It RFHMARFEM) £59% H4a4W 20234F7
Acta Scientiarum Naturalium Universitatis Pekinensis, Vol. 59, No. 4 (July. 2023)
doi: 10.13209/j.0479-8023.2023.036

oo A (EREE PN IR S A S Y NIV
ARG Pk v 1 b

R SEC RS oPm ZEE AN

1. Multidisciplinary Water Management Group, Faculty of Engineering Technology, University of Twente, Enschede 7500AE;
2. BRI R RE LI E, AT A IR A IR A, JE5T 100085; 3. Bt BUK G RHCA RA R, AT 210012;
4. ZEEEBWERARITE, BW 650034; 5. JLITRSE MR 5 TRAERE, R KB R
A B S SR, LT 100871; T @ {EVEH, E-mail: yongliu@pku.edu.cn

WE ETHAUT P I K BRI, LEET AU | HL AR R T BRI R
R (¥ 4 7 870 £ F1) ol o o 7 e 2 P S8R E PR R o 7 BT K SR ) 17 R A () B BEAT AR AR TR L,
TR UL A A R (4 T 225 ) AR AP ot JE 7 B R AR AR S M P W Bl . WP 4 R AR WD, 4 A S5 i i
FRL MR S AR — MR, A LA, EN0aliem T ES | g2l EIKECSL
VAR K B (AR A A AR R R B AR RN AT o 5T, 20 I 4 Rl AR S MR bn I W AR e VAT N B9 07
5, FRIRBARLAEE SO SR FRE LA R T SR8 AR 19 BT AT 5t o BIFSE 45 RAT B T — 25 X 2 R GRR A K i 1o
TR ZE R AR R AEAT A, DU B X L /K 5o 15247 A ) i 2 R A 7 20 A o

KR ARZME; KTORINL G EIG R

Nonlinearity Strength Indicators for Numerical Simulation
Based Load Reduction-Water Quality Responses

SU Han'?, ZOU Rui*, LIANG Zhongyao®, YE Rui’, WANG Zhiyun®*, LIU Yong™'

1. Multidisciplinary Water Management group, Faculty of Engineering Technology, University of Twente, Enschede 7500AE;
2. Rays Computational Intelligence Lab, Beijing Inteliway Environmental Co. Ltd., Beijing 100085; 3. Nanjing Smart Water
Co. Ltd., Nanjing 210012; 4. Yunnan Research Academy of Eco-environmental Sciences, Kunming 650034; 5. State
Environmental Protection Key Laboratory of All Materials Flux in Rivers, College of Environmental Science and
Engineering, Peking University, Beijing 100871;  Corresponding author, E-mail: yongliu@pku.edu.cn

Abstract This study developed four nonlinearity strength indicators for water quality responses based on cross
sample entropy, Fourier transformation, non-sequence counting, and adjusted R* according to typical nonlinear load
reduction-water quality responses suggested by previous studies. All the indicators were applied on typical numerical
water quality simulation samples. Based on the calculation, the four indicators were compared with each other to
provide suggestions on how to use them to detect the nonlinearity and measure the nonlinearity strength. Results
show some overlaps among the four indicators, however, they are not interchangeable. The four indicators suggest
seasonal differences, peak changes, short-term water quality deterioration, and averaged water quality changes
respectively. After providing suggestions on how to use the four indicators to detect nonlinearity of water quality
responses, this study further discusses the limitations on the nonlinearity definition and potential applications of the
four indicators. This study will contribute to understanding, distinguishing, and analyzing the type of nonlinear water
quality responses.
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Table 1  Statistics of the four indicators for nonlinearity strength on the typical numerical water quality simulation samples
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Fig. 1 Strongest nonlinear water quality responses indicated by the four indicators for nonlinearity strength
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Fig. 3 Distributions of the four nonlinearity strength indicators and the pair-wise correlations among them
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