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Abstract: The dynamics of total phosphorus (TP) concentrations in shallow lakes are governed by multiple interacting
environmental factors, intricately linked to the physicochemical properties of lake water. This study utilized high-frequency
monitoring data encompassing water quality, hydrological, and meteorological parameters collected from national monitoring
stations within Lake Chaohu basin between 2021 and 2024. Employing principal component analysis (PCA) alongside time-
lag correlation analysis, we investigated the temporal variation patterns of TP concentrations, identified principal driving
factors, and established risk threshold levels of environmental variables associated with TP exceedance and abrupt shifts in the
lake. Findings indicate that water temperature (WT), dissolved oxygen (DO), and algal density (AD) are the predominant
environmental determinants influencing TP fluctuations in Lake Chaohu, collectively accounting for over 50% of the variance.
Additionally, wind speed (WD) emerged as a significant meteorological driver. The study further elucidates a cascading
mechanism underlying TP dynamics characterized by distinct time-lag effects. Specifically, during summer, elevated water
temperatures initially stimulate algal biomass proliferation after a four-day lag, subsequently inducing a marked decline in DO
levels. The ensuing reduction in DO precipitates a rapid increase in TP concentration within 24 hours, indicative of accelerated
phosphorus release at the sediment-water interface. Moreover, algal density exerts an influence on TP concentration with a
three-day lag peak, attributable to both direct phosphorus release during algal growth and decay and indirect release mediated
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by DO depletion. Based on these insights, graded risk thresholds for DO (7.69, 7.08, 6.72 mg/L) and AD (9.80, 15.64,21.14 x
10¢ cells/L) were delineated corresponding to three TP concentration intervals in Lake Chaohu: (0.05, 0.075], (0.075, 0.1],
and >0.1 mg/L. These results offer critical temporal benchmarks for early warning systems targeting TP risks and support the
implementation of precise water quality management strategies in Lake Chaohu.
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Fig.1 Distribution of water quality monitoring sections in Lake Chaohu
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Fig.2 Dynamics of mean total phosphorus concentration and spatiotemporal variation coefficients in Lake Chaohu (2021-2024):

(a)Time: January—December (Annual); (b) Spatial scope: National surface water assessment sections
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Tab.1 Results of principal component analysis for environmental drivers
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Tab.2 Statistical characteristic values of DO and AD under different TP classification standards in Lake Chaohu

- TP ¥R LG/ DO/ (mg/L) AD/ (X 10cells/L)
(mg/L) 25% 50% 75% 25% 50% 75%
(0.05, 0.075] 7.01 7.69 8.34 7.23 9.80 13.07
A2 (0.075, 0.1] 6.33 7.08 8.22 10.38 15.64 21.82
>0.1 6.2 6.72 7.95 14.90 21.14 27.41
0.05, 0.075] 7.32 7.96 8.55 6.98 9.12 12.89
RS (0.075, 0.1] 6.65 731 8.42 10.12 14.98 20.72
>0.1 6.44 6.98 8.04 13.87 19.65 25.34
(0.05, 0.075] 6.89 7.35 8.01 8.19 10.88 13.84
AR €0.075, 0.1] 6.21 6.56 7.88 12.03 17.83 23.01
>0.1 6.09 6.33 7.63 16.58 22.17 28.76
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mg/L, B EEKIEREBGERE, IR -K A W] e AL T 5 ARSI, 20 AD 1 50%50Ar
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Fig.7 Fitting relationships between DO, AD, and occurrence ratios of different TP classification standards in Lake Chaohu
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