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Table 1 Index names and meanings of explanatory variables
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Table 2 Significance test of explanatory variables
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Fig.1 Trend chart of per capita disposable income of

urban residents in Anhui Province from 2000 to 2020
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Table 3 Predicted values and errors of GM(1,1) model

O 5 FRE e AR E S KRS
2000 5293.6  5293.6 0 Es
2001 5668.8 68269  -0.204 E,
2002 6032.4 75240  -0.247 E,
2003 6778.0  8292.4  -0.223 E,
2004 7511.4  9139.2  -0.217 E,
2005 8470.8 100725  -0.189 E,
2006 9771.1  11101.1  -0.136 E,
2007 11473.6 122348  -0.066 Ey
2008 12990.4  13484.2  -0.038 Ey
2009 14085.7 14861.3  —-0.055 Ey
2010 15788.0 16378.9  —0.037 E,
2011 18606.0 18 051.5 0.03 Es
2012 21024.0 19895 0. 054 E,
2013 23114.0 21 926.7  0.051 E,
2014 24839.0 24165.9  0.027 E,
2015 26939.0 26633.7  0.011 Ey
2016 29156.0 29353.6  -0.007 E,
2017 31640.0 32351.2  -0.022 E,
2018 34393.0 35654.9  -0.037 E,
2019 37540.0 39296.0  -0.047 E,
2020 39442.0  43309.0  -0.098 E

[N}

1.3.3 K& Markov 2R M E R 5 A
SB1 RERSY

R IRZS B H AR A R DR E | IR AR
Z ARITNRG s, AT —ARE B, TR
E = [Eh JE, ]
E,=x, *a, E,
Hrha,,b, M{Eﬁaﬁﬁﬁﬁ%ﬁﬂéﬁ}ﬁﬁﬁ%o
AR SO 2 B Sl B s N4 ) S A S P
P, LIS GM(1, 1) BB TN AR R ZE A B0 , F AR
FeaSal oy 6 RS (35 3) BRI
E,:E, =x,,-0.1y,E, =%,,—0. 075y

=%, 1D,

t+1

t+1



%54 KX, % ZRAWEE R AT LB 44T 97
E,:.E,=x,,-0.075y,E, =x,,,—0. 05y (173 2/3 0 0 0 0 |
Ey:E;=%,,-0.05y,Ey =x,,-0. 025y 17302730 0 0
E,:E,=.,-0.025y,E, =k, P - o 15 2/5 0 /5 1/5

) ) _ N 1 0 0 0
Es:Es=x%,,,E;=x,,+0. 025y

A ) A ] /4 0 0 1/2 0 1/4
Eq:E\=x,,+0. 025y ,E, =x,,,+0. 05y 0 0 0 1 0 |

Hrpy F0R 2000_—2020 SRR WBUE R AT "0 23 13 0 0 1

SCRCAF I, y =18 597. 8. 0o 0 1 0 0 0
1= o A 47
TR2 OB, . 0 0 1/4 0 1/4 1,2

4 J o ¢ 47 e =
PR 1 PR AN, 45T 2020 4R HOHRS RS 7l o 12 12 0 0 o0
VN f JEEY 573 AN

A PR H 2 T 20 IR AL, A 6 IR /4 0 1/4 1/4 1/4 0

PN ¢ 3 S AN =11 N

lm\ﬁlﬂﬁﬁﬁﬁnﬁfﬁﬁj:%ﬁﬂﬂ']jﬂ 373,652’4920 L 0 0 0 1/2 1/2 0 |

VA = _ -
RN £, A 2 B2 1 SRR LT E, A 0 3 23 0 o0 o
125 1 PR RIS E, 1 PR RIIRES £, 0 0 1 0 0 0

B R A< o

E,,E; M E, BIIECH 0,80 1 2R 78 56 B2 0 0 0o 0 12 1.2

114 2/3,1/3,0,0,3,3, [HEA KGR T S Po=l0v 0o 0 0

P N \j( & N

17,1 ARSI N /4 0 12 0 1/4 0

23 173 0 0 0 o 0 0 1 0 ]

