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Generating hydropower under a changing climate :
the hydrological angle

The cQ2 collaboration

Description and objectives

The study area
The modeling cascade
Some results
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GENERATING HYDROPOWER UNDER A CHANGING CLIMATE
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Energy deficit over 15 years

std deviation : 20.2 TWh raised awareness and triggered
the creation of Ouranos and in-
house research programs

Mean : 211,8 TWh
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GENERATING HYDROPOWER UNDER A CHANGING CLIMATE

MAIJOR ICE STORM
25 deaths

Over 1K electrical pylons
and 35K wooden utility
poles collapsed

4M people without
electricity

0 EXCEPTIONAL
1 SEIJINN
J Spilling from July
20th to August
22nd
(2.56 TWh)

HISTORIC FLOOD IN %

FLOOD IN SOUTHERN

SAGUENAY QUEBEC B

10 deaths ¢ 4k people evacuated -

> 1700 houses and 261 townships impacted

900 cottages 5371 flooded houses =
destroyed 557 damaged roads

dams a(;‘d dykes FLOOD IN SOUTHERN
amaged

QUEBEC

12k people evacuated
310 townships impacted
9070 flooded houses
760 damaged roads
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THE cQ2 COLLABORATION
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cQ2 | DESCRIPTION AND OBJECTIVES

Four (4) members :

Direction de I’Expertise Hydrique (DEH, gov. agency)
Hydro-Québec

Ouranos

Rio Tinto Alcan (Aluminium producer)

Objectives :

Share and identify best practices in hydrological
impact studies

Understand the impact of different modelling choices
such as bias correction methods and hydrological models

Deliver a concerted message about the impact of
climate change on the hydrology in Québec
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Impact des changement climatiques sur
I'hnydrologie au Québec

Climate change impacts on Québec hydrology

~2-3 Phases :
2012
2014
2018-2021...
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cQ2 | DESCRIPTION AND OBJECTIVES

The DEH (gov. agency) is focused on the
populated area of Québec and publishes a
publicly available hydroclimatic atlas.

QuébecBR SETETae. QT

Atlas hydroclimatique
du Québec méridional
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cQ2 | STuDY AREA

Hydro-Québec’s modelling area

305 watersheds

87 HQ hydrometric stations or dams
202 DEH hydrometric stations
17 Rio Tinto Alcan stations and dams

Data types
Net basin supply

River discharge
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cQ2 | STuDY AREA

Phase Il

Phase Il - 211 watersheds

Removal of redundant watersheds

Analysis of data quality for calibrating the
hydrological model

2021 ...

98 watersheds managed by Hydro-Québec

Ongoing analysis of ~1.5k hydrometric
stations from various datasets
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cQ2 | MODELING CASCADE

GHG scenarios / RCPs
V

Global climate models
Regional
climate models

; Bias

Corr.

[ Hydrological models ]
\!

[ Future hydrological portrait ]
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cQ2 | MODELING CASCADE

MODELING CASCADE

GHG scenarios / RCPs
v

Global climate models

\
Regional
climate models

4

Bias
corr.

[ Hydrological models ]

[ Future hydrological portrait ]

PHASE | (2012)

PHASE 11 (2014)

SRES A2, A1B et B1

[ RCP 2.6,4.5,6.0 et 8.5 ]

\% v
[ CMIP3 ] [ CMIP5
\
NARCCAP,
Quranos
QTl CQMS
Loc? cQpe
PDM3
PQT*

HSAMI, HYDROTEL,
CEQUEAU, SSARR

HSAMI, HYDROTEL,
CEQUEAU

 S—

PHASE 111 (2018)

RCP 4.5 et 8.5
%
CMIP5
\
CORDEX,
CLIMEX

\

cab

HSAMI, HYDROTEL, WASIM,
CEQUEAU

v

v
[ 2050 horizon ] [

2050 and 2080 horizons,

continuous (1901-2100)

][ Continuous (1901 -2100) ]
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precipitation evapotranspiration

cQ2 | HSAMI MODEL

Modular, lump and conceptual model

used at Hydro-Québec since the 1980’s for

daily flow forecast 5

Inputs : 7., T.._., P, SWE (opt.) and multiple S — TErT

physiographic properties of the watershed | il

Daily time step —

50 calibration parameters | ’m hydrogrspn | |
Calibration strategies specific to climate A ,mteow
change impact studies (aim at robustness hydrograph
under a contrasted climate) ’

