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Abstract: Abnormal passenger flow poses a significant chal-
lenge to the operational safety of urban rail transit. Accurate
early warning and effective response depend on a deep under-
standing of the spatiotemporal patterns of such flows. Howev-
er, existing studies still lack a systematic comparative analysis
of the characteristics of abnormal passenger flow under differ-
ent types of events. To address this gap, this study took the
Shenyang rail transit network as the research object and con-
structed a spatiotemporal Moran’ s T model based on passenger
flow fluctuations to compare and analyze the spatiotemporal e-
volution characteristics of abnormal passenger flows under
three types of events: large-scale activities, holidays, and se-
vere weather. The findings reveal that all three types of abnor-
mal passenger flows exhibit significant spatiotemporal positive
correlations, yet their evolution patterns differ markedly:
large-scale activity passenger flows show a non-diffusive char-
acteristic of “localized aggregation with strong periodicity”,
featuring high spatiotemporal impact intensity but limited spa-
tial scope; holiday passenger flows demonstrate a multi-center
diffusion pattern with “wide influence range and long dura-
tion” , driven primarily by the functional substitution of sta-
tions rather than mere demand increase ; severe weather inten-
sifies rigid commuting demand while suppressing flexible trav-
el, leading to further concentration of passenger flow at key
commuting stations. Under composite event scenarios, passen-
ger flow structures present a composite pattern resulting from
the synergistic interaction between dominant and background
events. The findings of this study can provide a decision-mak-
ing basis for differentiated operational management and sched-

uling strategies under different types of abnormal passenger
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flow events, while also offering theoretical support at the fea-
ture construction and data augmentation levels to address the
bottleneck of “scarce samples and difficult learning” in ab-
normal passenger flow prediction.

Key words :rail transit; abnormal passenger flow; spatiotem-

poral characteristics; Moran’ s 1
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Fig.2 Distribution of three types of abnormal passenger

flow in principal component space

BRI IR

A AL R Bl S B T T Y
AL RSO T R R S 1R B, AR B AR
GifwRe R SRk g A SR TR E 2, DL
H WPl 55, I AKE T % i Y AR PR
DA ] 1 7 D0 2 80 TR 331 3 23 A0 A S B IR
PR, BRI ERINE

(1) B AEMEE

S BR H SRR R , e S SR H R
— HBEERI (] — 25 Y 5 R H S 1) 24
TEH B FEAE , TH FC(E RE AR O %
HEME

1.3.2

J— 1&
Xd,i,l :;sz,i,/ (1
d=1

Ry X, RO dNTE R F A AR B ¢ B3
KB X, WAk EREEE ¢ M
%‘{&ﬁ;k ﬂ‘:’J—_ET%L’ EI %%&o

(2) FEMER bR HEZE

O-i,r = \/ﬁzk:()(d,i,t - )_(zt )2 (2)

d=1

X o, ATCRRIRFAF K A I il A I B

q=0 n=0

NxTx Z::; %ZZ Weomign Qo ~ Q)(Qw,n) -0)

FY I B sh i,

(3) & AN pRAL

GIAFE T HEEE R W AR s 8, i B4
S50 i AR B ¢ 1 BE T IR N [ RIS Sl a1 i
AL, e E S 801 W R b, 3R A BUE 7
SEHEATXF LL A BT+ 20k 100 141 19 2 I 1 {12 ok R
B, 15 2 Dt sl A (A ASC R ) 3, B e 0
REAESZ B0 5 24 B (A 15 A /N (RS E S5 1
AT IRE T NI N e R LS Sy
JE SR 55 28 50 5 RE A S A RRAE AR SC R A 5
HER WA 25 T (29 400 AW/ X I B A TR
HBEE R 0.5, FEMH0E S5 WBUAE,

£(X.,)=1-exp(-1X,) 3)
1—exp(—ix,5)=0.5 4
(4) BT BENHEEL

DA RPBIHEE Qi) RALETRBNRELE
HFRRAN .
X0 —X,, -
o ==t ——f(X,,) )
o,
Aorbre X Ry H O i TE ¢ I TR] BN A
ST QU LA AT R M S LT %
VB S8R, Qr > 0, FoR KW IE K
QU < 0, FARFR MM T, Q| A, Ut
A T SRR R
1.3.3 B= aaxodr
(1) B3 53 22 SRR L LAl
PR B RT 25 Moran” s TV ZEAL 58 [ AH 645 B
S REAWANG R 1 Ed 95 2 I ) G -y ) 2o s )
FHEVE, ZARBOR AR 5 R P A bR 2 R
P b FH A 9T 9 X35 P 2 7 10 20 1 AR e 235
S JR A B DU R 500 R 38 X sk o A7 A ) R
Bk AR
A JRHF 25 Moran” s T A ZRIAANT .

