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Abstract

GDP is an important indicator to measure the economic development of a country or region, dur-
ing the COVID-19 epidemic, the development of the economy of each place is affected to a greater
or lesser extent, the economic development strategy and the economic system need to be adjusted,
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so the GDP forecasting research is more important. Therefore, this paper is based on ARIMA mod-
el to fit and forecast the GDP of Shandong Province in recent years. The results show that the
economy of Shandong Province has been in a stable growth state, and the growth rate has been
slowed down by the epidemic. The prediction results show that the GDP of Shandong Province still
maintains the growth state in the next five years. Finally, reasonable suggestions for the develop-
ment of Shandong Province are made based on the prediction results.
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1. 51§

WARERAGE R R — BT 2EAT4], JF A KM — B4 TREN KRS . IIE7EE SR
ERAERRAELT, WARENAFRREIRERKESY, TR 2017 SRR M. Fril, M
EWT TR L 7R 48 250 R REIRDL,  BEAXT LR A BN TF A iR i — L Big 3 B, tho [ 5K ) X 35K
LoBFRAT — DEFURIT, IR L 2R 4 B 28357 SR ANEUSR il s S 11— 22 JL %

GDP & [ B — AN 5 st [X 28 5 A AR B 2L AR, BRI R Rk, Gir AR, Bl
IRAFSE AR A PRI R B R B [ — X 25 A BRI A S 2 5 FE L, GDP fe— M Ew &
WG EbR. B MNFEE TG, GDP IEHE B Bk, N 14 )5 EaF A Bk e, JAT0HIT
AT GDP {4 & SR R IIEBAFOL, 0T 1 ARG AR AT OUIE L S T, AT B2 H A 2R il
FEARA Wb EH] .

FEWHE ST, AET ARIMA B, G R Bk, St AREILAERE GDP #AT 1l M. &
REIHT AR, COVID-19 HYRAT A LR 4 GDP [ K 27 A6 1 R

2. XHEkgid

I JLEER, BN AL SEE TR EN&HX GDP K ERM. T GDP MBS FIN G I1R %,
AT, 2#EANTER A &2 IR 52 [T ik 1R JLEXTS4 . SHIX ) GDP #fF i, TifE%
(2021) [1]5 R H (12 VAN A R FBERY, K GDP A )\ “Z=pE” $Em®) “HEE” , Mifiar PLEE i &
S B4 T 24 T 2R B 2 AT R, 2 I B S R A R BUR . FREEIRLRN 3% 5 7F(2022) [2]25 T ARIMA
FERRT VAR R, MBS 5 R 22 AR B N 1 P 25 48 GDP /T80 & T30 40 A7, T 9 45 SR 3R W ARI(L,1)
B IMAQL )R L . VARQ) B ERIR B (e T =48 GDP KRR, (H AT A B ARI(L,1)
FERAN VAR AL . 285 156(2021) [31R FHIS (A7 51 J 758 7 ARIMA B8, Tl 1 2020 SEEEAK
TTH) GDP, KT 5 M fE e, S5 RMMIHRZEESEEEZ N, SEFRH ARIMA B EEAR
ARk 5 4EH) GDP #4771 il . A R4 l(2022) [4)%: T ARIMA #E5Y, $REUT 7748 1975 43 2020 4E
FIA 7 BE, SRR AR PR AT R B T, AR FEEE R, TIAB AT TRDHEK, H2
2020 FEMA TR R Z B BEIE IR, XN G R R T EE NS K.

T B SCHR, AR IR 2 355G Tl GDP 28 K FH (134 /2 J 18 (8] F2 21 0 T 7 VR e S AR A . i)
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6] 7 510 43 BT ik T 46 SR LU RS, BERUAER T3, XN GDP A o R TI P53 Tk, &
AT T 2N A A TR 72 . BTk, ASCR AR B P A0 075, IR 1975 4:~2020
N GDP #dfs, B S ARIMA B, XFILZRAE 1K) GDP AT Fiill 34,  AARSE COVID-19 47 1Al
XL ZR4E GDP I& S sEA,  HARYE T &5 S0t L AR 48 Rk K e g th A BRER 1L

3. FEEHIE
3.1 #ERG*

IS 1) 7 5 0 ATk TN 25 2R LU, AT R R T3, X0 GDP +0 A Ml e ASCR I ARIMA F5 7
JTEKBEAT GDP I3 AT il . ARIMA BERS — i@ X P Ra it (8] e AU BEAT 4, X TP Ra 1, 31l
WMESE G TR, P, | ZoRitEZE Y. Ji5h AR ForiE A RARR, MA R 2S5
B, BORTVEI T

¢(B)det = 6’(8)5t
E(g)=0Var(g)=02,E(gé&,)=0,5=t
E(X&)=0Vs<t

KA, VP =(1-B)': #(B)=1-¢4B—--—¢,B", J PRI ARMA(p,q)HE Y i1y & [ 17 2 ¥ % 1 X
0(B)=1-6,B—--—0,B", JFFarli¥i ARMA(p,q) BRI 21 R E 2 Wi [5].

