[ e =

9z0z Aenuer |'ON 2’10/ BUIYD JO Hodsuel] uegin

& | W kIS4 1 HWSHI 1Ol

BT

B RS0 1672-5328(2026)01-0104-09 HRESZES:U491.12  ERFRERS: A DOI:10.13813/j.cn11-5141/u.2025.0067

R BRI S A R PSES Y

o)

5%, W80, B’ HEg"
(ILARHERZEZBZ R, ARG EARX SR 0100005 2585 X2FARTIER, 4L 100084; 3. ARER
FRARTRR, ARG ERR RESR 010000)

FEEE . YT BIE AT N 25 08 R K S LB B %, BT J2 T 23 Ak e 22 B 5 T AU S0
ZRGEE R AR I, X T BES T BOE ST 08 R G T R A R B R . FE T 2023
.ﬁ%ﬂEﬂAﬁLﬁmﬁkﬁkﬁmm%ﬁﬁﬁ MR FUE A R GRS T P S T
Bk A BERAIE AR T 2808 RGURAE 4 N JT TR 7 1088, ZRais F B 7t AR
ﬁfﬁﬂ&ﬂﬁSMP%ﬁ%,%%%ﬁTﬁﬁﬁhﬁkﬂ%%kﬁf%%%%%l%&ﬁﬁ%m
Bl GURRWI: B RN R ZON 28 2008 0 KA P A A2 2 25 BB AN, . B, I MRS L Sl 2o
PG TR B R 4wl L7 R B AR S R 3R s PR (A BE 5 W 2% A I8 R S ORI OR s AR A
WO FE . TE I W R AR R R LR O %, F 4 BRI 1 DLt AT 704
REIR): TPLIEAS I, WIS SRR R XGBoost#8Y; SHAP /3HT;  BIE RN
Factors Influencing Passenger Volume Intensity in Urban Rail Transit Networks
Fu Duo', Li Ruimin’, Qi Yang', Cao Jinxin"*
(1. School of Transport, Inner Mongolia University, Hohhot Inner Mongolia Autonomous Region
010000, China; 2. School of Civil Engineering, Tsinghua University, Beijing 100084, China; 3. Inner
Mongolia Academy of Science and Technology, Hohhot Inner Mongolia Autonomous Region 010000,
China)
Abstract: The mechanisms influencing passenger volume intensity in urban rail transit networks are highly
complex. Analyzing the effects of socioeconomic conditions and urban rail transit system attributes at the
city level is significant for promoting the sustainable development of urban rail transit systems. Based on
real data from 44 cities in Chinese mainland with operational urban rail transit systems in 2023, this study
selects ten variables across four dimensions, including urban rail transit system attributes, rail transit acces-
sibility, socioeconomic characteristics, and urban transportation system features. Principal component anal-
ysis, an Extreme Gradient Boosting (XGBoost) model, and the SHAP explainer are used to systematically
investigate the key factors affecting passenger volume intensity in urban rail transit networks and their un-
derlying mechanisms. The results indicate that the influencing factors exhibit pronounced threshold effects
on network passenger volume intensity. Among them, operational scale, the urban traffic congestion index,
and the proportion of transfer stations emerge as the primary positive influencing factors. Average station
spacing shows a negative correlation with network passenger volume intensity. The influence mechanisms
of factors, such as bus transit network density and road network density, are more complex and require
analysis tailored to the specific conditions of individual cities.
Keywords: urban rail transit; network passenger volume intensity; influencing factors; XGBoost model;
SHAP analysis; threshold effects
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Tab.1 Statistics on variables of influencing factors for passenger volume intensity in urban rail transit networks
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S BEX
— FEEER RREI AR, SMER SRR QTN
= 7ERIR TSR M BE

EHESRMNTTRNE, BRNFIXBERESE

Bk SRIFIEFHETN &, BA TR T
sny  RREUARKEARE, ATRAMESAL,
AWRE gk by s, BT e SR AN

- IS AR PRI REALL ], 31 AL I3
BEHLR AL e
pipes VGRS RGBT, BOERL—

w BRI A R
HEENE SIS SRR R R R, AL

i RART, BHTFH A

BE

100.00

0.70

0.01

SIS T - O T 2% 2 o e i
B SV SrEe WS



3 HRRERTSISHT

3.1 XGBoost IREVISLER

XGBoost # 2L & L E R* 4 0.86,
F=ARHE R RE 92 R FE 20 86% MM 48 B in iR E L
5, RBEIZEEISHR T EIE BN KT
BEATWRZEFRYNZIER. TR
EV L7 E, $751R 2 (Mean Squared Error,
MSE) 7 0.01, 1548 X J 43 tb iR Z (Mean
Absolute Percentage Error, MAPE) 4 0.28, 1
AR R ZER /N, #H—FRIE T I
BESTEM,

AR BI AT e S, ASCRASH
RXWIEF %, ERER, REELRBTT
ELENFEHMMIREAH 005, TREER
002, XPBEEAREHEFE LFRIR
E, BARFHIZIEES

32 BmEREEEST

EF XGBoost 28!, BIITEETERE
FRB A L SHAP E T 194 531E, B2
B T A8 W 4K R B 3R R e R R A Bk
EHFED, SREZREEEMSEE
XK. ZENRBEELBREMZER
BEK). IHRBMEER. BEFWML
Bl FIuhEE. AOBE. A RELN
WE. AYJGDP. EEEMZEMELEE,

