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Abstract

In order to solve the problems of uneven distribution of water resources and imbalance between
supply and demand among regions, it is of great significance to optimize the allocation of water
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resources through reasonable forecasting of regional water consumption. This paper uses the tra-
ditional grey GM(1,1) model and the improved grey GM(1,1) model to predict the water consump-
tion of Shaanxi Province from five aspects: total water consumption, domestic water consumption,
ecological water consumption, agricultural water consumption and industrial water consumption.
The results show that the traditional grey GM(1,1) model has higher accuracy in terms of total
water consumption, domestic water consumption and ecological water consumption, and the im-
proved grey GM(1,1) model is more suitable for forecasting agricultural water consumption and
industrial water consumption. This paper uses the most accurate model to predict, which is of
reactive use to predict water consumption in Shaanxi Province in the next five years, which has
reference value for actual water resource scheduling decisions.
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AN AN TR ZR RN, I PP 7 VA TN O 22 K s BP 28 I 246 A 2R WA SM0ek s o vl LA I PR B 4
M TiX 8757, KO RGHEC RGN RFAE. S8, ERAMENRRER TR A, &6
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IRETN R AR 0 2R G BEAR (0 T B R 2 —, MELT RS G 2 Bl =, KON RE RS 78 2042
i/ EHE RS S, OB 8 RS 2RO S B TN . b i (BRI AR
TFERLRE — iy GM(L )R, JLEAT AR SR ] B RS PR RTG530 mi[6] . GMI(L, 1) AL Hs
JE46 i BT BNAS 20 0 I — MR E Y A1, R SR G R TR T B R R T
RE IR 2 O FUREAT B, IR ARORIEAT T . H AT, GM(L)BERAE Tl Aol KA 4dF . dhas
R, FH. RITEZ GRS VA T AR T A7), HE, XIFAERE GM(L 1)
RATLABEEAEA, HRAERE R . X S8 M AT 7T SEIR A MTSETEARIE T GM(L,1)
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Table 1. Classification criteria for accuracy test of gray prediction models
= 1. RETEEE BRI FR SiRE

K22 THIHIAHRE A (%) Y75 Z HeAEIC N ZEREZ p
— &K (4F) 0< A <001 0<C<0.35 095<p<1
CR(EH) 00l1< A <0.05 0.35<C<0.50 0.80<p<0.95
ZRH(TREHE) 005< A <0.20 0.50 < C < 0.65 0.70<p<0.80
DU (A 1) 020< A 0.65<C 0<p<0.70
5. A ZRA

Bevt A FaRIE P AL X, KEEMNT LB Z, HaomAty, Bedb. k. B 3 MHbIX KB
B ) A KGR A B 9.8%. 19.5%F1 70.7%, 424 AI/K KR HA &y 1086 m®, £ A4
SERIACE 2, R EUK SRR S A 0 2 —[12]. AKX T L5 R K B0 E T, AT
Bepi4 2010~2021 SR K AR RV HKE. T HKE. EEHKE L ESHKESE, Xt
ChEKBRIE AR BLA Bk

AR 5 FERIKSE RS HTT R AT I . A RV T B & KR R
PEAGITER) . Wk 2 FiR.

Table 2. Water consumption data of Shaanxi Province from 2010 to 2021

= 2. BEFEE 2010~2021 R ERKEHIE

Fhy K E AL m? RAFARMLmM®  TokFAKMZ m® AEERKMC M AR m®
2010 83.4 57.4 11.8 13.2 1.0
2011 87.8 56.2 13.2 16.2 2.1
2012 88.0 58.2 13.3 14.8 17
2013 89.2 58.1 13.8 15.1 2.6
2014 89.8 57.9 14.0 15.4 2.5
2015 91.2 58.0 14.2 16.1 2.9
2016 90.8 57.6 13.7 16.4 3.1
2017 93.0 58.2 143 17.0 35
2018 93.7 57.1 145 17.4 4.8
2019 92.6 55.1 14.8 18.1 45
2020 90.6 55.6 10.9 18.9 5.2
2021 91.8 54.6 10.9 20.3 5.9

5.1. 7R GM(1,1)FNER ¥
(1) &S JFIEEE 75 I — IR B A

SRR A K s X, ol kR X0, Tk E X, Ak X, Rk X0,
X =[x (1), %7 (2),++ %" (n) ]| =[83.4,87.8,---,91.8] ,

X =[ %2 (1), 62 (2),+, %" (n) ] =[57.4,56.2,---,54.6] .

