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Abstract

As an important indicator to measure the level of economic development of a country or region
and the living conditions of the people, analyzing and predicting the future trend of GDP can pro-
vide a reference for the country to formulate and test economic policies. As the economic, financial,
trade and shipping center of China, Shanghai plays a leading role in the national economic devel-
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opment. Therefore, the paper selected the annual statistics of Shanghai’s GDP from 1991 to 2022
and established an ARIMA model to forecast Shanghai’s GDP from 2023 to 2025. The results of the
study show that the GDP of Shanghai will continue to grow steadily from 2023 to 2025, and it is
predicted to be 4.97 trillion yuan, 5.44 trillion yuan, and 5.94 trillion yuan in sequence from 2023
to 2025. Finally, recommendations are made for the future economic development planning of
Shanghai based on the model prediction results and the characteristics of Shanghai’s economic
development.
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1. 518

FEl 4 A 7= i (Gross Domestic Product, GDP) 2 #5— ™ 5K Bt [X 7E — & i} A N 4= B8 2 5016 2 P i
PR, R [ R U X 57 R R AR ) B R B 4R AR . — 7T, AR B E K aUhIX i K R
ANRAEFRGL: 7—J70, XAREREEBREFHIEK., T stk R, ik, 4
Hr 5 1 GDP & Kita 34 BEA AT A4 1 2 578 47 R A B AR FIKF, (R A A [ 52 i s A
KIS 22 DR BUR AL T HEUKIE[1]. T N EMEMET . SRl R 5 H 0, S5 M ERFE R —,
PG RBAE ST SER . EFER, BiFCRAERER M EZE RO —, FRMEEKIT=
FOUN BT D R b 27 BB A A, LA I SRIAR AN A 18 O = R A S TR Sy B AT 258 A 2 (1 s L A7
B2 H 2019 LK, SZHMh R, 25 KRISNTEEREEME B, g1 GDP ¥t 3| —%
o, thAh, RS 2 AT AL R I AR RN, 2022 A BB ARIS R — BEg b . 2023 4
SE AT BV L5 1) A R ITE R 2 A, SERE P07 BRIR BB TN RSB, B — EBUN T R %
T T AR 5, i BT 25 R R TAE R L E K. ARGl g FifgTi 1991~2022 4= GDP 4= 4 4
BT AT, JE3ET ARIMA BRI Ak =4 LT GDP #EATHM, Ay B & R4 5 & R LRI
BERIE S E KR .

2. XHkERR

X GDP 1953 B 5 TR AR 2 38 Rl R I 8 s R, [ O 1 2 0 AL ARIMA f5258%F GDP
HEAT 3 M 5 P I 2 B RAF TN AR . Horr,  Z9R0RI SR Y [2]38 0 1 B b 3 17 1978~2020 41
GDP “EE G dE, 2 R BAFHE ARIMA(2,2, 1) B XL 5T 2021~2025 4F GDP @47 T, AHXT iR
FEIE T%ULN « 1 A R SR A ] E B H 7R 4 1992~2021 4F GDP %#E & 37 ARIMA(0,2, )17, %o sk
FHING GDP it AT . skRE[A]@E S DT M4 1978~2020 4 GDP #i#%, iZH Python #4%
ARIMA(0,1, 1) A S} B /44 2021~2025 4 GDP AT HUM, AHXT R ZIEHITE 7% 0L T o B a0 R F A
[5]3% B E PR T 2009~2020 4F GDP #dE 57, ARIMA(0,1,0)/%4, 8 iRk 12 4E 1K) GDP $8¥udkAT T
T 7% HHE[6]AR U 75 AR 1993~2017 4111 GDP ¥ & S i A ARIMA(2,1,1)%f 2018~2019 4N )
GDP i AT HTII, o0 35 R il e 22 0F e s . £ 05 05 R A5 [ 7@ 1 73 Ay B P 44 2000~2018 4
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GDP Jlj 52 ##i, FIF SPSS # ki 7 ARIMA(GG,2, )85, X 2019~2021 411 GDP HiEAT Tiidll, L6 7
B AN R W [S]AMR AL 4 1978~2018 4 GDP %k @ 37 ARIMA(5,1,5) B AR KT 4 K ok = 4F
f) GDP 5 H i EAT T o 7™ 22 S [9]ARE 1L 4544 1975~2015 4 GDP ##5 , iz F 4i it 3¢ 534, @57 ARIMA(1,1,1)
ALK 2016~2020 4= GDP #E4T 1 Hidll .

