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Introduction 

• Lake Champlain is plagued by an excessive influx of nutrients  

– Non-point sources: agriculture and urban development upstream 

of lake basin 

– Point source: waste water treatment plants 

• Established correlation between higher concentrations of 

phosphorus and harmful blue-green (cyanobacteria) algal 

blooms in Lake Champlain 

– Phosphorus is limiting nutrient in freshwater ecosystems  

• Study of phosphorus loading to the lake is a key element to 

promote a healthy lake, as well as good living conditions for 

those that inhabit the Lake Champlain Basin  



Current System vs. “New” Way 

 

• Current phosphorus loading calculation: 

– Correlating average daily flow rates at tributary USGS gages 
with periodically (1-2/month) taken in situ total phosphorus 
concentrations  

• Improved phosphorus loading calculation: 

– Use the more sensitive instantaneous flow at the time the 
phosphorus concentration was sampled and produce a 
regression 

• Why?  

– River flow changes throughout the day: rain in the afternoon 
means it will be flowing faster than it was in the morning  



Some periodic data loss 
as a result of tributaries 
freezing  

Missisquoi Example: 



Objectives  

• Examine past efforts to quantify 

phosphorus loading  

• Propose a different, more flow-sensitive 

method for determining stream flow and 

total phosphorus correlation 

• Determine new estimates for yearly 

phosphorus loading to Lake Champlain 

via three large Vermont tributaries  

 



• Tributary 
phosphorus 
measurement 
sites at same 
location as 
USGS gages   

• Winooski, 

Lamoille, and 

Missisquoi were 

the focus 

tributaries based 

on watershed size 

and surrounding 

land use, notably 

agriculture and 

cities/towns: 

Burlington, 

Milton/Jeffersonvill

e, and St. Albans, 

respectively 

http://www.wwwalker.net/champ/tmdl/references/57_Phosphorus_Loading_1990-2008.pdf 



Methods  

1. Acquire instantaneous, 15 minute interval, stream flow data from 

USGS from 1990 (initiation of gages) to as current as possible 

(2013) for each tributary  

2. Acquire in situ total phosphorus data from the Vermont Agency of 

Natural Resources 

3. Use R to process data and create a LOWESS (local weighted 

regression) relationship between phosphorus concentrations and 

instantaneous stream flow times for each tributary between 1990-

2013 

4. Apply LOWESS relationship to all instantaneous stream flow values 

5. Calculate total yearly phosphorus loads for each tributary 



Apply this 
relationship to 
instantaneous 
stream flow 
data… 



And get this 
graph, per 
tributary, per 
year… 



 Results – Total Phosphorus Loads 
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 Results – Percent Difference vs. 
Medalie 2013 
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 What It Means 

• Average percent difference: 59%! 

– Different/improved methodology shows 

significantly higher phosphorus loads than 

Medalie’s data 

• Different/improved methodology can be 

used as conservative upper limit for 

phosphorus loading  

 



 Conclusions and Future Work 

• There may be more phosphorus entering Lake Champlain 
than previously thought 

• Potential future work:  

– Continue process for all significant lake tributaries for which 
there is phosphorus data and a USGS stream gage,   

– Determine if percent differences vs. Medalie are similar for other 
tributaries 

– More work to be done to asses sensitivity of instantaneous flow 
data vs. daily average flow    

• Different/improved methodology is essential to the study of 
Lake Champlain; further research should be pursued to 
determine the most accurate method of calculating yearly 
phosphorus loads and to better understand how phosphorus 
enters the lake 
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