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Abstract

In the post-epidemic period, the demand for railway passenger transport changed dramatically,
and the sudden epidemic interrupted its increasing trend year by year. The establishment of a
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suitable model to predict passenger volume plays a vital role in the smooth development of rail-
way operation. Based on the daily passenger volume data of Qinhuangdao Station from January
24,2020 to April 14, 2022, this paper proposes a combined forecast model of railway passenger
volume based on seasonal autoregressive integrated moving average (SARIMA) and Holt-Winters
model (Holt-Winters). The inverse variance method is used to determine the weight coefficient of
each single model in the combination model. Two single models and combination models were
used to predict the 15-day passenger volume respectively, and the actual data from April 15 to
April 29, 2022 were used to verify the prediction effect. Different sample gradients were set to
analyze the influence of sample size on the prediction accuracy of the three models.
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1. 5|8

o R R RS, RN, DUIE NIk, RIS, A SIREIE R O\ \BE T 1k,
A K B KBRSk bkl . S FLE A 38T RN Sl MR s R R T 20 R R R SR AR TE T R, AT
PR A E - RER. MR RIERER. HEPE, 28 RS, EBE SN
AT & AT B ik 77 3o MRS AR B B BT RO UER R T, Rk 2R Wit a2k
PEISE I AR SR i VAR T R B, R RIS R R e HE R SR AR, A B TE
REME I L IS 5 SR AT HE T, PR BRURAIR 3%, RO AR H B B RS A . DRI, AR Tk
FEX TRk KA R e B R RN R . JUHRTE 2020 4 1 H, RANH RIS 45 2k ik & izl
RE XK, i 7R EEER IR 1] RAEREREHE B M s, 22 Bk E RN
2020 4E 1 A 24 HIFGE KR FF%, 1 A% B2t 39.4233 5K, 52019 SERI L FFE 12.20%, 2 A%
iz Bt 3.6683 JI AWK, #2019 SEFRIEL TR 90.81%. FE E N EE A ITIFE:, SRR mEmgm, M
FHEESL AT (RSB R SR Z I AT T, A Bh TRk S o B k% 12 8 TAE BRI T

H AT, 2= FH A s B BT TIRN BT . a0 328 54 R A [BIE R 3 T8 (ARMA)
TRIHT SRR R RIS B, A RO AR 2], RIS SE R B RALE G R 3 T IR (ARIMA)FE X AL 5T 1 2k
BEAT 2 S O I A AR R TR FE (3], BUORSE B R BRI s B 00 J S, e ARt 22 4 B B
B RERL(SARIMA) K 32k 2% 3l s AR H 09 2 B b A7 T, P04 8RR AaF[4]. E/N FLEEXT
T 5 BRI 08 B0 0l 7 22 e R RS R R BP 40 W 4545 8L, T LA RE 1 BP A48 4 8 A5 70 ) i)
RORTEAR[S]e FESCRIE T IR (B P [B] RS B T RG IRV R R AR A () s B, 2 B0 F T A4 T 5 (6] £
TR EHIEWRE B E R, B — BRI — KRR, X2 23 m @A S8, Jf
WEB A RO RIS M . G Gliovi ZR4RH T 3T N T ARG N4 FUSAL VR AR, FI0 96 /R 4k T
kg H &1z & [7]. Li LA IOWHA 5 RES AR, 324 72T ARIMA-REGRESSION ¥ 2H 4 Tl 77 v
Xof r [ R AF 25 ds B AT TN, I BA b o — AR Y A B s A TRONRG BE (8] K EE NG S RF M & B H(SVR)
SARIMA HERUFIFE/RES - IR A5 i (Holt-Winters) BEAT I 2L, 118 A B ER A 4 A LR 1) T 8CR 2
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(R MR 0], TR T 35T SARIMA-GA-Elman (944 BUIKIRL, 9 5145 552 01 3L Bl AR
U — REA AT B 4R TH10].