3. ARIMA t&E&I /45

ARIMA #ERI 4 FR o 743 H [8] IA#% 51 °F- ) (Auto Regressive Integrated Moving Average Model) &7, &
FH H [F1H 47 (Auto Regression, AR). #4211 F- 3445 (Moving Average, MA)FIIZE 731 45 & 1 K (14 B[] 7 1)
TSR, 5 FH TP R (]2 210 A A I T« e, AR 383 FH T AR BEES 8] P2 21 B B [R5, B %
FE T ik Fe A T A AR M BT E R s MA o T A R 5 5 RS s P2 4y, BB T
FE TR ZE 0T S HTE R0 . ARIMA B8R TE RN ARIMA(p,d,g), Hrfp 2 B EEEL, q 2837
I, d RESRE. Hd=q=0K, ARIMA BERIEIAN AR B, M p=d=0H, ARIMA EHHEI%
MA &AL, A ARIMA B D IRESE: © ~FRatifie. xR BT 1991~2022 4 GDP
I 5] 7 ) B AT s A AL AR A 5, 45 RN AEF AT 1. Rk, X5 A1 AT BOR 50RT— i 2 53
ARRE, AEHATE PR A FAIRHME. @ WESH p, d, q IFEHA. @26 5% ACF A A
FHOG PACF &, W30 I p=1, q=0. A TG, dt—B #7240 ARIMA BEREHATILE IR AIC
A1 BIC #ENIHf & S RN ARIMA(LL,2). @ FAGL . @2 HZEF 5 Q-Q BRI M H /5, i/
B [ 5% 250 R MO IE S 0 AT, AR IR @ BAH. @ RaER ARIMA(LL,2)% k-
117 2023~2025 4 GDP #EAT TN 734, VN BUR AU B AK S o
4. BF ARIMA ERIFISLIEST 7
4.1. BEFIJRENT 7

NPRAEEE b IR E, AN RIS 4 HE L T 1990~2022 4 GDP 4EFE it i E N
JEARET T4, A R B B AT A3, R A i 1 AT RUE H, 1991~2022 4 i
117 GDP 2 a I KEass, Hrh 2019~2020 FA20% G fM, 2Tl g4z, 2020~2021 FE& U
PR, FREKS . 2022 4F T GDP RME K 44652.8 1470, & 1991 4EI 50 5 i A, BT RSk
W ER K.

40000

30000

20000

GDP

10000

O_ T T T T T T
1990 1995 2000 2005 2010 2015 2020

Time

Figure 1. Timing chart of GDP in Shanghai from 1991 to 2022
1.1991~2022 £ k3§ GDP BElFFIE
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4.2. PRMERE

g GDP A 2R ERIAK, R IUE BRI Z T 08, wT LA I AR AR 8] 5 4
1M ARIMA BB ZLR I (8] 2 41 f2 PR 1), B LLE— 38 % JR 46 e 41 04T ADF B AR50, 45 SRk 1 s
P=0.99, p>0.05, KA LUAINT GG 519k TR (6] 551 .

Table 1. ADF unit root test results
< 1. ADF BAIRIQIGLER

Augmented Dickey-Fuller Test
Data: GDP
Dicler-Fuller = 0.56689 Lag order =3 p-value =0.99

Alternative hypothesis: stationary

B 2 PR BRI M AR TR E P8, BRI R Bk log R DO #4045 21 InGDP BLH FR
AT, SRIEAIA diff AT InGDP #E4T — [ Z2 0 AL B, 1532270 J5 1) InGDP #r£k E(ILIE] 2), W] e
Aoy JE I TR PP A R Se e Al R sl R, B ARG TG 45 R W p = 0.0368 < 0.05, A 787 B i
TELE BB, R0 5 K7 05 6P R 18] 7 SRR -
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Figure 2. Line chart for stage | differential INGDP
2. —BE45 InGDP #4k &

4.3. ARIMA EBIEM

7 18 B A B 18 5 BO B — [ 22 0 b RS AR P AR T A, BOERE ARIMA(p,d )BT 43 #r 5
T, Hrd=1.

