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Abstract

The Consumer Price Index (CPI) is a macroeconomic indicator that objectively reflects the fluctuation
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of consumer goods and services prices. The level of CPI directly indicates inflation or deflation con-
ditions, playing a crucial role in economic development by providing significant references for gov-
ernment policy-making, planning economic market operations, and analyzing monetary or bond
markets. Therefore, research on forecasting analysis of CPI has substantial practical significance.
Firstly, three single models—namely, the Autoregressive Integrated Moving Average (ARIMA) model,
Least Squares Support Vector Machine (LSSVM) regression model, and Backpropagation (BP) Neu-
ral Network model—are employed to fit and forecast the monthly CPI data of Shanghai from January
2004 to January 2024. Comparative analysis of prediction errors among these single models is con-
ducted. Secondly, two composite models are established for CPI forecasting. The first composite
model integrates ARIMA and BP Neural Network models, decomposing the time series of the con-
sumer price index into linear autocorrelation components and nonlinear residuals. The linear com-
ponent is predicted using the ARIMA model, while the nonlinear residual partis predicted using the
BP Neural Network model; their sum constitutes the final prediction value. The second composite
model combines ARIMA with LSSVM through weighted forecasting. Finally, the forecasting effective-
ness of single models versus different composite models is compared to identify the optimized
model for predicting Shanghai’s CPI. The study found that among single models, the ARIMA model
exhibited superior forecasting capability under specific conditions. Composite models ARIMA-BP
and ARIMA-LSSVM each combine the advantages of two models, making them more effective in com-
plex scenarios than any single model, with the ARIMA-BP model outperforming the ARIMA-LSSVM
model. Overall, the ARIMA-BP model demonstrated the most outstanding performance in terms of
prediction accuracy.
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P AE N SR i I G A& Ko AR R E A BF R B ESHKYE, ZIBEORZER T 2 RS
WA S . ZUF RN Y, 5 R S0 A% 18 i (CPY) O 48 il i B 18] 2 Bt [X 28 IR VO 1Y) 21 22
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HAZ% R N[6]. FRAIEUESE T B H B 3P R A (ARIMA)B R 55 22 I n) 4 R (BP) A 20 1 (1 £
RS RY F T TR0 B BN A FE B A (7] Wk &g AR K RAEIE T /N R SVM-ARIMA 44
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TAK A T VR A4 EEMD-SARIMA-LSTM, %885 CPI #& ¥ Hli A %5 & i kS B2 9]
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#15 BP-SARIMA BLAYXE CPL AT Wi o @ik xS bb AT, A1 3 BP-SARIMA BLAYAE T CPI 51 B
B RERRTE . YEUIEE[ 12 E T ARIMA B 5 BP #4754 GDP #E4T 1500 204 & 31
BP 4 W2 B I TN AR AR T ARIMA B phah, (DR K2R P HK R R 131/ 8 T 40 Besk
Lagrange ffi{H Grey-Markov %0 Tl CPI, 3 CPI BIER ML 1 #r HLA o

b IR AW R 2, O 2 %3 12 FH I 4 48 22 55000 TNk 78 CPL, FHHUAF 17— 2 1 RO
W ORI T R A R AR O RV SR AR B AT TN [ 14] . SIITAE R FH X 25 45 2 K00 1 A g 1k
NEH A5 TS 2R (RS Bt P R AT SRS TN CPL [15].

SIS A A R ST 45 T LS, ZEATX CPT TN AR e rf, [ A2 R T 2Rk
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2. XEREIEICEA
2.1. BHEIFS
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2.2, FoESE AR IR R

T RS R R AT IR NG S TEAS 53118, IRATF SRR & MR REEA FE bR, B AEXT TR R
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2.3. AEEBE N

TESERRIL A, FRATTTHI i 5 52 2% 22 78 A BCHE B AR, FROI B30 1 1 A Bt 5V 22 AN e AU . Xt 5
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Figure 1. The time series chart of Shanghai’s monthly CPI (year-on-year) from 2004 to 2024
[ 1. 2004 %) 2024 £Fi8) LG A E CPI ()BT FE

Table 1. ADF unit root test table
< 1. ADF BRI

A oI H t p AIC EFHE(1%)  IWFEGE%)  IEFE10%)
0 -3.158 0.023%** 322.594 ~3.46 ~2.874 ~2.574
CPI (FLk) 1 ~7.721 0.000%** 330.321 ~3.459 -2.874 -2.574
2 ~6.858 0.000%** 351.153 ~3.46 ~2.875 ~2.574

FEZEY N O B, TEVE P EDN 0.023**, IXERELE 5% REMAKCT E, RIS BAAEZE D
N OB, FATATCIS 18 12 5% AR E VA b, R4 R, R 55 BA At

TEZESY 9 L VAL 2 B, 4k PAE BN 0.000%**, IXEIRETE 1%, 0.1%M BE WA L, s
TR R, JATR DB RS DONIZFSION PR P81, SRT0, 5222000 0 Brin 4 AR,
PANFHFEEER], FEEZ DU B, AIC EWRAAEZHIE . XERY, 200 2 Briny, B i)
WAL LT .