1

global = N T

ZZ(Q(p,m) - Q)

p=0m=0

AV I S o 4 A s SR T OIS

2 N T N T
Z Z Z Z Wip.mq.m)

(6

p=0m=0 ¢=0 n=0

BB W, 1,0 2 ABHERR I | R34 p



% 3 IR F A TR

235 HH it B $ &

TERBE m 553 45 g 7RI BE n AR CFR s Q0
ik A p TERFEE m BB TN EhE R Q Jymtas
TEE T I SR TR, A AR H .

:WZZQ@ m) ™

4Rt 4S Moran” s I BUEYEE N[ -1,1],
1> 1, > 0, 7823 BT iy & P (i 5 1B A
ok, B 5 e (B AH 48 ARAE S AR (E AR AR, H B
U1 IEAOCHEBGR; - 1 < 1, < 0 MFRREME
H S AR O, BV (B S5 AR (EAR 48, B4 -1, fUAH
KAEMLR 5 1, = 0 Fon I 25 BT Z ) 2 FEAL >
Ao

ES,,, U p TER B m BRI 23
Moran” s I, HA 2z ik 00 F .

Lipm = (pm)Zwam)(q mZ (g ®

Zipm = (Q“"”; 0 ©)

JZZ(QW o)
o ={| = (10)

NxT -1

I > 0, FRuli p ERS B m %7 i 5)
T 5 LA RS B 28 3l 0 2 U0 Bl R B R AE A
Ky L, < 0, MZHRAAHKKR; [1,,, | B
PN NI NEAY DS T

(2) FERYHE)

ASCLL sl i - B A Bon, Hod p
iﬂLﬁCJ_Jrﬁ)ﬁ(p—l 2, -, N),m HBF5E B
(m=1,2,---,T), B $m8T<p » BB PE(E
j?FHf(S)fr%P 53 1 & SR

HLTE AC 3 R ELA T AL R 1 2 28 B
fiE, RIS — 3k 5 1 % RS A S 2 /i s B AH 4B
i SRS AHOG 16 5 FLHT 5 AH AR B B % ik
BEYIMSE, I, 78 S i 23 6] S8 42 1 5 s []
AR S R I AL IR w0
PRt M HACY S p 5 ¢ MBI B m 5
n B[ &R0, ST, 5 ST, ., K2 4B,
Wopm g = 1, TR0,

L w(p,q) =0,
Wpmyanm = 0

m—n|:l

(11

BT ke RIS BT 5 ACE R, 430
TR A )R 5 Jm 8 Moran” s 1, £ 56 3 58 T 1%
Moran’s T BT i 2 1, 4% SCR H Bl AL & A
By, AW HL r=999, BARSRRANT  FEHLIT AL

23 P Y M SE LR - RREAR B e, TR IR
BT R A Moran” s 1 8%, YK i 45 3] g 2
PE PAE,, BARE - RA T .
D= +1
= 1= (12)
R+1

K B[ = 1] 5L WA 1, 7500
0;P<0.05, BRI 4R 48 AR % H, . XCHa (e 23 b B
BLo A, WA 7850 BE B A R i F R S oc B 3

Y s 25 RH DG

(3) 4 R LAk

BV B SRy Moran” s 1, AR SCR FHBE 22 1
SR AT AT AL, B 22 0 B A Rl A e s
FITHbRHEAL B YA Z ), NG FOAR AR B 23
PATTHREAL B PR A BT S48, B0 DR 1
K53 R A ZBR, A 3 s

N T
Zzwtp,m)w,n)zmm)

A p-0m=0

LH(f&-= R X) HH(S-= R 4 X)