FIH R A acf F1 pacf s H — W 2250 J5 10T A2 7 FI B EH ARG ACF B (] 3) A [ AH ¢
PACF El(tnil 4), i migg BB WIE e p A q {E.

I FAHOC ACF v 51, B REUE R IR EAHSC PACF BT A1, i B AHC R EHE— M
JE RGN, REERRE, BT LRSI p = 1, q=0. NTIRE p, q REEFEENHERAH, [
B EE 22 ARIMA BEBYHHTILS, GR35 2 Frox. AR4E AIC HENIAT BIC I (BB ) v] LA I,
PR ARIMA(L,1,2) F P T FE AR 3 H B ARARL,  DRIE Pl e R S A AR
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Figure 3. Autocorrelation graph after stage | difference
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Figure 4. Self-autocorrelation graph after stage | difference

4. = ESRHIRBEEXE

Table 2. Comparison of ARIMA models
= 2. ARIMA & BILE 5

ARIMA  ARIMA ARIMA ARIMA ARIMA ARIMA ARIMA ARIMA  ARIMA
(1,1,0) 1,1,1) 1,1,2) 2,1,0) 2,1,1) 2,1,2) (3,1,0) (3,1,1) (3,1,2)

AIC —97.77 —97.05 —103.14 —95.96 —99.55 —101.14 —98.45 —100.82 —98.97

BIC -94.91 —02.75 —97.41 —91.66 —93.81 —93.98 —92.72 —93.65 —90.37

4.4. ARIMA FEEITS

441 WEHRE
FIFH forecast £ B accuracy () b U SR BEA T HU AR 2 1 FE B (W35 3), &5 R B Rz R L& BN HE
o
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Table 3. Measurement results of GFI
=3 WEMEEEER

ME RMSE

MAE MPE

MAPE MASE

Training set -0.0012 0.0360

0.0272 0.0012

0.3091 0.2099

4.42. BRERRFRL

—RORYL, A& R R R R RO R BME Y O MRS AT, JF H TAR SR G 8, i A
RHERMLZ Y 00 AL L7 Z2 PP 1K) Q-Q KL 5) AT LAMLEE B 5k 223 v £ — 2k FL2k b, W] RAA)
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Figure 5. Q-Q Graph of residual sequences

5 B%REFYIH Q-Q B

N TR S, FIFH R 84+ Box.test B — P (I R AR SR, WIRGIFEM P E K
TR REKT, MR 5 2R A B B ERR, BERATVCNREN BMHXRECIE . KR
Bk 4 BoR: p=05164, p>0.05, Uil ARIMA(LL2)BHI bk 2 55 N I MRS FE 51 o BRG] DL 58
ARIMAL12) AR, JLFr DU A A HEE, TFRAEREAT A, AT DUV g BERAR ) Pl A

A,

Table 4. Test results of white noise

F* 4. BREFERIELER

X-squared

0.4211

df P-value

1 0.5164

45. ARIMA EBIZER o4

25t EiRy T, X BT GDP A F A SR LA ARIMA(L L)AL 7 & kG5, Aeiidfih

AR, HARRMIEL 5 iR,
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Table 5. ARIMA(1,1,2) model
52 5. ARIMA(1,1,2)#& 8!

arl mal ma2
0.9929 0.2433 —-0.7567
S.e. 0.0123 0.2151 0.1860

sigma”2 estimated as 0.001336: log likelihood = 55.57 aic = —103.14

4.6. ARIMA BT

223t BRIy, X BT GDP A F A SR LA ARIMA(L L)AL 7 & kG5, Aeiidfih
WEHAE, RARERINE 5 Fia. M R #44 forecast BREnt i 2023~2025 4 GDP #H471iil, 3f
Z:4) 95% B {5 KV N RITRI T, 45 B 6 Fin.