B B
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cQ2 | RESULTS

Control period 2050 Horizon

X scenarios <

Qmoy

1970 1980 1990 2000 2035 2045 2055 2065
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cQ2 | RESULTS

e Control period 2050 Horizon

X scenarios <

Qmoy

1970 1980 1990 2000 2035 2045 2055 2065

Median change Direction of change 90-100 % M Very probable increase
A —| 66 —90 % 1 Probable increase
médiane
o] ot
< 3] 33-66 % No signal
S 8
10-33 % 1 Probable decrease
£ > 0-10% N Very probable decrease
Change Change
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cQ2 | RESULTS

Approximate CO, 440 475 480 485 525 540
concentration for ® *e—0o o @ ®
2050 (ppmv)
RCP2.6 RCP6 SRES B1 RCP4.5 SRES A2 SRES A1B RCP8.5

(CMIP5, phase 2) (CMIPS, phase 2) (CMIP3, phase 1) (CMIP5, phase 2) (CMIP3, phase 1) (CMIP3, phase 1) (CMIPS, phase 2)

15 simulations 9 simulations 25 simulations 50 simulations 23 simulations 25 simulations 46 simulations

Median change in mean
annual streamflow for 2050

Percentage of scenarios
projecting an increase

Hydro =
Energiforsk Hydropower Research and Development Days, October 6-7t @ yQuébec QURA"”O)S



cQ2 | RESULTS

Change in mean annual streamflow — CMIP5 ensemble, continuous simulations,
guantile mapping with detrending, control period : 1991-2020.

2041-2070 2071-2100
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cQ2 | RESULTS

Change in mean annual streamflow — CMIP5 ensemble, continuous simulations,
guantile mapping with detrending, control period : 1991-2020.

2041-2070 2071-2100
RCP4.5 RCP4.5 RCP8.5
[~y 90-100% 90-100% [~y 90-100% [~y 90-100%
%E \i‘” 66-90% 12 \i‘”g § 86-90% v% \{‘”" 66-90%
33-66% < E 33-66% < ot 33-66%
| {10-33% ] | {10-33% ] | {10-33%
0-10% ‘ ' 0-10% : 0-10%
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cQ2 | RESULTS

900

“The hydrological sunset” : -

an example of continuous 1950
time series analyses

RCP8.5, Baskatong

1 700

1 600

watershed (south of 2000 1 500
Québec) .
Inspired by Raster-based 0
streamflow analysis, R. 2050

200

Koehler, 2004
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("g’ = -'
iforsk Hydropower Research and Development Days, October 6-7th Québec OURANOS)



CONCLUSION AND FUTURE WORK

The cQ2 database was contributed to several
projects both at Hydro-Québec and with
partners (universities, gov agencies, etc.)

Projet : Elaboration du portrait
bioclimatigue futur du Nunavik
Organisation : Quranos, MFFP
Contribution : Scénarios
hydroclimatiques pour les
bassins versants se situant au
nord du 55¢ parallele.

Référence : Mailhot A. et Chaumont
D. (2017). Elaboration du portrait
bioclimatique futur du Nunavik - Tome
I. Rapport présenté au Ministere de la
forét, de la faune et des parcs.

Projet : Evolution du risque
d‘approvisionnement en eau
potable sur le territoire de la
cMQ

Organisation : OQuranos, CMQ,

Contribution : Séries
journaliéres de débits aux
stations de production d'eau
potable des villes de Québec,
Lévis et Cote-de-Beaupré.

Projet : Impact des
changements climatiques sur
le bassin versant de la Riviére
du Ligvre

Organisation : COBALI
Contribution : Indicateurs
hydroclimatiques pour le
bassin versant de la riviére du
Liévre pour différents horizons
temporels.

Ouranos, 216 pages.

‘*. ")"‘.

Upcoming : Update of the hydrological
projections for dams refurbishment studies

Source : Mailhot et Chaumont (2017) Crédit photo : G. Rondeau-Genesse

Source : COBALI (2017)

Ministry of Town of Watershed
M. Minville et al., “Improving process representation in conceptual hydrological model Forest, Wildlife ~ Québecand man?gement
calibration using climate simulations,” Water Resour. Res., pp. 5044-5073, 2014, doi: and Parks Ouranos comittee
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Merci beaucoup!
tack sa mycket !
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cQ2 | HSAMI MoODEL - CALIBRATION

Potential evapotranspiration(PET) based on temperature
Overestimation issues under a changing climate

Use of a parallel calibration strategy to set PET parameters
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M. Minville et al., “Improving process
representation in conceptual
hydrological model calibration using
climate simulations,” Water Resour. Res.,
pp. 5044-5073, 2014, doi:

Objective function on Constraints on mean annual AET cycle 10 1002/2013WR013857 Received
streamflows ’ ’ ’
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