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Abstract

To improve the prediction accuracy of seasonal cycle fluctuation data, this study proposes an im-
proved SARIMA model that integrates first-order lag filtering. The first-order lag filtering algorithm
is used to filter out the influence of some extreme values on the model parameters, enhancing the
stationarity of the data. At the same time, this paper analyzes the monthly passenger flow data of
railways in Shandong Province from 2015 to 2019, and compares the performance and prediction
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effects of the classic SARIMA(3,1,0) x (1,1,0)12 model and the improved SARIMA(0,1,1) x (1,1,0)12
model. The final empirical results showed that the residuals of the improved model passed the
white noise test (LB test P > 0.05), and all parameters were t-test significant (P < 0.001); At the same
time, there was a significant improvement in both prediction accuracy and robustness in the test
set (August~December 2019); AIC (660.44) and BIC (665.65) were significantly optimized. This
method has improved the prediction robustness of traditional SARIMA models to a certain extent,
providing an effective solution for predicting high noise traffic data.
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1. 818

BRERATE O [ oK SRR Bt . B R BT RBMK, RSBl E XA EE RG] %, gz
R E K EZE AT 720, T2 W2 2 is AR i B A, RS B T &5 A% N kR 1 isE
BN AL B AR O M SRR . IR R AR Ny — SRR Y R e R 1) B I ) 41 4
W, HARGWEWEREAES R, A0 SR AR & 1SR BAVERHE, CRUEEEL T
FERTE, Guih2% B2 R IR 51 53 4 072347 A T

SARIMA #i%![1] (Seasonal Autoregressive Integrated Moving Average Model), WFxZEi H 8] 4208
PFIREAL, IR A1 o3 A 7 O R — i, T A B A B s S MR TR e,
R RETNT HA & 2N« T3 [2)% FH SARIMA 588006t Jb 5 b ik 3k 3k 2 i k4T 7 sh A
AT, ST R RS HE TN ETIE[31EA ARIMA I [A) 7 51 B 0 0 el Bt 2
T2 DR 2 L T I ) A R DA BT L AR, S T RAFIITINSER . R B E & 5RE S K e
AT H R AN 2 WK 22 500, R ER R AR DR —E I &S, DL DRIE ARER TR
H 2= N shda sy, R, ZE5 Ve IS TS 2 0t SARIMA BERL TN (e g R 2= o 1 %)
HiSERN AR SESE 1 (58 — B it Jo SR U ) [ P A B2 (4], F P45 AR N8 G i 18] e 51, FE kAT i
(6] 5 8 23 A, L5300 17 500 00 Jo) B 5 3 TP B R B3k H

SR VVASG Y SRR A 2 U B I B e S B AR AICR, AR S G Ll AR AR R I R R T L A
A, s AR & 7 SARIMA FeR A 5 5L T — B BB 5 1 SARIMA JRRABAY, 2 51k
ERAUL A 28R S AT R AR AR AT T 45 AR W S SR AT, SR B VRS RO R

2. IRBEN
2.1. ARIMA =38

ARIMA #i%! (Autoregressive Integrated Moving Average Model), .85 [ [1] )42 70 # 5h~F S 8L, St
6] PP 50 43 M7 5 i B R R — i, T A B G B R AR I R B e . B R = M R
15 B A ENAR) . Z I B 2 IR (MA), Hkt, w2/l d REs D, Kia i
FIN AR PR B PRl B SR IGHT p S TA] PP S BRI A B AR, S S IE I AT g S A A
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s B R AR Y 5 T SO I 1R 25 (E B A A BT I R A G R AR B AR AL AT IR BT, fRUE
T A HER T, FEARWT:
BESETICNV, B—MESWT:
szt = v(yt - yt—l)

WIERFETC A B, A p WEFHEA .
Y., =B",, vp=>1

B k B2 3 551
V¥ =(1-B)"

XMFATFRI TSy, WAE d KEDE, A VY TR, BaH0 ARMA(p,q) R,
Hp

®(B)(V'y,)=0(B)<

Hob ©(B)=1- 4B —4,B° NHFEHRHEIR: 0(B)=1-0B- 6,8 ——0,B° N2 T RH LT,
£ J9FTNR 78], B HCIC 29 ARIMA(p,d,0) . p 4 B EUEISUH, o A6 50T TP 61 A9 R
FIFTRE 0250 U8, AHah T UL

2.2. SARIMA =8

2.2.1. EH$ SARIMA mxRE
1 100K R AR A AE B R, th B A O o 2 R R S RIBEE L 3 2 [ L)
BN S MK A IR, B 91 25 RS A AR 2 LRI R, AT A s

