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Abstract
In this paper, the average price of residential commercial housing in Wuhan City from 2002~2019
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was collected as the base data through a gray forecasting model, and a forecasting model of the
trend of the average price change of residential commercial housing in Wuhan City was constructed.
The GM(1,1) model, GM(2,1) model and Deng Jurong parameter estimation model are applied to
forecast the average price of residential commodity houses in Wuhan City. By comparing the test
indexes and the predicted and actual values of the three forecasting methods, it is found that the
final forecasting results of the GM(1,1) model, which directly uses Python to solve the parameters,
are more meaningful for realistic reference. The GM(1,1) model was finally applied to calculate
and predict the average price trend of residential commercial housing in Wuhan from 2020 to
2030, and from the predicted results, the prices of commercial housing in Wuhan will maintain an
upward trend in the future.
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3.1. FEFRIEEL

B S A S T — N IX N RS . S5 AKCE SRS 2 BER R, ME—A
WX K REBANEESE Y —, ALk 7RI 2002~2019 4E K144 F B 5 o7 T XM i /E i 5e 4k
AT T 04T B Jei X 2002~2019 5GP 3 8 B i b5 P 3O A RS 8] 2 SR S Tl () B i, e
AR T B R K. SREU B 5k 1 fos.

Table 1. The average housing price of Hubei Province from 2002 to 2019
1. #ded 2002 ~2019 EM L L FHEMN

o B (Eim?) F Bt (GE/m?)
2002 1916 2011 6675.99
2003 2023 2012 6895.35
2004 2462.73 2013 7238
2005 2986.2 2014 7399
2006 3535.26 2015 8404
2007 4515.76 2016 9819
2008 4681 2017 11453
2009 5199 2018 12,678.48
2010 5550 2019 12,834

Hioks: EXG .

3.2. H5AE

3.2.1. GM(1,1) 7k & FU 48R
JEIEEE I X © = (X (1), X (2),-,xP (n)}» M, XO(k)20, k=120, Hh[2],

x” (k) +az" (k)=b ()
X = (60 (0, (2) 0 (), X2 ()= 1 (i), (k=1.2n) @
AR BE A T A,

z(l)(k): . k=2--n ?3)
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X N7 fy B T o 1 2 <
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MR B A 4y 77 R 20 (L) S H ) B/ 3Rl TR
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EJFEAE A
2(0)(k):f((l)(k)—f(“’(k—l):(l—ea){x(") (1)—2}&(“), k=230 ©
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AT R AL A -
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X x® sk S AL 5515 3
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4. BRSNS

S =T 7 o BRI 2002~2019 4R (E BT i 55 T A EAT T00, T SR e 2 i
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Table 2. Fitting result comparison chart
2. HAERIRE

fabs GM (1, 1)A! GM (2, 1)BiA! STy S HA TR R
a -0.07 10,598.0629 -0.1004
b 193.57 -1285.3065 2383.5514
C - 124.0481
C - 1791.9519
R? 0.9950 0.975 0.9473
RMSE 413.04 722.3975 863.3962
2019 FFH A 12,834.00 12,834.00 12,834.00
2019 “EFIIME 13,087.62 14,083.45 12,272.17

a: RIEKE b: WAERHIKE: Ci: GMQLMEE AN RAK; Cp: GMERUOBMME =A% R:
MR RMSE: ¥ RIRZE, ARRSLPRAE S TR 2 18] A 22 .

4.1. E£F GM(1,1) Ik & FRAEE 47

1ZH GM(LL)fd AT g0l & BB AR B 5 i s PR, FEIX /MR kAl |, ASCRA python 15 5
1750 ASCRERBA: BENLALL, 1000]FEEH N7, HanE a. b, £dES 5 KRG, Xt
PER RIS EE R [4], BB/ MOSHE N av b, WK 1 PR, SEFRAEE, sk 11 4
A 08 i 5 PR AR AT T, TOUME A P2 1 Ffrs . 2019 A DT A3 1 b o P 3 A 1 SE BB N
12,834.00 Jo/*F- 52K, A 13,087.62 Jo/ VKA, SMALR:

X (t)=-2765.29+ 4681.29¢""" (26)

