Potential Improvement of Don River PCSWMM model with Hydrologic Data Assimilation
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Station ID LocationName Monitoring Network Region Municipality Elevation_masl Length of data
HY003 Alex Duff Memorial Pool Precipitation Toronto Toronto 109 4/8/2008 12/31/2013
HY016 Danforth and Coxwell Precipitation Toronto Toronto 115 5/22/2008-12/6/2013
HY021 Dufferin Reservoir Precipitation York Vaughan 226 4/8/2008 _12/31/2013
HY027 G Ross Dam Precipitation Toronto Toronto 175 4/8/2008 12/31/2013
HY036 Kennedy Pump Station Precipitation Toronto Toronto 190 5/8/2008-12/5/2013
HY064 TRCA Head Office Precipitation Toronto Toronto 188 4/11/2008 12/6/2013
HY069 York Pumping Station Precipitation York Richmond Hill 325 4/8/2008 12/5/2013
HY070 York Region Works Yard Precipitation York Richmond Hill 217 4/8/2008 12/5/2013
HY017 Don at Glenshields Stream York Vaughan 182 1/1/2008 _12/31/2013
HY018 Don at Knightswood Stream Toronto Toronto 121 1/1/2009 12/31/2013
HY062 Taylor Creek South Stream Toronto Toronto 90 1/1/2008 _12/31/2013

HY068 Wilket Creek

Stream Toronto Toronto 122 1/1/2010 _12/31/2013

a) PCSWMM model

PCSWMM model has the same hydrologic and hydraulics
engine as the U.S. EPA SWMM5 model. It consists of 1D & 2D
analysis comprehensive river modeling tools and real-time
control analysis time series management. It has the capability
to perform hydrologic, hydraulic and water quality modeling.

b) Hydrologic data assimilation : Ensemble Kalman
Filtering (EnKF)

Data assimilation is a process that quantifies errors in both the
hydrological model and observations, and update hydrological
model states in a way that optimally combines model forecast
with observations. Each individual observation is then updated
based on the relative error in both the model and observations.
The model forecast is made in the EnKF for each ensemble
member as follows [3]:

xtv1 = f(x¢up, 6, 1) + wi , where:

x{+1 - The iy, ensemble member forecast of model state variable at time t+ 1.
xtt : The iy, updated ensemble member at time t.

ul: Perturbed forcing data.

0: Model parameter.

w! : The model error that represents all the uncertainties related to model structure and
the forcing Data.

Xii1 = Xer1 + K1 Vi — Vivd)

x;i, : The iy, member of updated states at time t+1.

yt.1 :The iy, member of perturbed observation at time t+1.

pt., : The ith predictive variable at time t+1.

K¢.1 : Kalman gain matrix: K;,, = X,7, (X7, + X7, 1-1

yy . - - - - Al
‘11 . I'he forecast error covariance matrix of the prediction y;, 4

xy— - - i— PUTSRNPN,
.11 :The forecast cross covariance of the state variables x;;; and prediction y;, 4

Performance of current calibrated

PCSWMM model (last calibrated in
March 2014 by TRCA)

1- Calibration
June 20,2008-July 30,2008 (40 days)

CJ7.32_Glenshield CJ7.32_Glenshield (obs)
50— Objective Fns ~ CJ7 32_Glenshield  CJ7 :32_Glenshield (obs)

Minimum Flow ;sm3/s) 0
45 Mean Flow (m3fs) 2.728

40—

35—

Flow (m3/s)
N w
T 7
\ \

N
o
|
\

=
o
|
\

=
o
|
\

O TR

\ \ \ \ \ \
22 Sun 1 Tue 8 Tue 15 Tue 22 Tue 1 Fri

Jun 2008 Date/Time

CJ43.022_TaylorCreek CJ43.022_TaylorCreek (obs)

Objective Fns CJ43.022_TaylorCreek CJ43.022_TaylorCreek (obs)
M aximum Flow (m#/s) 75.47

Minimum Flow (m?/s) 1] L

70 |- Mean Flow (m?@/s) 1.655 0.5624

Total Flow (m® 5718000

60

50

40

Flow (m3/s)

30 -

20

L L l:‘“ UL

| | [
22 Sun 1 Tue 8 15 Tue 22 Tue 1 Fri
Jun 2008 Date/Time

2- Validation: May 1st,2010- July 30,2010 (90 days)
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Data Assimilation results
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Open Loop: No assimilation
Ensemble Mean: Average of 48 ensemble
members

Updated state variables include:
Sub-catchment states: Current initial soil moisture
deficit, current cumulative infiltrated volume, current
upper zone infiltrated volume.

Link states: new flow, new depth

Model Performance Statistics (for 250 hours)

HY018/CJ11.060 HY068/CJ15.044 HY062/CJ43.022 HY017/Cl7.32

Knights wood Wiket Creek Taylor Creek Glenshield
Open Open Open Open
Loop DA Loop DA Loop DA Loop DA
NSE -0.17 -1.00 -1.46 -1.80 0.88 0.56 0.84 0.98
RMSE 12.02 1.88 0.72 0.74 0.61 0.99 1.25 0.37
VE 2.25 0.20 -0.89 -0.88 -0.07 -0.15 0.12 0.05
BIAS 3.52 0.32 -0.67 -0.67 -0.03 -0.06 0.12 0.05
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Data assimilation results indicates that
both the sub-catchment and link state
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model performance.

Further improvements can be achie
better calibrated model along with data &

During this study, some challent
encountered, such as:

« Large number of sub-catchments

* Few observational data

« Large computation time

* Poorly calibrated model

To overcome these challenges and
results, we are planning on doing the

* Re-calibrating the Don River PCS
model

« Adapting EnKF to work bette
models:

« Updating more

state variables

* Trying different

iIncluding log tr

« Using additional data as

« Transitioning Into re

forecasting
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