X =S, +T, +1,

Horb x FoRIEM AR5, S RTINS, T RREHBN, | RosFENLBE) .
€ B ER T R A B R OSAR HUH K B AT ARIMA BRI S, 15 2147
LERIITT -

VoV, _o(®),
° ®(B)"
©(B)=1-6,B-6,B", ¥ 3 P2 15t

®(B)=1-¢B-¢,B", pi [ [0 5L iz,

Hrp, d NZESHEL DARBIPK: g NEMSEFH, H:
E(g)=0, Var(g)=0;

2.2.2. SARIMA FeFRiEH

7 5 SARIMA VAR RS FREATXof 77 41 (R 35 R0« 21 2808 LA B B AL 18k 20 2850 IRk 4 [R] 35 ) A8 HL 5
TR I B AR T N DL B, 3K LR 2 R FEE AR 8 AR ARSI S R o X P 471 10 6 B AR G
PERIZE TN 2 R B RBIER, FTUMLAR SARIMA HEAISZER F oy ARIMA(p,d,q) A1Z55 15
ARIMA(P,D,Q) frisfe#l. B SARIMA FeRUBEAL, BRI 52 B LEH Ny
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ago, _ ©(B)Os(B)

P o(B)og(B)
©(B)=1-6B—---—6,B"
®(B)=1-#4B—---—¢,B°
©s(B)=1-6,B° —---—,B%
O (B)=1-4B° —---——¢,B™

ZIRFBA I ARIMA(p,d,q)x(P,D,Q), , H+h p,d,q il ARIMA A 24, P,D,Q N
FH I ARIMA B2 8, SONETTEI, o NAMSETS,

2.3 REBGZEMHE
BRI 2 AR 00 T E R IR B A Rk . — MR T B A R R BRI E B R B R
BV TR A A G 25 RG0S AR UL 515 B R P 22 P A1 R P A S, A 6 P S R B st A T

H0:,01=,02“‘,0m:0 ¥ H
Ym>1,Vk <m,mASE
{Hliﬁ//“ﬁE%/I\Pk #0

ALK K4 E A LB (Ljung-Box) 4t it (5]

m 2
LB=n(n+2 Z{n ]~ ),¥ym>0

k=1

IR IR R e, FORBEARZE AR R A A R R, B R AR E R A,
FORTE R S S B DL A AT B 2 R
24. BESYTEHKRR

UL AR 3 I PR A A 2 AR 6 S el T DABEAT B S BB AR . S B R A 0 A 2
BRI —NARMSER B EEEE, KMIREH RN 1R ok A .

BB 56 R BB RO 28 AR B -

Ho:B;=0vsH,:B;#0,Vl< j<m
SRS THER I EZ R 22800 T giit &, 1.

o~

r-Ai
o

t(n—d-m)
IRFENMER SR, RRXADSHOION R B A B AR R R AR, 128 RN
MR GIER, BARALK B — RSB EEERHALERR.
25. AIC 5 BIC &1
AIC HEN BN % /ME A5 BB [6] (Akaike Information Criterion) 45+ 40 -
AIC=-2In(L)+ 2k, LR KSR EL KWL S HU M4

BH AR SAIR T 1971 R4, 7752 T30 0T DU o th AR it 0F HLE S i B H S EU AL . 8
ARERIRKES, H AIC N PR RISk T B S A, bﬁ%tlﬁﬁﬂﬁiiﬁﬁa IR EANHEZL
BIC (Bayesian Information Criterion) U1 iH-H{5 S 4EN5R A T AIC HENI A E, HE5HWIT:
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BIC=-2In(L)+kIn(n), LRy KSR ER AL KRR S A0 B oA REARZS AL
TE R B o AN A/
3. &8 ARIMA RS HEREE
3.1. BuEKiESMALE

IEHLILZR4E 2015 4F 1 H %2 2019 4F 12 H ek iz B Sciefe A, Hrh 2015 41 H2 2019 7 H
F 55 MEAREAAE IR, Tl 5 A~ HRI 2019 45 8 A& 12 AE NN . M I ZR8E Bl (1 & &
NI 1), g8l R AR R e KIEES, 7 LLUR A B8 A Z0 BT 38 S A LAy A
WM ZEAT N s, RAR NIRRT A 2 JEXT R T — B 22 0 TH bR AN, PR T — B 12
WIS TERET N, ZoEFFliEs ADF 5 ( p=0.01), BPZENEFII N BRI, LT
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Figure 1. Time series chart of railway passenger volume in Shandong province
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3.2. ARIMA 1E&i%HF

ASURY (U 1) 55 A Bl A K BR B (ACF) Bl 1 AH G B B (PACF) - BAIE KA i
ARIMA (p,d,q)x(P,D,Q), AL 240, - E1AH KR HUR 5 1 40 5% bR K €] 2 g «