X3 =[x (1), %7 (2),+ " (n) ] = [11.8,13.2,---,10.9],

DOI: 10.12677/0rf.2024.141006 66

UL


https://doi.org/10.12677/orf.2024.141006

it

K [0 )0 (2)

X =[x (1), %7 (2),+
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X7 (n)]=[10,21,--,59],

4%\%ﬁﬂiﬁi$ﬂ)ﬂ7ﬁ EXO ’ Z?ik)ﬂﬂ(i Xl ’ IJ_[_/‘FHﬂ(% Xz ’ /_:E{ﬁ)zﬁﬂ(% X3 ’ /_:Elm\);ﬁﬂ(%
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X§ =[x () (2).-,
X =[x (1), 1

X9 =[x @) (2).

X = 0),47 (2),

K =[50, (2)

ZeHAIE, SRS EEE D R,
(2) MW ST

X (n)]=[833171.2,---
! (n)] =[57.4,1136,---,684]

¢ (n) | =[118,25,--,159.4]
P (n)] ~[13.2,29.4,---,198.9] ,

X (n)]=[10,31,39.8]

IR BIRA Y A I A S

,1081.9],

FikEEZY, gl ke zY . Tk zY, Amakazd, sk zd .

2 =[zsl>(z>,z9><e>,---,z

(3) &L GM(L, L)AL KT o3 T 2
ks X (k)+azl (k)=by k =2,3,

n

(6]

Y(m)=
(n)] [18.4,31.65,---,130.2] ,
20 J

n)|= 213368

.2 (n) | = [2.05,3.95,--,36.85] ;

(n)]=[127.3,215.2,---,1036] ,

85.5,142.7,-~-,656.7] )

,188.75] ,

Al FH K B Xi(o) (k
Tk )
R XY (k) +a,z))
KR O )

(4) /DL E S

FIFH MATLAB 8 A2 fE k15 a #il b,

a, =-0.005 , h, =87.891 ;
b, =14.024; a,=-0.117, b, =1.615;

(5) g GM(L, L)AL Ik ] meg 97 5

a, =0.005 , b, =58.658 ;

az = —0013 ’

b, =13.040 ;

e
©)
)
X
@
()

o) (k+1) =17712.266e°™* —17628.866 ,

o (k+1) = ~12869.517e ° +12926.917 ,

) (k+1)=-1310.106e **** —1321.906 ,

a3 = —0028 ’
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XG5 (k +1) = 510.8556°0% — 497,655 ,
X(#) (k +1) =14.8586°17 13,858 ;
(6) —B HIRIL R
X(0) (k +1) = 88.087€200%
k +1) = 58.530e %%,

k+1)=14.315e "%,

14.195¢%0%8k

X

L

—~~
~
+
[IEN

A
Il

X(o) (K +1) = 1.634e°247% ,

B AT S 2010~2021 “EJGAE K EE . AV HKE . T ADKE . AdHKE. ASAKERNIE
W2 3 FR .

Table 3. Water consumption forecast data of Shaanxi Province from 2010 to 2021
= 3. BRFE 2010~2021 FE[HERAKETUNHiE

A KSR m gl Fk M me TR m® A3 F K M2, m® A2 KM md

2010 83.400 57.400 11.800 13.200 1.000
2011 88.526 58.265 14.160 14.600 1.836
2012 88.969 58.001 14.007 15.01753 2.063
2013 89.414 57.738 13.855 15.447 2.318
2014 89.861 57.477 13.706 15.888 2.605
2015 90.310 57.217 13.558 16.342 2.927
2016 90.761 56.958 13.411 16.809 3.289
2017 91.215 56.700 13.266 17.290 3.695
2018 91.671 56.443 13.122 17.784 4.152
2019 92.129 56.188 12.981 18.292 4.665
2020 92.590 55.933 12.841 18.815 5.242
2021 93.052 55.680 12.702 19.353 5.890

5.2. IRBKIELER
Fof B30 1) K T A AT AR ZE A IO AN J5 B ARG 06, 45 SR W38 4 AR

Table 4. Model test results
< 4. RIS

e TRZERT IS S 96 ZE R —

H P FARHE R A WA C MR p FIES2
ki 9SS s 0.009 0.418 0.833 G
b Ak 0.013 0.765 0.666 NEHE
Tk K 0.071 0.871 0.500 NEHE
HEVE K 0.026 0.326 0.919 1
S HIK 0.066 0.182 1.000 1
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Figure 1. Changes in total water consumption, domestic water consumption, and ecological water consumption
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Figure 2. Changes in industrial water consumption and agricultural water consumption

E 2 TAAKE. RIAKEEWL

B L ATLUE AR, A AR R A A K PR K, fE5E0 GM(L ) BIALE
F AU AR K OB B TR . AT K S Toll AR M, 70 8y ki,
@ﬁ%ﬁﬁwﬁ%%ﬁmw:uWNMWﬁW%%#ﬁiﬁﬁc;uﬁﬂwm@@wﬁg%%m@@wn
BT R INGIE Cs 4 AT SRS ax® (K1) + (1— ) x® (k) B TR R s, s it
SRR SAE, (HTT, K 2 U LA (R 5 (RO B E T K R T 7
.