gi bk, @A 1 P ADF BG4 R BEAT b, RATAT A4S H PR 45k

(1) FEZ7 09 0 B, i (8] 5 BI4E 5% 0 525 VAT B3R JsU B e, R e — > TR B 18] 5715

(2) FEZI3 N 1. 2B, AZIEFFIE 1% 0.1%H0 % Z VEKE BAE L R R, RIS E & — 1 F
F BRI 5] P 571 o
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4.1. EF ARIMA &R BTN 947

I 18] e 21 5t ) JE oL S0 BRAE T S T 3R . R BE AL B, AR ST LRI N (8] 7 S 8 T A, e 22
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Figure 2. The difference chart of Shanghai’s monthly CPI (year-
on-year) from 2004 to 2024
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Figure 3. ARIMA model fitting and prediction chart
3. ARIMA 5B & T

NTR ARIMA B HERPE, AU IR AR ZE R o A, RIJE B AR -

I TR R T Q SittE KRNI P AR, A PAERT 0.1, MR BLYONTRZETT & FIge S 2
Ry TN A R 722 R BT s Bl A v, {5 RHEN AIC 5 BIC {5 M T 1PAH GEIRR M1 %
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22 VEMPIH T A S e RS, WHBEE. Q GitE. FEAMBILL AR WA ILE. £
ARIMA A1, 0, 0) A0 1, FRATUEER] Q Bt EMLE R X —45%, ARIMA #i%84(1,0,0)) P &
G EARE, KEWERN RS € RGP & F SRR RS . BRIk Ah, sy
PIALA R R 0.855, B s MR A B RS AL E RO, FEARRF G IRATH FUH 2K

Table 2. ARIMA model (1, 0, 0) diagnostic table
= 2. ARIMA #824(1, 0, 0)4i =

i 5 &
o Df Residuals 239
FEARS R
N 241
Q6 (P) 0.002 (0.966)
Q12 (P) 9.072 (0.170)
Q QI8 (P) 77.782 (0.000%%*)
Q24 (P) 89.929 (0.000%**)
Q30 (P) 98.761 (0.000%**)
o AIC 476.378
= B HEN
BIC 486.833
WEE R2 0.855

Table 3. ARIMA model parameter table
7 3. ARIMA #ER S5

X FrifE 2 t P>t 0.025 0.975

WA 7.282 2.203 3.305 0.001 2.964 11.601
ArLl 0.929 0.022 43.081 0 0.886 0.971
Sigma2 0.409 0.025 16.232 0 0.36 0.458

FF BT AR CPI ([FIEL), M RRILE N ARIMA B5(1, 0, 0), 4l ARIMA BRI S HG LK &
3, BRI ARWT:
y, =7.282+0.929y, (5)

4.2. ETF s/ FeZFEER VTR TN 94

TEZFE A BEHLSVM) IR b, /b 3 S5 ) & 81 (LSSVM) & — P S T Gi il 2% I HR ML 48
SIER . BT CPLEE ARGt AN it , FRATTAT LARIFH LSSVM [ml 4 4 i 7 CPI il 4Y .

fE LSSVM [HlJawr, H2eiEw L HARRE . HbrR ol s 2 — Mm@, BT 3HR—A
T, SEAF TR 5 S PR E 2 T R 22 RN . B IZRED D ={(x3): (%232 ) a (5,3, )} » FoHT X A5
i MEARIRHE R &, A i MR S E .

76 LSSVM [ElHMIRAL I, (FEAEREE LR A . XL % A Bh T R SRR A St g e
P, VIGRREA T B SE y STIME £ (x,) Z I ZEE RN T ETHE A LE ¢ o MR FAFUFER
y‘j:
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Figure 4. LSSVM model fitting effect on the training set
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Figure 5. LSSVM model fitting effect on the test set
5. LSSVM tREUI & MR SRR E

K 4. 5 3 T LSSVM [m] VAR Fi il 48 5 504 S SEAH 2 (R AR ZE X b or T . 45 B R, LSSVM
o] AR AR B BT A0S R0, BRI A g N A S R AL G i 2 4
4.3. ET BP #HZMERE A TUN 434

TE AL, B DR S ) o SR B A7 B FE AL, TN A/ o — R E R 2R ik, AT
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W ESRIEE B REBEMER . EAZ TN F, BP (Back Propagation) i 25 P 28 5 Y i + H 55 K
P E SR DA E S I TR S, S22 T 2 REFMB . BEREMNS BTN Z. RBE BN E =M
OERAR, XS5k RAEE 6 hIFE] TIEMWER . BER S N 28 CE X0 AL B DL 3SR 7 TR 45
ERELENNEA, NIACEH R A GEACBE R R AL 1 2 S i itk
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X
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Figure 6. Topology of the BP neural network
B 6. BP #1£2 M4& R 11MGHY

BP FI22 [ 25 1) 2 STk B8 T B G I B IR AR R AN AL . fEIE BRI B, TN T IhE
WMNZ, #MLEEREE. £REE, 58T —RAEREESITE, SimAdEhnZ. At
JEME RS TUHAEEmZ, BIfFERE, WEMSESE N RZET LN B . EIprB, Kk H =2
MR ZEES, M BRLEZRZmEE, JERES ZEFEEPUE AT EE. X — LR EE
MU R ZE, IS S bRt SRR U B Ax . GBI AW B AT IE G R S AL i, AR
ZEITEREAS LLIZ AL .

