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Abstract

In recent years, with the increasing awareness of environmental protection and energy conserva-
tion, as well as the improvement of supporting infrastructure and related encouragement policies
for new energy vehicles, the development of new energy vehicles is entering an explosive period.
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In the current era, predicting and analyzing the production and sales of new energy vehicles has
become a research direction that attracts much attention. The research results of this direction
are conducive to better assisting the decision-making of governments, enterprises, individuals,
and other parties. In order to predict the overall sales of new energy vehicles, this paper provides
a grey forecasting model for the annual sales, an ARIMA forecasting model for the quarterly sales,
and a SARIMA forecasting model for the monthly sales. The long-term and short-term forecasting
results show that the development of new energy vehicles is promising and will occupy a larger
share of the automobile market in the future, becoming the first choice for consumers.
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Figure 1. Modeling procedure
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Figure 2. Time series diagram of the annual sales of new energy vehicles in China
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Figure 3. Sequence diagram after difference operation
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Augmented Dickey-Fuller Test

alternative: stationary

Type 1: no drift no trend Type 2: with drift no trend Type 3: with drift and trend

lag ADF p. value lag ADF p. value lag  ADF p.value
[1,] 0 -4.297 0.0100 [1,] 0-3.929 0.010 [1,] 0 -4.40 0.0100
[2,] 1 -2.236 0.0269 [2,] 1-2.563 0.128 [2,] 1-3.74 0.0401
[3,] 2 -0.667 0.4303 [3,] 2 0.942 0.990 [3,] 2 NaN NaN

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

Figure 4. Results of ADF unit root test
B 4. ADF B{IRIGINES

aiBEALEAT IR 2 R LI 5.
Box-Ljung test

X-squared = 2.9781, df = 2, p-value = 0. 2256
X-squared = 5.4337, df = 4, p-value = 0. 2456

Figure 5. Results of pure randomness test for stationary sequence
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M) FH AR 80 I )80 A ST PR, wr 45 B P LI 6 R 7, RIS AN K S % as b II1E S
Jll: —0.08723151, 134.6529.

F4 FgiE  CPRRHREREE THREHEMTNE FE BRE FAXTIRZE FthlwE

2011 0.8 165.8 165.8000 0.8000 0.0000 0.0000

2012 1.3 166.3 155.8130 -9.1870 10.4870 0.0631 -0.0879
2013 1.8 166.8 170.0153 5.0153 -3.2153 0.0193 -0.0879
2014 7.5 172.5 185.5120 20.5120 -13.0120 0.0754 -0.0552
2015 33.1 198.1 202.4213 37.4213 -4.3213 0.0218 0.0498
2016 50.7 215.7 220.8719 55.8719 -5.1719 0.0240 -0.0022
2017 71.7 242.7 241.0042 76.0042 1.6958 0.0070 0.0302
2018 125.6 290.6 262.9715 97.9715 27.6285 0.0951 0.0887
2019 120.6 285.6 286.9412 121.9412 -1.3412 0.0047 -0.1103
2020 136.7 301.7 313.0957 148.0957 -11.3957 0.0378 -0.0330

Figure 6. Prediction and test results of the GM (1, 1) model
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Figure 7. Comparison between the prediction of GM (1, 1) model with the actual values
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Figure 8. Time series diagram of the quarterly sales of new energy vehicles in China
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Figure 9. Sequence diagram of Chinese new energy vehicles quarterly sales after first-order difference operation
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Augmented Dickey-Fuller Test
alternative: stationary

Type 1: no drift no trend Type 2: with drift no trend Type 3: with drift and trend

lag  ADF p.value lag  ADF p.value lag  ADF p.value
[1,] 0-7.28 0.01 [1,] 0 -7.53 0.0100 [1,] 0 -7.43 0.010
[2,] 1-2.87 0.01 [2,] 1 -3.05 0.0455 [2,] 1-3.04 0.171
[3,] 2-3.87 0.01 [3,] 2 -4.30 0.0100 [3,] 2-4.38 0.010

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

Figure 10. Results of ADF unit root test
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X1 B 2200 i B A AT AU RE AL 56

Box-Ljung test

X-squared = 42. 201, df
X-squared = 72. 747, df

6, p-value = 1.678e-07
12, p-value = 9. 773e-11

Figure 11. Results of pure randomness test for the quarterly sales after first-order difference operation
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Figure 12. Autocorrelation and partial autocorrelation coefficients
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2) ARIMA ((4), 1, 0).
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Figure 13. Predictions of the quarterly sales of new energy vehicles by ARIMA ((4), 1, 0) model
[E 13. ARIMA ((4), 1, OREIHFEERESHE HERMATUN

Table 1. The predictions of the ARIMA quarterly sales forecast model
= 1. ARIMA FE HE TR EE T IE R

fif 7] bR E T 95% 1) BAF X [1] T 5% 2=
2021 HFEE = 94.9 74.76 (57.16, 92.36) 20.14
2021 45 U2 - 95.51 (70.62, 120.40) -
2022 Y - 88.17 (57.69, 118.65) -
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Figure 14. Time series diagram of the monthly sales of new energy vehicles in China
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Figure 15. Sequence diagram of the monthly sales of Chinese new energy vehicles after difference operation
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Augmented Dickey-Fuller Test
alternative: stationary

