major categories with eight subtypes of stations are identified. To enhance the traffic regulation

effect of rail transit, targeted TOD planning strategies should be implemented.

% 81 Sl SR BRI AT KA W B FAUE 44

Key words rail station areas; travel mode structure; influencing factors; mobile signaling data

XEHES 1673-8985 (2025) 03-0118-08 HREYZES TU984 ICHIIFERD A

DOl 10.11982/. supr. 20250316

EEE

® &

BT KZTATIEESERE
BIEEE, £ S, xutaowhu@126.com
K=
BINETAS A TIESRASLE
MEARE

0 5I8

BT R T AT 23 Al A 3
XA A2 5 18] R Je , DA AL 2238 HH AT 454 2%
BRI R A G AR K2 J o IR I
L A2 T R A B g il 2 X I 2 WO, AR
S B AT I T A , AR il A DX 250 14745

FIORAC o BRI , SFHIE % BN 2238 #E BEF A
AE DR UL e B g 5 B Ay 4o €0 B0 S0 AT, FE AR
PRI o BSR4 S S A R T, 3 U X
AE3E J7 M B A 2 S P e g
YR T LT e X R A 5 A I 2
e 5 UKD TR, 0T ) 2 A BELBOR AR 22

CERETE ERXARMEELT LA T E RS R IR 3 A AT IR AL LRI 42 07 A AT (45 552278077) F B,

https://www.shplanning.com.cn/. All rights reserved.



PO BA R R Lo

U3E A v i DX A AT O T
BURT 8 BR A JUERF SR, $iE 2
AT AR 3 it b DX st R AP A 106 4 3k
A2 43 L EL A AR P 33N 247 B LA, 2
FE/INIREE AT B % 1) 4 PR 2 5 AT TS
BB, i A2 v o Hb X J BE B0 7oA rh e
A2 AT Ee BT B AR AT R R R (L
WA 2 BAT % AT B Bl A5 B T M, (W) I 2%
AT P AT B AT RE G T
F A28 AR 55 7K - Rl 52 3 i m) o k2 g ik
IABRSYHAE BRI, AEI T ZE AT A M AL
W E ZMERIERE R SRR
ek i IX 28 B AREAET 0, R 2 o G - 4
PR SX T I 2 5 % B~ LT oo B
A T B, DR DX R A SRR 45 Bt
P 2 DX S A R T S R
55 sl i i IX K2 308 245 KA 5 1R LA 8 T S
JEHE R 22 R 7, 5 AL 0 7 4
BT o B BRI T L o DX F A AT R S
PSAFAE T 3 JR R B8 25 BH X 2 B NI B 46
H— 47 T AT IR AT , SR BF 5 B Ak
ViREZL B3t Wy )] Rt e ol o
A B2 I K SRR X ol (X
Ve they ZEmAL R AL R, AR
BILTE il 1 1 2 5 KR X 3258 AT A W5 o it
B s N2 T8 IV A JEE X A [ 913 i X TODRE
o 3 V5 R e 22 S PR AT Ao

AR T FAHUE A FR , 3R 50984 #r K
PO I X 1644l 58 3 il b DX J B AT &2
8 7 A R S, FEAN B W LIE 3 A P 25
A~ 3 XN IR 2 0 0 B R S A A A 18
7 WA B I B8 ~ IR S AT 40 R
SRR P22 5%, i Tl 3 SR M iR i
3 R A ARHAE IR T 22 S A A i 1o X AR
RS SR, DAY DR Ll 220 ¥ a3 X TOD
LI 0 2 40, 500 K e B SR i S AR A DR SRAK I o

