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Theme 4-3 Objectives

Investigate and predict the hydrologic connectivity in a
watershed under high flow conditions

Build a suitable systems modelling approach to simulate a
flood and its spatial extent in a watershed and its effect on
the various watershed components (e.g., agricultural lands,
lakes and wetlands, rural development, and water supply)

3. Simulate the effect of extreme rainfall on urban drainage

infrastructure and storm water detention facilities
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Hybrid Modelling Approach

Reservoir SD
model

Hydrological
processes
model

Hybrid Systems
model

Top-down approach

Estimation of incoming
water from tributaries
after calibration and
validation of MESH

A 4

Feed SD model

Predict streamflow at
QRB outlet (Welby)

Bottom-up approach

Generate naturalized
flow using SD model

v

Replace observed
stream at Welby with
naturalized flow

'

Calibrate and validate
MESH using
naturalized flow




Lake Systems Model
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Single Reservoir Model

O All lakes represented by a o Every
single equivalent reservoir separate
O Simple and easy to handle o Complex
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Multiple Reservoir SD Model Results
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Sensitivity metric

Sensitivity Analysis

ELC 2.1% . cLc, 3.2%RLG K = Evaporation coefficient

2'_1,% KBPL, 1.7% C = Weir coefficient
, KEL, 1.3% M =Snowmelt coefficient
/_K KL, 1.0% A =Ungauged contribution

/-

KcL 1.5%  multiplier
~ ‘—_\_KRL, 0.6%

Ungauged contribution = A x(X +Y)
\ ABPL 4.6% X, Y =measured available streamflow
AEL, 2.5%
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Hybrid Modelling

e (Step-1) Develop a well calibrated MESH model for QRB to estimate
outflows from the tributaries

Multi-site Optimization-
Maximize, Z = ),;-; NS,where o < Z < 10

[total number of tributaries =10]

Minimize,Z = Y.} ,|bias| ,where 0 < Z < o

e (Step-2) Feed outflows of tributaries to the SD model and Optimize to
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predict streamflow at Welby




MESH model for QRB (Step-1)

River

ke

A Calibration Points for MESH

Z}m Ir_ _ 'Subbasin
Pasqua Lake [N \Vetland

Echo Lake Grass

Mission Lake
Forest
Katepwa Lake - ores

Crop
.. Crooked Lake Round lake

. Complex Model?

e Simple Model?

e How simple? = How complex?

4-GRU (83 params to calibrate) 20-GRU (340 params to calibrate)




Hybrid Optimization Methodology (Step-2)

Initiate Hybrid
Calibration Process
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MESH
Calibration for
the tributaries

No A Feeding Loaction

—— River
Pasgua Lake
Echo Lake l:l Lake

Mission Lake |:| Watershed \(v/J

Katepwa Lake

Is objective function at all the
calibration point satisfied?

Feeding estimated water from Crooked Lake Round lake

upstream tributaries as inflows
to the lake systems model
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STELLA
Calibration for
lake system
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Is objective function at Welby
satisfied?

End of Hybrid
Calibration Process




MESH QRB Preliminary Results
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Hybrid Modelling

e (Step-1) Generate naturalized flow at Welby using the
SD model and observed outflows from the
tributaries.

e (Step-2) Optimize MESH model using naturalized flow
at Welby.
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Naturalized Flow @ Welby (Step-1)

Stream flow [m3/s]
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Stream flow [m3/s] Stream flow [m3/s]

Stream flow [m3/s]
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MESH QRB Preliminary Results (Step-2)

4-GRU
Maximize NS

Tributaries Calib. Valid.
Moose Jaw 0.53 0.39
Kronau Marsh 0.29 -24
Ridge 0.25 -0.21
Lewis -1.1 -0.36
Lanigan -1.7 -0.93
Saline -2.3 -7
Jumping Deer -28 -16
Pheasant -0.49 0.35
Ekapo 0.58 0.15
Cutarm 0.24 0.21




Summary

e Reservoir SD model is developed for lake system and it is
performing well for streamflow prediction at Welby.

e Hybridization with hydrological model is proposed and tested.

e Results indicate performance of the hybrid model can be
improved by focusing on improving hydrological MESH model.
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 Improve hybrid model by fixing the hydrological MESH model
for QRB.

e Using the information on extreme events for future scenarios
(obtained from Theme-1) and assess impact on flood in QRB.

e Compare and analyze the flood impact with the Canadian
adaptive flood forecasting and early warning system
(CAFFEWS) outcome (obtained from Theme-3).
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Thank you
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