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Construction and application of water resources intensive and safe utilization evaluation model based on NOA-
SVM model//Wang Chenxuan', Zhao Xueying', Zhang An’ an®, Chen Li’( 1. School of Economics and Management,
Xiamen University of Technology; 2. School of Urban Construction and Transportation, Hefei College of Finance &
Economics; 3. School of Economics and Management, Anhui Jianzhu University)

Abstract: Regarding the issue of insufficient attention to artificial intelligence methods in current evaluation of water
resources intensive and safe utilization, an evaluation index system for water resources intensive and safe utilization was
established. The nutcracker optimization algorithm (NOA) was employed to optimize the parameters of the support vector
machine (SVM ) model, leading to the construction of an NOA-SVM model for the evaluation of intensive and safe
utilization of water resources. By altering the proportions of training set and testing set, the evaluation result of the NOA-SVM
model was compared with that of the standard SVM model, and the performance of the NOA-SVM model under different kernel
functions was analyzed and compared. Furthermore, an empirical analysis was conducted on the 31 provinces (autonomous
regions and municipalities) of China excluding Hongkong, Macao and Taiwan, to verify the effectiveness of the model. The
results indicate that the NOA-SVM model achieves a higher evaluation accuracy than the conventional SVM model in the
evaluation of the intensive and safe utilization of water resources. In particular, the radial basis function kernel maintains a
stable goodness-of-fit under different proportions of the training set, and its corresponding error metrics including MSE,
RMSE, and MAE are all desirable and superior to those of the linear kernel and polynomial kernel. The top seven provinces
(‘autonomous regions and municipalities) in the evaluation results of intensive and safe utilization of water resources are
Tianjin, Hebei, Beijing, Henan, Shandong, Shanxi, and Inner Mongolia, and their core advantages lie in controlled
development intensity, improved water use efficiency, and well-adapted industrial structure. The bottom seven provinces
(‘autonomous regions, municipalities) are Jiangxi, Jiangsu, Hubei, Shanghai, Hainan, Guangxi, and Xizang, and their core
issues include excessive resource development, low water use efficiency, and insufficient ecological water use.

Key words: water resources intensive and safe utilization evaluation; NOA-SVM model; water resources development
intensity ; water use efficiency; China
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Fig.1 Evaluation index system for intensive and safe

utilization of water resources
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i, NOA-SVM H 11 SVM A5 15 7K 5 I8 4 24 42 42 )
FRRTTANE 5 SEPRE R XS H . 3BT 25 22 1, NOA-
SVM HiBRIR) 4771222 (MSE ) \RMSE F- 348 % 1% 2%
(MAE) %351} 0.0002.0.0129 .0.011 6, #5E &5
(R*)40.9952;1fi SVM HLHU ) 3X 3 T i3 2% 535l A
0.0202.0.1421,0.0837, R* fU N 0.4148, it W
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()1 RE R DI 2R e ARl S B A Ak dh . 414k
A5 5 BRI (U0 89% ) ,R* J9 0. 850 1, {H Bt %5 Il 2%
BT LB N R, R Rk B, SRR & 0.3553,
H MSE RMSE \MAE 548 A5 235 40 4 KA, R
BERY 3z Ak BE Bl I 2 88 v 0 i B S O 55
(BDNOA-SVM HERIZE/NFEAR S5 R AT R
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Table 1 Standardized decision matrix

