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Rivers…… 

“ A river or stream is a cycle of energy from sun to plants to insects to fish.    
It is a continuum broken only by humans” – Aldo Leopold 

 
“are the gutters down which flow the ruins of continents” – Leopold et al. 

 
“….you cannot step into the same river twice” – Heraclitus 



Provincial Water Quality Monitoring 
Network (PWQMN) 

• Established in 1964 
• Ontario’s leading source of 

stream water quality 
information 

• 50 years of stream water 
quality monitoring in 
partnership with Ontario’s 
Conservation Authorities 

• Brings organizations together 
to share resources, expertise 
and information 



50 years of monitoring 

• > 300,000 water samples have been collected 
• Over 2,000 locations have been sampled 
• By over 40 partner organizations 
• Resulting in > 6,000,000 water quality records 

 
 



Importance of long-term monitoring 

• Monitoring helps us understand 
the impacts of land use 
activities on water quality so 
that we can make informed 
decisions regarding the 
management and protection of 
our water resources 

 
• One of the values of  a long-

term monitoring program is the 
ability to detect trends to see if 
water quality is changing over 
time 
 

 

Updated from Water Quality in Ontario Report (2010) 



“The nature of change” 



“The nature of change” 



Long term trends in Total Phosphorus 

Trends in total phosphorus concentrations in 
streams across Ontario (1979-2011). 



• Significant increases in 
concentrations were observed at 
96% of 24 long-term (1975-2009) 
monitoring sites in areas where 
freshwater mussels are at risk 

• The rates of increase in chloride 
concentrations were highest at 
urbanized sites and lowest at 
forested sites 

Long term trends in Chloride 



https://nawqatrends.wim.usgs.gov/swtrends/ 



Considerations that go into  
trend analysis 

• Concentrations of water quality parameters may 
be related to stream flow; need to account for 
this relationship when testing for trends 

• Screening of potential stations  
• Period of interest and potential gaps in the 

record / sufficient coverage 
• Changes in laboratory methods 



Selecting stations for trends 

• The PWQMN has over 
2,000 stations that have 
been monitored    
(active and historical) 

 
• Currently ~400 active 

stations in the network, 
but not all of these have 
continuous, long term 
records, and not all are 
paired with flow gauges 



Station selection screening process 
• recent data(up to at least 

2005)  
• at least 20 years of 

monitoring 
• located at flow gauges 
• flow gauge period overlaps 

with water quality period 
• after further data screening, 

left with 40 stations for trend 
analysis  

 (though not all stations were 
 tested for trends for all 
 parameters) 



Variability of watersheds 

• Watersheds ranged from 25 – 4,500 km2  

• Variable land cover across watersheds 

 



Methods – Trend analysis 

• Only data from April-November were used 
• Checked for gaps in time period 
• Test for trends: 

• LOWESS of concentration vs. flow 
• Seasonal Mann-Kendall trend test on residuals from LOWESS 

• Trends were considered significant if p < 0.05 
 

 

Helsel, D.R. and R.M. Hirsch. Statistical Methods in Water Resources 



Trend analysis 

• Conductivity (1970 – 2016) 
• Chloride (1970 – 2016) 

 
• Calcium (1994 – 2016) 

• Magnesium (1994 – 2016) 
 

• Dissolved Inorganic Carbon – DIC (2007-2016) 



Conductivity (1970 – 2016) 
Conductivity - Indicates amount of dissolved 
ions (from salts) in water 

p < 0.001 



Chloride (1970 – 2016) 
Chloride: conservative ion 

p < 0.001 



Calcium (1994 – 2016) 
Calcium: abundant ion in surface water;    
contributes to water hardness 

p < 0.001 



Magnesium (1994 – 2016) 
Magnesium: abundant ion in surface water; 
contributes to water hardness 

p < 0.001 



DIC (2007 – 2016) 
Dissolved Inorganic Carbon 
In natural water, bicarbonate is typically dominant form of DIC 

 

p < 0.001 



Summary of preliminary results 
• Chloride and conductivity increasing at 

majority of sites tested, 95% and 81% 
respectively 

• Calcium increasing at 44% of sites tested 
and magnesium at 50% of sites tested 

• DIC increasing at four sites including two 
most urban sites 

• Preliminary findings may be partly 
indicative of urban (Kaushal et al.) and/or 
agricultural disturbance 

• Factors affecting water quality and long 
term trends in water quality are many and 
complex 

• More work is needed to understand the 
drivers of these trends, and may differ 
across watersheds 

From: Kaushal et al. (2017) Human-accelerated weathering 
increases salinization, major ions, and alkalinization in fresh 
water across land use 



Challenges encountered in  
trend analysis 

• Long term water quality stations paired with long 
term flow gauges (with overlapping coverage) 

• Consistent monitoring of parameters at a larger 
set of stations for a consistent time period 

• Gaps in monitoring, especially large gaps 
• Lack of year round sampling 
• Change in laboratory methods 

 



Considerations for monitoring for  
long term trends 

• Need to keep the ‘long-term’ in mind if the objective is to 
asses long term trends – decisions made today could 
have consequences down the road 

• During times of limited resources, difficult to maintain / 
justify monitoring for ‘future’ needs 

• Consistent set of parameters; core set of long-term sites 
• Maintain sampling frequency throughout each and 

every year 
• Need to report – what are the data telling us? 
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Resources 

PWQMN Interactive Map 
https://www.ontario.ca/environment-and-energy/map-provincial-stream-water-quality-monitoring-network 
 
PWQMN Data Download 
https://www.ontario.ca/data/provincial-stream-water-quality-monitoring-network 
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Thank you! 
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