ML ATPAE Y, 25 5 IG5 AR 280 R? 4 0.995, HAR e, L4 4 RMSE N 413.04,
REMEBN, ENHRE, WREAAEER W E NS R VTR . BLERERmE 1 s,

® Sample Curve
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Figure 1. Fitting analysis and prediction based on GM(1,1) model
1. &F GM(L)IEE A 247 R T

4.2. EF GM(2,1) 7% & TR B 55> 4

A e GM(2,1) K o T A AL St i AR 8 7 i g PR A AT S, GM2, )AL 42 A
R T BB i B T SRR P B K o s AN K B [5] . A python 15 S 7E LB SR RE B # as b
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Figure 2. Fitting analysis and prediction based on GM(2,1) model
[E 2. BT GMQ21)IER YIS 24 R I

4.3. BT RRESHMETHER S

ARSI AR P2 SR A % A3 Bz, 20189 4R i i B i it i P30 ks 9 12,834.00 T/ F-J7 K,
TRIME Y 12,272.1658 T/ T-75 K75 47 o R4 1] 1 15 K., 35T Python if 57351 a = —0.1004, b = 2383.5514,
Ht, 2 AT LLiE

X® = 25656.5518e*° — 23740.5518 28
X=X -Ko @

IRAE TS, M RE RN 0.947, 7 HRI%ZE(RMSE) N 863.40, i AR IZAF A () T £ L 4
HAE ., AR MNE 3 s, B2, HS%a. b RHE/DIREG RN, RRGEEIRE, FEHEA
BEATTI, S5 RAPRZESIK. K, REARAEIE, ARSI e ()R 2 22 K [6] .
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Figure 3. Fitting analysis and prediction based on Deng Julong parameter estimation model
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51. &g

J PR I ARAE 5 ORI [ 55 B &30 1 T SCRF BRI B T, RBURSRIM A B R RS . BRI,
PO i i B i BB T IR . ASCERICT GM(1,1). GM(2, 1) FIXSEE e 2 H il tH 15 AL = Fh
T T AR K 10 4 AR S 7 b B U BEAT T, =R v i T 45 SR D I T S R s E R OR
10 ¥ fesP Bk, #F 2030 HKik 2 35,000 o/ VI KA A, AHEG T A HA S i a7 b T — AN ERAIOK
F, RIVETERKRGETAN TP R E, BABERME TR R &I 1[7].

5.2. &l

TEJEZENERAS, PREFEDOE M As e /N ik, b G IO Y2 3, 2 QT BUR ) AT 5%, &
XA TR, $EH DUTFE#L:

H—, ] L H 52 . 1994 G0 Bl O 2 J5, VAR T Hu 7 BURF I RBLISOR 2RO =, 2016 4E (1) “&
O B O, AR T BUR I BN 3E— 2P 47K . B2 T 80K 2 B 77 BURF 47 S2 - R U0
8]

H=, IMRAAWS E . BBAERIMA B T REAERIE T, RAZFU AR R AELE DB .
ANAX TS R R R 2 E S, i A EANA, Al UM % O d 7). MR HE
FIRES, 75— LT 5 0 2 th gt 2AH SAE FH (9]

o=, e P = B SRR TR VR o A T DL e 25 ARt YAc S5 W0 U SR n LAz I, 491 s =
GALFRE_ LA E SR, (HSZBR T 25 A R R 2 4 RAE TR EVE s e . Bk —DAui s, T8 “B
R SEABMEMARIEE W AT A, s A BB [10] .

S

TESEASC A JE T THE R 1h 2B s B B @ PR B2 MR s R I R . FEAH SRR 2% 2] AR ST
EELREF, EERHEMIEREMNTENES RE L, SR ETE L, #ATRIEMNES, FR
TIAUN R FEE — 1 T ENOE S, BB TRATIA LA X T TE S, AFRATSEbR S S AT Rk,
HIEME S IEH . BV A E 2N e SR, AT e e A S 5 1E .

EE&ME

AR F T EIER SR “ ZTEE: Python W5 B4 7 5H AUCK(E 1 )RR 6 A
PR T (524
S5 3wk

[1]  Eve, Eok. B2 -G TR LR s 7 b5 40 T o e B PRI FE[3). B LR S R S B 2Rk (B SRR3R, 2017,
35(4): 28-30+35.

