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Prediction models of regional annual total water consumption in mainland China
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Abstract: In order to improve large-scale water consumption prediction models for mainland China and
provide a technical support for the scientific utilization of water resources, the annual total water con-
sumption prediction models of provincial administrative divisions, river basins and geographical regions
were established based on the principles of ARMA, gray GM (1,1) and BP neural network model. The
optimized results of the models were statistically analyzed, and the selected optimal models were used to
predict the total water consumption from 2021 to 2025. The results show that for the provincial adminis-
trative division scale, the optimal prediction model of total annual water consumption is ARMA model in
nine administrative divisions, gray GM (1,1) model in six administrative divisions, and neural network
model in 16 administrative divisions. At the river basin scale, the optimal prediction model is ARMA
model in five basins, gray GM (1,1) model in three basins, and neural network model in the Yangtze
Basin. For the scale of large geographical regions, the optimal model of the six northern regions is the
neural network model, and that of the four southern regions is the gray GM (1,1) model. The water con-
sumption in the next five years will be generally stable. These findings are expected to provide some sta-
tistical reference for total water consumption management in China.

Key words: annual total water consumption prediction; ARMA model; gray GM (1,1) model; BP neu-

ral network model; mainland China
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[X.2018 — 2020 4 3 bl A 4F FH K St il 45 5 51)
T3 6, 1 H 5 WO A 5 52 B A9 AH X 1% 22 (RE)
LAV A o3 iR 25 (MAPE) A7 LG B 6 AT
PIE B PATEIXRIUE R, ARMA K GM(1,1)
1 BP iz 2% 3 R RIS T 748 41 A T
() MAPE %3314 0. 52% 9.31% .1.59% A7
ARMA #7; Sf b4 45 F K B NME Y MAPE 4y
A4 0.95% 1.42% 0.77% , eI R h BP #fi 28
LEARTRY X 2 A AT K BB T MAPE 5351
2.78% 1.88% 3.21% kil i GM(1,1) &
R HAUE TR 3 R R PG Lyl A1 A B

{5 1%) MAPE 435114 2. 06% 4.36% 2. 80% , {55!
g ARMA A5 5 0 VI AR H /K R 2 39000 4 1)
MAPE 43510 3. 17% 2. 47% \1.05% , {34557 % BP
P2 D) 2 S TR 5 5% 8 VT 38 B8 AT FH K A T L 7
MAPE 4350 1.30% 0. 73% 2. 81% , {5651 Hy K
0 GM(1,1) AR BRI KRBT W6 T 6 IX4EH]
K g, i E () MAPE 4y 51 2k 2.46% 2.69% .
2.03% ARGEAETLN BP s 8RR X p 7 4 XAR:
FH7K 68 T B /Y9 MAPE 4y 5% 5. 61% 3. 63% .
3.97% ARIEREAN KA GM(1,1) iR, | kg3
FW],3 BRI [F]— RUBE R XA ] XS 4 7K S
PN DR2E B BT AN

R6 3 FERIIEDEMN RIBIEMIE AKX 2018 -2020 FERIE K BETN 4 RXTLE

ARMA i 7) JRA GM(1,1) f5i7 BP Hift 2 [ 4 A5 74
31| bty Wit/ RE/ MAPE/ T/ RE/ MAPE/ T/ RE/ MAPE/ HLIEHER
0f e T ibil bl
10° m’ % % 10° m’ % % 10° m’ % %

2018 130.3  129.72 -0.45 141.71  8.75 131.59  0.99

T4 2019 1303 129.02 -0.98  0.52  142.07  9.03 9.31 131.60  1.00 1.59 ARMA
2020 129.3  129.48  0.14 142.42  10.15 125.71  -2.77
2018 182.4  182.26 -0.08 181.51 —0.49 181.66 —0.40

WHp4 2019 182.3  181.25 -0.57 0.95 179.91 -1.31 1.42 181.04 -0.69 0.77 BP ML
2020 182.8 178.80 -2.19 178.32  -2.45 180.56 -1.23
2018 155.7 154.33 -0.88 152.28 -2.20 159.21  2.25

ZEA 2019 154.9  149.16 -3.71 2.78 152.60 -1.48 1.88 164.18  5.99 3.21 ARMA
2020 156.0 150.17 -3.74 152.93  1.95 158.15  5.43
2018  654.9 651.32 -0.55 710.30  8.46 639.58 -2.34

PEdLig 2019 691.4  663.02 -4.10 2.06 718.86  3.97 4.36 678.17 -1.91 2.80 ARMA
2020 675.7  665.45 -1.52 727.51  1.67 647.71 -4.14
2018 2071.6 2079.20  0.37 2129.10  2.78 2056.60 —0.72

KT 2019  2064.5 2094.00  1.43 3.17 2151.80  4.23 2.47 2027.10 -1.81 1.05 BP ML
2020 1957.6 2108.90  7.73 2174.70  11.09 1945.80 —0.60
2018  391.7 391.46 -0.06 396.44  1.21 404.40  3.24

B 2019  400.2 388.05 -3.04 1.30 397.80 -0.60 0.73 391.32 -2.22 2.81 JKkff GM(1,1)
2020 392.7  389.50 -0.81 399.17  1.65 404.40  2.98
2018 2706.4 2703.40 -0.11 2821.10  4.24 2759.70  1.97

b6 X 2019 2746.5 2647.70 -3.60 2.46 2840.00  3.40 2.69 2728.20 -0.67 2.03 BP MLk
2020 2681.3 2582.50 -3.68 2859.00  6.63 2774.30  3.47
2018  3309.1 3384.60  2.28 3449.30  4.24 3348.60  1.19

R4 X 2019 3274.7 3418.90  4.40 5.61 3476.10  6.15 3.63 3570.00  9.02 3.97 JKfa GM(1,1)
2020 3131.6 3449.70  10.16 3503.10  11.86 3078.20 -1.71
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