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Abstract

Based on the GDP data of Chongqing from 1978 to 2021, the ARIMA model was established by R
software, and the model was optimized and evaluated. The model was used to predict the GDP da-
ta of Chongqing from 2017 to 2021, and compared with the real data to determine the accuracy of
the model prediction. According to the established time series analysis, the optimal model is
ARIMA(2, 2, 2), and the average relate error between the predicted value and the actual value is
1.36%. The ARIMA model fits the GDP development trend of Chongqing well. The ARIMA model
can be used to make a more accurate short-term forecast and provide reference for the economic
development of Chongqing.
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1. 5]

GDP (E WA EMl), & S (B X) BT & 3 S AL AE — & I I A2 77 05 3l B B 4 R . GDP
e ERAFIRZAE ML OIabR, MR —NMEREHIX 25RO R B EE bR, EREE K H
T, RTEHATT R EZLIE S A A E il — 7 SRITATE IS S b, I BT X XL
YT VO R W A S E K AR IR, XA s s E K. H R, ER
H R BUA AL AL B X PE A BT K R R TR EEME . R LR, BRI T RIHOE
WIS, WBIES 15 FRFEMNAEGEIEK, B 2018 4FJF4h, GDP MEEMUMLE . A SCHiX HEEK GDP 4
AT AT AL, T TN E K GDP B —E LS A 5 e

724y B Rl A2 3l °F- %) (differential autoregressive moving average, ARIMA)BAY 2 3£ [EH S 1T 22 %K Box
AP E S TH 25 Jenkins T 20 th4D 70 FEARAIHE H TBT 18] 77 510 20 A1« T A2 (¥ 7732, SUFK Box-Jenkins
%, FEATIE BA AL 7T DA 30 VA3 P B 8] F 37

ARMA(p, )Y F [l AR (AR) I B PR (MA 45 BT, TR AN

P q
L= ¢0 +Z¢irt—i +a, _Z‘giam
i=1 i=1

{a,} REEVGF A, p. q RAEGUSEL, The AR and MA models /& ARMA(p, )L AU, 16 FH i
FHTIEE, BT bR
(1-4B~~¢,B" )1, = ¢ +(1-6B~-~6,8)q,

ik

ARMA R L BEERPARI [RF AR R, X TR PR TS, ARMA BEAHAFEEH, XE
FLHIN—ASH I ARIMA, BIXS B 220t 95 () AR A2 i [8] 77 514 22 43 (differencing), ARIMA(p, 1, )70k
AR TR 8] 7 5 — R 22 3 iE B FE4, ARIMA(p, 2, q)iE bk A5 F-Ra i 18] 2 il — Ik 25 003k B R4 mf
A1

2. EREWBNATE

AE K GDP #dik A T ESTHEY, 1978~2021 11 GDP £ .

T Jext BT B K GDP A 3k T PR A IR, RISAATARAS 3G . fH ] urca FEFF AL ur.df BEGHE
AT R 3 I W7 5 AT AR AR IR [ 1] 5% B MK R4 R &, UCNAETERRAIMR, GDP HH
FEHRAETRAM, TS —R2E5r. X ZED A GDP H#E T AR, KIL 5% 8 E KT Rk
AR FR B, NN BAR, —Z 2 )51 GDP BHEFFE PR . —IRZE5 )5 K GDP ¥.A;
MRATES, 16 5% E AT N4 B, INAPNFEERAR, ZFr%5 GDP BaF 52 P m), %
Jr RN A ARIMA(p, 2, 9)-

H TSA #2711 EACF SRil AR EACF 8, At 88l p. g fi. MFEA EACF EW LG 3] —
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AR AR = X3, HAE EJ5iSfE AR=15 MR =2 4, F45i4 ACF KB5S PACF EIE 2 B E
A, RERBFEZA p. g, I AIC S/NIHEN, EEUR AR 1],

F ACF B Ljung-box Fiit SR Z RGBT AR, DHEREETEES R

MM EER G IVE + B2 REE, A WS ERIA AR, FEERE G E LBk A R i Y
AT FEPE[2].

FIUFH B 2y, Bl 2017~2021 4E () E K GDP Z3 4 A 7 21 KA 30 455 28 1 Tt il 14 e

3. ARIMA #EEIHEK GDP BTN & SCiEE R 9

XFE K 1978~2021 4 44 /> GDP H#g 47 08, A TSGR T R /1, BIAEEEGHT 39 4~ GDP
AR 1978~2016 [ R, FIHFTEBER NS 5 4(2017~2021)) GDP 5 52Pr{E AT HLBESR AT
Y B TR e

FIF FinTS A9/ FinTS.stats pK 075 21 H X GDP H4E(1978~202 1) FIfiAME S iH E W T £ 1.