5.3.1. RIFAKEEBEE
b K B2 B K R Eb ik, R KK RS, RKERKER, Beoh, BEE BT L5 EE
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R, AOHEBA A A R A A, B 2 TRUEH, T HERADKEZIZFER @S . Fit
ARSCR A B 7 38 2 7 5 Z GM(L )RR,

AIHY 2017~2021 S5 Hodhs g 57 A AR 22 SR i /T 41«

£ (k) =x9 (k) ~ Xy (k) = (1500,0.657,1.088,0.333,1.080) :

1-AGO #*91l: &% (k) =(1.500,2.157,3.245,3.578,4.658) ;

LU0, JRAGEIRE DG AL, — R BN B A I AR B

BTG SHE Y 2 = (1.828,2.701,3.411,4.118) ;

WA IR X (K)+az (k) =b +

/N R a=-0.071 b=0.576;

eI 2 X(y (K +1) = 9.655e°7 8,155 ;

i BRIEJE X (K +1) = 0.6596°°7 4

s ) i 2 (k) =(1.500,0.707,0.7590,0.815,0.874) ;

JEUA SR FUE X ) = 58,5308 05 _ 0,6506%07 ;

T 5 46 5 4 ol iﬁff =(58.200,57.150,55.429,55.119,54.806 ) ;

BRI 45 B PN ZE A =0.004, C=0.126, p=1.00, FEAIFEELEL “47” .

5.3.2. T AKEHEREIE
JE ¥ 51 XY = (11.8,13.2,13.3,13.8,14,14.2,13.7,14.3,14.5,14.8) ;
— U EINE 5 X = (11.8,25,38.3,52.1,66.1,80.3,94,108.3,122.8,137.6) ;
ZRUNAE, SRR I PR, — R RN O 1 B e R G 0 5
BTG SHE 51 2 = (18.4,31.65,45.2,59.1,73.2,87.15,101.15,115.55,130.2) :
Ty iR XY (k) +ayzt) (k) =hy :
B/ iR 1S a=-0.013, b =13.040;
PN EL = Wi iﬁ?)' (k +1) =1034.523e°* ~1022.723 ;
— [t BIRIEE X(o) (K +1) =13.1076°0% ;
BRI IO AE 5L FIIAIX R % A =0.010, C=0.237, p=100, MAERESL “4F” .

5.4. FKETM

KK EE, EFEHAKE. ASHKERE GM(LL)TIMAER, LR HKE. T HKES
1E GM(L,1) TR B AL Fuil B P 45 2022~2026 “FARK AR KB R RV HKE. T HKE. AiEH
IKECAKAERS KR, g R0 5 fis.

==

e

)

=
Ras?

Table 5. Water consumption projections for 2022~2026
= 5. 2022~2026 FERKEFHN

A KSR m gl Fk M m? TR m® A3 F KMz, m® A=A KMz md

2022 93.517 53.889 15.274 19.906 6.618
2023 93.985 53.526 15.470 20.475 7.436
2024 94.455 53.155 15.669 21.060 8.355
2025 94.927 52.776 15.870 21.662 9.387
2026 95.401 52.390 16.073 22.281 10.548

Nt — PRI Y ) & B AR M, 5155 GM(L, 1) BEAL LUK SCHR[13] b K 40 5 B RS R 47 Pt
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RZE T T 5 FERD 2017~2021 FdEAE I E g, THEARXT IR ZE WK 6 B .

Table 6. Comparison of prediction error results of different models
< 6. PEREFUIIRELE REE

- AHXHR 2%

GM(1,1) k7 R LR AR LAY
2017 7.47 3.65 2.34
2018 7.72 3.83 2.89
2019 9.12 4.43 3.77
2020 9.30 3.87 3.36
2021 10.33 487 3.94

HIZE 6 ATLAE H, ASCERH S K R TNR ZE /s, SR E B, BT AR A a7 4 K
ST BAT IR (&

&g

(1) ERTABFFERIEEAL b, ARSCRA MG GM(L L)AL, F /K& S A% 1 /K & TS ARG FE 3R A
RKRIEE . WNEERKE, PridRKSEREINGKES, MEANREFKTFRRS, BRAERHKA
W s SR ACRERE AR i Tl R R, TR K BB ER K, B2 i KAESH R K E;
T A T K HEER AR A WA Ak, Ak FH 7K BB 4 T B

(2) ASCEFXTBEPE 2010~2021 4 7 4F F /K & BT 7 ) AR RLRE FE S s XKk 5 AE R K E T
MEE RESA R, KR e SRR vT 2 A B S Ak, A 9T AR S B ISIE R T K
B 2T RA R Kl 35 () B 18 AL SR R AR 245 IR, 9RAb T R0 AAESE iR B AL
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