RN IF 2 e, I EX BT B AR . O TR (0 8 2 VEAG UG — AR BB A TR 1 42 25 Tk A
MR ZH) B E VAR K . R TR BRI 2B RA R, RBEEER R ZHNE
EWRI RIS N SERTEEAN 0. Btz 4h, EEXNEHRET PR, —BiEH
ADF F5:5 .

3.2. ¥IEFKFESAE

ARICE S LLLZRA LA 1975~2016 4Ef¥) GDP #ii Ml 44, TNA K IU4E ) GDP KIEka%, #HE3)
(R FRINE 5 BB AR LR, SRAG IR AR [ TN K R o G SR oL A5 PR 2R 0 R R R4, AR A FRA T AT K %
B TN A KIS A ) GDP KB B, AT B EEE R 5 T35k B Tl R A Geit /i
H, 2021 FEE T RATIILAR A Gt R s . ik A 1975~2020 1) 1L R4 GDP #diE .

ARARE BNF 8] 7 570 AR A S D00, 0T3R4 BT 1) 210 B8, FRATT o S A I B PR . o TP A
JEB, FRATRT DA E R IR, 0 TR PR A, BATRAE Y e i, AR/,
FEXT AT AR AT o “TARIS (8] 7 51— M o3 AP, — & ARl (R 51, 55— P A 8] 7 471
PR A — M RAFAE T ER 2, B AR VE TR R AT AR 78 [ K 208 2 5P Ramt (el 4. fEAR SO, 3R
AR B )P AR (8] F7 F1 48 (0 2 56 AR (8] 77 1)

4, BiESdiE
4.1. BERIRFS EM

RS 5 e B S2 b k2 ff e ARIMA(p,d, o) 8S  i py d g. ARIMA(p,d,o) #5524 A& 5 *F- F2
B A AT AR AT, SBE N TR, RGBT 2 o A ER A A AR ST R, R AR T I 2 A IR
Bt d 19ME . p A1 q A 38 I BE A 1) B AH 5% R BU(ACF) A B A 2% 2 BU(PACF) K E , 1l e eI A
# 1.
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Table 1. Model ordering

=1 BREW
ACF PACF R 2
i 2 P MR AR (p) 5
q R R MA (o) B 7Y
2 M ARMA (p,q)f 7

4.2. R

ERTIF i PLAMHT A T PR ) F AU, A7 R AT BRI — VRl 4 e 53
AL, eR, FRATH EEFE RN ARIATINA 8. Rk ARy, —MBiE AIC #ENEE BIC
HENR AT IR T, PR Z AIC B0 BIC HUEMV/)N, Ui IR AL A iR 4T .
4.3. EER G

YRR AL TE, BATE W —3f =Mo5ik, anlb@mabrt, SRORRUAE TR s 3 fli Tk 7R
A, BATTR IR B/ 3R AT T AR IX BLIRATH VLN SR e/ 3Rl il fe/s 3R fli it

£ ARMA(p,q) 8374, id

ﬁ:(%’...,gﬁp,gp...ﬂq)'
F (B) =¢Xat ot P X, —0E, — =06,
W ZE TN :
&=x-F (B)
s =8 S IS

n

Q(ﬁ) - ggtz = Z(Xt — X — =P X, tOE 06, )2

MR T RO B AL 2 580 B (0 — TR
4.4. {EBBE TN

ARIEHT 1979~2020 “EHI 1L R4 GDP i, HdfERIHT 2021 EM L R E Gt % . FdEnsk 2
FioR:

Table 2. Shandong Province GDP in 1979-2020
F# 2. LIKRE 1979~2020 4F GDP

Ay GDP A GDP Ay GDP

1979 251.6 1993 2770.37 2007 22718.06
1980 292.13 1994 3844.5 2008 27106.22
1981 346.57 1995 4953.35 2009 29540.8
1982 395.38 1996 5883.8 2010 33922.49
1983 459.83 1997 6537.07 2011 39064.93
1984 581.56 1998 7021.35 2012 42957.31
1985 680.46 1999 7493.84 2013 47344.33
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Continued

1986 742.05 2000 8278.06 2014 50774.84
1987 892.29 2001 9076.22 2015 55288.79
1988 1117.66 2002 10076.52 2016 59762.46
1989 1293.94 2003 10903.23 2017 63012.1
1990 1511.19 2004 13308.08 2018 66648.87
1991 1810.54 2005 15947.51 2019 70540.48
1992 2196.53 2006 18967.8 2020 73129

E: HAL(ILIT).