/3 13 173 0 0
0 1/6 23 0 1/6
DTl o 0 0 12 12
0 1/4 0 1/4 1/4 1/4
Lo 0 o0 0 172 1/2]
[FBE,2 2 3 2 4 LRSSy 5k

S O O O

HR]3 R K,

AR B R n] I EE % 2020 472 HUE Sl
S BB A] SRS AT |, e+ 5 2020 4F
HRITHY 4 DI B B RS LB Bl e 4,3,2,1 4,
HRYEARRDIR AR 1 | FE T 4500 i AR SRS R AT 18]
A ERA TR, BAALR I 4,

x4 REMME
Table 4 State prediction table

K& HBY i E, E, E, E, Es ks
E, 4 0 1 0 0 0 0
E, 3 0 172 172 0 0 0
E, 2 0 1/5 2/5 0 1/5 1/5
E, 1 0 1/6 2/3 0 176 0
Bt — 0 28/15 47/30 0 11/30 1/5

HRAEZR 4 v R e B A S S [ 57) ) 2 5K N 285
H TR B 2020 4EAR T E, RS AT REM: G, 45
A GM(1,1) T {E, 15345 3] 2020 4F 4 5048
JEE A A 32 K 6 Markov #5550 500 5 Sl 42
146.6 JC, 1 52 Br A N 39 442 G, 2020 4F JK {4

Markov #5576 F500 (B AH Xof 15 22 46 %4 (B k0. 068, /N F*
2020 4 GM (1, 1) 5% 70 L ] {0 AH X6 15 22 4 XA, 76
—EFREE BT TR ) SRS B

MR 3 TR 254 GM (1, 1) BRI T3
{8, #e— 28K 5 Markov FERIFIN(E (% 5) .



98 FRIWAFFRCEARFER) % 39 %
x5 BLBNERBNESTNEE
Table 5 Predicted values and prediction accuracy of single prediction model
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2000 5293.6 3255.4 0.6150 4238.7 0. 800 7 5526. 1 0.956 1
2001 5 668. 8 5237.3 0.9239 6 838.7 0.793 6 5664.5 0.999 2
2002 6 032.4 6 102.6 0.988 4 6 691.7 0. 890 7 5 896.7 0.977 5
2003 6778.0 6 869. 4 0.986 5 6 651.7 0.981 4 6 665. 1 0.983 3
2004 7511.4 7 786. 1 0.963 4 7 419.9 0.987 8 7511.9 0.999 9
2005 8470.8 8921.7 0.946 8 8207. 1 0.968 9 8910.2 0.948 1
2006 9771.1 10 071. 8 0.969 2 9304.6 0.9523 9938.8 0.982 8
2007 11 473.6 11 410.8 0.994 5 10 855.5 0.946 1 11 537.4 0.994 4
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2012 21 024.0 20 557.0 0.977 8 20 782. 4 0.988 5 20 592. 4 0.979 5
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2019 37 540.0 35 831.9 0.954 5 36 951.0 0.984 3 38 598. 6 0.971 8
2020 39442.0 39 486.0 0.998 9 40 420.9 0.9752 42 146.6 0.931 4
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Fig.2 Comparison and analysis of the predicted and

actual values of the single prediction model
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Table 6 The combined predicted values of the GIOWA

