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Abstract

Based on the theoretical basis of the time series analysis method and the total energy consump-
tion data of Yunnan Province from 1976 to 2020 as samples, this paper uses R software to estab-
lish ARIMA model and Holt two-parameter exponential smoothing model for the total energy con-
sumption, compares the predicted total energy consumption data from 2016 to 2020 with the ac-
tual value, and takes the minimum absolute value of relative error as the selection principle, It is
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found that the data predicted by Holt two-parameter exponential smoothing model is closer to the
actual value, so it is used as the optimal model for prediction. According to the prediction results,
it is concluded that the total energy consumption in Yunnan Province will rise linearly from 2021
to 2025.

Keywords

ARIMA Model, Holt Two-Parameter Exponential Smoothing Model, Total Energy Consumption in
Yunnan Province

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

MOE R A S, REZST AR . A BRIRCE R . AR KFREE EHEZ) T AT AR R . SR,
LTI PRI 1 OB I RBEYE 9%, X AR FRERIRIL AR TAR KIS0 . Sy 1 R G2 RR IR 9
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SF(1976~2020 £E)NFEA, [EIISKEH ARIMA. Holt P& ¥t $ T 1 BRI 2= 7 48 A R TLAE (1 BEVR 75
Ko XNB A ARKAIREI R AL, BORH] MR ST S5 ME, REIRESE 1 TR SR GEIR
BEFE KT 1A RS BE g RS B . B IR B, SR AR AR IR R R SRt RV . REUR
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e FAEARWT LI I, REVRYY PR S IR E AU kR SR AR DG . xR E R VR P 0 O ), AR 22
HHRFIH ARIMA BEARSHEAT TN . HR 6 T HR R AR I B g A A, sk SOR[ 155 T — ke
P57 R s R AT T s AR SR (20 B T R B REUR I o A R — R AR BT T s A 4(3)
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REVR R AL 2R 5 75 SRAEAT 7 T B2 40 B o 4155 48 S50 BB VRV 2 R, AR 22 2 2t R R 18] 510 2 M 7 ik
) ARIMA BEAUHAT 0 . 8H) RE (41 7 HIRE 1985 422 2007 - He il vy o w5 1 17 s s Tl
THIRE AR ZERIE BB R, FEESILAUTARA 1979 £E 2006 EAEVRTH P78 B EE A0 REA T
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FEREPE I )i by, A5 V5 2 5238 R A Holt IS HERECT I IX MR A . B RIYZE[7]$F 1 I EH#E
ATt AN R AR S HAE (1995~2012 4. ARAEAT B(Brown) B — 2 502k M 45 5048 A Holt XU B2k M 45501
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EEX = F 8 I RRIRTH 9 MBI T, BEAEFTAR[ 101154 T = F78 RBIRTH 27(2000~2014 FE)ENFEAR, 4
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RZER 70 BE LA E B0 PSR AL R/, BT S AR, SRS T 1 2= B A RE VA 2 L e
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TR AT REVRIE 2 T R TN B A A AT M. HAE T ARIMA EAYRI Holt MU S B2 M R HCF Il ALY =
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SCHURRIAVE . B R E AR
3. EipiRE
3.1. ARIMA {RBI M E AP

SRATE AR B PR, FE A ARIMA (p,d,q) BB 45/ R FToR -

®(B)Vx, =0(B)e,
E(gt):O,Var(gt):ai,E(gth):O,s #1
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O(B)=1-0,B—--—0 B, JFRTIE ARMA(p.q)BRLI0F 50T RE 2 Wit

3.2. Holt WS REH FREKRIE R

Holt P 2 4G HOT-H R AN W0 ST BRI 6 (¢) ORS00 6 (1), 20 30l F

a(r)=ax, +(1-a)[a(t-1)+b(t-1)]
b(t)=pla(t)-a(t-1)]+(1-B)b(t-1)

Ko, x, HIFHIEE I AE I RSN o, BIINTIAL, W 0<a f<1. HHZE, [Tk

a
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5. EROTEIE
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Figure 1. Timing chart of total energy consumption in Yunnan Province
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Augmented Dickey-Fuller Test
alternative: stationary