B, AT EE TR, A, FRATTN B I RS IR AN A AR A G . TS,
MR R, A 1.
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Figure 1. Timing diagram of the original sequence
B 1. RIaF5IRFE
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Figure 2. Timing diagram after first-order differencing
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PR BT AL, — 20 5 SR R e B B K, 33 P o B T S R, S
RO R TR, SRR 4 ] 3

Augmented Dickey-Fuller Test
alternative: stationary

TIype 1l: no drift no trend
lag ADF p.value

[i,1 0 -0.6078 0.455

[2,1 1 0.0933 0.665

[3,1] 2 0.1892 0.692
Type 2: with drift no trend
lag ADF p.value
[2:1 0 -1.474 0.524
(2,1 1 -0.966 0.701

[3,1 2 -0.906 0.722

Type 3: with drift and trend
lag ADF p.value

| 0 -2.73 0.280

[2:] 1 -1.62 0.715

[3,] 2 -1.44 0.788

Note: in fact, p.value = 0.0l means p.value <= 0.01

Figure 3. Unit root test results
E 3. BAREIEE

A LRI ISR AT R, — B 220 Ja i) PAEYR T 0.05, IXFR UL Bl Ui vAR-FAa 551, A A
TR B AT Z I B E A, BRI A 4 Fos:
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Figure 4. Timing diagram after second-order differencing
4. ZHESRHFE

G R, BATATEUREL, PRIRI TR AR AE, B 20 )5 PS54 I seE
ENEEh, XU T B2 IR R A B g K A SR UK LA e . BT OR, FRATRT LA
FAIARKG G, SREE—PHHE 2 I 200 e I BE R 15 T AR SRR ARG P ey 45 R A& 5 s
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Augmented Dickey-Fuller Test
alternative: stationary

Type 1l: no drift no trend
lag ADF p.value

. 0 -9.55 0.01
[2.1 1.-5.23 0.01
[3,]1 2 -3.49 0.01

Type 2: with drift no trend
lag ADF p.value

1,1 0 -9.61 0.0100

(2,1 1 -5.37 0.0100

[3:1 2 -3.66 0.0101

Type 3: with drift and trend
lag ADF p.value

[1,] 0 -9.49 0.0100

[2:1 1 -5.29 0.0100

[3,1 2 -3.56 0.048¢

Note: in fact, p.value = 0.0l means p.value <= 0.01

Figure 5. Unit root test results
5. BARWIELER

o REAFROR A R AT, — & s, PAEH/NT 0.05, AIUANTE 95% KT T, —MrZEa A
FEI Rt 1.
TR, X 20 e R EE AT REAL AR 3. R A% H 45 R WAl 6 o

Box-Ljung test

data: GDP
X-squared = 16€5.77, df = 6, p-value < 2.2e-16

Figure 6. Randomness test results
[E 6. BEHMARIELER

o1 R AR R S5 R AT R, 2 S AR LA BENLVE R BB e, MBSO e a i Goit . il B
SIHTRTE, B S S RS AR A I AL R LIRS LG, XU T E S S, BN TPRR A
R R DA S KR IIA ARIMA B, SRl F A R BONMi B AR ¢ R EOVR E . B
#2575 GDP [ H AR A B AHOC Bl & 7 s 8 fos:
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Figure 7. Sequence autocorrelation diagram
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Figure 8. Sequence biased autocorrelation plot

8. FImBEEXE

FR Y E A S REOR I A 5 REOHFAE, FRATAT LLAIBGZ 7 51 A5 R E— AR, i BT A R 3L
—Br R . AT DA AL ARIMA(L2,0)8 75, ARIMA(0,2,1)B %, ARIMA(L2,1)#EAL . FR¥E
AIC #EI, BIC N, FRATEBUX =/ MEAI R EAR MR, R BAER 4 H 45 R nZE 3 Fis:

Table 3. Model optimization test results

3. EEMAKINSES

FEHIZE ) AlC BIC
ARIMA(1,2,0) 634.519 637.8968
ARIMA(0,2,1) 615.8541 629.2319
ARIMA(1,2,1) 626.6829 633.2333

w/ME RN B, e AIC LS 2 # F BIC #EN], ARIMA(0,2,1)# A #R B T
AN, BTLL, RSSO FRA T A ARy ARIMA(O,2, )RR . i AR 5, FRAl T 40l 7 53
IT RS, Hrp s, BRI A S A B RIS . RIS 45 SR ] 9 iR

Residual Diagnostics Plots
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Figure 9. Model significance test
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FE S AP RO S ClE AR
Rk, RIRSHMEENE, REHHERNE 4 FR.

