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Research on the early-warning method of water environment carrying capacity
based on BP neural network:A case study of Beiyunhe River Basin

CAO Ruoxin', ZHANG Kexin', ZENG Weihua'**, MA Junwei', XIE Yuxi', LI Qing'
1. School of Environment, Beijing Normal University, Beijing 100875

2. Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810008

Abstract: Aim to predict the possible overloading status of water environment carrying capacity (WECC) in the future and give warnings to control water
environment risk, we constructed an early warning system of WECC by adopting Back Propagation Neural Network ( BPNN) ,and Beiyunhe river basin was
selected for a case study. The early-warning model involves four sub-models of carrying capacity (COD, NH,, and TP and water resources) , and it can
provide reliable fitting result (the mean absolute percentage error is about 20% ). The results show that 8 administrative districts including Chaoyang
District and Haidian District are in the red-light warning area where the WECC is severely overloaded ; Shijingshan District, Guangyang District, Beichen
District and Xianghe County which located in the middle and downstream are in the orange-light waring area; 5 administrative districts including
Changping District and Shunyi District are in the yellow-light warning area; Huairou District and Yanging District are in the green-light warning area, and
the carrying status is good. Finally, to eliminate the overloading situation, from the perspective of integrated control of water environment, we proposed
specific management measures for each region on the basis of the principle of bidirectional regulation, such as regulation of population and economic
development, non-point source pollution control, etc.

Keywords: water environment carrying capacity; BP neural network ; overloading status of water environment carrying capacity; early warning
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Fig.2 River network of Beiyunhe river basin
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Table 5 Main parameters and errors of each model simulation
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Table 6 Model performance evaluation
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Fig.3 Output value and true value of each model
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Table 7 Predicted results of the carrying capacity overload index of each administrative district in 2018
COD AR pyii K CcoD AR Jer KW
X T - il -l Wk WX Wil sl TRE T TERE T
MEAES WERE HEdsg HEdEH RS BEAEE WEIRE AR5
TRIR X 1.2736 0.3015 0.3455 3.3269 MK 0.6138 0.2234 0.1698 1.1288
PR X 1.9025 0.8828 0.4862 3.7321 FEPRIX 0.3800 0.1445 0.1858 0.2027
WX 4.6001 1.7173 0.7676 2.4669 LRI 1.0471 0.2190 0.1870 2.1425
£HKX 4.2709 1.5135 0.3265 2.7020 JTRHIX 1.9930 1.2488 0.6110 1.5896
HEIX 1.0268 0.1757 0.1725 2.8746 iR 0.9615 0.5085 0.3152 1.9966
HFE X 2.5997 1.8459 0.8021 2.2025 RIF X 1.2780 0.4647 0.5293 1.7065
3 M X 0.8776 1.3232 0.3151 2.0442 JRX 1.6560 0.6158 0.2123 2.2440
M5z S X 1.2829 1.1162 0.3197 0.9690 LI IX 1.3563 0.4192 0.8096 3.2003
B IX 1.2667 0.5170 0.2128 0.6103 L IX 1.0346 0.7727 0.2511 3.1178
KUK 1.1401 1.1732 0.8180 2.3258
*8 EENEEXNLE
Table 8 Carrying capacity alarm gardes
PR bR 1<0.76 0.76<I<1.31 1.31<1<2.25 [=2.25
o e A [ [ e
COD /&% ) A5 Ak R AR k>0 O FE {0 A X éIﬁij[i o7 {6 T X
ALt k<0 G B X R X
R bR E 1<0.27 0.27<1<0.61 0.61<I<1.37 1=1.37
AEUKE N Al As2 k>0 BO R S o, X L T S K
Aot k<0 S0 TCE X O X R0 X
R AR 1<0.20 0.20<1<0.35 0.35<1<0.58 1=0.58
4 B 30 TR A K K =5
BRI AS Ak 3o i AR k>0 ﬁ@% = [Z Pt = B: PRGN = ,Z 21 0 T X
Aot k<0 S0 TCEIX AR X £ X
R bR 1<1.19 1.19</<2.14 2.14</<3.08 1=3.08
VR AR 2 A o %= I
7k§fd/ﬁ7%ﬁj] /E,H:i—jj% AR 9% k>0 E‘f@t-g: = X @i‘é* = X éI@E = X 21@?‘15%
Aht k<0 SR TR X HAOREX £ A X

B4 BHBRBNBHIEHS M E (KT BL NS DHEERL)

Fig.4 Distribution diagram of overload index of each carrying capacity
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Fig.5 Early warning results of each carrying capacity in Beiyunhe river basin in 2018
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Table 9 Water environment capacity warning results

I i sy SREGE
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PRFEX 0.495 T £ i)
FEPRIX 0.317 e s,
TRIX 0.816 i H A,
TR 1.676 i LicRun
F 5L 0.800 % LicREN
RIFX 1.050 L2 A,
LRI 1.309 = R
ZIRFIX 1.136 % iz EA
THEIX 0.878 i R,
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Table 10  Comprehensive warning level of water environment carrying

capacity
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Fig.6 Comprehensive early-warning results of the water environment

carrying capacity in Beiyunhe river basin in 2018
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Table 11 Two-way control measures for the overloading state of water
environment carrying capacity in Beiyunhe river basin
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