1 HARMR.BERFGE
11 AR
A3 B R T 3 DX A5 v A

XAEA BT S (WEIL) . # 5 20234F K, &
P IR X O RIB AT 115k B8 A 4
B 1664l 1 o BRI B30 Lk e 25 vl
MEERERBEFNER: KL AR X
BB S ol B, KITDE R B R X
T IRZRAMIE v A B KT 3R, U
Fr DX BILIE B B o A< 3 3 F-Mapbox i 1166
AN A5 KP4 T10 minw] A VS TR
W BTG R B S S, P R AR S LB
%143 T IR16 44 T6 1 8 (3 s 2045 A IX o
Jei » % AT R IR X AR A 8 RO, DA K%
FHUE BT & 546250 mpgs B, ¥
16443 pi2B 4T AT XA 28250 mpgf 247 51
S BT il R M X 5 26, A R 164 LT 3 R
b DX G LA, B Se TEH  E FEEN Y
AT 38 7 A R 5

1.2 HEKIR

WIF 8 B A4 R3S 1R BTl Y
BRI A 3R #20235E9 H R T FALE
B, A5 P e IDR AR TR
AT HRAE - 8 1 R I 1D HL A 3, m] A
WU 3 M DX R N 0GB, R F B R
BRAA BE b 5 AR BRI R P
B T FCRE IR AT I T 3 B 2 Ik i 56
15 20 I ISR JR8 JRE o A ) 5 3 e R TR
17 238 T7 X LB GE 4 Al 7 SR A 4
2% W TAT20204¢ L A FiT 20234E 5 51
TR JE I LI A2 ) R S e, B
JAT- D0 SN S0 3 o DX R ER a5
SRR I 120234 13 i 4 I PO 1K A, 283
Rl 5 JE IR LS HT , P T4k e 55 it
L R 25 A FALE A7 B b RS Rl
JEAE N VR A5 B I TR 22 55, W B iR A
BTG

1.3 HARGE

(1) A 475 SRR %

JE B ATAT A RRAE H , 838 7 S HEA
AT IR)S AT R Hh T3 A B R H R
U FH AR 4 B0 mT I AT F B i L

https://www.shplanning.com.cn/. All rights reserved.

ZiBAX] | 119

JEAERRAEAR, 5 NAORI T 3 A 0 st 5 B A S
JF JEE B 40, REAS T S R BRI AT PSR T 52
7 2, BRI SEHE W 2% 07 s B RS P M 4
A R AT T R B I ) A S R e B, 1
SR SRR SO 3% T H AT TR T H AT
75 o AR ARINT -

Uy = max(F) (i = 1,2,3,4,5) (1)

F =58 XTyxV;(i=1234,5) (2)

K i m 22l 7 X, 1—57HIRKSD
17~ BAT 20 W LA 38 HLIE A2 38~ NIR 5
4775 35 U, 2 AR 9 85 K £ £ SR I J3E 1)
tmZ& A7 Hlcm B xg B i A7 5 3 FaRon S
il A7 77 S 23 A SR R 5 S th A7 B BT
JSL5R i AT 7 2 SR JBE 5 TRom th AT I ke
L5 i b 47 7 2 S 5 ViR AT
X R i A7 7 SR SRR

Foobr, 45 6 BT A R 2808 T H -1 g
PRI ) 22 S A58 AT HRFAIE , b A2 S ) BEL 5
RE I AT T RE SR FH A8 3R SR R e
Lezg (W&RL).

A SO R R BUT %32 3258 B Fp ke x Ee
Wik b3 7 3 W AT T o BT i IS R
A 51818 E DL N R , Govk A i g
B P9 A HL R L A~ R s e
PR32 56 B , EL TG Xl A8 5 3 sttt X #
GEvE B SO SR P BERE i 228 5 R e B
RS, 2023429 A R i FALAE A%

Bt #REEE
Fig.1 Study area map
KK EHE L.



120 | 2Zi@HK

843 A7 B T B R L AT R AN A T 1
P 25 R, IR 172023429 H w7 30U R L
A BE AT B 6 186.86 5 N IK, BlLIE A2
17811 841.52 )5 NiR AR T RN 120234
10H Zigiz B A 3ROB HE %18 58 L &
6 360.72 5 Ak~ 8B A2 12 542.60 5 AKX, Wi
i A2 38 7 A 22 R AES% A Y B 5% R
FEAR—F, YL bk Ty R 4 R AT 4
(2) AW 223 J5 33 P2 5 0 R 3R 43 A
Jitd:
- FEMaron'lF84, & BRI BLIE v 5
i IX 325 43 HEL A T 5% BEER 2 W) H A RIS
AR o 1X 5 BT I X 0 v i 2 A
AR EJRFAEA 5o (R IL , A SCHE N % JE 4 [m]
AT, SRR A 3 CBATBHT) H M
A BB R RINR T AR R &, 43
AR5 £ 75 T B2 T U8 w5 X R R
1305 AR FE, I A (3) PR
Yi = Bo + BunXy + PiaXz + PiaXa + B X; +
Xt ((=1234) 3)

