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Objective: integrated modelling to assess water quality and evaluate P loads of Canadian tributaries into selected 
nearshore zones of the Great Lakes… 

 

  
GLAP: Lake Ontario* 
*Nearshore (Rouge/Duffins)   
 

GLNI: Lake Erie** 
Eastern Basin (Grand R) 



Water Quality of Nearshore Lake Ontario 

(plots: T. Howell, MOE & TRCA) 

Toronto  
Harbour 



Watershed Simulation Results 

• Calibrated SWAT model of the Rouge River watershed (daily flows) 

• In-stream water quality parameters - model performance nutrient components 
(MinP, OrgN, NO3, and NO2) 

• Similar set of calibrated parameter values used in the model for Duffins 

• Simulated water quality constituents comparable to observed values (model 

metrics limited by data availaility)  

• Scenarios (BMPs based on TRCA watershed plans) 

• Current work extending to Carruthers (UM) & Humber (GLAP) 

 



Main sources of model uncertainty 
- precipitation main NPS driver (spatial distribution)… 

- water quality monitoring (load estimates/sparse field data)… 

intensive/event based water quality (auto-samplers) 

Water quality monitoring 



SWAT (Implementation of Crop Rotation and Management Operations*) 

Year. Crop Month Day Operation(s) 

Hydrologic 
Soil Group 

A B C D 

1. Corn 

4 30 Disc Plough GE23ft 77 86 91 94 

5 1 Plant/Grow Corn 67 78 85 89 

5 2 Fertilizer: N 110 kg/ha - - - - 

5 3 Fertilizer: P 22 kg/ha - - - - 

11 1 Harvest and Kill Corn 74 83 88 90 

11 15 
Mouldboard Plough (reg 4-
6b) 

76 85 90 93 

2. Corn 

4 30 Disc Plough GE23ft 77 86 91 94 

5 1 Plant/Grow Corn 67 78 85 89 

5 2 Fertilizer: N 110 kg/ha - - - - 

5 3 Fertilizer: P 22 kg/ha - - - - 

11 1 Harvest and Kill Corn 74 83 88 90 

11 15 
Mouldboard Plough (reg 4-
6b) 

76 85 90 93 

3.Soybean 
W-Wheat 

5 13 Plant/Grow Soybean 67 78 85 89 

5 14 Fertilizer: P 33 kg/ha - - - - 

10 1 Harvest and Kill Soybean 74 83 88 90 

10 6 Plant/Grow Winter Wheat 67 78 85 89 

10 7 Fertilizer: N 10 kg/ha - - - - 

10 8 Fertilizer: P 20 kg/ha - - - - 

4.W-Wheat 

4 10 Fertilizer: N 70 kg/ha  - - - - 

7 15 
Harvest and Kill Winter 
Wheat 

74 83 88 90 

11 15 
Mouldboard Plough (reg 4-
6b) 

76 85 90 93 

LU  
Sub-classes 

Area 

Rotation Year 

1 2 3 4 

CCBW 10% Corn Corn Soybean W-Wheat 

WCCB 10% W-Wheat Corn Corn Soybean 

BWCC 10% Soybean W-Wheat Corn Corn 

CBWC 10% Corn Soybean W-Wheat Corn 

CBCB 10% Corn Soybean Corn Soybean 

BCBC 10% Soybean Corn Soybean Corn 

HAY 40% Hay 

*Included in Duffins Cr. Project 
improved additions & recalibration/validation 

Agricultural Practices 



TRCA watershed maps: http://trca.on.ca/the-living-city/watersheds/  

SWAT Results 
(Flows: daily) 

http://trca.on.ca/the-living-city/watersheds/
http://trca.on.ca/the-living-city/watersheds/
http://trca.on.ca/the-living-city/watersheds/
http://trca.on.ca/the-living-city/watersheds/
http://trca.on.ca/the-living-city/watersheds/


WQ Results 
(TP: daily) 



WQ Results 
(SRP: daily) 



WQ Results 
(TN: daily) 



WQ Results 
(TSS: daily) 



Malkin, S., Dove, A., Depew, D., Smith, R., Guildford, S., Hecky, R., 2010. Spatiotemporal patterns of water quality in Lake 
Ontario & their implications for nuisance growth of Cladophora, J. Great Lakes Research 36: 477-489 

 
Table 10: 2005 to 2011 annual TP, TN and TSS loading estimates for Duffins Creek at Ajax.  

 TP Load (metric tonnes) TN Load (metric tonnes) TSS Load (metric tonnes) 

Calendar 

Year 

NWRI Regression  

[95% CI] 
r
2
 = 0.37 

NWRI Regression  

[95% CI] 
r
2
=0.55 

NWRI Regression  

[95% CI]  
r
2
=0.42 

2005* 16.9 [12.2, 23.6] 113.6 [105.7, 122.1] 18138 [11539, 28508] 

2006* 33.5 [22.2, 50.5] 182.8 [167.4, 199.6] 41242 [23402, 72680] 

2007 10.2 [8.0, 13.0] 83.9 [79.5, 88.5] 9491 [6709, 13426] 

2008 44.1 [29.8, 65.3] 225.5 [206.7, 246.0] 54878 [32156, 93656] 

2009 51.9 [39.8, 67.8] 215.5 [200.9, 231.2] 57889 [37528, 89298] 

2010* 17.5 [13.1, 23.4] 115.5 [108.3, 123.2] 17374 [11091, 27214] 

2011* 31.3 [20.6, 47.7] 170.8 [156.6, 186.2] 39461 [21906, 71086] 

*loading estimates based on PWQMN data only 
Table 11: 2005 to 2011 annual TP, TN and TSS loading estimates for Twyn Rivers at Rouge River.  