[21 RILEE, WFER, KRR LT GMQL)BER KRR E AR E RSB TN 247 [3]. ARk 580K, 2020, 40(9):
142-144.

[8] ‘AE4E. FKE BP #hE: 4 7E IR B M 75 SR I o 14 R P [J]. 7T R 43 25 Bt 244, 2013, 22(2): 52-55.

[4] Shhizs, Bratrd. PRWAFREE T 2T K GRS (0 R T[], 2050t 70571, 2012(12): 149-151.

[6] 1R7E. ¥R EE B IFE T EO A M A [D]: [ 2a6rig 3], st BBUR A%, 2017,

[6] MRk, SPREEAL T bk BRI 5 [D]: [t Arie 3], dbst: R ER LK, 2015,

[71 &M, BN, T4 E GMQ2,1) i rAR & = J T[], TR PO &5 2 P 54k, 2019, 32(1): 8-14.
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[8] Tifflk, BEF54E, M. KEAEILE ST b B ks B R i S [9]. T ER AL 54T, 2014, 34(2): 17-20+31.
[01 W, TEH, MR, ek W5 50 o o pr[3]. TRES5 5, 2017, 31(3): 341-343.
[10] [EEED. Python I S5 EHE M IM]. BT EITE K& i2£8, 2021.
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Table Al. Comparison of predicted value and true value based on GM(1,1) model
F AL EF GMLD)IERPFNMEFR E AT

FHRIME
FE F4t FysE
FO F1 F2 F3 F4

0 2002 1916 1916 1916 1916 1916 1916

1 2003 2023 2261.177 2261.177 2261.177 2261.178 2261.177
2 2004 2462.73 2632.369 2632.369 2632.369 2632.37 2632.369
3 2005 2986.2 3031.537 3031.537 3031.537 3031.538 3031.537
4 2006 3535.26 3460.788 3460.788 3460.788 3460.79 3460.788
5 2007 4515.76 3922.391 3922.391 3922.391 3922.393 3922.391
6 2008 4681 4418.783 4418.783 4418.783 4418.785 4418.783
7 2009 5199 4952.586 4952.587 4952.587 4952.589 4952.587
8 2010 5550 5526.621 5526.621 5526.621 5526.624 5526.621
9 2011 6675.99 6143.918 6143.919 6143.919 6143.921 6143.919
10 2012 6895.35 6807.74 6807.74 6807.74 6807.742 6807.74

11 2013 7238 7521.591 7521.591 7521.591 7521.593 7521.591
12 2014 7399 8289.242 8289.243 8289.242 8289.244 8289.243
13 2015 8404 9114.749 9114.75 9114.749 9114.75 9114.749
14 2016 9819 10, 002.47 10, 002.47 10, 002.47 10, 002.47 10, 002.47
15 2017 11453 10,957.1 10, 957.1 10, 957.1 10, 957.1 10, 957.1
16 2018 12678.48 11, 983.67 11, 983.67 11, 983.67 11, 983.67 11, 983.67
17 2019 12834 13, 087.62 13, 087.62 13, 087.62 13, 087.61 13, 087.62
18 2020 - 14,274.76 14,274.76 14, 274.76 14,274.76 14,274.76
19 2021 - 15, 551.38 15,551.38 15,551.38 15, 551.37 15, 551.38
20 2022 - 16, 924.21 16,924.21 16,924.21 16, 924.19 16, 924.21
21 2023 - 18, 400.5 18, 400.5 18, 400.5 18, 400.49 18, 400.5
22 2024 - 19, 988.06 19, 988.06 19, 988.06 19, 988.04 19, 988.06
23 2025 - 21,695.27 21, 695.27 21,695.27 21,695.24 21, 695.27
24 2026 - 23,531.14 23,531.14 23,531.14 23,531.11 23,531.14
25 2027 - 25,505.38 25, 505.38 25, 505.38 25, 505.34 25, 505.38
26 2028 - 27,628.41 27,628.41 27,628.41 27,628.36 27,628.41
27 2029 - 29,911.45 29,911.44 29,911.44 29,911.39 29,911.44
28 2030 - 32, 366.55 32, 366.54 32, 366.54 32, 366.48 32, 366.54
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Table A2. Comparison of predicted value and true value based on GM(2,1) model
F A2, £T GMQ)REM TN EFESSEXTLE