Type 1: no drift no trend
lag ADF p.value

[1,] 0 7.81 0.99

[2,] 1 3.50 0.99

[3,] 2 2.51 0.99

[4,] 3 2.49 0.99

Type 2: with drift no trend
lag ADF p.value

[1,] 0 3.77 0.99

[2,] 1 2.29 0.99

[3,] 2 1.75 0.99

[4,1 3 1.77 0.99

Type 3: with drift and trend
Tag ADF p.value

[L,] 0 -0.899 0.943

[2,] 1 -1.147 0.905

[3,] 2 -1.379 0.818

[4,] 3 -1.291 0.854

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

Figure 2. ADF test chart of original sequence (total consumption in Yunnan)
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1) “Fratbabs

XF 25 F A TR RERY B 6 5(1976~2020 4F)[F AT —B 2247, SRIE IS — I 2203 5 e 9 (B e B (1 3)
MEF BT LAE B, 58— 20 580 R . v T RS ER AW R T AR RT [) F 41, AT i %
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Figure 3. Time sequence diagram after first-order difference

3. —MrES RHEE FSIE

i~ &l ADF ke s, KB =RAK) ¢ Gt &) p BA DT BE MK (a=0.1), HHZEIEF
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SV, EAFAERRAAR . BB IR AR BB, 0T 1976~2020 4 = R 4 BETRIH 2 B B MU 1R 51

TR 8 7 4
Augmented Dickey-Fuller Test
alternative: stationary
Type 1: no drift no trend
Tag ADF p.value

[1,1] 0 -2.182 0.0309

[2,1] 1 -1.070 0.2915

[3,] 2 -0.859 0.3664

[4,] 3 -0.679 0.4308

Type 2: with drift no trend
lag ADF p.value

[1,1] 0 -3.58 0.0123

[2,1] 1 -2.20 0.2554

[3,] 2 -2.09 0.2962

[4,] 3 -2.09 0.2947

Type 3: with drift and trend
lag ADF p.value

[1,1] 0 -4.93 0.0100

[2,1] 1 -3.41 0.0676

[3,] 2 -3.36 0.0760

[4,] 3 -3.36 0.0760

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

Figure 4. Statistical chart of ADF test results

4. ADF K345 R Gt [E

2) BRERK

 “E 57 B, RT 1976-2020 = FE4E HIRETRYH 3% s 3R O 8] 37 41 A M G 3G o, IR 6

i) LB it & 1A H 45 0.000981, ZEiE 12 Bt LB giit &1 p 8 R4 0.001797, ¥/ F 8.2 1K F 0.05,
Fr L2 BB 465G T 1976~2020 4F 2 B 44 1 REVRTH 2 S B 5 it 18] 7 41, e Al bLY 21 0 )5 AR %
IWHENAEEMEFE T 25 LATIR, 1976~2020 4F 2 R4 REVRTH P 20l — B 2493 5 o PAa ik B
PR, WUORSCAT @S 2 B T A = ) ARIMA(p, 1,q) 2

Box-Ljung test

data: diff(t)
X-squared = 22.662, df

6, p-value = 0.0009181

Box-Ljung test

data: diff(t)
X-squared = 31.261, df

12, p-value = 0.001797

Figure 5. White noise test of first-order difference sequence
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—MrEta R TER, 2, B4 ARIMA(L,1,0). ARIMA(0,1,2). ARIMA(L,1,2)8% , L& 455 “& 77
“lz] 8” “E] 9” Fﬁﬂ_‘—\‘o

DOI: 10.12677/5a.2023.122046 426 Gt 5 3


https://doi.org/10.12677/sa.2023.122046

R 14

Series: diff(t)

w O'_»ﬂ ffffff |’ ————————————————————————————————————————————————
o I R L L
<
S A O S S N S AU S ) SO S S S W
T I T | | | T I T I T I T I T
2 4 6 8 10 12 14
LAG
e
I °_ ] — | |
0O f
o.'_
B RS S e eSS e e e e
2 4 6 8 10 12 14
LAG