operator when four different parameters are taken

£ A=1 A=0.5 A—0 A=-1
2000 5165.7 5213.2 5305.2 4238.7
2001 5544.9 5564.2 5604.3 5237.3
2002 6 045.0 6 054.7 6074.7 5896.7
2003 6812.2 6 821.9 6841.0 6665.1
2004 7 486.2 7 490. 6 7499.7 7419.9
2005 8403.9 8 367.1 8295.8 80910.2
2006 9976.0 9 969.5 9955.6 10071.8
2007 11446.2 11439.9 11426.9 11537.4
2008 13015.6 13023.6 13039.0 12897.3
2009 14 257.7 14241.0 14 208.8 14 499.2
2010 15600.6 15614.5 15643.3 15392.6
2011 18473.2 18439.2 18370.6 18 959.7
2012 20729.2 20738.4 20756.4 20592.4
2013 23232.4  23261.7 23319.1 22789.5
2014 24 864.5 24895.3 24957.2 24 398.3
2015 26 849.6  26852.5 26858.6 26807.2
2016 29073.9 29082.1 29098.1 28952.5
2017 31 511.0 31468.8 31385.1 32118.7
2018 34236.2 34186.1 34086.2 34957.5
2019 37412.2 37328.8 37162.6 38598.6
2020 39747.7 39701.2 39612.0 40 420.9
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Table 7 Model prediction effect evaluation system

b IR ) AR A

20 A TR AL A

M I AR — .
ForaE % &k IETE & &, Markov A=1 A=0.5 A—0 A=-1
SSE 1 260 683 7 848 962 10 082 914 430 691.2 457 561. 1 531 864. 8 638 352.9
RMSE 732.272 5 611.359 2 692.920 5 143. 21 147. 609 7 159.144 3 174.349 5
MAE 511.771 9 498.387 7 387.630 6 117.476 9 125.331 7 133.383 9 142.215 2
MAPE 0.043 31 0. 044 488 0.018 83 0. 007 949 0. 007 956 0.007 913 0.008 187
RMSRE 0.090 2 0.072 23 0. 025 39 0.010 48 0. 009 564 0. 009 233 0. 009 628
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Fig. 3 Influence of the variation of parameter A on
optimal weight coefficient

B4 AT A RETFNIEROI M
Fig. 4 Influence of the variation of parameter A on the
five A error evaluation indexes
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Table 8 Forecast results of per capita disposable income of urban residents in Anhui Province from 2021 to 2025

3BT TR A A

20 AR AL A

A

o % tw ) FHFH K E Markov A=1 A=0.5 A—0 A=-1
2021 41 207.2 41 867. 8 46 569. 4 41 392.1 41 359.5 41 327.3 41 867.8
2022 43 563.3 44 232.9 51 908.7 44 045. 4 44 077.6 44 115. 1 43 563.3
2023 45 919. 4 46 598.0 57 280.9 46 408. 0 46 440. 6 46 479. 8 45 919. 4
2024 48 275.5 48 963. 1 63 201.7 48 770. 6 48 803.7 48 844. 6 48 275.5
2025 50 631.6 51 328.2 69 727.2 51133.2 51 166.7 51 209. 5 50 631.6
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Combination Forecast of Per Capita Disposable Income of Urban
Residents in Anhui Province

ZHANG Wen-yang, WANG Kai, YUAN Hong-jun

(School of Statistics and Applied Mathematics, Anhui University of Finance and Economics,
Anhui Bengbu 233030, China)

Abstract; Aiming at the problems of certain randomness and low prediction accuracy of single prediction,
based on the minimum sum of square error criterion, combined with the GIOWA operator, a combination model of
four special parameters with variable weight coefficients is proposed. Taking the data of the per capita disposable
income of urban residents in Anhui Province from 2000 to 2020 as a sample, a combined forecasting model based
on the sum of squares of errors and the GIOWA operator is constructed to predict the per capita disposable income
of urban residents in Anhui Province in the next 5 years. Firstly, three single forecast models are applied to fit and
forecast the per capita disposable income of urban residents in Anhui Province. Then the study uses the minimum
sum of square error as the criterion, combined with the GIOWA operator to construct a variable weight coefficient
combination model, and at the same time takes four special parameters for the GIOWA operator to obtain the
corresponding combination prediction model. Finally, the GIOWA combined prediction model is used to predict the
per capita disposable income of urban residents in Anhui Province in the next 5 years. The results show that the
prediction effect of the variable weight coefficient combination forecasting model is better than that of the single
prediction model ; the per capita disposable income of urban residents in Anhui Province will continue to grow
steadily in the next 5 years.

Key words: GIOWA operator; combination forecast; sensitivity analysis
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