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Extreme Climate EventsExtreme Climate Events
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Extreme Climate Events: Saguenay Flood July 1996Extreme Climate Events: Saguenay Flood July 1996
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Climate variability is at the core of the Hydropower business caseClimate variability is at the core of the Hydropower business case

•• 97% of the electricity generated from hydro97% of the electricity generated from hydro
•• 59 Hydropower Plants (Total Capacity : 59 Hydropower Plants (Total Capacity : 

36,805 MW)36,805 MW)
•• 26 Reservoirs (Total capacity of 175 26 Reservoirs (Total capacity of 175 TWhTWh))
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ClimateClimate variabilityvariability isis atat the the corecore of the of the HydropowerHydropower business casebusiness case

StSt--Laurent : 7 %Laurent : 7 %

Outaouais : 5 %Outaouais : 5 %
StSt--Maurice : 5 %Maurice : 5 %

Manicouagan : 23 %Manicouagan : 23 %

La Grande : 41 %La Grande : 41 %
(Churchill Falls : 19 %)(Churchill Falls : 19 %)
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Climate variability is at the core of the Hydropower business caseClimate variability is at the core of the Hydropower business case
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Major Business risks for HydroMajor Business risks for Hydro--QuébecQuébecMajor Business risks for HydroMajor Business risks for Hydro--QuébecQuébec

Source : HydroSource : Hydro--Québec Strategic Plan 2006Québec Strategic Plan 2006--2010 (Expected Net Benefit for 2008 : 2,5 billions $)2010 (Expected Net Benefit for 2008 : 2,5 billions $)
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-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Annual runoff conditions (droughts)Annual runoff conditions (droughts)
-- FloodsFloods
-- Extreme weather (ice storm; wind storm)Extreme weather (ice storm; wind storm)
-- Ice jams and debrisIce jams and debris

-- Planning (5 Planning (5 –– 30 years…):30 years…):
-- Design uncertainty (insufficient knowledge of Design uncertainty (insufficient knowledge of 

climatic conditions)climatic conditions)
-- Risk associated to commissioningRisk associated to commissioning

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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-- Ongoing adaptation to Ongoing adaptation to 
seasonal runoff conditionsseasonal runoff conditions

-- Long term adaptation of Long term adaptation of 
commercial strategy commercial strategy ––
exports and imports exports and imports –– can can 
require modification or be a require modification or be a 
tooltool

-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Annual runoff conditions (droughts and floods) Annual runoff conditions (droughts and floods) –– 10%10%

Février 2010
1414
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Commercial 
change expected 
for summer 2001

Annual volume: 
3000 hm³



Planification 2010 – Hydraulique
Barrages et Hydraulique

Routing Inflows at SM3
3 gates available

401,0

402,0

403,0

404,0

405,0

406,0

407,0

408,0

15-avr 25-avr 05-mai 15-mai 25-mai 04-juin

R
es

er
vo

ir 
Le

ve
l (

m
)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Fl
ow

s 
(m

³/s
)

NivN40 Niv N35 Niv N100 T1 Niv30 Niv25 Niv 20 Niv 15
QinN40 QoutN40 QinN35 Qout N35 Qin N100 T1 Qout N100 T1 Qin30
Qout30 Qin 25 Qout 25 Qin20 Qout 20 Qin15 Qout 15

Based on fixed PMP (design flood)

with varying snowpack prior to 

event

Based on fixed PMP (design flood)

with varying snowpack prior to 

event

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Minimum Drawdown Constraints adapting for snowpackMinimum Drawdown Constraints adapting for snowpack

1616
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Minimum Drawdown ConstraintsMinimum Drawdown Constraints

 Dynamic Level Constraints SM-3
Maximum Reservoir Level Prior to Spring Freshet (April 15)
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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Applying Minimum Drawdown Constraint at SM-3 in 2004Applying Minimum Drawdown Constraint at SM-3 in 2004

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Water Management at SM-3
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-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Ice jams Ice jams -- Example: Chute Hemmings 1989Example: Chute Hemmings 1989

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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Daily flows at Beauharnois
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-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Ice control Ice control –– forming iceforming ice--cover cover –– what we want to dowhat we want to do