Table 1. Descriptive statistics for Chongqing GDP
% 1. EJX GDP {51t &

Start Size Mean SD Skewness Excess.Kurtosis Minimum Maximum
1 44 5861.211 8006.5 1.352907 0.5018266 71.7 27894.02
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Figure 1. Time series of Chongqing GDP from 1978 to 2022
& 1. EJX GDP B8] F%1[E(1978~2022)
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Figure 2. ACF of Chongqing GDP
& 2. EJX GDP #J ACF
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MEFET LA . GDP [ 8] 741 B U A& S, IR i BUE e =15 ML sh, ACF K
(& ) B PR A g N, BT 5 L, X AN 8] 7 S B R AR P AR Y, (H JEVE B X A AR P Rz i
Al PP 31 Jg TREALIEAE(L) AR Q2), A II3)HImE—%K.

Ay, =y, +Z;-D:1ﬁiAyt—i + & (M
Ay, =a+yy,, +ZipzlﬂiAyt—i +é&; 2
Ay, =a+yy,_ +6t+y.. BAy_ +¢ 3)

TE FAT AT AR SR W RS 56 5K, ARS8 urca F2 70 Y ur.df BG4 TAG 56 301 0BT 5 B 67 AR PR AG:
5. Eiext A TGP g T, EER%, gt E(E phid 4 5.8679, phi3 ) 1%,
5%, 10%R1E ZMEACE R IR FAE B9 931 6.734 5.61, BIFE 5%FH 535 MK Toidh 4 R %,
W GDP B [8] 7 BIAN B 1% R F i B 35 I 04 (3) sCBE AT SR AR 36 o Fxo s VR T ) 207 19 (2) Rk AT 7
HRAGES Bor, WIS EBAE phi2 A 5.1485, phi2 (1) 1%, 5%, 10%) 53 KPR B FA8 2 58 7.06+
4.86. 3.94, RITE 5% EVEAKCE FE4 5 R ¥, AN GDP B[] /751 B R H 5 A Ik (2) s A7 5
REFRAG S . 76 ARG 20T A ARE I 1 tau2 LGS0 RAE N 2.99, tau2 [ 1%, 5%, 10%[&EE MK
PR G FHE 4> AN -3.58 —2.93. —2.60, B S%HIREMEAKT NI LFEE K, AR AR,
GDP A1 7 51 i& -~ FAa i o

XSPIXAHE AR P FIRAT 5 — IR E Sy, 33— IRE G M T F 5 3 fos, EhE IR g K
&, ACF (& )55 B HFEAR B B A DGPEIR 58, W10 VB 7 412 AP A i, [RIAEEH urca 0 H ur.df
BRI HOEE AT A 50 X AT S5 B AR A S . AR B A T X B Q) R v AT R A, TR R, IR 4
THEAA phi3 ¥ 2.29, phi3 ] 1%, 5%, 10%[F1EE MK FREFES 58 9.31. 6.73. 5.61, BITE 5%
(1 55 2 PR K N TEVEAE 48 S5, N GDP B[] 7 B1IAS 1% R FH A 34 30 14 (3) xCdh AT B A AR AT 36 o 7%
WP R TR 37 Q) B T AT AR KR B8 B s, R IG S ih =4 phi2 A 1.24, phi2 f 1%, 5%, 10%f &3
PEAKCE T (1l FAB 2 514 7.06+ 4.86+ 3.94, BIFE 5% 535 /K N ikt ge 58 3, AN GDP It ja] ¢
FUASRLZ R FH AT F 51K (2) 2N AT A AR 0 o o J oo B D A A 2 (1) AU AT B ARG 36 B, B AR
K96 0 taul Kr B0 Ge it AN 1.21, taul 9 1%, 5%, 10%FH 52K F R B FAE 2 5 8—2.62. —1.95.
—1.61, Bl 5%M2EMAKT FREIE AR RS, WA RAR, —Fr 25> GDP i (a7 51 2 PR .
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Figure 3. Time series of the first differenced series of GDP