>

Z

(p.m)
LLUE- R R 4EX) HL(F-R R 4EX)

B3 BER=IEHERIERIRE
Fig.3 Four-quadrant scatter plot of local Moran’s I
!A%BEXT ANTR] Ry s SRARAR
—ZRIR(HH) : S {EH - S ERE, Rzl
)ﬁﬁiiﬂﬂ‘%ﬂﬁ@%?ﬁ?&’fjﬁik,Hﬁﬁ‘ﬁ@ﬁﬁﬂi}ﬁ?ﬁﬁ
RIS Z2 A4 2 T Sh LB, 1l B Sk 8l S5 7R R
AR R B [ A0 I BBl ) R AR AL
SRR (LH) ARME - R (H R, s
RRAETZIN 22 ) 3 I S /0N, AELHEAR 4B 3 s 7 A
RS 221 P 2 U e B R, 16 I 32l EO% T 3 2
LA A W 7 A 2 B2 S MR 55
S RIR(LL) AR RAE R AL SR il 5



6 KEHBFRFFHR

%52 %

L HAR R s AR LRI 2 B9 & B sh BN, s
TRE RIS REKX,

FPURER (HL) - = (- (E R, Fon izl
SAETZIN 2 B I SRR, (E AR 2Bl i A A
I 20 (4 B I B A/, i 22 T H BRI
SRR, 5 Rl AR

AT 5L 2 B A T EDUL TR B 2 )
2 rh AN TR] Sl R AE AN TR S B 1) 2503 D Bl e 2 SR AR
3, 0 5 N 2 AR A SR S g

2 R

PEHU K B B (2023 4E 7 H 29 H Ky ng
2) IR H (2023 4F H—/MRABR) 58S KA
(2023 512 H 15 HRF) =Rl 5 R TH
T SR EOT R 25 B AT .

2.1 ENESREEFRENIEHTLLSHT

W TCRRIR S R AR EE TAE H SR E B AE
R ARG s, 5SS R H SOES KRR
SRRRIR G ST AR I Bh e B TR LAy
Bt A 220 ) S % U 1 U B0 0 B R AIE . 5 U
SR RFLENE 4 s

o415
40 -
P40
s .| .
%“3 % Hos5 =
L% R
220 do =
“E&E 1 ' Mg
T : ; L 15 B
LR _l_ _l_ -!- i ’ fip
b= B2 B fmeinf <58
T -5 &4 H
1 1 1 n f 1-13
o™ s RS
. % \)>),/) ?“XTS‘}"/S/ r“”x&\"\ﬁ

B4 FBRKEMERSHELE
Fig.4 Box plot of the distribution of passenger flow

fluctuation index

1P 4 m] 1, IR PE 55 R 53 0 5 U Bk
SR BRI A KL S T AR B SRR
H, BB e B8, WA=, TAER S
R H BB Q= -1.5~ 1.5, i §dzn F
0, A H BB o 2 A AL, 0 TR B R B A 4R
Pezh, HLZT, KRR 0 (A EHY]
BERESARAE, o, R E 52T R

s B OR B E Sk #) 30 A1 25 PAE, KR
TSR B R B B R R B B (4
T 50, At s B T B A I S LA

AR LA R AR, S U ok R R O
TH LB F AR IS, S0 Ik B H LIS Y
20~40 i, EDOULHL S W Hh S RO AR 7 B %
TG, TR X R G AR ERE A R PRAL
22 2RREEZRHSN

DA B sh 4 B @ MR (E, TR A RS 5= F
B4 R4S Moran” s 1, BARZEFL UL 2

*x2 TEBERTHERKSNEZENZEZIEH
Tab.2 Global spatiotemporal Moran’s I for passenger

flow fluctuation under different scenarios

it Moran’s I Z-score P-value
KEEZ) 0.241 17.754 0.001
R 0.434 28.572 0.001
BHRA 0.430 31.453 0.001
HMTLAEH 0.307 22.854 0.001
HRAREH 0.282 18.887 0.001