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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Daily Flows at Beauharnois

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Julien day of the year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Février 2010
2121

-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Ice control Ice control –– forming iceforming ice--cover cover –– doesn't work well for recent warm doesn't work well for recent warm 

winterswinters

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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-- Planning (5 Planning (5 –– 30 years…):30 years…):
-- Design adjustments (insufficient knowledge Design adjustments (insufficient knowledge 

of hydrologic, climatic conditions or of future of hydrologic, climatic conditions or of future 
role of production assets)role of production assets)

-- Risk associated to commissioningRisk associated to commissioning

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Eastmain 1A: 768 MW
Water transfer project



Planification 2010 – Hydraulique
Barrages et Hydraulique

ImprovingImproving oldold turbine performanceturbine performance

Runner geometry 
measurement on site

Simulation of 
original turbine 
configuration

Design of a 
turbine 

modification

On-site 
implementation

Performance gain 
evaluationStress analysis

2323
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-- Planning (5 Planning (5 –– 30 years…):30 years…):
-- Design adjustments (insufficient knowledge of Design adjustments (insufficient knowledge of 

hydrologic, climatic conditions or of future role of hydrologic, climatic conditions or of future role of 
production assets)production assets)

-- Risk associated to commissioningRisk associated to commissioning

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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-- Planning (5 Planning (5 –– 30 years…):30 years…):
-- Design adjustments (insufficient knowledge of Design adjustments (insufficient knowledge of 

hydrologic, climatic conditions or of future role of hydrologic, climatic conditions or of future role of 
production assets)production assets)

-- Risk associated to commissioningRisk associated to commissioning

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Reservoir filling for commissionning
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Reservoir filling requires 4 years
Interest on project: 14M$ per 
month in 2001
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-- Planning (5 Planning (5 –– 30 years…):30 years…):
-- RiskRisk--based evaluation of projects that figure in based evaluation of projects that figure in 

climate information riskclimate information risk
-- Example of Peribonka Example of Peribonka –– commissioned in 2008commissioned in 2008

-- 385 MW; 1.2 G$(Can)385 MW; 1.2 G$(Can)

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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-- Planning (5 Planning (5 –– 30 years…) incorporating risk:30 years…) incorporating risk:
-- Use probabilistic inputs for project cost, financial parameters, Use probabilistic inputs for project cost, financial parameters, 

production (expected average; serial values)production (expected average; serial values)
-- Perform Monte Carlo simulation Perform Monte Carlo simulation 

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies

Distribution of break-even cost
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-- Adaptation strategies Adaptation strategies -- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :
-- Frequent revision of optimal dispatchFrequent revision of optimal dispatch
-- Good weather and inflow forecasting toolsGood weather and inflow forecasting tools
-- Sufficient climate monitoring data for forecasting and studiesSufficient climate monitoring data for forecasting and studies
-- Optimization tools Optimization tools -- nestingnesting
-- Expert knowledge for short term adaptation strategiesExpert knowledge for short term adaptation strategies

-- Adaptation strategies Adaptation strategies -- Planning:Planning:
-- Annual revision of prioritiesAnnual revision of priorities
-- Develop a set of development options (turbine runner change; Develop a set of development options (turbine runner change; 

additional powerhouse; new site) additional powerhouse; new site) 
-- Use risk based asset planning tools integrating drought and Use risk based asset planning tools integrating drought and 

information riskinformation risk

Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
and current adaptation strategiesand current adaptation strategies
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-- Inflows (net loss or gain):Inflows (net loss or gain):

-- Extremes:Extremes:
-- Climate Factors (P and T)Climate Factors (P and T)
-- FloodsFloods
-- DroughtsDroughts

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Inflows (net loss or gain):Inflows (net loss or gain):

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

-- Very volatileVery volatile

-- All models All models 
show show 
regions that regions that 
increase and increase and 
others that others that 
decreasedecrease

-- Where do Where do 
they agree?they agree?

