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Abstract

This paper studies the recent changes of grain prices in Shanghai. By comparing and analyzing the
recent 36 months’ grain consumer price index between Shanghai and the whole country, it is
found that there is no obvious trend, and both curves are gentle and highly correlated. The real
data were used to analyze the grain price of Shanghai in recent 96 weeks (taking the average
transaction price of high-quality Rice in the wholesale market as an example) in Shanghai, and ap-
plied the white noise test to this time series. After one order differencing and 5-period moving av-
erage smoothing of the original series, the ARIMA (2,1,2) model is established and the price of the
next 10 periods is predicted. After the optimization of the model, the heteroscedasticity problem
in the residual sequence is solved, and finally a complete fitting model is obtained.
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11 325 HEI 2020 4 6 A 21 HZ A _Eifg iAo a0 iisa e ioRER A 84 . 124t
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Figure 1. Comparison of consumer price index of grain between Shanghai and China (same period of last year = 100)
B 1. EEm52EREXEREBNEER(EFERM=1000MLCE: EFF#=100: XU EFRIERES 100,
SEMEFHLLAREEESE)

Table 1. Descriptive statistics

=1 RSt E

¥l PRt 2 N
TR A R BT P A HR B E A FIH=100) 100.797 0.6291 36
A ER AR RO P s F8 2 E A FIT=100) 100.858 0.3589 36

L, TR SR B B A T b A DR R 2 RO SN AR B IR 0.061, bRk %
Wi 0.27020 A5 5 LT AT A R B 2 A AR TR R0 L RS AR FEAR N #2 36,

Table 2. Correlation

F2. XM
TR A R TR AR AR 2 AR B I RV TS FE 4L
(-4E[F #1=100) (L4E R #1=100)
Pearson {5 1 0.882"
TR AR R A ot
Bl L0 XD °
N 36 36
Pearson A 51k 0.882" 1
AR RO TR A% —
(| 7 1-100) 53 MR 0
N 36 36

Hr IR AE 0.01 AKTCUN) 8K,

2w, LTS 4 E RO S E RIE RN A% EL Pearson A ME R EL[2]/2 0.882, &2 MECUN)/N
T 0.01, RHULAH EEH RS,
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Figure 2. Time series chart of average transaction price of high quality japonica rice in wholesale markets monitored weekly
in Shanghai
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Figure 3. Time series chart of average price of high quality japonica rice after first order difference
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AR, BATKAE LB 836418, XF 2018 4£ 7 A 2 H—2020 4£ 6 A 21 H 2 [a] i & A
4L & T A0 A K A YA — B 2 0 Je Bl 3E AT A e ARG 56 . LB A6 2 FH Box A1 Ljung #57[3], K
AT Q KIS E/NREAI ARSI BRIE, LB Siit &M E BN m K704

JRAR e IEIRIABUNT ST m W 7 58 2 18] A B kST

Hy:pp=py=-=p,=0

BB SR BUNTET m MR SIME 2 (814 A et

H :p, #0
BAFERA

m p2
LB= n(n+2)k_l(n_"k]

b n ZoRFFIIINEL m Ronfe IR HE. 2 LB Sttt E KT 1-a BEEKFEBEEAN m BRTT 0
N, B3 PAEANT a i, WL 1-a B EEAKFIEA R R, FPAIA R EBESE T
HRHE, 2018 4£ 7 H 2 H~2020 4F 6 H 21 H 2z [8]_Eifg i 8 0 i i a PE OAEK g 3 — i 200 &
5, MHS R P& RaT:

Box-Pierce test

data: diff(x)

X-squared = 4.7806, df = 6, p-value = 0.5722

X-squared = 9.2365, df = 12, p-value = 0.6826

WAVR IR A5 R0 R . ZEIRPY A 6 F1 12 (1 LB SRt &1 P A B3 KT R E MK 0.05, —Frzsr
Jei b T A B e U A A T S DI BORE K RS P44 B T LA A e A

3.2. BERIF

PR 9 R N R T I O AN E D9 B 89 R BT RE AL B sl oxt e A1 RS2, AR R 3h~F 2931 [4]
AL ER L TR T I D0 FORE K B 4 et I, T A N R R8T 9 S 40 4 22 3 e BE AL B 1, R
AT LU — 7 B 8] 18] B 3 F-F BEAE 9 T — IR A i . ZR& P20 E W A Ik, - p ok, B
Joa s S WO AR B B SR, R =F R, W n =5 IR -7 o Bl b B, W] L3RS 0
TE4, B s R, B R R R R s,

PATxE T 5 IR 8, £ =0 e KL BROR RS Sl 0T B A A R, M4
iH R B IB T4 R UTT

Box-Pierce test

data: diff(x)