Table 6. Shanghai’s GDP forecast for 2023~2025 and its 95% confidence interval
= 6. 3 2023~2025 £F GDP FUME K H 95% E {5[X 8]

95% & 15 [X [&]

ik [a] GDP Titill { (1Z.7c)

Lo 95 Hi 95
2023 49702.47 46214.55 53453.64
2024 54362.51 45580.71 64836.24
2025 59422.01 45716.29 77236.69

MITMERAKTE, FERFI TN AR R4, AR B EARK 3 £/ GDP fKikh 4.97 Jife
TG+ 5.44 JiAZ Tt 5.94 il . BRI, g GDP fEAKORE FF 4k 2 AR P K I A AN 1 G
W, HATHEAE 2024 SR 5 JiM0o0. Ll AU AR AS S AWILE, A B TR IRAE S AR
fEly, AROR LTl A 4k 8 A 4% 51 s N 1 I HES B[R 2 D R S i o R J

4.7. BRBETEN

1) ARIMA 558 b (1) 2 550RT DA WS 8] 5 37 AR o8 1 T o [RLUL, AT DU I S R B S8 e, B At
T A 18] PP S KON AR ARFAE o

2) ARIMA 58 TR 22 87 51 F 5 AERVEE, AN TR E A5 ) T HAb A A &

3) AT KA R 1) Sl 2 B 1) 7 A O P AR AR G, AN R R, ) A O RN 2 4 S5
X EE AT A AT B IASE

4) ARIMA F5 38 FURRE 0 2R 1t IF 18] ) H0cas b AT B, JEARER PR IEZME R R . & ARIMA AT 5]
B AR SRBUE HAFF A S AT S IR 2 [ R RO R, A T AR e Y, 75 2R
FoAh T & 3& 7V

5) AR T 3 B R BR ) 26 1, AITLA ARIMA B tof 1t 75 ) o i) L ReRBURK, 25 5 3 s K
.,
6) AU [T 45 R IC IR FE AR E R R R FHEXT GDP K REIIFAN, 1] AE4 S B e H BLE A
Z, SRR TN AR .
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5. &R 5EW

AHF T i@ H F T 1991~2022 4 GDP AEFEGuitHdiE, FIH R B H ARIMA(L,1,2) 1%,
FEXFARK 3 4 LTI GDP (A . 5845 50T, 2023~2025 4 g 17 GDP I AR PG K1)
s, oA 2023 4F LifgTiT GDP Tl{E Ay 49702.47 147G, HIEZ) 11%, FEFih E#gT GDP KT 2024 4
TSI TER K

2023 FFELISK, PENE X AL A (1) A B e AR A B, (R R SR R T R A SR T I E K
Belo ASEEl “HPUR” MR, WS S RSEAS R — EEBUR SR A H bR, BT TR R B R H
AT RS, St LT ERF R TAERH UL FBOR L

— IR VR S [ KRR AT 55, BTG I AL FEAN G| A BN, o AR S PR 42 5 S ) R K T
RCY TR AR S X %, FRERANLE “ = KAE5%" . BT “hA0” 6ed, IRaTiEx
FTF “ =P, b v B A S g 14k 2 SO B bR KER T, 1 Bt sem 711
ZOThEE, TEBMERE ks iR R 1 AT 10,

TRMESIRT AT, TG E RS 2 # . R RS, T R S PR R
LT A% PR B 1, T3 S P AR R A AR AR &R, HEiE 5G W48 @I AIR I 75 .
HESF ARG AE . B BTN RS AR, NET. #E . KlEAEFEEETR T RN Bk
R R, EEWM T IBAT T RS, S BT R R

RS AN T IR SN R RS, IR AR R o B R Y B R I = AP AT, Ik
REZLANHTT & OB B R A e, i — DGR QR QDN IR, SRBE AR BE (3R B G1F 5 Uk Ae
1o [FIY, A& 3T w3 KA, (R IR S m i AR, IntREE & B SRR, HEdE KR
ANA i % .

VU2 SRR AR AL B, WL B0 RIgR RS . FEHEREVE SEmiol e i P RIS 50, IR S FR
FRE S, 378 Bl kb, RyGE S mFERe . @A, KFIHEE B, @ILfEE
W AR, B S ORI T A .

FARAMACTEE S TAE, TIE RPN . #EFIEIRE S B B BT %5, FrEanasiyy Rk
it #%, ORBEHEAR SN R I 2. IRBHEIRN, IR 250 Kk 4k, RE R AL DA SR AR
. WA, DISRRBERRIRAR & 224, Biieib RS RS, MU S I AR AR, AR R R
RS o

SE 30k
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