Type 1: no drift no trend Type 2: with drift no trend Type 3: with drift and trend

lag ADF p. value lag ADF p. value lag ADF p. value
[1,] 0 -10.29 0.01 1,17 0 -10.37 0.0100 [1,] 0 -10.44 0.010
[2,] 1 -5.45 0.01 [2,] 1 -5.53 0.0100 [2,] 1 -5.67 0.010
[3,1] 2 -3.20 0.01 [3,] 2 -3.26 0.0235 [3,] 2 -3.35 0.073
[4,] 3 -2.81 0.01 [4,] 3 -2.88 0.0579 [4,] 3 -2.98 0.179

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

Figure 16. Results of ADF unit root test
& 16. ADF B{IRIQILER

Box-Ljung test

X-squared = 12.205, df = 6, p-value = 0. 05756

X-squared = 29.253, df = 12, p-value = 0.003613

Figure 17. Results of pure randomness test

17. SHRENLEHRIEEER

AR, 2 B8 3 S 7 2 1) B AR A DL SRS T A A, 6 R 1 B 12 2B B G IR ST T R
K 18 Fran, LM e &k SR AR 7 5 Z 7).

ARCH LM—test; Null hypothesis: no ARCH effects

Chi-squared = 3.3072, df = 1, p—value = 0. 06898
Chi-squared = 3.1854, df = 2, p-value = 0.2034
Chi-squared = 3.1527, df = 3, p-value = 0. 3687

Figure 18. Results of the LM test for heteroscedasticity
Bl 18. FHEMN LM AIREGR

6.3. FRFFIHIE ST

1By 12 2025 5 P F00 E AR SC S E A S LA 19, BAHSG RECELE R 1 By AT 12 Bra E A G R
HERERT 2 hnEZE . I BAHXREER I 15 12 Bl BAH S R B KT 2 f5niE . W5 g
G CAR B R E 2= Iy A

1) ARIMA ((1, 12), 1, (1, 12))x (0, 1, O)s

2) ARIMA (0, 1, (1, 12))x (0, 1, 0):

3) ARIMA (1, 12), 1, 0)x (0, 1, 0)pe

5 AIC 15 BHEN], BHATHERRLL, B&EF ARIMA (1, 12), 1, 0) x (0, 1, 0), BRBEATHAE
VEVRZE ] FERS BT, 2 AR A Ak v 2 SR % 3 MR B A SR L P S

FRERVAZEE H BRI SARIMA TIAR L0 546 17 51 LG 18 B LIS 20, XF 2021 427 H&E 10 AKY
B B AR 1 T0I 45 S 5 S BB ) b L 56 2
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Figure 19. Autocorrelation and partial autocorrelation coefficients

E 19. BEXSREEXAKE

Forecasts from ARIMA (12, 1, 0) (0, 1, 0) [12]
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Figure 20. Predictions of the monthly sales of new energy vehicles by SARIMA model
[ 20. SARIMA B FEERAE B EHERNME TN

Table 2. The predictions of the SARIMA monthly sales forecast model
% 2. SARIMA A EHETUMRE M FUNLER

I 5] bR E T 95% 1) BAF X [1] T 5% 2%
2021 47 A 27.1 21.12 (1691, 2532) 5.98
2021 48 H 32.1 23.02 (17.86, 28.19) 9.08
2021 49 H 35.7 23.94 (17.79, 30.10) 11.76
2021 £ 10 A 383 25.32 (18.36, 32.28) 12.98

BEA, AR A E ARSI TN 2021 45 11 A EReIRAR R B8N 28.53 ik, 12 A ii4H
B 34.58 540, MR 2022 £ 1 H, BHEETF TN 24.91 i, 2 ANSEEEHN 20.6 i, 3
HA 4 ARERe IR ZESE R 990N 27.55 Ji%EAN 28.89 JitH.
7. PR EHERCERATN LB K s34

BRI T E N ARIMA FIER 535 B4 A FE R K SARIMA FUUELRL G 2021 455
SRR 2022 G5 —F AR TIA R AL 3.
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A, R

Table 3. Comparison of the results of different models in predicting the quarterly sales of new energy vehicles

= 3. PRIEEHEERA E T HETUNMERILE

e [5] ZE A ARIMA TR Y H £ & SARIMA TRl
2021 4R =P 74.76 68.08
2021 FEE Y=L 95.51 88.43
2022 EH—FSE 88.17 73.06

M3 3 FFEEER AT, xR ARG S A R AT, B R TN B R A B M
AL AR b2 P T AR AR F) LR TN £ R SR A BT BRI I R R . R I, A SO
2 AR ST T A R R AR A b e Bk H B BE VR A A B AU AR a3 . B4R 12 AR A& 1% H
BEILRIIR,  [ROY5 8 BREE BT BFak 4 B R b, T XA AR AR IR AR S 45 T 31 B i KU
MR, ORI 38 H I B AE 12 HVANH 4.

