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Factors regulating harmful algal bloom 

>Climate (Temperature, solar radiation) 

>Lake shape (Depth, volume and surface) 

>Basin hydrology (Water discharge) 

>Bottom-up effects (Nitrogen, phosphors) 

>Top-down effects (Zooplankton, fish) 
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Classic regressions: Relate mean CHL to mean TN or TP 
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2. Chlorophyll-nutrient model 
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Quantile regressions: Relate max CHL to TN or TP 
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2. Chlorophyll-nutrient model 



Classic regression: 

Modeling annual/summer mean  

(e.g. Haven  et al. 2004) 

Quantile regression: 

Modeling upper bound 

 (e.g. Jones et al. 2011) 

2. Chlorophyll-nutrient model 



2. Chlorophyll-nutrient model 

Lake Champlain dataset: 15 sampling stations (1992~2012) 



Mean Chl-TN model with effects of uncontrollable factors 
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Max Chl-TN model without effects of other uncontrollable factors 
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2. Chlorophyll-nutrient model 



Mean Chl-TP model with effects of uncontrollable factors 
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2. Chlorophyll-nutrient model 



Max Chl-TP model without effects of other uncontrollable factors 
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2. Chlorophyll-nutrient model 





Hypothesis (H1): The response of CHL to TN is raised by TP? 

Hypothesis (H2): The response of CHL to TP is raised by TN? 

3. Eutrophication: Nitrogen and Phosphorus  





Sub- 

dataset 
TP Samples   

Sub- 

dataset 
TN Samples   

P1 0.7 < Log10 (TP) < 1.0  187 

  

N1 2.04 < Log10 (TN) < 2.45  214 

  

P2 1.0 < Log10 (TP) < 1.1 516 N2 2.45 < Log10 (TN) < 2.50 233 

P3 1.1 < Log10 (TP) < 1.2 527 N3 2.50 < Log10 (TN) < 2.55 479 

P4 1.2 < Log10 (TP) < 1.3 335 N4 2.55 < Log10 (TN) < 2.60 556 

P5 1.3 < Log10 (TP) < 1.4 233 N5 2.60 < Log10 (TN) < 2.65 521 

P6 1.4 < Log10 (TP) < 1.5 178 N6 2.65 < Log10 (TN) < 2.70 269 

P7 1.5 < Log10 (TP) < 1.6 223 N7 2.70 < Log10 (TN) < 2.75 123 

P8 1.6 < Log10 (TP) < 1.7 226 N8 2.75 < Log10 (TN) < 2.80 95 

P9 1.7 < Log10 (TP) < 1.8 152 N9 2.80 < Log10 (TN) < 2.85 64 

P10 1.8 < Log10 (TP) < 2.4 121 N10 2.85 < Log10 (TN) < 3.24 144 
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Hypothesis (H1): True 

Increase in TP enhance phytoplankton response to TN (Slope, αTN)  

3. Eutrophication: Nitrogen and Phosphorus  



Hypothesis (H2): True 

Increase in TN enhance phytoplankton response to TP (Slope, αTP)  
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3. Eutrophication: Nitrogen and Phosphorus  



Hypothesis (H2): True 

Increase in TN enhance phytoplankton response to TP (Slope, αTP)  

3. Eutrophication: Nitrogen and Phosphorus  

Dual-nutrient control would be more 
effective than phosphorus-only 
reduction to mitigate eutrophication 
in Lake  Champlain 

Hypothesis (H1): True 

Increase in TP enhance phytoplankton response to TN (Slope, αTN)  





Hypothesis (H3): The response of CHL to TN is raised by WT? 

Hypothesis (H4): The response of CHL to TP is raised by WT? 

4. Adaptation to Changing Climate  





  Sub-dataset WT Samples 

  

T1 2.7 < WT < 12.5  364 

T2 12.5 < WT < 14.0 165 

T3 14.0 < WT < 15.5 183 

T4 15.5 < WT < 17.0 192 

T5 17.0 < WT < 18.5 266 

T6 18.5 < WT < 20.0 264 

T7 20.0 < WT < 21.5 399 

T8 21.5 < WT < 23.0 390 

T9 23.0 < WT < 24.5 320 

T10 24.5 < WT < 29.0 155 



Hypothesis (H3): True 

Increased temperature enhance phytoplankton response to 

nitrogen (Slope, αTN)  
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4. Adaptation to Changing Climate  



Hypothesis (H4): True 

Increased temperature enhance phytoplankton response to 

phosphorus (Slope, αTP)  
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4. Adaptation to Changing Climate  



Hypothesis (H4): True 

Increased temperature enhance phytoplankton response to 

phosphorus (Slope, αTP)  

4. Adaptation to Changing Climate  

Hypothesis (H3): True 

Increased temperature enhance phytoplankton response to 

nitrogen (Slope, αTN)  

Tightening nutrient reduction 
helps mitigate the climate-driven 
eutrophication, and improve lake 
adaptation to changing climate    
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