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Outline

1. HYPE modelling

— Nelson Churchill River Basin (NCRB)
— Reservoir Regulation

Multi-model study: Nelson R.
Projected trends in NCRB Hydrology
Knowledge Mobilisation

On-Going Work
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1. NCRB HYPE Model

60°0'0"N

45°0'0"N

Nelson-Churchill River Basin (NCRB) Hydrologic Predictions for the
Environment (HYPE) model developed by UM
— Sub-basin of the Hudson Bay domain
— Added lakes, frozen soils, prairie potholes, diversions, and reservoir regulation
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Major Rivers

Major Rivers

I | Major Lakes

*  Hydrometric Gauges__ 0 500 1,000 2,000
I e Kms
3 ~ L L

At: daily

Area: 1.4 million km?
Precip & Temp: WFDEI
Topography: Hydro1K
Soils: HWSD

Land use: Globcover
Lakes & wetlands: GLWD

Basic regulation types:
- flood control
- hydropower
- irrigation supply
- diversions
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Reservoir Regulation

Nelson-Churchill River basin is highly regulated
— Original SMHI code (A-HYPE) utilized sine curve function
— Proved inadequate for many reservoirs in the NCRB

Required coding of specific and complex rule curves (H-HYPE)
— Developed in collaboration with Manitoba Infrastructure & Manitoba Hydro

— Review of operating guidelines & published (flood) reports
— Calibrated to historical long term flow data (LTFD) record

Facilitate true ‘pre-construction’ scenario analyses

— Compare regulated system to ‘re-naturalized’ for same time period (i.e., same

climatic conditions)

Median Daily Hydrograph

Daily Discharge [msls]
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HYPE Reservoir Regulation
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Tefs et al., in prep.
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Tefs et al., in prep.

. Mean Annual Discharge (1981-2010)
Lake Diefenbaker T — —

460 — -

A0t

350 |

Persistence of sine curve
with A-HYPE model

H-HYPE more reactive to
climate cycles governing
operations longer-term

H-HYPE uses ideal g=v ¥ ' F )
monthly discharge and
daily safe water yield
levels

Discharge (m?¥/s)

Discharge (m?3/s)
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% UNIVERSITY
g & MANITOBA



NNOVATOR

Tefs et al., in prep.

Mean Annual Discharge (1981-2010)
Lac la Ronge l = l

« Smaller reservoir
— No inflow record

=t

Discharge (m?/s)

=
=
I

« Generated synthetic inflow

— Relationship between
Q;,, Q,, and WSL

* A-HYPE reacts to wind-
induced storage change

e H-HYPE smooths wind-
effects and simulates
operational change

Discharge (m?¥/s)
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Cedar Lake

Complex operations:
— Large reservoir
— Large operating range
— Swing station for Jenpeg

A-HYPE oscillates around
Minimum Operating Level

H-HYPE adds buffer
(transition) zone and low-
flow operations guideline

Discharge (m?¥/s)

Discharge (m?¥/s)

Tefs et al., in prep.

Mean Annual Discharge (1981-2010)

Oobarrnl (WAL s YD St s HHYOR Simmizind|

% UNIVERSITY
g & MANITOBA



10

. Multi-Model Study: Nelson R.

Objective: to quantify changes in the hydrologic cycle and
net freshwater discharge resulting from

— Climate-induced change

— Operational (regulated) change

— Uncertainty in modelling process

Methodology: use an ensemble of hydrologic models, including

HYPE (regulated model), to simulate hydrology for
— Historic period (1981-2010)
— Future period (2021-2070)

Quantify sources of uncertainty and their propagation through to
hydrologic prediction
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Input Data Selection

]

Model Selection
vd I N

Hec-HMS WATFLOOD HYPE

Parameter Space
Adjustments

Latin Hypercube

"4

DYNIA Analysis | l
1 Month

Time Step

11

VIC

Parameter
Uncertainty

Structural
Uncertainty

Input
Uncertainty

Pokorny et al., in prep.

Study Design

5 gridded climate datasets
2 observed datasets

4 hydrologic models

— Run VARS to define (seasonal)
parameter sensitivity

— Random selection from parameter
space as a function of # model
parameters

— Generate ensembles (min/mean/max)

Uncertainty assessment
— Input data
Parameter
— Structural
— Output data
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Pokorny et al., in prep.

Input Data Uncertainty | o=~ *

Churchill River Basin ®
. (CRB)
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Evaluation of the ‘accuracy’ of a (precipitation) is
complicated by disagreement and uncertainty in
the observations.
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Pokorny et al., in prep.