’ﬁ(lZ\ﬂT) Il 12 13 [4 15 16 17 [8 19 I]O Il]
it = 1.00 1.00 1.00 1.00 0.18 0.71 0.00 0.83 0.74 1.00 0.37
X 0.49 0.94 0.90 0.82 0.77 1.00 0.02 0.73 1.00 0.93 0.42
wodb 0.20 0. 89 0.75 0.94 1.00 0.92 0.03 0.84 0.40 0.88 0. 60
T 0.33 0. 89 0.40 0.92 0.90 0.92 0.00 0.87 0.13 0.86 0.61
RNESi 0.10 0.79 0.43 0.89 0.87 0.83 0.27 0.93 0.09 0.75 0.53
ST & 0.21 0.82 0.45 0.63 0.60 0.86 0.05 0.95 0.04 0.79 0. 60
FL N 0.10 0.72 0.51 0.71 0.72 0.59 0.12 0.97 0.03 0.74 0. 66
By /AU 0.02 0.54 0.52 0.46 0.86 0.59 0.34 0.94 0.01 0.79 0.27
i 0.41 0.00 0.96 0.41 0.05 0.97 0.11 0.58 0.04 1.00 0.54
PN 0.19 0.20 0.56 0.52 0.34 0.90 0.22 0.75 0.07 0.93 0.26
W 0.44 0.87 0.53 0.56 0.26 0.84 0.03 0.97 0.01 0.98 0.43
%W 0.14 0.10 0.40 0.79 0. 64 0.93 0.12 0.94 0.02 0.87 0.27
tE 0.28 0.82 0.38 0.25 0.40 0.69 0.10 0.97 0.03 0.93 0.45
Py 0.10 0.50 0.29 0.27 0.54 0.26 0.15 0.98 0.00 0.86 0.53
TR 0.36 0.90 0. 65 0.92 0.91 0.93 0.02 0.90 0.09 0.92 0.50
oo 0.24 0.89 0.57 0.93 0.93 0.93 0.01 0. 89 0.14 0.91 0.74
# o db 0.13 0.39 0.29 0.56 0.15 0.93 0.18 0.92 0.06 0.85 0.37
7] 0.14 0.59 0.37 0.40 0.48 0. 69 0.12 0.97 0.02 0.84 0.43
TR 0.30 0.82 0.26 0.00 0.12 0.71 0.06 0.96 0.02 0.94 1.00
i} 0.08 0.44 0.22 0.02 0.46 0.83 0.14 0.98 0.01 0.89 0.39
% 0.14 0.76 0.41 0.09 0.00 0.00 0.10 0.98 0.01 0.91 0.74
GigN 0.39 0. 66 0.18 0.70 0.47 0.90 0.01 0.97 0.01 0.94 0.72
oo 0.20 0.88 0.16 0.62 0.43 0.64 0.05 0.98 0.01 0.91 0.11
st N 0.19 0.77 0.14 0.54 0.70 0.45 0.02 0.98 0.00 0.81 0.57
P ] 0.16 0. 80 0.22 0. 60 0.70 0.78 0.07 0.98 0.01 0.91 0.44
I3 0.04 0.48 0.00 0.36 0.20 0.00 0.30 1.00 0.00 0.00 0.12
Be v 0.30 0.87 0.43 0.76 0.76 0.22 0.03 0.95 0.05 0.96 0.20
R 0.07 0.77 0. 44 0.51 0.94 0.93 0.13 0.91 0.09 0.76 0.51
H W 0.11 0.67 0.16 0.46 0.76 0.00 0.11 1.00 0.00 0.68 0.00
T H 0.06 0. 60 0.43 0.39 0.79 0.97 0.29 0.00 0.55 0.77 0.53
oo 0.00 0.78 0.41 0.32 0.40 0.13 1.00 0.87 0.07 0.84 0.62
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Fig.3 Comparison of actual values and evaluation values of water resources intensive and safe utilization of
NOA-SVM model and SVM model

&2 NOA-SVM #ZE5 SVM Ak FFEL LR LR A
EMERILR
Table 2 Comparison of water resources intensive and safe
utilization evaluation results of NOA-SVM model and
SVM model

o W
L Gt die R

MSE RMSE MAE

89 11 0.9952 0.0002 0.0129 0.0116
86 14 0.9952 0.0002 0.0129 0.0116
83 17 0.9951 0.0002 0.0130 0.0116
80 20 0.9952 0.0002 0.0129 0.0116
71 23 0.9952 0.0002 0.0129 0.0116
NOA- 73 27 0.9949 0.0002 0.0133 0.0119
SVM 70 30 0.9952 0.0002 0.0129 0.0116
67 33 0.9952 0.0002 0.0129 0.0116
64 36 0.9952 0.0002 0.0129 0.0116
62 38 0.9952 0.0002 0.0129 0.0116
59 41 0.9947 0.0002 0.0136 0.0121
53 47 0.9952 0.0002 0.0129 0.0116
89 11 0.8501 0.0052 0.0720 0.0320
86 14 0.8491 0.0052 0.0722 0.0328
83 17 0.6879 0.0108 0.1038 0.0461
80 20 0.5950 0.0140 0.2136 0.0552
71 23 0.5690 0.0149 0.1220 0.0602
SVM 73 27 0.5215 0.0165 0.1286 0.0673
70 30 0.4946 0.0175 0.1321 0.0718
67 33 0.4226 0.0199 0.1412 0.0810
64 36 0.4148 0.0202 0.14212 0.0837
62 38 0.3707 0.0217 0.1474 0.0895
59 41 0.3462 0.0226 0.1503 0.0926
53 47 0.3553 0.0223 0.1492 0.0949

ZHE B EY I, B2 NOA LAk iy SVM 7 28
HEHHZIERT), BB A SUZ 8 A IRAEA Y ¢
HERRIE(EE . NOA-SVM #85 A1 /K 9% 5 55 24 4 4 R
WSS R R H IR AR FFAE 0. 99 Vb, Sk B4R
F SVM il MSE .RMSE \MAE %5i% 22 48 bR 4 e i1
T SVM A=A | 7543 UE B LD (v o B o g, 0000 54
REGT
2.2.2 BBH®HF

