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Abstract

In the paper, based on the annual water consumption data of Guangxi Zhuang Autonomous Region
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from 2011 to 2020, the traditional GM(1,1) model was used for prediction, which had the problem
of insufficient accuracy. In order to improve the accuracy of prediction, four improvement me-
thods are used for the traditional GM(1,1) model, which are the original sequence data through
function transformation, residual correction after prediction of the GM(1,1) model, modeling after
processing of the weakening operator of the initial sequence, and gray modeling after logarithmic
transformation proposed by the authors of this paper. By comparing the accuracy of prediction
results and the ease of operation, it is found that the four methods of prediction accuracy are
99.32%, 99.61%, 99.87%, and 99.75%, respectively; in terms of the ease of operation, the wea-
kening operator method requires first-order and second-order weakening processing of the orig-
inal data and then a cumulative production method to construct the model, and the whole process
is relatively complicated, and the operational difficulty of the function transformation method and
the correction error method is also higher than the logarithmic transformation method, but lower
than the weakening operator processing method. In contrast, the gray modeling method after lo-
garithmic transformation is valuable, and it is valuable for those whose accuracy requirements
are not the highest, and who also want to estimate the results quickly.
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KT [6] B A 7 Z 00 D S8l POR AL D L Ie SR AR IR, S & /K& 72U 7 A,
EALGUR CARTUA B AP AR RS BRI, T ZAR B s BON BN RS I 22 - 2T 0k, 22 B Kt GM(L,2)
B HEAT 1 A TE,  Li Zhibin S5 [770] I SScsk 9K B B BEAT 1 FRBE KK BRI TN s 5=, iR A[8]
SESE R IE LR AT LT A AR W iR S AL S IREN IR $R iR T GM(L, )RR R TEINAR L 5 8 TLAL[9]
SEAE PP ARR SR ZE0 T AT T AB IR AR, 453 7 BGmRs B RO TIG s 98¢ 3 [10] S A AR € Tt 454 7
X IR RREAT TP AR AEA SR I 3 e AR X St FH Tk i P /KR b AT 7 It 7

XPRT IR FEBEAT RGN AN 22 2T, A SCE I A IFa s F ok, LA P9 K ECARF RN &,
SR A1 DU P M0 225 2R (00~ R0 RE NS DR 22 i /IMEL BB HH LA T vk R S A TR, 3EAT S B P S FH AT 7
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Table 1. Annual water consumption data of Guangxi from 2011 to 2020
F# 1. "X 2011~2020 SFEAKERE

FAr 2011 4= 2012 4 20134 20144 20154F 20164 20174 2018 4 2019 4 2020 4

?075[%/ 301.81  303.02 308.17 307.60 299.30 290.60 284.90 287.80 283.40  261.10

R RS
4.1, B8R E GM(1,1)ER

YT KO B SEBR A, ARG GM(L, 1) B )48 A i L, B ik R R A T ) AR i
HAG THAE. RGN GM(L )AL A B2 A AN R 77 0 A Kt A7 6 B AL 3, 49 AN RRe 1 I
LRI A A IR R R 51, ARG GM(L DB N S b e, AT AR ZEA SR . LA IR [12], A aais
T FME 2 B A A H ] 58

4.2. REZEHBUERNA&RE GM(1,1)IRE

A TARMEE AL S8 GM(L, )RS AT 51 75 S BRI B AR AL, I HAZBR A sh 2 LK
(1P FUTIAS B B BRI OCSCHR, REA A - I TR R B 755 GM(L )R AT
ot o PR AR ST P S A AN T LA AR 1) T R R iR 5 P A1 HEAT TiLALER[8], A A Hdi
TR, N 2R, R ERRR ST GM(L, 1)

4.3. BEEIESHNKE GM(1,1)1ER

BIMEGHT GM(L 1) T4 WL A R S AR (1 e SR AR A By TN RCR (B SEBri F rPAR A £
A B HEIFEALEE . AT A RIRIE GM(L L)Y TR B, 7 Bl oK &Sk s R LA Wt Fe 8 i
T ARZE N GMLD)BR, [ fR F ARG Bt — P B IE[18]. TrikA —HriREBIE. e IR
[14], Fir& 2 P A 22 5 IR A B it AT — B IE, Ja 3 R A IR s i BN Fr 41, AR G g
73 Ji REfR VR — B 1L
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4.4 FUETFAERE GM(L,1)ER

LHAR I S AR B AN b TR, IR A AL — e AR B R A WA TR, I
I, SRR A O TN AR G T AR A R R TR AR, Dk, RIS SR e AL RS T S5 4 g2 b
HE, @ THNEAT RS, EHMENE T ABEET, 228 NAF M EWE— RINEHET,
LRE SRR 2R KR 55 40551 1 AR SN B G AR AR [15], ] S5 A /K S8R 30T — B . B §54uat
PE, BT IR BN PR AR
4.5. MEBHHERRE GM(1,1)1EE

X H5AR 4G SR PR AR E0 R RAEDN T R =P A, B RIS . R EMT SRR A, R B —
FNNA = AT X B i A 5 4 FH K SO o 152 % D SRR I 7 51, X! DRt B 4 S R R R R A
AR X =log(x)

Horbp x ZRKT 0, BIREMEH/KERIE KT 0, WA FGEHIESET 0 futEa, nrxt s a5 &4
EHS I E—N EHOHEAT A2