HE% 2 AL, BTG 51 1942 R I 25 Moran” s
I ¥PRIEE, B8 1% 09 8 K E R 5, 3
B R SRR 25 4R LA 8 2 I IE 1) A G
KFR ., FLURHL, 7225 T I A KA sl i, AR 2
SAERR RIS I Bt i 1) F B B R U B, SR v -
i SRR I A3 ROBURRAE . M\ Moran” s 1 U{E K
F, TR H (0.434) 5354 K(0.430) BI85
EE T ORME S (0.241) 5% M A (0.307,
0.282) , S W HS Fij A 288 =54 o) B0 1 5 3 4 I 25 i
PRI B SR 2, ¥ 5| R A 4 Sy P S B 3
RO 5 A RGBS S0 R, A Sl o B U
Bl B B M R B0 H H 4 JR) Moran” s T A UK T
Hpth S8 15 50, 2L TH M H X R KAIE D)
XF BT RE M AR AT S 3, 35 B4 th e sh 48 8 i
X3, SRR T 2R A2 RAEFR A
2.3 BEREZEZIEHS
231 A EEZIRBERSN

SR TE G 5 5 % I A S 0 DX B ) 2R AR A
2, A =2 F G T B REREF 25 Moran” s 1, 3142
il ER T AT AT AR A3 B, BARSE R & 5—[&] 7
FR



A R TR R R 2R S B S R AR R RIS AT 7

% 3 4
7E 10
9t g
e o
13 6 51
Sist bt
= H
=Z17F t 4-;_?
19 , B
21 b &
23+ l i 0
1 7 13 18 24 30 35 41 77 83 69 94 100105111
ek

B S5 XEENFERTEBNZEREZARMANE
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under severe weather events

MRS ER IR AL SR TR E , RANG 3 5 1 H 1
FI W2 R T e SR AR IR, A O B X
B85 AT 22 ] ) s TR A DGV I i T
KEE=, &564R Moran’ s T 455 0] 1, KAl
15 31 642 0 52 el 31 LA R BT Jy & il Al 5|
R e SR A 2l 5 1 AR H WS B Y 4 )R B
AR JRy i i e, s i e 25 () R BE O 2
HE A M2 T % RS Sl S
2 AH Jr ¥4 5 B 5 B2 M o) 5 58 | % D 1B ) e R A

7\

o

TEW 23 3 A6 D5 T, = 2R T B 78 &
TARHIE R I W2
(1) Wl 5 s, KBE S52 T B9 % i 2
A BB B S S R R s = A
GBI IAHT (16:00—19:30) 145 9 J5 (22 30—
24.00) WIS B, 25 8] b B 4 b T AR 0
Uil R AT 3l S A7 TR AR 3l a5 s e Y 4 e ) Y
U R R AR SRR IR, DABRAR L
), etk B AR R I 8 B AR B H &
TRAE AL B/ A B dnb e 0 AR S KA
SAVIE ST, B UAEE AR R H ZKF B 6 I R
BEE . Horp 36 SR T B AR R R 80
il 25 i T O Y S v U T 20 45 TR B AR s AR
W53 | ettt 75 Bk iR S W
8000

— KENEIEN

----- R

K 6000}
2

08:0010:00 12:00 14:00 16:00 18:00 20:0022:00 00:00
Fsf ]

8 REUEZNT B Ouht b uh &R
Fig.8 Passenger flow at Aotizhongxin station

under large-scale events

(2) Wi 6 fFron, Wk B AR, R
Moran’ s 1 (%)= {E X FER 28 0 A0 L3Rz 5
RIS B A5 TR H &I AL Sy
SR ER A RRAE , (A0 PR PR 3 A7 75 B[] 1) 42 e
PR 523 | E Y HCHE

EAR R, F— & H 7EA A B By %%
TEOMARAEAE R 22 5 AnTEl 9 BT e R B Y
HZ WG In—7 b A R S —5 R B 20 g 1Y
AL

(3) WA 7 s, % KA &= T e E X
B e R e WA I B, I o SR T )RR .
T AR H A 8 R R R 250 2 I RIS oK
W, B AT 2 A SR 3 A



8 KEHBFRFFHR

%52 %

14000
—— R
—— PR
12000 o F—kE

- W

3800 T0:00 12:0014:00 1600 18:0020:0022:0000:00
i 18]
9 TRABRTAREIMEREME LR
Fig.9 Passenger flow at all stations during different
periods under public holiday events
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