R4 Kolmogorov /EF, BP M4 HA H AL ThRE. #Hit L, —A~=JZ BP &M% (HHE
BINE Gt E AR e ) 2 A E AR S AR 2 R

FRIE AL BT azk sy (8] Fp S BAR R AE, K 0 B¥g T P s CPI #idls v N &, BT CPI A &
N AR R AT LU E— D=2 BP #EM%%, MANEREET Lilgh e CPL ik, BRRER
B AMMET, mbERAE &I, RS RETRET 15 50 CPLEURIE AN, % 16 1 CPI
HARVE SRR, ) 2004 2% 2024 41 H £ CPI #2423 B AR A 226 MYINGRFEAS . sl Yl 2R
BRI 5, RS FEAT ISR, FEAWRHEAUE, BERXRWRMFIRE. &a, FIHIZRER
IR 288 6 A K (1) CPT 1#EAT TG

7+ [E 8 7R T BP PR £ AR RN 5 KOs FUSE Z ) iR ZE X Loy AT . BT DU H BP LS
ROREF, T DL AN N A Bk

4.4. B—EBHRILL

MERIFI R KA, ARIMA #AL, LSSVM [A|JHER | BP #1445 TY f) RMSE F1 MAPE X L%
Rnz 4.
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Figure 7. BP model fitting effect on the training set

7. BP A IR EY R E

T EE TS T
RMSW=0.82343

® —— FLEA
105+ ; -G - HlE |

5 10 15 20 25 30
TREA

Figure 8. BP model fitting effect on the test set

[ 8. BP #HE SN EHRE

Table 4. Comparison of errors among single models

4. B—1RRIREXLL

T RMSE MAPE
ARIMA 155! 0.51 0.0045
LSSVM #i %Y 0.69 0.0061

BP i 45 A5 Y 0.82 0.0142

MRAE R 4, HHr s — R LR, RIRITE =R — AR, ARIMA BB 46 7 21 A S 3R B i
N7e4r, H RMSE A 0.51, MAPE 4 0.0045. FEIM S, LSSVM [EI AR M 5% Z= 50N, T &5 SR 4
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Rt R, F RMSE N 0.69, MAPE 4 0.0061. % BP #14: & X FEAR BAG BRI E, 7 7c L AEAHE
17Ny, R HAE AP IATRIN 77 TR IBONE TS, (H AR IR SR E , H PSR E0A 1 LSSVM 45
RIFI ARIMA f57, L RMSE N 0.82, MAPE N 0.0142. %% &, H—fAdh ARIMA BRI, BP
0 X 28 A5 2R 1) FROII 8 SR AR A T FEAt A o — 1S R B AN A

5. ETEEEER EiE™H CPI 7l
5.1. EF ARIMA-BP B4 &8 B0 FM 4> 47

ARIMA F1 BP #H 4 ZA5RAE CPT $4i (1 58 H T b )R L — s i 8t RN B T (i
MZEEE, RMEAERRHIALZL. BT S, BP W4 MGSRIE U7 R I A e, K
TINS5 5 R IR AR E . AT S, ARIMA KSR F T 28 SR 0 58yt €, LT A A 8 250K T
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Figure 9. Fitting effect chart of the ARIMA-BP model
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Table 5. Prediction error of the ARIMA-BP model
# 5. ARIMA-BP #& 8z

H i ToE FLSE Rz RMSE MAPE
2023-07 100.33 100.35 0.02
2023-08 100.76 100.7 -0.06
2023-09 100.86 100.8 -0.06
2023-10 100.40 100.4 0 0.04 0.0003
2023-11 99.83 99.8 -0.03
2023-12 99.74 99.7 —0.04
2024-01 98.87 98.9 0.03
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Table 6. Prediction error of the ARIMA-LSSVM model
# 6. ARIMA-LSSVM #58{R =

Ep:E TimE HHA R 7 RMSE MAPE
2023-07 100.1 100.35 0.025
2023-08 100.4 100.7 0.3
2023-09 100.5 100.8 0.3
2023-10 100.6 100.4 0.2 0.61 0.0051
2023-11 100.9 99.8 -1.1
2023-12 100.4 99.7 0.7
2024-01 99.7 98.9 0.8
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5.3. HARBEIPUIRRILE

MR I3 SRR E, ARIMA-BP #%, ARIMA-LSSVM K% ] RMSE F1 MAPE %f L2 SR < 7.

Table 7. Comparison of errors among combined models

7. HAEEBIREIL

i RMSE MAPE
ARIMA-BP 7Y 0.04 0.0003
ARIMA-LSSVM #i%Y 0.61 0.0051
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