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Context of the study

Major flood stage (1335 m3/s)

USA

CANADA

24 000 km2

20 000 km2
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• Force an hydrological model with bias-corrected climate simulations

Context of the study

Proposed methodology

• Evaluate different flood mitigation measures in a 

context of changing climate.

• Produce net basin supply (NBS) scenarios for lake

Champlain to feed an hydraulic model of the Richelieu 

river.

CMIP5

100-300 km

CORDEX

25-50 km

ClimEx

12 km
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Description of the hydrological model

Hydrological model : Hydrotel

• Semi-distributed model (~8000 sub-units ; 3163 

river stretches ; 45 lakes)

• Account for physiographic data
• Soil texture

• Land use

• Elevation

• River routing & simple lake model

• Simple evapotranspiration formula

Model calibration 
• Daily time step

• 10 «free» parameters

• Global calibration for 18 tributaries

Calibration 1992-2003 : 0.75 KGE

Validation 2004-2013 : 0.73 KGE

KGE in validation (2004-2013)
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Validation of the hydrological model

Sum of 18

Year 2011

Richelieu river

Year 2011

Major flood stage

Snow melt

& rain

Rain

(Hurricane Irene

150-175 mm)
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Recent change in local climate & hydrology

6

+20%

+ 1 °C

http://www.inrs.ca/
http://www.inrs.ca/


Name, Module HYDRO

Recent change in local climate & hydrology
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SUMMER 

(JJA)

CMIP5 CORDEX ClimEx

Expected change in climate 2070-2099 
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CORDEX (18)

Annual mean flow of the Richelieu river : RCP8.5

ClimEX (50)

9
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Annual maximum flow of the Richelieu river : RCP8.5

CMIP5 (28)

CORDEX (18)

10

ClimEx (50)

• Decreasing trend for all 

ensembles

• Annual maximum flow simulated

with CMIP5 are quite high

• Major flooding might still happen

in the future
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Change in the annual cycle
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Relative change [%] : 2070-2099 v.s. 1970-1999
20-year return period annual maximum flow

Changes in annual high flows
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Median

CORDEX

ClimEx

%

Drainage area > 50 km2

-35% to -20%

-25% to -10%
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%

Median

CORDEX

Relative change [%] : 2070-2099 v.s. 1970-1999
20-year return period summer and fall maximum flow

Changes in summer & fall high flows

6

ClimEx

Drainage area > 50 km2

-50% to -30%

-20% to +10%

http://www.inrs.ca/
http://www.inrs.ca/


Name, Module HYDRO

For the Richelieu river, all 3 climates ensembles points towards :

A. A reduction of annual mean flow

B. A reduction of annual maximum flow

Conclusion

References
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