00 ik B 23 BT B 92 22 D ) G 0 RIAE Be L O, B ARAE TSm0 BB, ELIRAE
TR T R IR O S . I BRI R LR T A2 AR A LS. HR,
ST T RN % 2 3 232 MR, WA FLAT 2k MR R AR SR PR IE, 21 T 5 SARIMA
BURAT Holt-Winters BRI 20 Bl AT iU . WG IE /7 22 BIH0E, B bUAL SRR, St =
HUR B TR AT L BT«

2. BRKRIREBRERE

RSO TSR 1) 2 B2 B T BRI 2 0l s O SR TR BB A4S Bt . B 2020 45 1 H 24 H~2022
4 F 15 H3E 812 RIIE H % iz EEIE AMEAREEE, FIH Rstudio AT HIEHE P4, Wk 1 fos. M
IR ATDAE Y, G %0 S8k b 2R AR AR e 1 g i AR (a3, REAREIR M. 77
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Figure 1. Timing diagram of daily passenger volume from January 24, 2020 to April 14, 2022
1.2020 £ 1 B 24 H~2022 % 4 B 14 HEHZzE8FE

Xt PP B HEAT IR 28 0 ik, SRHEMT B0 PR30 3 S IR 43 A 5, 25 R A 20y BRIER 20 el LUK EI,
PP AT RRMBEN R, A @ R i TR, SRERAHCBRAE R KR &
Xt IE R AR, AR N R P A R AR R AR A, TR I KT S . RIS, AR
hWREE H, R IFTES A DR T RS, AN RIS R K H R B R T R
fib, BRAES H B, 28 IR . MR SCHIP % SARIMA FERUAT Holt-Winters 4574 7)1 FE A<
Hfs, RRBIE GG TN 2= 52 5y vl kg 7 4z B I 18] P 1A

SeXFS (A FR A EAT I A e . SR LB ARES, XPiZFAVEGER 6 Br 12 [y 18 Birif) e A A,
iR 1 F. PAEYI/NT 0.05, IR, I HIBHZF 5I1aE A B

3. BERIEST 55
3.1. SARIMA #&E&I 530

24 4R P A1 () ACF A1 PACF |, Wnl&] 3 s W% ACF B, R AR R B T BB R —
4, [ BHREERA AN 7 FREiiE . XNIE R AR T B A AR, JFH
557 50 i B (S DTSR .
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Figure 2. Factor decomposition diagram of sample data time series
[ 2. REARBEERTEFFIE = 5 R E
Table 1. LB test results of the time series
% 1. BfEFSIR) LB I 45R
JEIR B # X-squared Py
6 3274 <2.2e-16
12 5470.9 <2.2e-16
18 7053.8 <2.2e-16

HTFyEEHENKESA, FLFERIT 0 7 DZESREERET. Z2 507 E. ACF
K FI PACF Bl 4 For. FHLETIE 1 RGP A e, 28305 7 20 3548 A0 5 22 /U 30 BE S 0D
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Figure 3. ACF and PACF diagrams of the original time series
B 3. RiaETEIFZIE ACF #1 PACF
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Figure 4. Timing diagram, ACF diagram and PACF diagram after the first order 7-step seasonal
difference

B 4. —k 7 SETES FHIRFE . ACF EF PACF
PR 2T E 7 T HIEAT ADF R, S5Ran% 2 s, g &/ TA R EZHKE NG
FHE, PEEIET o, fE4AE-FRME MR, nlAIBH R T ASERR, AT LA A2 57 SARIMA BEAL 1)
Table 2. LB test results of the time series
< 2. BHEFFIA LB 10I0ER

giit & 10%7K-F 1yl 55 5% 7K (1 S 1%7KF i) FH1E P
~26.4414 -1.62 -1.95 -2.58 <2.2e-16

SARIMA 5 () FRIE XN SARIMA(p,d,q)(P.D,Q),o Horf, FEARETIMMME Yy, S5 p. dv q &
BN E BEVAN G B HIZE BB S P H, RISy, S8 P, DL Q 2RISR A
B ZEATE I B R S I L, SR . SARIMA FEAL ) — iRk 20N :

®(B)®(B)(1-B)' (1-B)” x, = ©(B)0©; (B)s,
ﬁ\:qj’ B%E%Zﬁ%’ 6,?‘\7*/[\5"57%?“?%, E_
O(B)=1-¢pB—--—¢,B";0;(B)=1-$B° —---—4,B"
©(B)=1-6B—---—0,B";0,(B)=1-6,B° —---—,B*
B PR I ZE KT LA E d =0, D=1, S=7. K4 ACF W/R, HMXREIER G 5 W ek

O, Mg BU5. FHAEN G 7 A RARE, W O=1. PACF KEx, fEMHRXRE 1 HaERE, #p
1, HAESEIR 7 By 14 B0 21 Brisd£E 2 (i bndEZE Va2 4h, W) P HR 3. MWD R Bk 25 i B P 51 57
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SARIMA(1,0,5)(3,1,1), 1574,