F HITAXRBERBRSHITER

A YR B 3 X5 i 22 5 X B
S HEER X SRR U AT 3 AT AR A
Wi KA 72 5 Bolt [ A4 B B BB
A ENE B H R B 22 o

H A R I, % B RS HE 2 25
N VERAE B 3038 90 28 A 457 T A 5 A 223 o
Tl 2 H LA AR, S FR T BT JLAT ot
PR~ T i A S 122 R A T P N D B
AR, T ZIK A IETS, AR R R
TG W2,

St BRERBE T T - SRR A R R ke R
THRE S AR ; i 925 PSRN R AT 28035
N ARk U RPN A AT IR SR A T
2~ Bl b 85 BE A o et XN 10 5 e
PR SRR B 3 B ety e DX 8 P 2
SRR

*ho U IR A T T - h AR AR B
GBI SUE Wl INEEAV) ) gL =e: IEL: PN
145 MR 5 e B P 34030 ) 3 4 B J R T
P53 BRI 5 B A A A 34938 9 280 ] — A2 AR

Tab.1 Membership functions and parameter calibration for travel modes

B R ezl a X R K

vl s R R R G P
B RRAIE , A W) 35 i ARSI ) 45 v 1) 45 M) AR AE
2 R Ja R AT O SRk B o B B0 O ik R
2kl 4T R B IR AR ) 5 120k R Lo SRR
2 I 4% 1 VE R AR FERR JE , AFLBR G, il RO 5
DX 35 ) 5% o i B o P 3 I 4030 A8 T o
RUE ST A2 W 45 v 70 4 AR SR R AR, {EL
T, R SR RER S &0 80 vl ni B
HoAed 7

(3) ERIKT:

ACSCR 43 BB 25 1k, SR BLIE
XY A2 T7 AR AR 4y, 4 BB
3 FH A PIEL A RS RO A A Y B
REMB S N R R AR KB MR R, HRAA
— 58 R B o B 5T 45 B ) QAU R 2
(K-means) H5RAEIEHE (BOBICHERRK).
B, QRIER A LA 4T 4 AR K T,
FRAE T W25 W R 2R 43, WA Y e IX Y
B3 J5 T A 5 MTREITR K — 2525 B v

e HTEEE TR TR BN & k3
STRBE A _(t-10)? v kIE20204F BN TH S IR 4R & BB ERIE, B R ST HIT
B Si=e45 hi=e 75 Vy=e"30 B 18] 43 A I B 7E 10 min. [ I8 T H 4T B ) I 4E 9 10 min
FERE g, = ¢-08(s-2) Py S8 30 V,=¢~ B HHTRIE A 13.6 min, H{TEER &£ H7E0.5—3.5 km. A it

- B EHITIEBSIEE 2.0 km, B EI&& 3913.5 min
RIEQO0FHNTZBRBFEREY, RXNTEALZS
& X Tl
S;=e & T, ={e if V3={e 0 if

I T8 9 17,8 k/n s o o K HE20206F 2o TR

z 15 &SRR, TN A LA S 5 BB E32.0 min

e Seeaa’ s 5 B8 RIS 318.0 km/h.22.0 km/h;
BilE TR a8 E $328.0 Min.38.0 min

IRIECC2020F BN 2B & R F ER &>, 201 9 F B AE
AZENETITIEN[E932.2 min, Z[EHNIEZERNE, 24
RE7935.0 min. & B E I % FHIE B LR, BITR

BRAZR
BEEREH

e e

_(v=-35)?

