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1978 GLWQA  
 

Hear ye! Hear ye! 
 

By Joint Proclamation 
Henceforth and forever after 

 
The Lake Erie phosphorus load shall not exceed: 

11,000 tonnes/year  
 

which probably translates to about 15 ug/L 
 



• Well established concept – extensive literature* 
• Decision-making under uncertainty 
• Reduce uncertainty via ecosystem-scale 

experiment - not usually feasible 
• Recognize management actions as experiment 
• Learn – Testable hypotheses supported by 

appropriate research and monitoring 
• Update management actions with new knowledge 
 
 

 Active learning process – not trial and error 

*Holling, C.S., and Chambers, A.D. 1973. Resource science: the 
nurture of an infant. Bioscience 23: 13-20. 
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Passive 
Choose “best” management 

Monitor 
Evaluate 

 

Active 
Deliberate, structured experimentation 

Choose management to push system 
Develop testable hypotheses, 

alternative models 
Structure monitoring, research to test 

hypotheses, differentiate models 
 

More learning Less learning 

 Best to be closer to the active side 



Data from Dave Dolan, UWGB

     

TP target load
11,000 metric tons

Target generally met since 1990s 
Increase in western basin HABs 

 



Conditional Independence 
p(C|A,B) = p(C|B) 
Directional (d) separation 
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Causal Inference – brief introduction 
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Tributary Load – Conventional Wisdom 

no d-separation 
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The correlation 
between tributary 
load and lake 
concentration is 
spurious 

Why do we set load targets? 
• Convenient accounting 
• We assume (implicitly) flow stationarity 

Tributary Load – Updated View 



figures stolen from wikipedia 
https://en.wikipedia.org/wiki/Stationary_process 



 
 
Long-term precipitation increasing 
 
 
 
 
Long-term Maumee River discharge 
increasing 
 
 

Science 2008 





Western and Central Basin Annual Total Phosphorus Load (103 kg) 
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Lake Erie provides drinking water to 11 million people 
through > 30 public water systems 



Operational Lake Erie Hypoxia Forecasting  
for Public Water Systems Decision Support 

 
University of Michigan CILER 
Mark D. Rowe, Dmitry Beletsky, Hongyan Zhang, Thomas H. Johengen  
 
NOAA GLERL 
Craig A. Stow, Eric J. Anderson, Steve A. Ruberg, Doran M. Mason  
 
Collaborators 
Scott Moegling   Cleveland Division of Water 
Paris D. Collingsworth  Purdue University 
Richard T. Kraus   US Geological Survey 
Ed M. Verhamme   LimnoTech 
 
Project goal 
Develop a model that can forecast episodes of hypoxia at water intakes on Lake Erie 
that is suitable for transition to operational use at NOAA 
 
This research is funded by the National Oceanic and Atmospheric Administration National Centers for Coastal Ocean Science 
Center for Sponsored Coastal Ocean Research under award NA16NOS4780209 to University of Michigan and NOAA GLERL 

 



Hypoxia Warning 
System Buoy 45164 
2005 - 2016 















GLERL | SOAR | HABs 
 

Continuous and Discrete Observations 
Weekly 
Discrete 
Parameters 
TSM 
TP 
TDP 
SRP 
NO3 
NH4 
CHN 
DOC 
CHL 
PC 
HABS 
Toxin 
Turbidity 
CTD 
profiles 

Continuous Parameters:  SRP, Temp, Cond, CHL, PC, PE, Turbidity, CDOM, pH, DO 
Continuous Monitoring sites:  WE2- WE4 – WE8 - WE13  



In Conclusion 

Thank You! 

• Going forward, our willingness and ability to 
monitor, evaluate, and update the targets will be 
more important than the original targets 
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