EEEMER BRI M, FrLLS @ AIC N — B8O % A B R R B B 45 . AIC
HE R S 50O BORL, &6 FE UG 3 211 S50, AIC BREUEBR /N, S50 BORT0L 408G B2 A 1 BB AT
X SARIMA(1,0,5)(3,1,1); #5284 p. g« P F Q TEFRITIE BBl I 243880k, 75 % 18 ALC RN TI0IN% 2 i K
/N, SARIMA(1,0,5)(5,1,0), & AEARATY, JLi AIC 5°h 14593.96, X5k 22 7 SIMAEIR 6 B i) (g =
46, 154 P {EAN 09994, KFERZEMAKF 0.05, RUFZHETEE R, SARIMA(L,0,5)(5,1,0); B XT
KinEFHIINEROR BIF. SARIMA(1,0,5)(5,1,0), A rh & B BUE N 3 i,

Table 3. Parameter values of the SARIMA model
#z 3. SARIMA #RE N E S HE

S8 arl mal ma2 ma3 ma4 ma5s sarl sar2 sar3 sar4 sar5

Y=

ZH 0.8828 —0.0611 -0.1521 0.0504 0.0599 0.0030 —0.7063 -0.5116 —0.4020 -0.2565 -0.1648

ik, WL R D4R
(1-B7)(1+0.70638" +0.5116B'" +0.402B +0.25658> +0.1648B" ) x,
= (1+0.0611B+0.15218° —0.0504B° —0.05998* —0.003B° ),

1 H SARIMA(1,0,5)(5,1,0)7 AT 2022 4 4 A 15 H~2022 44 H 29 HIL 15 K% 25 E ik
MHRIEE. AN, P40 H 7 iR ZEMAPE) R T 25 Rk %5 . A
P40t B oy LOR ZE AR T IF R 22 AR BRI A (RIS BE % B0 b A R HE R 22 5 B S 1) (R AR G R B
ST O HERR B, HAN T A AR bR . MAPE BN, Ui BABEAY (1 PO R R . P4t 4 LR
Z(MAPE)I R ARA:

A

‘X s

t t

X

t

x100%

1 i
MAPE =—
NI

KA, X, N WIS, XN TS, =1, N o EUSHEATINGS B 4 FTR.

e 4 nRLEH, 35T SARIMA 2k % H % 0s & Tl e -5 5 SEAE 1 S MESTHR 28 1.0585%,
BRAIRTRZE R 27.4035%, Hd 4 24 HRZEmA, HARR AR ZE S, MAPE N 8.9761%, &k
F1R 00 T A

Table 4. Forecast of daily passenger volume of railway stations by SARIMA model from April 15 to April 29, 2022
F#4.2022 F 4 A 15 H~4 A 29 A% EFH HEIZE SARIMA REFN

H 1A HYHE T AE W AHXT R 2% MAPE/%
2022/4/15 1711 1762 51 2.9807
2022/4/16 1961 1750 211 10.7598
2022/4/17 2200 2095 -105 4.7727
2022/4/18 2174 1811 -363 16.6973 8.9761
2022/4/19 1768 1593 -175 9.8982
2022/4/20 1853 1559 —294 15.8662
2022/4/21 1587 1623 36 2.2684
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Continued
2022/4/22 1611 1680 69 4.2831
2022/4/23 1606 1589 -17 1.0585
2022/4/24 1529 1948 419 27.4035
2022/4/25 1572 1690 118 7.5064
2022/4/26 1398 1431 33 2.3605
2022/4/27 1551 1336 -215 13.8620
2022/4/28 1455 1346 -109 7.4914
2022/4/29 1574 1457 -117 7.4333

3.2. Holt-Winters 1& &I 70

Holt-Winters =Z¥a #1152 Holt WS HIRHCHI e, HA IR 1IN A F AR &
AL G, A INESE R SRR A, o] DB S R =N 7 81 A BhARECr i,
AT DK A E R A T, JRRRE Y IR AL B R . R, R RIEE
FEH A ZENT RN, ABEA W A e YERHIE, 1A Holt-Winters =S8 H-F i B ALk
TR B AR KK FE -

KR K 2 vTLEH, ia 2 A& 55 PR 105 Bl R FE B B[] () AR BTN, B DI A5
eyl iR, Holt-Winters ik A (RIE U0 R

)A}Hk :(at +rtk)st+k
K q BFRERS, BEETHF B IEERENTIRIEm, ATHREE;: »2BaBiiss, AT
AR A TR ECE P A, K AR — S R A S AOINACE Y, XA E T s 2
RS, NI ECEE PG 6 R R R — AN R R B R IR 8,
HE— 20 G 22 AR AN TE 2 s & 2 E PR an re s BITFEARUWTT
a,=a(y/s_,)+(1-a)(a_ +r,)
I :ﬂ(at_at—l)-'_(l_ﬁ)rt—l
S :y(yt/at)"'(l_}/)st—n

Xy, 2t ZIMESHE, av vy BT RE, BUEIEEDN0,1), o —NENEKE, X TRZE
HEXHE, »=17.

