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Applications:
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*GLAP: Nearshore (Pickering: Duffins-Rouge) **GLNI: Lake Erie Eastern Basin (Grand R)
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Integrated Watershed-Lake Modelling

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

=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...)
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Bl 5oionmem  Ghiopnement Lake Ontario TRCA Study Area  (Canadi

Canada
Rouge-Duffins-Carruthers

Meteorological forcing

e ' - (D, C, R) analysis of available met forcing
E.Bmm,ers | and WQ monitoring data...
grand_rivers_n33 % —
E[F grand_watershed_na3utm @
- (D, C, R) evaluate P loads for model
I gemarid_duffins_utm > calibration from field data...
EI rivers S . R . . .
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Main sources of model uncertainty
- precipitation main NPS driver (spatial distribution)...

Canadd

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

Water quality monitoring
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Beale Ratio
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LO a d | N g M et h Od S AvgMethod3 Load = 3.21 0, o e e
= Q. = mean flow over period between

= 1 observations
Angeth0d4 Load = Ag)’ ;Z < @. = mean flow for period of load
i=l _ estimate
& 1 = number of observations
LZ (Q;C;') K = conversion factor to account for
Load= 4’:1 ) period of load estimate and units

- Range of loading estimate predictions

from various methods (Wong et al)...
AvgMethod5
Regression-based method
LW, wong, , W.G, Boaty, P, Fong, G. Bowsn, R.C, McCrimman & L.F. Lean,
(2012 - sub) adjusted Regression-based Chermical Annual Loading Estimates
Modelling Procedure in Canadian Streams for Imprecise Data, Journal of

-Analysis of loading estimates Eneroremencas g i mers
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
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Comparison of TP loads at Duffins (tonnes)

1990-2009 regression Malkin paper
40 TP (tonnes) Figure 9b
[95% C.I.] TP (tonnes)
357 y = 0.961x + 0.8722 . 1990 221[16, 31] 20
R® = 0.9032 i 1991 14 [11, 19] 14
—~ 30 -
§ 1992 14 [12, 18] 20
S 251 1993 25 [17, 36] 21
3 1994 86, 11] 7
(] i
= 20 1995 12 [9, 15] 12
' 1996 27 [20, 36] 32
.= 15 a
% 1997 20 [14, 27] 18
= 101 1998 11 [8, 14] 11
1999 5[4, 6] 6
% 2000 16 [12, 21] 14
0 | | | | | | | 2001 76, 9] 9
0 5 10 15 20 25 30 35 40 2002 7 [6, 8] 8
Regression-based TP Loads (tonnes) 2003 2517, 36] 21
2004 817, 10] 9
Malkin, S., Dove, A., Depew, D., Smith, R., Guildford, S., Hecky, R., 2010. 2005 12 [10, 16] 12
Spatiotemporal patterns of water quality in Lake Ontario & their implications d
for nuisance growth of Cladophora, J. Great Lakes Research 36: 477-489 2006 23 [17, 31] 26
2007 816, 9] 8

33 [25, 44] 34

46 [40, 52]




Environnement
Canada

Environment
Canada

i+l

SWAT in Duffins Creek

Canadd

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

EC met. data and hybrid met. data combining muiltiple
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...).

List of Flow & TSS Parameters & Ranges
Parameters min max

v__ALPHA BF.gw 0 1 List of Nutrients Parameters & Ranges

r__SOL_AWC().sal -5 1 Parameters min max

v SFTMP.bsn 5 5 v ERORGF.hru 1 1
v SMTMP bsn 5 5 v ERORGN.hiu 1] 1
v__ SMFMX. bsn 0 10] v __NPERCO.bsn 0.01 1
v SMFMN.bsn o 10 v PPERCO bsn 10 17.5
v__TIMP.bsn 0.01 1 v PHOSKD.bsn 100 175
v__ESCO.hru 0.01 1 v S0L ORGN().chm 1 10000
v__EPCO.hru 0.01 1 v__SOL_ORGP().chm 1 400
v SURLAG. bsn 0 10 v GWSOLP. gw 0 10
v__GVWOMN, gw 0 20 [yv_P _UPDIS.bsn D 40
v__GW DELAY . gw 0 100] v N _UPDIS.bsn 0 40
w__GW_REVAP gw 0.02 02| v_PSP.bsn 0.01 0.7
v__SNOCOVMX bsn 0 50/ v CMN.bsn 0.0001 0.003
v_PRF.bsn 0 2| |yv_RCH.bsn 0 2
v SPCOMN.bsn 0.0001 0.01 v  SONCO . bsn 05 1.1
¥ SPEXP.bsn 1 1.5

v CH EROD.re 0 10

v CH COV e 0 1
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- Duffins: Flows (m3/s)
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Existing Land Cover
(1999 Aenal Photography)

Future Land Cover
(Municipal Official Plans)

Flow Discharge {m3is)

Yearly Contributions to Flow Discharge
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TP {ka}