1 _(t=35)*
Vd- =g 25

HPEZBER g T, = e~ 150

. = ~0.6(s - 5) f 5
RE&S e R4 T B R AL U ELE R R R R A TR, 20X
TR IE BB THITEE 535.0 km/hE2H
1 2
. (v—28) N NI =y =

= 1 = ey U - o RIBQ024F hE E B RB AR E> PRI TS I1£25.0
d?;iﬁ =T T l+e °13‘ 29 Ve={¢ U 300km/h. 8%5#30.0—45.0 km/hK . S 4

£ +e TR EE o R IR HISE 2 5928 km/h, SE4EHAZE 4938 km/h

e 02t

(D) ZRERAE, x BifdE #Zif hour(stime) €{7,8,17, 18} 5% 75 : % AT IR Ay th & BE 1B 7 N AE 28 20 J8 T7. 8, 172K 18HE, M )R 2K AT AL T 4 34 Bf Be, JF b A0 0 B B8
HEE, () FRHEHK 0= ™5 I AT &, R POt bl 830 0 (8 | B B0 o VR th AT 7 BT B Bl o 472 B W F] 36 8 0 B E ISR B A, K
BB EATE, KEARB AR TR ARRER R0, BESFRH 0= S R HSA M AR, A bbiEfl S ELE, asflBHNHE. ) ARTES
U B B 4 7:00—9: 00, B 8 Uk B Bt 4 17:00—19: 00, % AL 232 B 7] 6:00—12:00 (DB 1A A 2R G372 1), Mtk 32 8 B [F] 4 6:00—11:30, [ Jb i &t 4 B 1A 72
0:00—6: 001 %, 18 5 18 B % ALK W 256 R B L A0,

HAKR: E# B H,

https://www.shplanning.com.cn/. All rights reserved.



K DX %A T ORBE RS R 2 5 il I R 2%
05 AL I BORD 5 4R, 4 5 A0l
Ji M A A IR B PR 2 22 ek R LR R A
3 DXL, g il 5 22 S A AL Tl R 5 5 i 2 3
HESE

2 HEMRBRXERETRES XA
£Z5

2.1 BEREATITARMARHE
AP F- B 4 B R BN 5 R

R2 TEBRBRARER G

Tab.2 Variable definitions and descriptive statistics
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Fig.2 Spatial variation map of modal share rate
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Tab.3 Multiple regression model analysis results
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Tab.4 Comparative analysis of key influencing factors for travel mode composition by station area type

o INRERBE B 1RITIEE
FmEF —

FH— FET FES FEM FEE FEN FEE FEN
EHEE/ (km/km?) 5.33 7.25 6.46 7.02 7.56 6.99 7.68 8.92
NEFRBE/(D/hm?)  0.22 0.57 0.49 0.64 0.60 0.60 0.74 0.84
A BREE/ (A/hm?) 13.43 3398 2543 4458 39.61 4131 6921 71.18
BEZE/(A/hm?) 1418 4228 39.46 65.56  41.63 46.1  48.05 81.83
hEEREE 1.93 2.07 2.09 2.06 2.15 2.14 2.21 2.13
BB AR O BE RS /km 9.23 3.83 6.17 2.71 2.57 5.59 1.66 1.03
BRF O -0.44 0.44 0.11 0.78 0.97 0.15 0.86 0.99
bl S -0.23 0.18 -0.14 0.62 0.54 -0.22 0.72 0.65
SBIEELB/% 66.01  59.80 59.10 58.77 5893 59.35 59.21 58.04
S F LRI/ % 6790 70.89 7236 71.75 < 69.11 7462 6876 71.64
BN PEEADLESI/% 26.64 2722 2463 2598 2861 3208 36.57 28.15
BEIER/km 6.84 5.44 6.36 5.67 4.78 4.85 4.26 3.76
EBEM/ (FFe/m?) 1.62 2.06 1.75 1.92 2.32 1.87 2.36 2.08

FAHKIR: E# A H.
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Tab.5 Characteristics and regulation strategies for different types of station areas
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