FRIME
FE F4t FysE
FO F1 F2 F3 F4

0 2002 1916 1916 1916 1916 1916 1916

1 2003 2023 2023 2023 2023 2023 2023

2 2004 2462.73 2283.839 2283.839 2283.839 2283.839 2283.839
3 2005 2986.2 2578.31 2578.309 2578.309 2578.31 2578.31
4 2006 3535.26 2910.749 2910.747 2910.747 2910.749 2910.748
5 2007 4515.76 3286.051 3286.048 3286.049 3286.052 3286.051
6 2008 4681 3709.744 3709.739 3709.741 3709.745 3709.743
7 2009 5199 4188.067 4188.06 4188.063 4188.067 4188.065
8 2010 5550 4728.062 4728.054 4728.057 4728.063 4728.06
9 2011 6675.99 5337.683 5337.672 5337.677 5337.684 5337.681
10 2012 6895.35 6025.907 6025.893 6025.898 6025.908 6025.904
11 2013 7238 6802.868 6802.85 6802.857 6802.869 6802.864
12 2014 7399 7680.008 7679.985 7679.994 7680.009 7680.002
13 2015 8404 8670.243 8670.215 8670.227 8670.245 8670.237
14 2016 9819 9788.156 9788.122 9788.136 9788.159 9788.148
15 2017 11453 11, 050.21 11,050.17 11, 050.18 11, 050.21 11, 050.2
16 2018 12,678.48 12, 474.99 12,474.94 12, 474.96 12, 474.99 12, 474.98
17 2019 12834 14, 083.47 14,083.41 14,083.44 14,083.48 14, 083.46
18 2020 - 15, 899.35 15, 899.28 15, 899.31 15, 899.35 15, 899.33
19 2021 - 17, 949.36 17,949.27 17,949.31 17,949.37 17,949.34
20 2022 - 20, 263.69 20, 263.59 20, 263.63 20, 263.7 20, 263.67
21 2023 - 22,876.43 22,876.31 22,876.35 22,876.44 22,876.4
22 2024 - 25, 826.04 25,825.9 25, 825.95 25, 826.05 25, 826.01
23 2025 - 29, 155.96 29, 155.79 29, 155.86 29, 155.98 29, 155.93
24 2026 - 32,915.24 32,915.04 32,915.12 32,915.26 32,915.19
25 2027 - 37,159.22 37,158.99 37,159.08 37,159.24 37,159.17
26 2028 - 41, 950.41 41, 950.14 41, 950.25 41, 950.44 41, 950.35
27 2029 - 47, 359.37 47, 359.04 47, 359.17 47, 359.39 47, 359.29
28 2030 - 53, 465.73 53, 465.35 53, 465.5 53, 465.76 53, 465.64
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Table A3. Comparison of predicted value and true value based on Deng Julong parameter estimation model
= A3. ET R ESHHITRBE N TUNMEMESEX

FE F4 RysiE TRIME
0 2002 1916 1916
1 2003 2023 107
2 2004 2462.73 2721.043
3 2005 2986.2 3008.484
4 2006 3535.26 3326.29
5 2007 4515.76 3677.668
6 2008 4681 4066.164
7 2009 5199 4495.7
8 2010 5550 4970.61
9 2011 6675.99 5495.688
10 2012 6895.35 6076.234
11 2013 7238 6718.106
12 2014 7399 7427.784
13 2015 8404 8212.429
14 2016 9819 9079.962
15 2017 11, 453 10, 039.14
16 2018 12,678.48 11, 099.64
17 2019 12834 12,272.17
18 2020 2020 13, 568.56
19 2021 2021 15,001.89
20 2022 2022 16, 586.64
21 2023 2023 18, 338.79
22 2024 2024 20, 276.04
23 2025 2025 22,417.93
24 2026 2026 24,786.09
25 2027 2027 27,404.4
26 2028 2028 30, 299.31
27 2029 2029 33, 500.03
28 2030 2030 37,038.85
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