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• 6800 km2 
• Flows 310 

km  
• Largest 

Canadian 
tributary to 
Lake Erie 

• 9 continuous 
water quality 
monitoring 
stations 

Introduction 



• Data relayed to GRCA 
head office 

• Uploaded to website 
hourly 
– Water temperature 
– Dissolved oxygen 
– pH 
– Conductivity 
– Turbidity  
– Nitrate at Bridgeport 

GRCA Continuous WQ Monitoring Network 



Online data 
viewer with 
real-time data 
• provisional 

GRCA Continuous WQ Monitoring Network 



• 70% agricultural land use 
• 30 municipal wastewater 

treatment plants 
• ~ 1 million watershed 

residents 
• Point source and Non-point 

sources of nutrients 
• Partnership with 

Environment and Climate 
Change Canada (ECCC) 

• Water quality monitoring to 
estimate TP loads to Lake 
Erie 

Project Background 

York 



• Algal blooms caused by 
excess phosphorus to Lake 
Erie 

• TP reduction targets for 
western and central basins  
– updated 2016 

• TP reduction targets for 
eastern basin upcoming in 
2020 (ECCC and MOECC, 2018) 

• 70 – 80% of TP loads to 
Lake Erie are from 
tributaries (Maccoux et al., 2016) 

Project Background 

(NOAA, 2011) 



• USGS 2 decades of work 
developing surrogate models 
for TP using turbidity 
– Oregon, Utah, Iowa, North 

Carolina, Great Lakes Basin 
• European Universities and 

research institutes  
– England, France, Ireland, 

Denmark, and Portugal 
• Agricultural, forested, 

mountainous watersheds 

Project Background: TP surrogate research 

United States & Europe 

• Limited work to date in 
Canada 

• ECCC sampling program  
– Baseflow every 2 weeks + 

events 
– 369 samples, 2012-2016 

• Continuous flow and turbidity 
from GRCA monitoring  

• Robust, multi-parameter 
dataset to test surrogate 
regression models 

Grand River at York 



1. Investigate feasibility of estimating TP 
concentrations from continuous turbidity and 
flow data 

– Proof of concept for Canadian tributaries 
2. Develop a regression model to predict TP 

concentrations 
3. Identify gaps/ additional work to utilize technique 

to estimate annual TP loads 

Objectives 



QA/QC 
dataset  
Turbidity 
sensor 
2013: 
86% 
coverage 
2014: 
53% 
coverage 

Methods 



2015: 
48% 
coverage 
2016: 
71% 
coverage 
369 total 
samples 
collected 
183 had 
turbidity 
value  

Methods 



• Correlation 
matrices 

• Strong 
correlation 
between TP 
and turbidity 

• Pearson’s r 
= 0.77 

– R2 = 0.59 

• Seasonal 
differences 

Objective 1: Feasibility 
Grey: Fall 
Red: Summer 
 
 

Green: Spring 
Blue: Winter 



• TP and turbidity correlated 
• TP increases during events 

– Flow 
• Seasonal differences in 

correlation matrices 
• Hysteresis observed 

– Dominantly clockwise 
– Turbidity (above) 
– TP (below) 

Objective 2: Develop Regression Model  



20 regression 
models with 
different 
combination of 
variables 

Results 



Regression 
model explains 
65% of 
variability in 
observed TP 
concentrations 
 
Within range of 
results from 
multiple U.S 
studies 

Results 



• Turbidity, flow, seasonality, & 
hysteresis can predict TP 
concentrations (R2=0.65) 

• Emphasis on data quality 
– Improve temporal coverage of 

turbidity data 
• TP = particulate (PP) + total 

dissolved (TDP) 
– Turbidity better at predicting PP  

• Orthophosphate (OP) sensors can 
increase model performance 
– USGS in Iowa: mean R2 improved 

from 0.72 without OP to 0.90 with 
OP  

Objective 3: Gap analysis 



• Continue to collect event and 
baseflow samples at York using 
ISCO water sampler 

• Increased emphasis on data 
quality of continuous 
parameters  

• Different methods to 
incorporate seasonality  

• Use the improved model to 
estimate annual TP loads to 
Lake Erie 

• Compare results to other TP 
loading methods 

• Ultimately, adding continuous 
TP concentrations to real-time 
monitoring  

 

 

Next Steps 



•Surrogate 
regression model 
estimates TP 
reasonably well 
–R2=0.65 

•Promising 
technique, 
exploratory analysis 
•Gaps and next 
steps have been 
identified 
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