(source IPCC, 2007).
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-- Inflows (net loss or gain):Inflows (net loss or gain):

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

White areas: 

<66% agree on the 
sign of change; 

Hatched areas: 

>90% agree on the 
sign

Change in runoff under the A1B scenario by the end of the 21th century, relative 
to 1980-1999, as projected by 12 IPCC models (source IPCC, 2007).
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Current evaluations of CC impacts on the hydropower Current evaluations of CC impacts on the hydropower 
sector sector –– methodology for basin scalemethodology for basin scale
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Current evaluations of CC impacts on the Current evaluations of CC impacts on the 
hydropower sector hydropower sector -- methodologymethodology

Which CM – GCM – RCM?
Downscaling – Dynamic or Statistical?
Sensitivity of HM to calibration?
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-- Mean Hydrograph: future (2050) Mean Hydrograph: future (2050) vsvs reference period reference period 
(%) (average result for 30 years)(%) (average result for 30 years)::

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(source Ouranos, 2009).
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-- Mean annual flow difference: future (2050) Mean annual flow difference: future (2050) vsvs
reference period (%) (average result for 36 reference period (%) (average result for 36 
scenarios)scenarios)::

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(source Ouranos, 2009).



Planification 2010 – Hydraulique
Barrages et Hydraulique

Février 2010
3838

-- Extremes:Extremes:
-- Driving forces Driving forces –– more energy to generate extremes more energy to generate extremes 

and more water in the atmosphereand more water in the atmosphere
-- Very regional Very regional –– more than average valuesmore than average values
-- Climate Factors (P and T)Climate Factors (P and T)
-- FloodsFloods
-- Droughts Droughts 

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Extremes:Extremes:
-- Climate Factors (P and T) using RCM for NAClimate Factors (P and T) using RCM for NA
-- For For eacheach yearyear (1961(1961--2100) 2100) the annual extreme:the annual extreme:
-- TminTmin = coldest night; = coldest night; TmaxTmax = warmest day= warmest day

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

Change in Tmin Change in Tmax

(source B. Casati Ouranos, unpublished).
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-- Extremes:Extremes:
-- Climate Factors (P and T) using RCM for NAClimate Factors (P and T) using RCM for NA
-- For For eacheach yearyear (19612100) (19612100) PmaxPmax –– the wettest daythe wettest day

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

Ratio: Future hor 2080/Present 1980PDF for Pmax in NE

(source B. Casati, Ouranos, unpublished).

Non-stationary 
in both mean 
and std. dev.
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-- Extremes:Extremes:
-- Floods Floods –– the delta methodthe delta method

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(Ouranos-HQ, 2009)
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-- Extremes:Extremes:
-- Floods Floods –– the delta methodthe delta method

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(Ouranos-HQ, 2009)
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-- Extremes:Floods Extremes:Floods –– direct inputs from RCMdirect inputs from RCM

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Extremes:Floods Extremes:Floods –– direct inputs from RCMdirect inputs from RCM

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Extremes:Floods Extremes:Floods –– direct inputs from RCMdirect inputs from RCM

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Extremes: Droughts Extremes: Droughts 

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(source IPCC, 2007).
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-- Extremes: Glacier Lake Outburst Floods GLOFExtremes: Glacier Lake Outburst Floods GLOF
-- Example of Hubbard Glacier Alaska Example of Hubbard Glacier Alaska 

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector
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-- Extremes: Glacier Lake Outburst Floods GLOFExtremes: Glacier Lake Outburst Floods GLOF
-- Nepal Nepal –– major risk factor for hydropower planning major risk factor for hydropower planning 

Hydropower Sector Hydropower Sector –– Current evaluations of Current evaluations of 
CC impacts on the hydropower sectorCC impacts on the hydropower sector

(source ICMOD and UNEP, 2002).
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Future Adaptation optionsFuture Adaptation options
-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :

-- Annual runoff conditionsAnnual runoff conditions
- Are existing hydro plants able to adapt?

-- Planning (5 Planning (5 –– 30 years…):30 years…):

-- Changes in demandChanges in demand
-- Changes in availabilityChanges in availability
-- More severe extremesMore severe extremes

Should we design 
new hydro with 
CC data?
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Future Adaptation optionsFuture Adaptation options
-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :

-- Evaluate using existing stochastic dynamic programming WM toolEvaluate using existing stochastic dynamic programming WM tool

Aux Outardes
3 plants
1000 MW

(Raymond et al.-HQ, Ceati-WMIG 2008)
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Can Hydro Adapt?Can Hydro Adapt?