HHAE R I Z ORI, 3805 S Bl BT 0 B, SRS AT AR L . EHT log BRI HON HidfE ik
AT HA T DAY/ IN e 2 S o0 & SR R B2 e, SR B AR

x/ =log(a=b)=1log(a)+log(b)

x{:logﬂgjzdog(a)—log(b)

Log eR L4t v LY min-max FRifELEE G E RN, AT
_ log(x)—log (%),
- Iog(x)max - Iog(x)min
AT T, U G K EEOE F 5N -
X = {301.81, 303.02,308.17,307.6,299.3,290.6, 284.9, 287.8, 283.4, 261.1}
X S GA B s AT X B A B, A3 B LR BB T A -
X' = {5.71, 5.71,5.73,5.73,5.70,5.67,5.65, 5.66,5.65,5.56}

AR 2 3k 3.

Table 2. Comparison of prediction results of three improved grey prediction models 10® m®
2. 3 Mgt 7k e FUMAAR B RO TN ZE R EL 5 10° m®

155 GM(L1) B B HEETE BT
FH O AKE s o s o
T omum PIRE S gy IRE S gy BIRE S gy RE

1% 1% 1% 1%

2011  301.81 301.81 0.00% 301.81 0.00% 301.81 0.00% 302.89 0.00%
2012 303.02 311.65 2.85% 299.89 1.03% 301.63 0.46% 308.40 —0.04%
2013 308.17 306.48 0.55% 313.73 1.81% 308.02 0.05% 307.00 0.07%
2014  307.60 301.40 2.01% 305.11 0.81% 307.35 0.08% 298.96 —0.20%
2015  299.30 296.40 0.97% 297.23 0.69% 297.87 0.48% 290.12 —0.11%
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2016  290.60 291.49 0.31% 292.32 0.59% 292.45 0.64% 284.49 -0.17%
2017  284.90 286.66 0.62% 286.62 0.60% 286.98 0.73% 287.69 -0.14%
2018 287.80 285.90 0.66% 285.39 0.83% 286.37 0.50% 283.50 —0.04%
2019 283.40 280.23 1.12% 280.93 0.87% 285.62 0.78% 261.33 0.04%
2020 261.10 262.63 0.59% 262.53 0.55% 263.53 0.93% 302.89 0.09%

Table 3. GM(1,1) model prediction results after logarithmic processing10® m®

72 3. JMHAIRER GM(L,1)EETNLE R 10° m®

T HEMH T RS R 2%
2011 301.81 301.81 0.00%
2012 303.02 302.93 —0.03%
2013 308.17 307.41 —0.24%
2014 307.60 308.86 0.41%
2015 299.30 299.23 —0.02%
2016 290.60 289.92 —0.23%
2017 284.90 285.29 0.14%
2018 287.80 286.69 —0.39%
2019 283.40 282.45 —0.34%
2020 261.10 259.69 —0.54%

42 RWY, LG GM(LL)BRY, R L. TREB IR, 94 TR AR IR Z AN, H
Hh g5 B AL L 10 A AR AR A e R (R DB bR B R R PR UL 5 SRR U o 3R 3 SRR, X4k
AR IR R P A R % 0.23% 5 S T AL B AR BB+ 0450, 36 4 45 T RS AY (K~ 3 AR
XHRZZRTRE L, FUEvr &, B Ab B R B K R DL R 5540 37 b B S B G R, R FE AR
o, TIEE RS AT S, (ERAN T IR T, BRI, AR R K B a1

Sz A

Table 4. 5 Accuracy comparison of grey models

4.5 MR BREEE L

IR TR A A SERARNT IR 2% TRIIAS 1%
N 0.97 99.00
B A e it 0.78 99.32
BREBIESU# 0.49 99.61
X B e it 0.23 99.75
§9A ST ik 0.11 99.87

AP RSTHR AL, AR TG0 ORI VPAl FE bR — O T A R Z RS 1, 2 20
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t=1

N AARD PRI iR 2, § N TIIME,  y, ASERRE, A AT . 3515 2T IR R Z 80,
VEHI TR BB, UEWIRE A RGP O TN R, S & SEBRIE o .

A A TTR, 5 PRSP A IR ZE BN, Ao B i ot (K K A R xR 2205 0.23%, X
KR W S R K A R FRINRS L v ik 99.75%

5. &hig

1) TP RIR RN TT A A2 A AT A P A D0 S s SR> AR BANTE NS R, B B ] L £
G KON B P SE A P

2) SeXt KB I B an e EAT fig 20 1) R A3 e, A AR B0 I RO AT A s, XA REAE B
FIRIBEHLTEAS 2 20N 9510, T HERs M A 2 T3 .

3) LSRG GM(L )BT &5 AR, O 7 W] LI ROt BRI ORI R
B IETT AL B IR P51 o

4) A X BT A FIK B A6 80E, DAy REBEAT AR (i, 5 3 T 45 SR 2 i 22
N 0.23%, K5 99.75%, XFen R 1AL AR CR Y BAT T BAR B AT SE A TN AR .

5) MR AR B %5 59 A0 SR AL BRI AR A B (A R C B TR TS P AR AR e, EL TR ZE A
ZRUN, AR ER B fa B BRI, AR K E T A A

ESWE
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