Landuse Scenarios

Mod GIS land changes — preliminary results : adﬁ

# of Years: 21| total chng
Flow b
Rate of Change (rm3/s/year]
Scn - Scn 2 0.035] 1.495
Scn1-5Scn 3 0095 3910
Scn2-Scn 3 0089 2379
ISss
Eate of Change (tonnes/vear)
Scn 1- Scn 2 12258.048] -15.771
Scn 1- Scn 3 29552857 -35.015
Sch 2- Scn 3 17293.810] -26.413
Ie
Rate of Change (ko/year)
Scn 1- Scn 2 2642.333| -10.606
Scn1-Scn 3 F273.190| -29.193
Sch 2- Scn 3 A630.857| -20.793
TN
Rate of Change (kafvear)
Scn 1- Scn 2 2715933.810| -31.264
Scn1-Scn3 360803.333] -41.481
Sch 2- Scn 3 058650 524 -14.854
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Legend 1 x °

o Tkl . - Test run for flow using Duffins calibration
e < parameters:

.’ * * +« e “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)

EIF gemgrid_duffiins_utm

9
K
@
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B Wastations_2008-2009sample Y
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EI tributaries_sites 3
.
Categories
e -
. |
e O
* P
. U
=[] met_stations_utm
*
EIF WSC_SOntario
*
Categories
& Active
# Discontinue
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EIF Sont_watersheds
[

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

WSC flow station 02HC022 Rouge River Near
i Markham

= observed
—— Simulated
—— Simulated(2)

Flow

0 L e O O O
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Watershed-Lake Model Integration (Capadi

or 3 19 Aug 2008

Vertical Integrated : Mean Circulation (mis)

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

Mean SRP (pg/L)Y

6=9 Awg 2007
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Lake Ontario: Pickering-Mussel Coverage (2007-2008)

ﬂ 2007 _sites_mussela _* |

I Muss covavg

ﬂ 2008uw_sites_muss

I Muss covavg

I
"3 Frenchmans
ﬂ 2008uwn_sites shp
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I | e
o 2567 mapavas @ FB.2 = Plant
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Duffins
Creek
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ﬂ Pick_subs

W25
e Bsian

orl: S
Al el e % bl 35678

ol werered nge; 356 o

» 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)
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Watershed-Lake
Model Integration

GLAP (...work in progress...):

-Lake model ELCD: Lake Ontario (near

shore w/mussels)

-Watershed inflows (NPS):

Carruthers + Rouge + Petticoat & FB

(estuary/lake interactions)
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Digital data assembled for NPS models

— Stream Reach Shapefile

— orant v e -SRTM-DEM; 200m resolution...
SR e el (evaluating 30m MNR-DSM Ontario Radar Digital Surface Model)
*  grand_pcptmp_stn

; -GRCA-WSC: land use, soil, point sources,

v b reservoirs, flows & weather data...

A Point sources

=[] Baze DEM (Grand_200mDEM 1if)
Bo-262737

S"Point Source W ourer S

\* control (PO4 ban) Watershed Model Setup (MW-SWAT)

Blair (113km)

g SRP mg/L -monthly calibration...

R | —fon -daily (NSE drops all accross the board)
(issue == oo . .
spring-melt =P -expect some improvement with snowmelt
L= and frozen soil modules...(CanSwat-UG)
--------- -expect more improvement additional

event based load sampling...(link Alice Dove)

Figure 1.4 SRP concentration in the Grand River . Blair (site 8) located 113 km downstream
and below the major WWTP in Kitchener.

Hood, J., 2012, UW PhD Thesis

i
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Comparison of simulated TSS loads versus their calibration measurements
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.
Comparison of simulated TP loads versus their calibration measurements
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Canada Canada Nearshore Modelling — (link w/Ram Yerubandi et al.)
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Lake Erie simulations (ELCD) "a - )
|
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: M ¥ 1K 4 R
ﬁ : X 3
i 1. i 1K i Future tasks (already initiated):
e mmmpee; mw =i e Lake Model Integration
3 .gx. y i i o £ —~ '
i e | 1M i 2 =l b - . . .
P34 . . ? - Setup Nearshore Higher Resolution Model Grid
il " 1. =, (to test simulations including mussels
) ! - linked to load analysis — Grand River inflows)
= - ’ TCHLA T IT‘ 'T;nn),nzn:‘;mnn: e 5656314 gu:;;agga
) a3
“:_‘.. 1 %
S B

Three-dimensional computer modelling of the impact of drefssenid

mussels on phytoplankion in Lake Erie.
Z.A4 Bocaniov, EEH. Smith, C. Spillman, M.E. Hipszey, LF. Leon

Figure, 7. Model pre dictions of the spatial distribution of Chl-a in the surface layer ai 2 m depth
of Lake Erie: May 1: mussels OFF (a) and mussels ON (h); June 11: mussels OFF (c) and mussels
ON (4); July 1: mussels OFF (e) and mussels ON (f)