8. ZitE5RE

RSO W RETRTTAE W BB AT T T S I T o R I T A A 4 2 W B RE U R R A
HORBAR T SO AT EE M. S, NTHEBE. iR & B AT HoR I R N
HREVRTAE QU 2 Phi S M RUR B 1A B LB AR, ORI B TP o Do FH B L GRS
HRE. SRR, MEZEeNE. FREReeBc E UL 5 IR 55 55 H S 22D g oy, BATA B hARE
HTREVSY AT ML T W 4 5 FE AL 2 AT P AR A 19

BB AR R . B TR S W T BEE T AR AN 2, e ST e T BT J7 T AT
i&:

1) %R RN AR S BORREE T T AIAS R T i E 10 i 28 S S 2E, R Emt sun] 73 %)
X BT AE R I ] 42 55 9T RE R R FH 45 RO B Sodb AT I, th ] SE R — D M LU R B 5 VA O ¥ B TR RE
PR BRI B e L AR, RN R R YR AR R RA SR TN ik ik
REYR T FH 4= 1 A MG i 7 — SR A U Y, 1 e o e Y e P 4 100 B R Sl A S — 7 P A
RN, T P AT F) RN 45 SR i A5 BB RE IR A A B AR R T O ROR 2

2) WA, NSRS ORI KA AR H A O AR BRI S 1R S JEA
Wit 3 K% 0 e RS 75 5 ST AT SR A it R )BT E IR R TR B A R AR D
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A, R

M F

Table Al. Monthly sales data of Chinese new energy vehicles from January 2016 to October 2021 (Unit: 10,000)

F A1.2016 £ 1 AZE 2021 £ 10 BHRE#FHEEAEREHERIT(EAM: FiH)

B [ e B i e
2016 4E 1 H 22 2018 4E 12 H 225
2016 2 A 1.4 201941 A 9.6
2016 £ 3 A 2.3 201942 A 53
2016 4 H 3.2 2019 3 H 11.4
2016 £ 5 H 3.5 2019 4 H 9.7
2016 £ 6 H 4.4 20195 H 10.4
2016 £ 7 A 3.6 201946 A 152
2016 £ 8 A 38 201947 A 8
2016 £ 9 A 4.4 2019 4F 8 A 8.5
2016 4= 10 A 4.4 2019 49 H 8
2016 4= 11 A 6.5 2019 4 10 H 7.5
2016 4= 12 A 10.4 2019 11 H 9.5
20174E1 A 0.7 2019 4E 12 A 16.3
2017 52 A 1.8 2020 £ 1 A 4.7
201743 A 3.1 2020 £ 2 A 1.3
2017 4 A 3.4 2020 3 H 53
2017 45 H 4.5 2020 4 H 7.2
2017 £ 6 A 5.9 2020 45 H 8.2
2017 %7 A 5.7 2020 £ 6 H 10.4
2017 4£ 8 H 6.8 2020 457 H 9.8
2017 4£ 9 H 7.8 2020 4 8 H 10.9
2017 4E 10 A 9.1 2020 £ 9 H 13.8
2017 4E 11 A 123 2020 4 10 A 16
2017 4 12 A 16.3 2020 4E 11 A 20
2018 4E 1 H 3.8 2020 4 12 A 24.8
2018 452 H 3.4 2021 4F 1 H 17.9
2018 4E 3 H 6.8 2021 42 A 11
2018 4E 4 H 8.2 2021 4E3 H 22.6
2018 45 H 10.2 2021 44 H 20.6
2018 4 6 H 8.4 2021 £ 5 A 21.7
2018 4 7 H 8.4 2021 4F 6 H 25.6
2018 £ 8 H 10.1 2021 7 H 27.1
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e,

Continued
2018 4£ 9 H 12.1 2021 8 H 32.1
2018 4% 10 H 13.8 2021 9 H 35.7
2018 4 11 H 16.9 2021 10 H 38.3
Coefficients:
arl ar2 ar3 ar4

0 0 0 0.7888
s.e. 0 0 0 0.1115

sigma"2 estimated as 80.63: log likelihood = -77.84, aic = 159.67

Residual Diagnostics Plots
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Figure Al. Results of the parameter estimation and model significance test of the ARIMA ((4), 1, 0) model
AL ARIVA ((4), 1, O/BESE T ERSHBEHMRBLER

Coefficients:
arl ar2 ar3 ar4 ar5 ar6 ar7 ar8 ar9 arl0 arll arl2
-0. 2868 0 0 0 0 0 0 0 0 0 0 -0.5144
s.e. 0.1022 0 0 0 (1] 0 0 0 0 0 0 0.1125

sigma"2 estimated as 4.604: log likelihood = -117.87, aic = 241.73
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Figure A2. Results of the parameter estimation and model significance test of the ARIMA ((1, 12), 1, 0) x
(0, 1, 0) 12 model
[E A2. ARIMA ((1, 12), 1, 0)x(0, 1, 0) 12 REWBSHHITHERSEREEMRELER
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