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Abstract: In this paper, the Markov probability matrix was introduced to reduce the
influence of the high fluctuation data columns on the GM (1, 1) model to improve its
prediction accuracy. Moreover, the monthly data of the residential electricity consumption in
Suzhou from January 2015 to October 2020 were selected as the model’s training data. The
monthly data of the residential electricity consumption from November 2020 to March 2021

were used as the test data to measure the model's prediction accuracy and forecast the
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residential electricity consumption in April 2021. The empirical results showed that the
average relative error of the GM (1, 1) model was 24.70% , while the average relative error
of the GM (1, 1) model optimized by the Markov chain was 11.62%. The prediction
performance superiority of the GM (1, 1) model optimized by the Markov chain over the
traditional GM (1, 1) model is demonstrated in this paper.
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Fig.1 The data graph of residential electricity consumption by months

in Suzhou from January 2015 to March 2021
B 1T 7 8 50 1 S s 0 (1 S 30 L AT R0 A BT 9 8 XY i Rk R (2) ~
(6), AI & 1 GM (1, 1) 8RS % Bisf i o )7 =X, B
2(k)y=z"(k+1)—2'(k) =
(2°(1)+ 1235.6)e "™V 4+ 1235.6, k=1,2,++,n (17)
i =0 (17) AT 45 2020 4F 11 7 — 2021 4 3 J 5 BT A &5 09 F00 25 2R, 5 S PR R X L DLk 1.
1 GM(1,1) BN HEOFMNERELRERMITL

Tab.1 The comparisons between predicted results and actual results of the test data of the GM (1,1)model

#/A FFAL/ (X 10° GWh) Fm A/ (X 10° GWh) £ Mg £/ %
2020/11 9.59 12. 915508 1 3. 325508 141 34. 68
2020/12 8.35 13. 000 704 4 4. 650 704 438 55. 70
2021/01 13.43 13. 086 462 7 —0. 343537 273 2.56
2021/02 15. 64 13. 172 786 7 —2. 467 213 285 15.78
2021/03 15. 56 13. 259 680 1 —2. 300 319 867 14.78

¥4t aR £ 24.70

8 1o 2 1 I R A S8 B R AU AR, £ 2 (8) M (9) Al 3 38 45 i
A=12.7034,B=2.1368, C=10.9398, D =4.6507,
DR 285 45 s 1 B4 22 A IXC ] 2 Dy
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Fig. 2 The interval partition of the system states on the Markov chain
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Tab.2 The order autocorrelation coefficients of the test data based on the Markov chain model

BAEX AR 2020/11 2020/12 2021/01 2021/02 2021/03
T 0.998 7 0.998 8 0.998 8 0.998 8 0.998 9
Tio 0.9950 0.9951 0.9953 0.9954 0.9955
T3 0.988 5 0.988 8 0.989 1 0.989 4 0.989 7
14 0.978 9 0.979 5 0.980 1 0.980 7 0.981 2

F3 Markov #EREE T HENXBFEAINE
Tab.3 The weights of the test data based on the Markov chain model

RE 2020/11 2020/12 2021/01 2021/02 2021/03
W 0.2521 0.2521 0.2520 0.252 2 0.2519
W 0.2521 0.2512 0.2511 0.2511 0.2511
Wi 0.2495 0.2496 0.2496 0.2496 0.249 6
Was 0.247 1 0.247 2 0.247 3 0.247 4 0.247 4

it 5 3 (15) , I AR A A AR 25 e B 4R B, n] 45 40000 5 A £ s BT W i A B RS A3, sk 4
Jr 7R o
F4 EFMarkovEEBNXAMERABRETTENKBENEBHE
Tab.4 The transfer probability of the test data of the residential electricity consumption monthly

based on the Markov chain model

M E 2020/11 2020/12 2021/01 2021/02 2021/03
Y28 0.2931 0.4754 0.4349 0.172 4 0.082 2
Doz 0.2815 0.2635 0.334 3 0.254 4 0.188 1
D33 0.2831 0.162 3 0.169 4 0.2920 0.388 6
jam 0.117 5 0.049 1 0.049 1 0.2339 0.305 6

e Ja it GM(1,1) —Markov 8 B8 514 1 40058 A 63 19 3 RO A, 31 5548 B0 A X iR 22,
k5w .

WE 3FTR, GM (1, 1) A5 B A T8 X 5088 B 20 48 KB, I8 12538 o7 56 BR800 i 2l o SR, by 5
B il 42 0T A 2021 4F 1A A B 2020 4F 12 7 09 52 PR BCIE A BRIk B, 2021 48 1 7 9 10000 £ 5 5
Br B4 2 (B A D 22 o T 2021 4F 2 1 A T 454 3 i GMI(1, 1) — Markov A B 3 45 )5, JH 751 00 54
It B A 52 B B 0 D Sl 1 By, BRL Okt B0 I S L S % 45 SRl R T U K
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Tab.5 The comparisons of the test data between prediction results and actual results
based on the GM (1,1, )-Markov chain model
/A SR/ (X10°GWh)  FA@A4EL /(X 10° GWh) £ MR £/ %
2020/11 9.59 9.564 367 834 —0.025 632 166 0.27
2020/12 8.35 9.606 965 982 1. 256 965 982 15.05
2021/01 13.43 9.649 845 127 —3.780 154 873 28.15
2021/02 15. 64 14. 438 444 350 —1.201 555 649 7.68
2021/03 15. 56 14.481 891 060 —1.078 108 940 6.93
F ¥y AE AR £ 11.62
Suzhou
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Fig. 3 The comparison of the test data results between the GM (1,1)-Markov model and the GM (1,1 ) model
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24.70% , 10 i 1 Markov 4% #E 17 4k J5 HSF 2 AR X 12 22 R 11.62% o 45 5 3¢ B Markov 8% ¥E 171

A JE B GM (1, 1) AR S0 2 SR FAE G2 0 GM(1, 1) BEAY

GM (1, 1) —Markov & B Fii il 2021 4F 4 H By 75 M i fa R T &2 < 14,611 379 X 10° GWh,
I TG R & A 2021 4F 4 H 92 PR JE R HL & R 10,43 X 10° GWh, GM (1, 1) —Markov £ % 1y
FHXF 152 22 50 16. 36 %0 , 55 I 3 H50 40 79 T 359 R 0T 058 22 A0 LU A 5 o SE PR 5 0N (B 22 [B) A7 25 8B, W) g
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