 TP Load (metric tonnes) TN Load (metric tonnes) TSS Load (metric tonnes) 

Calendar 

Year 

NWRI Regression  
[95% CI] 
r
2
=0.57 

NWRI Regression  
[95% CI] 
r
2
=0.41 

NWRI Regression  
[95% CI] 
r
2
=0.63 

2005* 17.1 [13.1, 22.3] 123.5 [110.2, 138.3] 18868 [12626, 28197] 

2006* 24.8 [18.7, 32.9] 173.2 [153.5, 195.4] 28816 [18847, 44059] 

2007* 7.4 [5.9, 9.2] 69.8 [63.9, 76.3] 6969 [4911, 9888] 

2008 29.2 [21.9, 39.1] 199.2 [176., 225.5] 35566 [22708, 55706] 

2009 29.1 [23.4, 36.3] 176.6 [159.4, 195.7] 33747 [23193, 49102] 

2010 21.4 [16.3, 27.9] 150.1 [134.5, 167.5] 25870 [17107, 39122] 

2011 42.9 [33.8, 54.6] 208.8 [184.9, 235.9] 46331 [28976, 74083] 

*loading estimates based on PWQMN data only 
 

WQ Results 
(Loadings) 

solid line/squares: regression estimated annual based loads ; dashed lines/bars: lower-upper bounds of estimate ; columns: SWAT yearly modeled loads after calibration  
SWAT in Duffins Creek 

- Yearly summary 

solid line/squares: regression estimated annual based loads ; dashed lines/bars: lower-upper bounds of estimate ; columns: SWAT yearly modeled loads 



Scenario Generation 
(verifying performance) 

Rouge 

Duffins 



Scenarios: (Watershed Plans) 

Duffins  

Future Land Use  

Reforestation 

Duffins  



Scenarios: (Watershed Plans) 

Future Land Use  

Rouge Reforestation 



Duffins and Rouge (Sub-watershed aggregation analysis  SWAT Sub-basins)  

TP Compliance Percentage 
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Scenarios SWAT : Duffins & Rouge 

Summary of Duffins Scenarios (91) 

Summary of Rouge Scenarios (107) 



Duffins Scenarios + Vegetative Filter Strip 

  TP (relative to D-BL) 

Scenario D-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

D-BL 

D-FBO 

D-ENH 

D-RFU 

D-RFM 

D-RFL 

D-RFST 

D-CS 

D-CS-FBO 

D-CS-ENH 

D-CS-RFST 

  TN (relative to D-BL) 

Scenario D-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

D-BL 

D-FBO 

D-ENH 

D-RFU 

D-RFM 

D-RFL 

D-RFST 

D-CS 

D-FBO-CS 

D-ENH-CS 

D-RFST-CS 

  TSS (relative to D-BL) 

Scenario D-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

D-BL 

D-FBO 

D-ENH 

D-RFU 

D-RFM 

D-RFL 

D-RFST 

D-CS 

D-FBO-CS 

D-ENH-CS 

D-RFST-CS 

  Flow Volume (relative to D-BL) 

Scenario D-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

D-BL 

D-FBO 

D-ENH 

D-RFU 

D-RFM 

D-RFL 

D-RFST 

D-CS 

D-FBO-CS 

D-ENH-CS 

D-RFST-CS 

                  

< -75%  -75 to -50% -50 to -30% -30 to -20% -20  to -10% -10 to 0% 0 to 15% 15 to 30% > 30% 



Rouge Scenarios + Vegetative Filter Strip 

  TP (relative to R-BL) 

Scenario R-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

R-BL 

R-OBO 

R-FBO 

R-ENH 

R-RFU 

R-RFM 

R-RFL 

R-RFST 

R-CS 

R-OBO-CS 

R-FBO-CS 

R-ENH-CS 

R-RFST-CS 

  TN (relative to R-BL) 

Scenario R-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

R-BL 

R-OBO 

R-FBO 

R-ENH 

R-RFU 

R-RFM 

R-RFL 

R-RFST 

R-CS 

R-OBO-CS 

R-FBO-CS 

R-ENH-CS 

R-RFST-CS 

  TSS (relative to R-BL) 

Scenario R-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

R-BL 

R-OBO 

R-FBO 

R-ENH 

R-RFU 

R-RFM 

R-RFL 

R-RFST 

R-CS 

R-OBO-CS 

R-FBO-CS 

R-ENH-CS 

R-RFST-CS 

  Flow Volume (relative to R-BL) 

Scenario R-VFS 

N/A 1m 2m 3m 5m 10m 15m 30m 

R-BL 

R-OBO 

R-FBO 

R-ENH 

R-RFU 

R-RFM 

R-RFL 

R-RFST 

R-CS 

R-OBO-CS 

R-FBO-CS 

R-ENH-CS 

R-RFST-CS 

                  

< -75%  -75 to -50% -50 to -30% -30 to -20% -20  to -10% -10 to 0% 0 to 15% 15 to 30% > 30% 