PL 2020 4F 1 H 24 H~2022 45 4 7 15 HEE H % i 25080 85 653E, FIH Rstudio FA4RT JF 454k
PTG, DA R ZE B o B AR R B, 20 2 IRIE AR AR, 4&AE 0= 0.91, f=10.06, y=0.28
B, ATUAR RIS o EH0ET 1, RUPEIMIE B ERCR, Di s E A E RN, plEBET
0, RUTEBAWRIFH L, A AP RIRIZRE A KA K KA. y ETE 0~0.5 28], RWFFHE
SR 32 B =5 VE RS2 AN o A AR AL TN 2022 4 4 H 15 H~2022 4 4 H 29 H3L 15 Ri
RERFINBRHERIZE, HESMEMBNLSRWE S s,

7 5 A[LAEH, 2T Holt-Winters ey (k% H % iz & TINME 5 3 S8 1 e/ MEXTHR Z N
1.0520%, AR ZE R 27.7829%, 4 A 16 H~4 A 18 HHRZE MK, HAR iR EEF, 7
HIMARHR 25 A 9.1912%, S A T HE AR B8 5 i o XoF LU i J 79 /S TIOIIASE 284 (1 T 45 S, W] LLR IR, SARIMA
TR B BE G 5 T Holt-Winters 1525,
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Table 5. Forecast of daily passenger volume of railway stations by Holt-Winters multiplicative model from April 15 to April

gégéﬁﬁuqwHqﬁ29H%%$EHEEEHMMWMB%%ﬁﬂﬁM
H 1A HYHE TmE W AHXT R /% MAPE/%
2022/4/15 1711 1729 18 1.0520
2022/4/16 1961 1607 -354 18.0520
2022/4/17 2200 1777 —423 19.2273
2022/4/18 2174 1570 —604 27.7829
2022/4/19 1768 1471 -297 16.7986
2022/4/20 1853 1548 -305 16.4598
2022/4/21 1587 1554 -33 2.0794
2022/4/22 1611 1684 73 4.5313 9.1912
2022/4/23 1606 1565 —41 2.5529
2022/4/24 1529 1731 202 132112
2022/4/25 1572 1529 —43 2.7354
2022/4/26 1398 1432 34 2.4320
2022/4/27 1551 1507 —44 2.8369
2022/4/28 1455 1513 58 3.9863
2022/4/29 1574 1639 65 4.1296

3.3. HSRETN

IR T, 38 I ST A B (R TR AR T B W] DA AT ki s B A R, (Heh
TAFEER R i AR B, SR ST R A BEER . MARMAESHNER, walLLe o7
AN — R R IR ) 7 A5 o FER R SR, A& IBUE, W] DU R i L T RS 5
WHRBUE T ST A S BUE S T R EBGE. TT% - W5 k. sIUNBGESE. hT T ZB80ES T
A, HRCRLEF, PrUAASOEZT7 i SO U AR . — BRSO, Al B — T A 2R ) T A
FESASHIR TR 221 J7 AR D I WS R TG 52 (0 SR B b, EOR, Ui W% R IR R PRI
e AR o ) S B AURRAG, SR A T P T B N I R H

BN RN Xs MEA m BT % X, A S R  ¢ IR SEBRoWIE s x;, 9% @ R
TIER S ¢ IRITRIME, w, 955 ¢ S FR IS Y A A5 PR AR R rp B SR 8, N2 & TSR Oy

X =

t

M

WX, =wx, t WXy, +---+w x,, t=1- N

m”"mt >
i

Ji Z BRI E R B A 508

ﬁqjy VV,ZOy E.z::lwi=lo
A E AT, TR H SARIMA(1,0,5)(5,1,0); #8FT Holt-Winters FyABI R 1RLE, 458 A w, =
0.61, w,=0.39, NIEkKEIEERIHETETA
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X, =wx, +w,x,, =0.61x,, +0.39x,,
HiZ 2 ST S AL BN AL ) F0 45 SR a0 2 6 Biror

Table 6. Forecast of daily passenger volume of railway stations by combining model from April 15 to April 29, 2022
F#6.2022F 4 A 15 H~4 A 29 B BEH AR T EEHARE TN