X-squared = 123.67, df = 6, p-value <2.2e—16

X-squared = 145.59, df = 12, p-value <2.2e—16

FATRIR AR AT . ZEBFECH 6 112 (1 LB Siit &1 P AE@ /) T 81K 0.05, 5 3P
W, £ B 220 JE U0 BURER BAZ B P B A2 7S
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Figure 4. The red line is the sequence diagram after moving average smoothing of five periods, and the black line is the
original sequence diagram
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Figure 5. 5 phases moving average smoothing, sequence diagram after first-order difference
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Augmented Dickey-Fuller Test

data: diff(x2)

Dickey-Fuller = —4.4376, Lag order = 4, p-value = 0.01

alternative hypothesis: stationary

HATHR IR S5 R WF - ADF f56 P {EAE 0.01, P 81P A 22 70 SEEAT 5 K i i s 1A S SR I e
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Figure 6. Auto correlation function graph
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Figure 7. Partial auto correlation function graph
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(1—§p;¢iLf)(1—L)" X, =(1+Zq;9,.ﬂ)g,
Horp L2 SEIR T .
I P 5 51 5 2 0 T 26 A
E(g)=0, Var(e)=0., E(ge)=0, s#t;: E(xe)=0, Vs<to

BEALH T RS RE 5E F A2, AR R S SE T BUAN BEIN 1A 25038 [ 7] 3RATRAT R B AR BEH B 3l EBr
ARG AT SH G, auto.arima BRH[3 13 T5 BB AN R MBI $. Giit R KB T4 RINT
ARIMA(2,1,2)

Coefficients:

arl ar2 mal ma2
—0.1157 0.6569  1.0022 0.2915

se. 0.1199 0.1049 02067 0.1977

sigma”?2 estimated as 0.0016: log likelihood = 165.08

AIC=-320.16 AICc=-319.46 BIC=-307.61

WATREE RANF

(LR SN

(1+0.122-0.661" )x, =(1-1.03L-0.32L* ) ¢,

FATIGE RN AIC HZ-320.16, 5RZEF A& 0.0016.
F eviews BAFEE AR [2], i FH R ETT Z2 B/ NEEN, 15210 8 Fingh iR

Dependent Variable: X2

Method: Least Squares

Date: 07/13/20 Time: 22:18

Sample (adjusted): 4 92

Included observations: 89 after adjustments
Convergence achieved after 22 iterations
MA Backcast: 2 3

Variable Coefficient  Std. Error t-Statistic Prob.
AR(1) -0.124715 0.116442  -1.071049 0.2872
AR(2) 0.662321 0.114453 5.786843 0.0000
MA(1) 1.034800 0.137574 7.521783 0.0000
MA(2) 0.322032 0.124913  2.578053 0.0117
R-squared 0.676866 Mean dependent var 0.019416
Adjusted R-squared 0.665461 S.D. dependent var 0.069923
S.E. of regression 0.040443  Akaike info criterion -3.533931
Sum squared resid 0.139031  Schwarz criterion -3.422082
Log likelihood 161.2599  Hannan-Quinn criter. -3.488848
Durbin-Watson stat 2.086971
Inverted AR Roots .75 -.88
Inverted MA Roots -.52-.23i -.52+.23i

Figure 8. Operation results of Eviews
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(1+0.12L—0.6617 )x, =(1-1.00L—0.29L ),
AIC fH2-3.53, BRZFJ7AlE 0.139.
3.6. PR

SHREHRBRBIERIRG - DRNSYREL LT, N T EAREHE. R ) R
WO, HEEE: 5 REORNE. 036 G R SR LN, A BN 0 —m 1 ¢
IM e ARG A KT B B n— m = 88 10 ¢ A0 1-a 5P 0700, SRARIEYE, 35§15
WEH, FUHRRDE R
A
a,0(p)
b a, REEAIERE X, (XTX) 805175 FITE.

M Eviews IZAT45 2R t-Statistic —FIFF1, ¢,, 6, O, NNBSHIEZEFE.

55 BEENEF R BAESTI OBRAR L, PRI I R B D VE% S . M AIC (RIBR2EF )7 Al
HEORE , R G OB I, 7 DL B3 — M.

3.7. RE T EMRE

193] ARIMAQ, IR RIA NG, BATHARG LS . B BRI TR IR A (A ik, (5 B2
IR TRy o K250 7 #1005 PR 22 U AN AT S AR AT R (E R, RIS I 22 e 1) 2 15 0 VR 5 P 91
PRZET I A FE R ST R BT8R T

Box-Ljung test

data: m1Sresidual

X-squared = 16.086, df = 6, p-value = 0.0133

X-squared = 20.157, df = 12, p-value = 0.06417

PRERIG S RN 9 R, 7E 0.1 BE K NEFF AN AP, 1 0.05 BiE K FikzE
FEHIAR RN AW 51 AL A ARIMA(2,1,2) 5 8 i ] G308 47 A 56 4 JE B AT 2005 2o