EEMARIT AT IE BN FIzRE
MEMEATE, AUTREESHMNEMR
R, REBENEIIEREWEEIZR
ERM—REZR, BREBHERRE, BEKMz
EERSERIMABREELRT RTRST
B, A THHHNERBATIAE, #H(E

HEIERERIEK, W RBHEEHNE
BEUMCRTZENE, Altx. £ M
EEENT, HTRERBUERRES
BENMRAMIBHESRERTENE
EZBITR o
FIMERTTRENHFERRR T &%
ENMERZRENENERN, MHTH
ERXBRGHAMSEREESENE. B
B, BEENMEERIEEEZNFIYLE S E
BRARZ, JhBFEDRTEBTMNIELN
RKESEERNTER

3.3 EmEREXMMT
3.3.1 F—HAELHT
HEXMRBERMNE)ER, BRFHY
B BEEMERIEREZAERIN, HET
ENIFEHERX, Hb, HXEREBAHAIF
MmEZNT:
1) EEMR,
BTHEZBRERMESMERIZRE
ZEIMIEMEXRXRERA, ¥ RizEMIETR
HREZRBREEBEZEA. NEIBH X
&, EEENER/NNOETF, REEEN
TR F W& iz sg AR B E A L 0 P
B, FRIT ISR M E RN
ESFEMNZE, BR. KE. BMH. 5
SEHTHRTHERBZE BEYBE
300 km, {EHRMLEKiz8EHETERK, 0
IR, XANETEZELBEIZE
PENHZHEII(ANRI108), TMNERE
BENHERANL T 18288, MEERHME
BHafl, ZHHRUWEBRRE LR
K. FHhE R XL R, XFRHA,
MERIZRENMBURTFZENE, 27

&= | W kIS4 1M WS IOl ikt

920z Kienuer |"oN #2'|0A Buly) 10 Hodsuel| uegqin

EEAR LSO ayhialEE . RREFIMS L EREHRE
W AR =AU
A LB 2) W R IBHEEE.
e FH3kiaE W BAEREHSNERZRENIE
& AO@E HEXXRERR, BELFLARNMERNHT
ﬁ@%ﬁ%ﬂ@ﬁ REMERNRS, ReEEEURp Y

INRERITHETR., BRBITEE. It
B, HHHEXBRGRERRESENE
M, EBAEIABERTBMEDE, X—
AEAEAOER. BHEAREHNBEHKR
HWmndEm. Eig. ML ORI PR
RE, HitEREFHTHNEGETH
MHIEE, M) H MK EIEEE N

. . . . =]
volume intensity in urban rail transit networks BFHs

AJGDP
TERE W 2
LIRERE

6 @ @ % & @ ﬁ
SHAP&
B WhIEREMNEEEEEENE R E T

Fig.1 Ranking of contribution levels of factors influencing passenger



1.4 1.4 1.4 1
| RP=072 1 R*=0.70 | R*=0.68
215 Z0001 129 p~0.001 121 <0.001
104
o
Ity 08
o6
&
E 0.4 4
021 * 21
0 i : i 04— j i j 01 ; . i
-1 0 1 2 3 4 12 14 16 18 20 0 004 008 0.2 016
EE I W B FEIEE TR ZESEELBI/(A - km™)
a IEEME b W B IFEEE ¢ MR IHELBI
1.4 1 - 1.4 1.4 1 -
| R =042 : R*=0.75 * ] ® R*=0.38
121p<0001 =" 124 P 0001 12 ¥ P<0.001
#1.0 T 1.0 1.0 " :
o o Lt e
1K) 0.8 1 L 1K) 0.8 1K) 0.8 1 e T
Bl . | : o R N IO I S, s i
£ 0.6 Charv 506 061+ —
E 049, At . E 0.4 E 0471, & .
0.2 1 . 0.2« * 0.2
0 ; > RIS SO SR SRS SO SR S 04—y
05 10 15 20 25 3.0 0.6 08 1.0 12 14 1.6 1.8 20 05 1.0 1.5 20 25 30 35 40
%18 BE/km ANBAZE/(F A km?) PNHRELWE /(% -km”)
d F1gukE)EE e NOZE fAEFE LM EE
1.4 1 " 1.4 1 1.4 4
| R2=0.45 . | R =055 | R =0.62
121 p<0.001 1210001 121 p<0.001
104, "
o wld
1K) 081, i s
M6 1 /
X 041 . 2 L g o * ® .
021 . N
0 S5 SSSUS £ O SSSN SESS SR S S 0 Aot e 0+, fotomeeend , i
6 8 10 12 14 16 18 20 4 5 6 7 8 9 10 0 01 02 03 04 05
A¥IGDP/ BT & W 2 F/(km - km?) T E/( km?)
g A¥JGDP h EER M HEE i FWEE
B2 WhiERIBEMEEEEEENE R RIS R

Fig.2 Results of correlation tests on factors influencing passenger volume intensity in urban rail transit networks
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