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Objective: suitable NPS models to assess water quality and evaluate P loads of 
Canadian tributaries into selected nearshore zones of the Great Lakes.

Integrated Watershed-Lake Modelling

�Analyze main factor of model uncertainty : sparse water quality 
monitoring data.

�Develop suitable methods to evaluate P loads for model calibration 
from field historic and event based sampled concentrations.

�Calibration/validation of watershed model for flows, suspended solids 
and nutrients (yearly, monthly and daily � lake model).

�Evaluate what if scenarios (i.e., landuse change-BMPs) as well as 
climate change impacts (current vs. future conditions). 

�Integrate with 3D nearshore lake modeling ELCOM-CAEDYM �
ELCD: parallel efforts in Lake Erie east basin (GLNI) with mussels and 
macro-algae (Cladophora) components (…work in progress…)



Southern Ontario Watersheds [TRCA]
Urban growth MTA (W) ; Agriculture (E)

SWAT
(CanSWAT)

HSPF
Urban Models (SWMM)

Integrated Watershed-Lake 
Modelling



(D, C, R) analysis of available met forcing 
and WQ monitoring data…

(D, C, R) evaluate P loads for model 
calibration from field data…

(D, C, R) exhaustive calibration-validation 
of watershed model…

(D) scenarios (landuse change, BMPs, 
climate change impacts)…

Integration Lake Model:

(LO) lake modelling 3D ELCD & Lake Erie 
east basin � GLNI (mussels & 
Cladophora)…

Meteorological forcing

Lake Ontario TRCA Study Area
Rouge-Duffins-Carruthers
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Duffins Creek: Initial Simulations



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



-Analysis of loading estimates 
delivered to TRCA 
(possible continuation of daily event 
based sampling in 2014-15)

* Ullrich & Volk (2010) Influence of different nitrateN monitoring strategies on load estimation as a 
base for model calibration and evaluation. Environ Monit Assess 171:513-527

Loading Methods

- Range of loading estimate predictions
from various methods (Wong et al)…

Duffins
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Flux 5: C/Q Reg2

Beale

ave mnthly f low  x conc, extrap.

Monte Carlo (75th percentile baseflow

separation point)
Beale (75th percentile basef low  separation

point)
NWRI 2007-2009 regression (75th percentile

baseflow  separation point)
Average method: (avg daily Q on days of

conc) * avg daily conc * N
Average method: sum (mean Q btw n obs *

conc) * N
Average method: avg daily conc * mean Q for

LE period * N
Average method: sum load / (sum Q on days

of conc) * mean Q for LE period * N

79.28      [t/yr]41.89TP Load_means :     12.95

* Literature Review



1990-2009 regression
TP (tonnes)
[95% C.I.]

Malkin paper
Figure 9b
TP (tonnes)

1990 22 [16, 31] 20

1991 14 [11, 19] 14

1992 14 [12, 18] 20

1993 25 [17, 36] 21

1994 8 [6, 11] 7

1995 12 [9, 15] 12

1996 27 [20, 36] 32

1997 20 [14, 27] 18

1998 11 [8, 14] 11

1999 5 [4, 6] 6

2000 16 [12, 21] 14

2001 7 [6, 9] 9

2002 7 [6, 8] 8

2003 25 [17, 36] 21

2004 8 [7, 10] 9

2005 12 [10, 16] 12

2006 23 [17, 31] 26

2007 8 [6, 9] 8

2008 33 [25, 44] 34

2009 46 [40, 52]
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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



SWAT in Duffins Creek

• Calibration/Verification for Flow, TSS, TN, TP 1990-2009

• EC met. data and hybrid met. data combining multiple 
sources (GEMS grid and EC)

• Water quality MOE+EMC TRCA and PWQMN

• Sensitivity analysis on SWAT parameters completed for 
Flow, TSS, TP and TN.

• Winter conditions and modifications for daily simulations 
and recalibration (…next steps…).



SWAT: Monthly Results

*spring snow-melt 
period (zone of 

high uncertainty) 

-model under-
predicts
-daily grid met 
(short+ detailed-
events calib)

Co-op UG-CanSwat
(spring snowmelt
and frozen soils
mods)…



Daily simulations

- Duffins: Flows (m3/s)

- Duffins: TP loads (kg)



Landuse Scenarios
Mod GIS land changes – preliminary results
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Duffins “What-if” Scenarios

TRCA: GIS landuse layers :

Preliminary Scenario Comparison
(monthly simulations)

Future Issues:
Climate Change Scenario � Work in Progress…

1. Existing Land Use (based on interpretation of 1999 Aerial photography)
2. Future Official Plan (assumed full build out of approved Regional and Local Official
Plans, which projected land use up to 2020).
3. Future Official Plan with enhanced natural heritage cover 
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�Test run for flow using Duffins calibration 
parameters: 
“Simulated” = manual, nse=0.23
“Simulated(2)”=calibration tool, nse=0.38
�Also, test Flow calibration tool with GEMS 
grid met data 2006-2010, nse=0.45)

� Post-Doc (CanSWAT)
� Sensitivity analysis and expand calibration 
parameter list

WSC flow station 02HC022 Rouge River Near 
Markham
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Lake Ontario Watersheds

Watershed-Lake Model Integration

Watershed & Lake modeling (link w/Ram Yerubandi et al.):
Evaluate nutrient and sediment loading to the lake: estimated 

loads (from provincial WQ dataset 2002-2009 + Duffins
and TRCA historic) 

� calibration/validation and uncertainty propagation
� input loads for lake modeling
� lakewide & nearshore coupled model domains



Lake Ontario: Pickering-Mussel Coverage (2007-2008)

� similar density #s in both years (combine sampled sites 07-08)

� consistent with higher values of mussels in hard/rocky substrate

� density/biomass grids for nearshore (high-res model @ 100m)

� ELCD + (CGM + Mussels)



Lake Ontario: NS Proposed Domain Extension

Rouge

Duffins

GLAP (…work in progress…): 

-Lake model ELCD: Lake Ontario (near 
shore w/mussels)

-Watershed inflows (NPS): Duffins + 
Carruthers + Rouge + Petticoat & FB 
(estuary/lake interactions)

Watershed-Lake 
Model Integration



Grand River
(NPS-Watershed Model)

Digital data assembled for NPS models

-SRTM-DEM; 200m resolution…
(evaluating 30m MNR-DSM Ontario Radar Digital Surface Model)

-GRCA-WSC: land use, soil, point sources, 
reservoirs, flows & weather data…

Watershed Model Setup (MW-SWAT)

(D, C, R) analysis of available met 
forcing and WQ monitoring data…

(D, C, R) evaluate P loads for model 
calibration from field data…

Outcomes:

Point Source
control (PO4 ban)

NPS (issue 
spring-melt)

-monthly calibration...
-daily (NSE drops all accross the board)
-expect some improvement with snowmelt 
and frozen soil modules...(CanSwat-UG)

-expect more improvement additional 
event based load sampling...(link Alice Dove)



Grand River
(SWAT monthly/yearly)

222 t/yr

208 t/yr

Dolan’s estimates



Lake Model Integration
Nearshore Modelling – (link w/Ram Yerubandi et al.)

Future tasks (already initiated):

Lake Model Integration

� Setup Nearshore Higher Resolution Model Grid
(to test simulations including mussels

linked to load analysis – Grand River inflows)

2004

2002

- Mussel distribution

Lake Erie simulations (ELCD)