3. —RE5E GDP KEF5IE

S AE TR0 GDP FEFIHEAT 55— U4, f88] Y24 IO RF SIS B, WIEL S W LUE
B 0 (8 E T BN, ACF FEI(E 6) B HREA Y A ME C R KIES, (A EEEAT b R B
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RIGUE . AT EFA I T BRI Q) e TR S, R, St &1E phi3 4 2.29, phi3 1] 1%, 5%,
10% ) 55 35 K7 R I FUB 2> 3109 9314 6.73. 5.61, BIFE 5% B E MK F AR AR, AiAA GDP
IR} 8] 7 1 %7 12 SR FH A B 3400 1) (3) aadb AT B ARG 36 o 78 AR 36 30 T B AT AR AG 26 1) tau3 R 6 G iHBEAE A
—6.44, taul 1) 1%, 5%, 10%[1)52 MK T HIlE FHE 730 8—4.15. —3.50. —3.18, B 5% 2 K
TR, IR AR, B 24> GDP I a7 512 TRl .
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Figure 4. ACF of the first differenced series of GDP
& 4. —RE7E GDP 9 ACF
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Figure 5. Time series of the second differenced series of GDP
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Figure 6. ACF of the second differenced series of GDP
& 6. Z)XE7 & GDP #J ACF
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Figure 7. Results of EACF
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Figure 8. PACF of the second differenced series of GDP

& 8. —xE%IF GDP By PACF

MFEA EACF B W] LA 21— AN S 81 = A X 48, HoAe BJ7WT RdfE AR =15 MR =2 &b, fi 454 ACF
K15 PACF El(18 6, K Q)FTERIMNEIZIES, WL #E: ARIMA(L, 2,2), ARIMA(0, 2,2), ARIMA(O, 2,
3), ARIMA(0, 2, 0), ARIMA(l, 2, 3), ARIMA(2, 2, 2)S 2| ANMEALK) AIC [ LR, N7 2 FilEE 3]
ARIMA(2, 2, 2)fA4 (1) AIC /), #AEH ARIMA(2, 2, 2)E AR 75 i i .

Table 2. Comparison of different ARIMA models
% 2. TE) ARIMA #REILLE

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

0,2,0) 1,2,3) 2,2,2)

AIC 506.59 505.66 503.71

513.42 502.62 500.50

3.3. IHERKRLS

AL BRI P B A 0 A e S U IR AR Ed e 0 . SR ACF EIAT Ljung-box Stit s ibk
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ERBMEHMES . WIRZER ACF Bl(E 9) & HFEA R B A R B a2 LAN, 3EBJCE
& EAMFR. Ljung-Box it &4 H Q(5)=0.44. Q(10)=4.37, PH/HI 4 0.66. 0.44, KT 0.05, EITE 5%
BRI S AR R 22 9T 1535 O B AF 9 o IR 22 9 ACF R Ljung-Box 45 1 & 1t B AR AR 2 A s A7 43

3.4. EFT
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Figure 9. ACF of residual series
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Figurel0. The fitted values (dashed line) and the actual observations
(solid line) of GDP

10. GDP BN A E(EL) S ERE(SEEL)

MG HEJRIEFIUE + RN, B UsERIEER G, JRREHBE) Bk Ie Y
PIPTEENE SHERITE. [ 10 RonBERA R AG HOR I SR G, 50 IR n] SE R MTAERA 1) o

FIFH ARIMA(2, 2, 2)B8Y,  Fitil 2017~2021 4F A E K GDP, T4 R LR, MW 3 /#ral & F|
5 EETIM A P HR ZE 0N 1.36%, FEAI T EREMERT. P 11 BoRFIH R BARMH AR AL 5 25 [ al T
B, B 2017~2021 B FINAE S5 B S B B b DL TR 95% B 15 1 X 1) Tl b R 2% .

Table 3. Comparison of the forecasts and actual observations in ARIMA(2, 2, 2)
%< 3. ARIMA(2, 2, 2)FUNME 5 SERRE AT EL 3

FA
FitE
b2
SKhME

HAR R 72

2017 2018 2019 2020 2021
20135.49 21860.19 23841.31 25849.29 27666.79

173.99 442.64 680.22 973.35 1321.97
20066.30 21588.80 23605.80 25002.79 27894.02

0.34% 1.26% 1.00% 3.39% —0.81%
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Figure 11. The forecasts (hollow circles) and actual observations
(solid circles), and dashed lines show 95% interval forecasts from
2017 to 2021

11.2017~2021 BOFFMIMEL (20 ) 5 B SL{E (500 FUIME 95%89
XEFN LT & (L)

4. 578

ARIMA FERS HBEMUAE I BT, A2 SCBr B I RErh . ARIMA AR T A 300 (0 B RAR &, (R0 e
A SEAC 2 S BURE AIR ZAZ K. 5140, ARIMA B RUATY i — T G 2 P I ) Fp AR, Tt i S A 25
JEM I ST AR, T A N BE M AR A DR 2 5 a1 78 DRGRT ek A 48 2 155 1) 77 B4 06 GDP FR 520
WAl B W E R T HIN, IXEEH R RN GDP SRR, R R i AR B ok
1. BHUEH] ARIMA #5788 DR S (ORI T, (X AR R 235 (3]
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