0.10 0.15
| |

0.05
|

m1$residual

o

20 40 60 80
Time

0.00
|

0.05
|
3

Figure 9. ARIMA(2,1,2) model residual sequence diagram
B 9. ARIMA(2,1,2)1E BRIz = 51
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FH A5 H A ARIMA(2,1,2) Tl 2 J5 10 AR, et R ISAT85 R uns 3 & 10 fros. tei,
5597 WA T & T K B 2 A B TRIAE S 6.20 TT/A T, BASEE N 80%H) BAS [X 7] N(6.14,6.25)
TCATT, BAG RN 95% 1 B A X 18 8(6.12,6.28) T0/ A )T

Table 3. Forecast value of average price of high quality rice wholesale market in the next 10 periods

3. ARK 10 HAft R T A BAEK I B I B FURME

Point Forecast Lo80 Hi80 Lo95 Hi95
97 6.1983 6.1470 6.2495 6.1199 6.2767
98 6.1845 6.0750 6.2939 6.0171 6.3518
99 6.1731 5.9954 6.3508 5.9013 6.4449
100 6.1654 5.9229 6.4078 5.7946 6.5361
101 6.1588 5.8505 6.4671 5.6873 6.6303
102 6.1545 5.7849 6.5241 5.5892 6.7197
103 6.1506 5.7210 6.5803 5.4935 6.8078
104 6.1482 5.6627 6.6338 5.4057 6.8908
105 6.1460 5.6065 6.6856 5.3208 6.9712
106 6.1447 5.5546 6.7348 5.2423 7.0471

Forecasts from ARIMA(2,1,2)

7.0
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Figure 10. Forecast chart of average price of high quality japonica rice in the next 10 periods
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Flt— Ll
3.9. REMAL

TERLEHTIORIAL T, #2650 iE1T ARCH £855[3], ARCH K302 —FhRRik It 7 7 2R 50, BoR 77 2
PR FEF BAE R RFT I, FRIEFF Portmanteau Q f 40 1EN ARCH K304t 1t /7%, Portmanteau Q Fi 3
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i ARSI SRR Fr A 7 2657, HEAERERN, MATRZEF I MFFEH BA Bk, By
ZEARFERL I AT DL Sk 2215 Fe 91 1) B AR SR A A 56

B ZEEFA 7 TT R G R AT R BT R

Box-Ljung test

data: m1$residual”2

X-squared = 0.04742, df = 1, p-value = 0.8276

X-squared = 6.0874, df = 2, p-value = 0.04766

X-squared = 6.0998, df = 3, p-value = 0.1069

X-squared = 7.6767, df = 4, p-value = 0.1042

X-squared = 7.8183, df = 5, p-value = 0.1665

PATHI AR . IEIBNECN 2 1 P EAT RFEMIKT 0.05, IREFIITAAERTT ZI R

BTk, B ARCH(1), ARCHQRBREMGIREFFS]. WSERERKE ARCH(1)®E L. ARCH
RENE ] A 81V 3R R 221 B 91 v 2 35 IR SR A5 B« ARCH AR S5t R T D s e sl 2 v 26 A
K E B ARE BB, FRRMETTEER.

q9
Var(g,|&,,6, 5, )= (g &, r2,...):(g+2116,2,
=

ATLLR ARCH HERY ) 58 B 45 14 02

X :f(taxt—l9x/—2"“)+8z
g, =\/h_,e,, e, ~N(O,0'2)
ht :w—"_zq:l/gtz-j

AT (6,10, o) EFF I x, BTG LN AR
GeLH IR RIEAT AT

Model:
GARCH(0,1)
Residuals:

Min 1Q Median 3Q Max
—1.83348 —0.32410 -0.02318 0.27674 4.93080
Coecfficient(s):

Estimate  Std. Error tvalue  Pr(>[t))
a0 0.0010574  0.0001005  10.523  <2e—16 ***
al 0.5494212  0.2650520 2.073  0.0382 *
Signif. codes: 0 “***0.001 “** 0.01 “** 0.05 0.1 “ 1
Diagnostic Tests:

Jarque Bera Test

data: Residuals
X-squared = 172.67, df = 2, p-value < 2.2e—16
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Figure 11. The confidence level of residual sequence wave is 95% dynamic confidence interval
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K96 5 5 ZWAFAE, A ARCH(1)/3 HB 1 B AG 7K 2 95% 1 EAE X H .

Zib, TR EAE.

(1+0.122-0.6617 ) x, =(1-1.00L—0.29L* ) ¢,
&, =+[he, e ~N(0,0.0016)
h, =0.0010574+0.549421252
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