ASTRIR% BRI L NOA-SVM A 11 41y 45 S L %5 4

3 FR, M 3 AL, XS RIYIZR 4 Fil it 4
o7 L, kMR 2208 RBF % NOA-SVM #5874 7E
AR R AR AE 5 b IR & SR R A7 7E %
S AH2ZE SRR /N, %8 RBF 0 IR R E2 0k,
(DRBF #% R 360 B 5 T4, &t kit
PRAEZR P 7] 81, 1 RBF A% @ Bc & 2% 9F 28 % W] L,
QBRI E R, 5 2% NOA-SVM B4
FL, RBF # NOA-SVM BAISH 0 /D | G e bE R Bl %
o OHABI IR OBV . RBF 2% NOA-
SVM BEAITEA LR R Y R SR EET-ER, MSE |
RMSE \MAE P #AH , HPS4FERT 7. 195, (U 250
% NOA-SVM iU [K) 11. 6% , fig 5 gy - fiiy 55 754
RAREESWARCR .
2.2.3 T NOA-SVM HEA K %R 4 29 % A A A
Laiiy

K NOA-SVM BEAY 47 7K 5% 5 42 24 42 4 F
P, D 132 17 3 5% ) MATLAB 2018b, NOA %
PRAE ST} 2 FOR A% bR B0 I 55 2 805 518 1. 01,
0.01, FHr 45 B 19 MSE . RMSE . MAE F1 R> 43 %1 Hy
0.0002.0.0129.0.0116.0.9952,

4 42024 FrpE 31 4 (X, T7) NOA-SVM
PEF K B PR AR 2942 R FHITAN 25 38, PR (B, 1t
HIK SRR AR 20 & A Kl R . =P SibrdEfa R
FHEB 30T (PCA) R5I  NFR 4 FTLLE Y,
e VT WL KR R BT SR A NOA-SVM A%
RUK G R A 292 R PP 45 S HE 44 5 SEBrHE24 AR
25 14, Homds (X 17 5 32 bR e AR T

IR 4 AT LR ), v A (] b XK 9 R AR 2 %
SRR S BR, RPN 4R SRS T a5
ZENTIRE 2019 A b E K R R A 242 4 A B PR 45 SR
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Table 3 Comparison of evaluation results of NOA-SVM model with different kernel functions

BRBcR IIAEL /% AL 5 /% R? MSE RMSE MAE BT/ s
89 11 0.9952 0.0002 0.0130 0.0111 6.91
83 17 0.9951 0.0002 0.0130 0.0112 7.06
L% 77 23 0.996 1 0.0001 0.0116 0.0102 6.95
70 30 0.9952 0.0002 0.0130 0.0111 7.35
62 38 0.9952 0.0002 0.0130 0.0111 7.16
89 11 0.9952 0.0002 0.0129 0.0116 7.07
83 17 0.9951 0.0002 0.0130 0.0116 7.09
RBF # 77 23 0.9952 0.0002 0.0129 0.0116 7.21
70 30 0.9952 0.0002 0.0129 0.0116 7.18
62 38 0.9952 0.0002 0.0129 0.0116 7.42
89 11 0.9951 0.0002 0.0130 0.0112 61.72
83 17 0.9951 0.0002 0.0130 0.0112 57.61
2 77 23 0.996 1 0.000 1 0.0116 0.0102 55.85
70 30 0.9952 0.0002 0.0130 0.0111 90. 89
62 38 0.9951 0.0002 0.0130 0.0112 44.82

F 4 NOA-SVM #EEKFREALREF RIFNER
Table 4 Water resources intensive and safe utilization
evaluation results of NOA-SVM model

H(X ) bR P SRR HisER
b = 3 0.2686 3 0
x H 1 0.3404 1 0
wodb 2 0.3044 2 0
i vy 6 0.2313 6 0
NEh 7 0.1276 7 0
SO 10 0.0740 10 0
O 11 0.0556 11 0
BRI 18 -0.0632 19 1
L i 28 -0.1991 28 0
AN 26 -0.1641 26 0
WL 13 0.0366 14 1
ZO# 21 -0.0958 21 0
LI 19 -0.0500 18 1
DA ] 25 -0.1560 25 0
T 5 0.2524 5 0
W 4 0.2614 0
o de 27 -0.1693 27 0
i) 20 -0.0946 20 0
I 22 -0.1026 22 0
i} 30 -0.2021 30 0
M 29 -0.2018 29 0
i 14 0.0428 13 1
g 17 -0.0352 17 0
stoM 16 -0.0054 16 0
~ M 12 0.0436 12 0
L7 31 -0.4088 31 0
B vy 9 0.0787 0
oo 8 0.0812 0
H O 23 -0.1558 24 1
T H 15 0.0087 15 0
I 24 -0. 1471 23 1
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