(Raymond et al.-HQ, Ceati-WMIG 2008)
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Adaptation OptionsAdaptation Options
-- Operations (short term 1day Operations (short term 1day –– 5 years) :5 years) :

-- Annual runoff conditionsAnnual runoff conditions
- Are existing hydro plants able to adapt?
-- Where changes are limited to 10 to 20 % Where changes are limited to 10 to 20 % --

yesyes
-- Where storage is available Where storage is available 
-- RunRun--of of ––River remains vulnerableRiver remains vulnerable

-- Planning (5 Planning (5 –– 30 years…):30 years…):

-- Changes in demandChanges in demand
-- Changes in availabilityChanges in availability
-- More severe extremesMore severe extremes

Should we design 
new hydro with 
CC data?
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Adaptation OptionsAdaptation Options
-- Planning (5 Planning (5 –– 30 years…):30 years…):

-- Change in climate:Change in climate:
-- Change in demandChange in demand

-- Very gradual Very gradual –– several percent in 50 yearsseveral percent in 50 years
-- Change in productivityChange in productivity

-- Also very gradual Also very gradual –– several percent in 50 yearsseveral percent in 50 years

-- Economic and demand factors change Economic and demand factors change 
much quicker than projected changes in much quicker than projected changes in 
climateclimate--affected planning variables for affected planning variables for 
hydropowerhydropower

-- Discount rates for project cost analysis Discount rates for project cost analysis 
make slightly uncertain or biased future make slightly uncertain or biased future 
less of a worry than most other planning less of a worry than most other planning 
factorsfactors
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Adaptation OptionsAdaptation Options
-- Adapting to extremes :Adapting to extremes :

-- Are existing hydro plants able to Are existing hydro plants able to 
adapt?adapt?

-- Very early to answer this questionVery early to answer this question
-- Most CC studies done with delta method Most CC studies done with delta method ––

doesn’t capture variabilitydoesn’t capture variability
-- Most tools used to manage extremes can be Most tools used to manage extremes can be 

improved and adapted, but it is a big job improved and adapted, but it is a big job –– (non(non--
stationnaritystationnarity))

-- Need more studies oriented to extremesNeed more studies oriented to extremes
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Adaptation OptionsAdaptation Options
Adaptation options:Adaptation options:

-- NonNon--structural:structural:
-- Improving water resource management (data, Improving water resource management (data, 

tools, communications between multiple users, tools, communications between multiple users, 
etc.)etc.)

-- Adapting tools for nonAdapting tools for non--stationary inflows, stationary inflows, 
extremesextremes

-- Work on flexibility (legal framework for water Work on flexibility (legal framework for water 
licensing; managing water for multiple basins)licensing; managing water for multiple basins)

-- Prepare for more public discussions on water Prepare for more public discussions on water 
issuesissues
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Adaptation OptionsAdaptation Options
Adaptation options:Adaptation options:

-- Structural:Structural:
-- When refurbishing, consider a refit that When refurbishing, consider a refit that 

increases flexibilityincreases flexibility
-- Consider preConsider pre--investment options for future investment options for future 

needs needs –– larger tunnels and options for larger tunnels and options for 
additional spillway capacityadditional spillway capacity

-- Work on flexibility (design with nonWork on flexibility (design with non--stationaritystationarity))
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-- Activities with best return on investment:Activities with best return on investment:
-- Study tools Study tools –– for planning and operationsfor planning and operations
-- Sharing climate change data and analysis Sharing climate change data and analysis 

results results –– building consensusbuilding consensus
-- Biggest unknownsBiggest unknowns

-- Statistical properties of future extremesStatistical properties of future extremes
-- GCM and RCM model uncertaintiesGCM and RCM model uncertainties

-- Lots of workLots of work

Février 2010
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Hydropower Sector Hydropower Sector –– Vulnerabilities to climate Vulnerabilities to climate 
change change –– Looking aheadLooking ahead
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Hydropower SectorHydropower Sector

DiscussionDiscussion