Model Structural Uncertalnty
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Different model internal structures result in
varied precipitation (amount and occurrence)

% UNIVERSITY
g & MANITOBA




Anigeymuapt wjowered SuisvaLoa(]
I
Axo[dwod (doeds 1djowered) [opowr Suisva.Louy

NIVERSITY
* MANITOBA

Pokorny et al., in prep.
J

—e—varsTO
—&—jvars1

—e—ivars3
—&— ivars5
T T TT1T]

: Identifiability

HEC-HMS pBiAs

HYPE PEIAS

) >

(3[ens Boj) A

[

T Y9 ¥ 9
(ajeas Go|) Ayanisuss anneey

Parameter Uncertainty

14




NNOVATOR

Pokorny et al., in prep.

Parameter Uncertainty: Non-Statlonarlty
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Model calibration is an mfmite exercise, and
‘|inherently cannot be ‘standardized’ due to
.| differences in model structure, (seasonal)

- |influence of, and (unequal) number of

M AL A R TR AT

parameters.
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J. Kostick

Output Uncertainty: Model Evaluation

Hudson Bay Inflow (1979-2017): 1.4 million km? HudBay HEC HEC HEC WF

streamflow (m?/s)
[ &5

(Wet) (Ovr) (Sub)

~| Choice of evaluation method has a distinct |,
“limpact on study outcome. There is error &
_|trade off through both time and space.
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NSE 0.2
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16

Ovr

2.3

0.5
0.7

Sub

-0.4

-11
0.9
0.9

/s)

=
]
=]

3

Streamflow [m

120

o
o

B0

40

20

00-01

HEC-HWS

HEC-HMS Ovr "Thompson (1979-2017): 6,110 km?

e HEC-HMS Indiv LET LIRC

P T I T Dhserved
| L e
Wet

Owerall Best

Sub basin Best

19-02 05-04 29-05 18-07 06-09 26-10 15-12




17

NNUVA LUK

Pokorny et al., in prep.

Output Uncertainty: Evaluation Philosophy

Each model has a different development
(therefore, evaluation) philosophy.
Consideration must be given to internal process

NSE

B os-10
I o6-08
[] o4-08
[] 02-04
] 0o0-02
B 02-00
B oc4--02

® Station Location

Models (left to right): HEC-HMS, WATFLOOD, HYPE, VIC BN UniversiTy
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Streamflow (m?/s)
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J. Kostick

Output Uncertainty: Model Choice

Grass River Above Standing Stone (1979-2010): 15,400 km?

Different models will always give different

results. There is no single best (more accurate)
model. "
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Odei River Near Thompson (1979-2010): 6,110 km?

ssasas Observed
— Watflood
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Lessons Learned (so far...)

1.

2.

Uncertain (unreliable) observations make quantifying
model/input data accuracy impossible

‘Standardizing’ input is impossible due to model structural
constraints

Model calibration exercise is infinite and not easily
‘standardized’

Evaluation metrics determine study outcome; outcome
changes depending on metrics selected.

To be unbiased, evaluation must account for differing
evaluation philosophies

There is no single ‘best’ model.
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S. Pokorny & A. Tefs

. Projecting Trends in NCRB Hydrology

Analysis of future NCRB climate from CMIPS models
— Ensemble of 19 GCMs selected
— Representing >87% of variability from 154 GCM simulations

Assess future relative to a 1981-2010 baseline
— 2030s (2021-2040) & 2050s (2041-2070)

Use HYPE to determine range (ensemble min/max) in hydrologic
response to

— Climate-induced change

— Regulation of future hydrologic regime

Evaluate statistical trend in 3x 30-year ensemble means of monthly
average discharge (precip and temp)
— Mann-Kendall at 5% significance
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S. Pokorny & A. Tefs

Trend Analysis: Saskatchewan R.
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Period Mean Monthly Flow (m?/s)
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Sask. River @ Grand Rapids

« HYPE ensemble projecting
shift to earlier peak flows

« Similar operating range to
historical period
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Insignificant ‘zero change’ in mean monthly discharge through time
Weak evidence of higher peaks (near future) and lower lows (far future)
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S. Pokorny & A. Tefs

81-10 Min/Max
21-50 Min/Max
41-70 Min/Max

Trend Analysis: Nelson R.

Nelson River @ Limestone G.S.

3
3
[ ]

HYPE ensemble projecting
shift to higher magnitude,
earlier peak flows

* Increased operating range
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 Shift to significant increasing trend in future mean monthly discharge
« More extreme high and low flows in future periods
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5. On-Going GWF-IMPC Work

Theme A2: HYPE Modelling

« See Bajracharya poster #11 (rm 1114)

Theme A5: Multi-Model Assessment

« GRIP-E: Apply HYPE to Lake Erie domain
« Assist with WATFLOOD contribution (F. Seglenieks) to GRIP-E

Theme B1: Integrated Water Resources Management Modelling

 Use multi-model ensemble NCRB flows to drive IWRM for Nelson R.

« Dr. Asadzadeh’s talk (Day 1)

« See Beiraghdar poster #4 (rm 2264)
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