Figure 6. Autocorrelation and partial autocorrelation diagram

& 6. BfEXmEHEXE

AIC #ENZ AIC HBUN, AL, B “% 17 Por, ATABERRIUVER — ARIMA(1,1,0); BIC #E
M2 BIC (B, BRI, RAEZAEN], BRIV — ARIMA(L,1,0). IAERRYE S H) B 1R A
Wr, an “1 97 Fow, B =1 = AN S5 Guit I PAEAIR T 0.05, AT LABRATAT AAIBRA TN 1976~2020
ERFE AN P B BRI R RIS AL = ARIMA(L,1,2) =S5 535 0%, @A S50 S E 1R
9. 4“1 77 s, AR ARIMA(L,1,0)Z40 t Seit- 80 PN 0.0012. KT BRBZIELAN, BN
TizE/NT 0.05. FrBAFRATA 1976~2020 4F 2 B 44 RERIH 2 cl & 1 [R] R A3 S AR — ARIMA(1,1,0)24%
AR, Mo LB SN BE R . 25 FRTR, ARIMA(L 10 AR A B ARdE « ] 77
FIRA SR, AT = F A I AEIRTH 9 B0 ARIMA(L1,00B R ik, R

(1-0.4756B)(1- B)(X, —284.9380) = ¢,

Table 1. AIC and BIC values of each fitting model
1. FHEREM AIC, BICE

A Y AIC BIC
ARIMA(1,1,0) 14.08606 14.20771
ARIMA(0,1,2) 14.10033 14.26253
ARIMA(1,1,2) 14.11403 14.31678

Estimate SE t.value p.value
arl 0.4756 0.1368 3.4762 0.0012

constant 284.9380 72.8087 3.9135 0.0003

Figure 7. ARIMAC(1,1,0) fitting results
7. ARIMA(1,1,0)l &R

Estimate SE t.value p.value
mal 0.3302 0.1451 2.2763 0.0281
ma2 0.3629 0.1340 2.7072 0.0098

constant 283.7037 63.8887 4.4406 0.0001

Figure 8. ARIMA(O0,1,2) fitting results
8. ARIMA(0,1,2) 1l &R
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Estimate SE t.value p.value
arl 0.4800 0.3775 1.2715 0.2109
mal -0.0973 0.3749 -0.2595 0.7966
maz2 0.2421 0.2314 1.0465 0.3016

constant 289.3438 80.8830 3.5773 0.0009

Figure 9. ARIMAC(1,1,2) fitting results
9. ARIMA(1,1, )& &R

4) R B E MR

T (1 2 25 PEAS B0 R A B0 T 22 BUR A AR 7S o SR OG T 1976~2020 452 B 48 1 RE VR 2 o 4L
PE R PR3, e R ZE AR P S g A R, AR, 7T BLZ AR A AT AR R A e
M BT [z, WARAMSDR, SR REE R, EHEES. ARIMA(L,10)B R 5%
Z ¥ ACF B 10 from. IR EIH R DA AR G 16 Birik 22 10 B A O R BB AR AL 1L 7 2 {5 bRifE 2
6], DU REAR 4 ) R JR A6 B8l P O R A IR SRAR ISR RS 2, ISR T 1976~2020 4 = & I fE
PR B S R I 8] B AR AR B 2 O e, R ) B VR R . AT LR A S EIR T
g B I St B P AEART 0.05. FATA LLUONIZAN G BRI R 51, e
BT AR, B LLZA S R R 2 T .

Model: (1,1,0) Standardized Residuals
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Figure 10. Significance test chart of ARIMA(1,1,0) fitting model
10. ARIMA(1,1,0)HA &1 8Y B 21446 16 [E]
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5) AAR T

AL ARIMA(L OB AT S, M GBI “B 117 B WEIRTLUE H, B4
SRR BRI . 4% 2016~2020 X 5 FREE, R AT SEPRME S BONME, THE AR R ZE
A = |SEBRE — TMMESEPRE, 930858 k27 .

Forecasts from ARIMA(1,1,0) with drift

15000
L

4

10000
|

S

I I I I
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Figure 11. Fitting diagram of original sequence value and predicted sequence value based on ARIMA model

El 11. &F ARIMA RAERFFHEFFNFFHERMEE

Table 2. Comparison between predicted value and actual value based on ARIMA model

5 2. EF ARIMA BRI FHUNE S SEPrEXT SR

Ay SEBRE (T AR HERR) TR (7 AR HERL) X IR ZE AR
2016 10725.95 10559.7861 1.55%
2017 11163.57 11018.6503 1.30%
2018 11590.02 11521.11908 0.59%
2019 12157.65 11942.257 1.77%
2020 12981.94 12577.028 3.12%