H 3 HSE TRE 3] AT R ZE /Yo MAPE/%
2022/4/15 1711 1749 38 2.2285
2022/4/16 1961 1694 -267 13.6038
2022/4/17 2200 1971 -229 10.4100
2022/4/18 2174 1717 —457 21.0207
2022/4/19 1768 1545 -223 12.5894
2022/4/20 1853 1555 -298 16.0977
2022/4/21 1587 1596 9 0.5728
2022/4/22 1611 1682 71 4.3799 8.3876
2022/4/23 1606 1580 -26 1.6413
2022/4/24 1529 1863 334 21.8685
2022/4/25 1572 1627 55 3.5121
2022/4/26 1398 1431 33 2.3884
2022/4/27 1551 1403 -148 9.5622
2022/4/28 1455 1411 —44 3.0151
2022/4/29 1574 1528 —46 2.9238

M 6 HafLLEH, HEBRME RN IRE . R EZEM MAPE #ECR—BIAI /N, I
SARIMA BEAYAHLY,  EARZHA AL ES 73 TROIIAE A A R 22 5K, H 2 J5 2 B 2 A RS 1 FUIDRS 52 A B &
$&15, MAPE /)y T 0.5885%. 1 Holt-Winters #8UAH L, Fi 1 4 ASTRMIE B AR 225K, AR TNNE
(PITIIRE BE 35 N AL, MAPE Jsk/N T 0.8036%. 45 1, SR, 52 FE0EE 8 A A B
{18 FREIU 280 R d -«

4. FEARE X MR

FRIARBEFEZEEMOSHEERR FARLZ, &5 8RS AR, DR &P
AR R A TN 2 g S AT T, A0 AR AR et TN R ISR . % 2020 4F 1 H 26 H~2022 44 H 15
H 810 MEA R ZE 2 BukEkig<is & 50E, LL30 HoNEbE, &E 26 MHEFARG0. 90, 120, 150,
180, 210, 240. 270. 300. 330. 360. 390. 420. 450. 480. 510. 540. 570. 600. 630. 660, 690. 720.
750, 780. 810). RIM 2022 4F 2 H 14 HEEHE AT AT#AHE, FHAFEBLE AR, 75l H SARIMA
A Holt-Winters ey A5 R fI 4L AR TN 2022 4F 4 H 15 H~2022 4F 4 A 29 H & &

wiE s fs, SRR 60~480 HES, BEEREAREMIIMN, =/MEE MAPE sl #8EH K,
H¥#%AH B . MAPE 3 8)# KA Holt-Winters £ %, 8L 54 9.0233%~36.3749%. MAPE 5
BN AR, BTN 8.1713%~17.8342%. MFEARE AT 480 HiE, =AY MAPE #i#
ThasE, REALERE 10%L T, HASHRE MAPE — B E A =F Pk, FNATLIES, 7626 4
BEEEFEAR RS, 5 20 MR R TN A MAPE /), 205 77%, U1K SARIMA #5fil

DOI: 10.12677/5a.2023.121021 204 G2 55 F


https://doi.org/10.12677/sa.2023.121021

o

Holt-Winters #7441 Al ok B G B, TG R0 P HE R L

35-
30-
£ 25 — Holt-Winters !
o — 1
. — AR
10-

60 120 180 240 300 360 420 480 540 600 660 720 780
FEARIH

Figure 5. Comparison between sample size and MAPE in three predictive models

5. ZMAUNER hEARE S MAPE BIRTEE X F

H AT L, A B SN ) PR B S AT S DR, AR A TR B 480 H LAERY, = AMREAIELAHLHT LA
IEF] 90% I T AERG L, JF BAL A SRR EAT O, AETR R e

5. &t

RICEEEHFE FMBUR, & 7B S EHINAAE R R . BE R, 2Rk E
BEAMER, AR LR BB SR AT, DU 5 RS N 301 i Bk i A 8 S ST ORI TR
SRR, TR i B P A B A WL E R, P AAHT FUESL T SARIMA FERIAT Holt-Winters
R, Zenhalt, PIMBERS TN I A A5 R AR B FOSU . HS AR RS R, A5t P T = 1
Bk, ¥ BRI AR, ik IEAORZEAN AR, IR DL F R PO A

AL L, TR ISR AT, AT AR AR LR 20 &, AT LA R4 ) R0 A5 R
BB SHIEELE FT, 50BN, ESRBCEmsE D, e s &y
AR B

&E ik
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