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Team 2: Freshwater Systems

To investigate the role of freshwater timing and magnitude on the  
freshwater-marine coupling in Hudson Bay as a means of 
understanding the relative contributions of regulation and climate 
change to the system 
2.1) Continental-scale hydrologic modelling
2.2) Uncertainty assessment of Nelson River discharge
2.3) Regulated modelling
2.4) Uncertainty and sensitivity assessment

Objectives
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2.1) Climate Simulations

• Ensemble of 19 simulations representing the 
variability of >87% of the entire suite of 
simulations

• Selected based on 10 different criteria or climate 
signatures

• Runoff non-linearly correlated to climate
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2.1) Climatic 
Projections
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• Warmer and wetter, overall

• Larger changes at higher latitudes

• West to east gradient of increasing 
wetness

• Shift in seasonality (timing)
• Warmer, wetter winters
• Warmer, drier summers with 

longer drought periods
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2.1) Hydrologic Projections
• Wetter in the west; lower runoff across the Prairies
• Disagreement across the Prairies 

• Higher evapotranspiration offsets increased precipitation

• Up to +20% discharge to Hudson Bay in the North
• Overall projected +8.6% for Hudson Bay
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2.1) Far Field Hydrology

• A-HYPE used to simulate pan-
Arctic hydrology

• Driven by sub-set of 5 NEMO 
climate simulations

• Statistical trend analysis for 12 
largest rivers

• Comparison to Hudson Bay trends
• Overall increasing trend
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2.1) Interfacing HYPE with NEMO
• Polygons cover multiple river outlets 

• Freshwater averaged over polygon; 100 polygons for 398 river outlets

• Spatial mapping algorithms by volume in each time step
• Larger the volume by time step, the more that’s added farther from the coast
• Errors if too much freshwater is added to any polygon in one time step
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• A-HYPE adapted to create H-HYPE in collaboration with Manitoba Hydro
• Additional file per reservoir

• H-HYPEAGILE code compatible with future releases of W-HYPE 
• Single file for all reservoirs (RegData.txt)
• Simpler parameterization, R tool

Model Description Parameters 
(single outlet)

Parameters 
(double outlet)

A-HYPE Current default HYPE 
dam module 15 20

H-HYPE Current BaySys HYPE 
regulation code 126 194

H-HYPEAGILE
Proposed new HYPE 

regulation code 65 92

2.3) Regulation Modelling
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2.3) Basin Regulation
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2.3) Future Regulation
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• Hydroelectric operations are the main source 
of intra-annual change, affecting the timing of 
freshwater flux

• Climate and upstream storage capacity 
control inter-annual variability of freshwater

• Ability to buffer shorter-term changes
• Visible between NCRB and LGRC basins

∆Discharge (m3s-1)

1990 2000 2010 2020 2030 2040 2050 2060 2070



• Identify relative importance of 
uncertainty components using 
Nelson River

1. Input data
2. Model structure
3. Model parameters
4. Output data

• Extrapolate to greater HBDB

11

2.2) Uncertainty Cascade



2.4) Total Uncertainty: Hydrologic ‘Storylines’
Freshwater reliability and variability

Structure/ 
parameter

Input Output
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2.4) Final Output: Team 2

Most-change and least-change 
uncertainty envelope derived for 
each scenario and time period 
combination

Production runs under-way

Freshwater Scenarios
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Historic 
(1981-2010)

Future
2030: 2021-2050
2050: 2041-2070

Regulated Regulation only
Should resemble 

observations

Regulation + CC
Future regulated1 flow

Unregulated Climate-driven past
Today’s flows if 

regulation never 
existed

Climate-only
Today’s flows altered only 

by future climate

1Future regulation holds hydropower development and energy demand constant



E.g., Variability in Freshwater Flux
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Summary

• Modelled regulated hydrology for 1/3 of Canadian continent 
• Development of re-naturalized scenarios to compare with regulated 

observed flows (under same climate)
• Separation of climate and regulation effects on freshwater
• Dynamic coupling of climate-hydrologic-ocean models
• Variability in flux described by ensembles of 64 hydrologic storylines
• 6 peer-reviewed publications (4 submitted, 8 in prep.); 4 theses

Significant Contributions
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Summary

• Timing and magnitude of freshwater into Hudson Bay is changing 
and may increase by up to 20% in the future

• Arctic freshwater increases up to 26% in the future
• Higher winter flows, and lower summer flows driven by changing 

climate, coupled with hydroelectric regulation, are flattening the 
seasonal hydrograph

• Hydropower regulation impacts the intra-annual timing of the 
freshwater entering Hudson Bay

Significant Findings
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Theses
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submitted to Hydrology and Earth System Sciences.
Pokorny, S., Stadnyk, T. A., Ali, G., Déry, S. J. , Lilhare, R., Koenig, K. A. (In preparation). Cumulative Effects of Uncertainty on Flow Predictability in a 
Hydrologic Modeling Environment. To be submitted to Water Resources Research.
Pokorny, S., Tefs, A., Stadnyk, T. A., Ali, G., Koenig, K. A. (In Preparation). Projecting Hydrologic Modeling Uncertainty across Varying Basin Scales and 
Temporal Periods. To be submitted to Water Resources Research.
Tefs, A.A.G.; Stadnyk, T.A.; Koenig, K.A.; Déry, S.J.; Guay, C.; Thiemonge, N. (in preparation). Comparing the effects of climate change and hydro-electric 
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Tefs, A.A.G.; Stadnyk, T.A.; Koenig, K.A.; Déry, S.J.; Ali, G.; Guay, C.; Pokorny, S. (in preparation). Uncertainty in projections of freshwater supply to the 
Hudson Bay Complex: How quantifying uncertainty leads to greater confidence. To be submitted to Journal TBA.
Tefs, A.A.G.; Stadnyk, T.A.; Koenig, K.A.; Déry, S.J.; Guay, C.; MacDonald, M.K; Thiemonge, N. (in preparation). The changing face of freshwater to Hudson 
Bay: Modelling the effects of climate change and hydroelectric regulation (1981 to 2070). To be submitted to a special BaySys issue of Elementa.

18

http://hdl.handle.net/1993/34108
http://hdl.handle.net/1993/33613


19


	BaySys Team 2 Update
	Team 2: Freshwater Systems
	2.1) Climate Simulations
	2.1) Climatic Projections
	2.1) Hydrologic Projections
	2.1) Far Field Hydrology
	2.1) Interfacing HYPE with NEMO
	2.3) Regulation Modelling
	2.3) Basin Regulation
	2.3) Future Regulation
	2.2) Uncertainty Cascade
	2.4) Total Uncertainty: Hydrologic ‘Storylines’
	2.4) Final Output: Team 2
	E.g., Variability in Freshwater Flux
	Summary
	Summary
	Slide Number 17
	Slide Number 18
	Slide Number 19