Hi/ 2 ff) ACF BRI PACF I TT BAFIE #Ii A ARIMA(3,1,0)x(1,1,0),, « ARIMA(3,1,0)x(1L1),, -
ARIMA(3,11)x(11,0), . ARIMA(3,1,0)x(L11) ik Pumtl &Rl ¥k ARIMA(3,1,0)x(11,0) , %
g, HAEIIGE SHOREIE SH AL, P LUSSE FO0HZ BT 5 SRl T AR

3.3. £MFT ARIMA SHifHit 5K
W LF S KU, SRR AT R ) B A 2 VA6 A AR AR S A i S e, AR R 2 VA 0
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Figure 2. ACF and PACF plots
[& 2. ACF 5 PACF

Table 1. Table of overall significance test results for the model

=1 REBFEZMOWERSE

FER M3 LB Ziit-BfH P{E
6 2.4676 0.8721
12 11.96 0.4489
18 18.182 0.4437

TSR RAR B AL, TR S EUG T RS, SR 2, ATUEH, &SHM R
5 P #EN, 16 0.05 3 MAKCE R, SRS 2B T S8R PR . 1508 ARIMA(310)x(110),,
PR R T, RIS 21 (1) B AR
1+0.8739B +0.8222B° + 0.3525B°
VViX = [ &
1+0.4331B

Table 2. Table of model parameter estimation and significance test results
2. BESHMETREEMRESERE

—~

BESY  BESH(E,)  selER(o) ) P (841) P (X4i)
[
arl -0.8739 0.1478 -5.91272 1.495151e-07 <« 0.001
ar2 —0.8222 0.1643 —5.00426 3.477583e—08 < 0.001
ar3 —0.3525 0.1778 —1.982565 0.001766357 0.004
smal -0.4331 0.1632 —2.653799 9.603112e-10 <« 0.001

4. —MriRiEsE SARIMA tEEY
4.1. —MiwERER
— B S TR CFRAE RCARIE R . — B e . — I REse i 2. &% ik A\ ADC £ €
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Figure 3. Time series graph after filtering
3. IR ERFE

4.2. WEESH TS SHER

i R HE E AR L, 1S BIRAEBEDN ARIMA(0,1,1)x(1,1,0) , , BB 04 2 M 56 15 2 ¥ A
THERIGE R WL 3, S5RER, ESLERNECT, BARAR ZEMRIIS & LB i P A#EZE K
TREMIKF 0.05, W LA NIRGE 22 741y (e P Fp 41, RIBSRSSR AL T JR A v BT A A S R,
R R R EVER G I A SH B E MR P AEHART N, EARUIHW S S E A YA
ARIMA(0,11)x(11,0) , ik, A ZHH:

_1+0.478B% .
1+0.7249B

12Xt

5. IRBIxLE 524
5.1. #AIRFEL

e, AR SCET 2R T 2 0B ARIMA (3,1,0)x (LL0),, Al 5 S B 50 5 0 3 B
7 ARIMA (0,1,1)x (LL,0),, B, PR ARiEIE 1 UM (04 kB MR e, BV AHR A A . 4
ST BT A B 4, RUE AIC 5 BIC /NI, FIEBIII AIC R BIC 5
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Table 3. Table of improved model parameter estimation and verification

3. MHEBESHMETT RN R

MR B R SRR BEER L
SEIR BT H LB it B{H PE RS t 4R P
3 1.0827 0.7812 mal —4.478073 < 0.001
6 5.5242 0.4785 sarl —-3.25835 <« 0.001
9 13.739 0.1319 — — —
Table 4. Comparison of AIC and BIC parameters
& 4. AIC 5 BIC B#xitt
R AIC {5 BIC &
Z bRl 723.14 731.82
Bl it 660.44 665.65

[i] B et B R ) T 5 S B (IR 2E), B 2019 4 7 A~12 A Rz w5, 15355 5 Pk
RIFRMAE T EE 22, 7T LAE H 5ok J5 1) SARIMA BT () Fil 45 22 56 /0, BN 5 i SARIMA #5745 58 47

TR AL -

Table 5. Comparison table of predicted values between two models

= 5. MIRBFNEN LR

7H 8 H 9 A 10H 11 H 12 H
SEFME 35,570 37,884 29,873 31,903 27,080 26,306
TRME (24t 32,981 34,396 32,423 32,668 30,235 29,138
TR (o) 35,570 35,811 30,450 32,913 27,802 28,041
Forecasts from ARIMA(0,1,1)(1,1,0)[12]
20‘15 20‘16 20‘17 20‘18 20‘19 20‘20
Figure 4. Comprehensive line chart
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