5.2. Holt M BUIE BB

HI ESCRIT, KT 1976~2020 4F 2 B 44 H REUR T 9 o 5 25040 (0 I 1) 7 910 A ek s i () R Je i s BT EA
AR Holt I HERBCHIE LA, WAERME 12 Pror, FHNLZF AR RE 13). A3,
PATEA RN B8 € 118 R OME, Pk R BTG EUTHE R FE R a=1, p=02816182,
i) Holt MZHUHRECTIE, AWHEN, &5 WIS HAHIHEN: o(r)=12981.94, b(r)=530.3546,
MR RAT R b WITRIME A X, =12981.94+530.3546k,Vk >1 .

FATRA Holt S EEEHCTEBALEAT NG, X TN 5 SEPREIX AR AR —MULE 1, dn “15] 137
Fi7se ARSCEFET 2016~2020 1 SLPMES TIME, THEHAXHRZLE = |SEPrE — TEYME,
RENGER “F 37 .
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call:
Holtwinters(x = t, gamma = F)

Smoothing parameters:
alpha: 1

beta : 0.2816182
gamma: FALSE

Coefficients:

[,1]
a 12981.9400
b 530.3546

Figure 12. Holt two-parameter exponential smoothing results

12. Holt B BB BERE

Table 3. Comparison between predicted value and actual value based on Holt two-parameter exponential smoothing model

% 3. T Holt BEHIEHFERERFUNES LFrEX BT

Fo S BRAE (7 MERREERR) TRIE (F3 MERRERR) FXH R 22 45 E
2016 10725.95 10702.32 0.22%
2017 11163.57 11010.24 1.37%
2018 11590.02 11491.04 0.85%
2019 12157.65 11945.36 1.75%
2020 12981.94 12572.78 3.15%

Forecasts from HoltWinters

15000
|

10000
|

5000
|

T I T T T
1980 1990 2000 2010 2020

Figure 13. Fitting diagram of original series value and predicted series value based on Holt two-parameter exponential
smoothing model

[ 13. &TF Holt WS HIERFBEE R FFHEMTNFFIEH A E

5.3. LGRS
MRS 3R ARIMA B, Holt #2408 K011 PRI (8] 7 21 0 M JE I SE i, 20 il iS 3 = /4
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2016~2020 4FHEPRIH P AT, BT 5 SEPREMOT L, RIS RZLE,  BUR FARRT i 2 45t
EGHE Rl “8& 47 P,

Table 4. Statistical table of relative error based on different models

4. BETARREOBIRER TR

Ay ARIMA #5754 Holt HZ X485
2016 1.55% 0.22%
2017 1.30% 1.37%
2018 0.59% 0.85%
2019 1.77% 1.75%
2020 3.12% 3.15%

IR G 45 R E, Holt P Eda BT M AR A A AR R Z e E AR BN, B AR Ry, &
AR RIS = B4 2021~2025 SEREJRTE B m AT T, TRIMEE RN “K 57 Fin.

Table 5. Forecast Statistics of Total Energy Consumption in Yunnan Province from 2021 to 2025

325 EEH 2021 £F 2025 FEEEEBR A ETNSGITER

2021 2022 2023 2024 2025
BB B A A
N 13512.29 14042.65 14573.00 15103.36 15633.71
b T 1)
6. &5ip

ASCRLF B B 5 A s R B, S56 mE 1976 4F 2 2020 FRIRTHE TS EHUE NFEA,
FIFH R A BEVR Y 22 s BT T ARIMA RN Holt 9 2 e BT 1 78, 14 F0 2 1) 2016 4E 2 2020
S REVRH B e B (0 T AR 5 L S BRAE RO L, AR AR A R R 25 A L R /N R R S U, B Holt B2
B T A BT ) B B I SERRE, TR AR N R AT T . FRATTRT LATRE 2021
2025 SE LB REIRH T A B, SREESL LIHAR. MIEASTHTNSE R, KREE, ~BEERRIRH
W T RE AR DK, N TIEN H KRR TR, BUF RN RHCE B0 BRI i, B2
SE REVR K AR, TR RE BRI S M R BR IR BE TR /KO, 3 5 8 AR SR I REVR K R BB ISR RIS v, A Ufie
ARG S S EAIRE R, B sedipokg ., b HAx.

&E 3k
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