Table 4. Significance test of parameters
4. BYPHEZMHRE

P1H 0.001238206

EHSHUR R R g R e, P (EiE /T 0.05, AT DB IS 40 B 3 AT I RS . AR
kA, AT AGEATILE ST . AR S SR WA 10 R

=

Forecases from ARIMA(0,2,1)

.

20000 40000 60000 80000

|

T T T T T
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Figure 10. Model fitting results
10. REHIEGLER

B LD Pt & SR TN, R S E R A A — 5, X BB BRATHT L& B AR R
Uf, W] FHZAR AR T F0M o MR A 1R AP, AT JeikEL 1979~2016 111 R4 GDP A /E Al 4L,
FHR T AR DU 4E (2017 2018, 2019, 2020 4F)) GDP $#i, F Fii{E 5 B SLE Mo bb, B AHXHR Z 1)
T

TS 5 TR (6 LA B a2 5 FR

Table 5. Comparison of relative errors

5. HXNREEER

A HAE TME X IR 2
2017 63012.1 62613.15 0.32%
2018 66648.87 66366.66 0.42%
2019 70540.48 70145.22 0.56%
2020 73129 73917.32 1.0%

i B, BATATLE H, SRR IR ZE AR AE 5% LA, BB HRA T S AR AR SN RO R4
FLLET S, 2020 EAAHXHRZMMOK T — o, BAVEMWREA PR, ——ASIME T ARIMA
AL, WIRESEIE & TROPTN: A —Frrl et 2, 2019 4R, Friditbia, SUtRREZIm, W
AE BT HSE 5 HIIMEAM 24 SR HERIAXHRZ RS EEHEZ N . Frel, FATRRR R
T L AR AR R T GDP R et il FE5 SR ane 6 .
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Table 6. GDP projections
5= 6. GDP FuM{&

A T &

2021 76184.17
2022 79239.34
2023 82294.51
2024 85394.69
2025 88404.86

TSR, BATEIL, 1R A GDP AR IR, (H 2021 4. 2020 4F I K&
BT 2RI, 3T RU8E, ATRERBE RS R B R RIGE R T — € IR .

5. &g

ASCHE ST ARIMA 58, SF 1L R4 1) GDP R JEMH 7 — & M/ B ATl . ASCEBUL RE Suit
JR) 2021 AR 1979~2020 4 GDP ##fs A4, i@id E#r ARIMA AL, SRTINA R T 1) LU AR A
GDP R JEIEIL. MR B SR G, A (AR 22 4 R 5% LR, 15 B LA 1200 5 ) R0 51
RAF, WgRAE —2MSHME. NERETNNSERKE, LAY GDP AR R TREH KA,
EAERENE RIFF AR B 1L R G 0F 2 =28 TR s, S8 X 50 KR s I = R Z KRt IR], 38
T BRATHE — DI AR ZR . BB BT &5 S AR o] S A B ECR Yoe F iRt — B M S B MME. [N,
EH AL P, I 00 A 473 RS MR I, FROI (R AE T 1% 22t i, A T A4 A3 i, T
PR AT FRE, B ARIMA BRI AT R IE & T AU B, i —Fhr RetEat &, 2020
SEITINKS B R B, A TR B B IS R A B AR T e, A AR A R TR B R B T Lk, IX B,
B R A, BT S B RIR R T M. IXFEIE AT, XTI R E AR e M, FRA1 2
R ERHIRFFEKY o WD VRIS B, o T, fEAEIEEAN S R k. g won, ot <%
AR, A& TIPSR, EHEEMERNTE, HREFHEITIAE, IR Z ISR
AR MR ERITTRIASE R A E LR, SiEBRATW F 4 B E BB MY,

TBIA SRS R, A H LR LS8 () WP F T 7 VA8 F T TR % 8t s A r
REARBLES I TSR R A7, B2 E SRR S AR () ARIMA BB a5, #ERf €
PR R, AT I5  IF AR R B Tk, (=) IR R wm g 5, AT AE A 2,
B SRR AT R TR T — 8 .
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