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Motivation and context

* Anincrease in the frequency and intensity
of climate hazards (e.g., floods, heavy
precipitation) [Martel et al., 2021; Guerreiro |
et al., 2018; Moustakis et al., 2021] |

* Floods caused by heavy precipitation during
the summer-fall period, primarily due to
convective storms

* Debby (Aug. 2024) 158 mm at YUL (<24 hr); previous record =~ mm (Nov. 1996)
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Motivation and context

. . Regional
General Circulation g
Climate
Models
(GCMs) —  Models
~ 500-100 km (RCMs)
~50-10 km

Deep convection explicitly simulated

Under-estimation of sub-daily RAINFALL EXTREMES
>>>

Deep convection parameterization scheme
(Prein et al., 2016; Ban et al., 2021)

Transferability of this added-value to flood simulation ??
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Objectives

*Evaluating the capacity of CPMs to simulate
precipitation extremes and assess their
added value

*\erifying whether the added value of CPMs
improves flood simulation
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Data sets and Domain

Source of data

CRCMé (Canadian Regional Climate Models versioné) 12km

Driven by ERAS reanalysis

(Roberge et al., 2024)

Type of data

Climate
simulations

Spatial Temporal
resolution  resolution

2-m air Temperature
1999 — 2021
Precipitation amount

11 basins

*Emphasize on small basins
*Populated regions
*Availability of hourly
discharge (20 years)

*Inside climate model domain
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Data sets and Domain

Source of data Type of data Spdi‘l(.ﬂ Tempo.r al Variable Period of coverage
resolution  resolution
Weather 2014-2023(hourly)
B Environment and Climate Change Canada (ECCC) : - 1h Precipitation amount
Stafions 2000-2023(daily)
Centre d'expertise hydrique du Québec (CEHQ) Discharge - 15 River discharge 1997 — 2022
Stations MINUTES
RDRS (Regional Deterministic Reforec'ast System) = CaSR (Canadian Surface Reanalysis ~10 km h Precipitation amount 2000 - 2018
Reanalysis) (ECCC)
2-m air Temperature
ERA5-Land (ECMWF) Reanalysis ~9 km 1h 1999 — 2022
Precipitation amount

2 SYMPOSIUM Calibrate hydrological model
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> Assess the added value of CPM (i.e. Extreme Precipitation)

A



Methodology

Objective 1: Evaluating the capacity of CPMs to simulate
precipitation extremes and assess their added value

Objective 2: Verifying if the
added value brought by CPMs

Added value

leads to improvement of

Most reliable
observation

A

Data Analysis flood simulation using
CRCM6-12,2.5 KM hydrological models

A 4

Inputs (P; T)

SET3(CRCM6-2.5KM)

Run GR5Dt with Calibrated Parameter set

(RDRS; ERA5-LAND)  SET2(IMERG; ERA5-LAND)

(CRCM6-12KM)

Calibrate GLOBAL Hydrological model

< (GR5Dt) at HOULRY time step (2001-2018)
7 Parameters

A

y

SCE-UA algorithm

Simulated Streamflow timeseries (2001-2018)

Observed streamflow (11 basins)
Model input (Precipitation) : RDRS
Model input (2-m Temperature) : ERA5-LAND

A

y

Peak (SUMMER-FALL) flow analysis

E Peak (i.e. biggest value per year)

A 4

Calibrated Parameter set

. "N




Feuil1

		-18.3741237221		-10.195463431		-1.2490569406		-5.2746454242

		-10.3105387234		-8.7288194355		-1.7405732539		3.187543781

		10.342963019		4.890513765		0.7537221534		5.733656521

		27.9793247348		15.3327870823		-7.3894301677		-7.3019571197

		11.8531454908		24.9027981976		10.2406579949		19.052479793

		-13.3225564582		-12.9671362372		-16.0245132916		-28.1471296429

		-2.8320073688		-7.8815727832		-6.4268386052		-0.6721990151

		-22.6553746278		-6.3231434749		-4.5761235126		-6.127786625

		-3.5865732973		-7.0750153291		1.9168507668		-1.4052514307

		-18.4024898084		-11.6413790135		-19.7579070103		-22.8492964635

		-11.4571749127		-6.5338057431		-19.7214198976		-11.8136059998

		-9.3553465392		-6.7840826239		-7.7974265115		-7.9690387174





ALL

										Bias on 99th percentile of Streamflow(%)

										KGE 3 componenets - whole year										KGE 3 componenets - summer fall										KGE 2 componenets - whole year										KGE 2 componenets - summer fall

										IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM

								Boyer sud		-10.75		0.23		-4.31		-6.18				-18.57		-8.74		-5.75		-2.68				7.05		22.97		17.48		20.36				-18.37		-10.20		-1.25		-5.27

								Morpions		-13.88		-10.34		-12.01		-11.47				-12.43		-9.65		-9.34		-10.16				9.88		16.52		22.20		22.31				-10.31		-8.73		-1.74		3.19

								Bras d'Henri		-28.61		-43.04		-41.30		-37.40				-14.70		-20.13		-8.67		-11.02				6.77		22.51		9.85		14.63				10.34		4.89		0.75		5.73

								Des Hourons		-15.04		-20.42		-27.41		-22.77				5.30		2.64		-27.95		-26.48				91.51		111.70		40.36		35.39				27.98		15.33		-7.39		-7.30

								L'Acadie		-32.17		-40.26		-31.83		-31.05				8.46		-17.90		2.19		-3.49				-7.17		19.01		5.45		10.18				11.85		24.90		10.24		19.05

								Du loup		-15.87		0.05		-13.69		-13.80				-19.03		-2.27		-22.88		-29.96				-3.35		16.81		5.01		-4.89				-13.32		-12.97		-16.02		-28.15

								Bras du Nord		-12.70		-3.70		-7.34		-7.52				-4.46		-4.10		-12.49		-8.25				27.25		39.84		47.87		56.64				-2.83		-7.88		-6.43		-0.67

								Eaton		-1.71		10.43		6.50		3.74				-18.13		-6.95		-3.71		-6.07				8.56		37.44		16.47		14.80				-22.66		-6.32		-4.58		-6.13

								Au Saumon		-10.08		-1.57		-4.81		-7.69				-11.62		-5.11		-7.11		-5.98				15.26		24.25		57.24		34.27				-3.59		-7.08		1.92		-1.41

								Becancour		-13.64		8.84		-14.89		-9.23				-15.48		-6.25		-9.73		-20.86				0.31		20.63		12.26		11.68				-18.40		-11.64		-19.76		-22.85

								Etchemnin		-5.35		14.33		0.11		-0.60				-21.24		-1.24		-17.44		-18.68				0.54		25.18		11.49		9.92				-11.46		-6.53		-19.72		-11.81

								Nicolet		-9.88		-4.32		-8.42		-8.81				-8.38		-6.11		-10.69		-9.80				4.13		34.80		19.39		18.66				-9.36		-6.78		-7.80		-7.97

										KGE 3 componenets - whole year										KGE 3 componenets - summer fall										KGE 2 componenets - whole year										KGE 2 componenets - summer fall

										IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM				IMERG		RDRS		12 KM		2,5 KM

								SMALL		-17.75		-17.71		-19.21		-18.35				-15.23		-12.84		-7.92		-7.95				7.90		20.67		16.51		19.10				-6.11		-4.68		-0.75		1.22

								MEDIUM		-14.60		-9.24		-13.10		-13.18				-6.58		-5.62		-11.99		-13.37				22.01		41.51		28.73		24.40				-0.43		1.00		-3.71		-4.10

								LARGE		-9.62		6.28		-7.74		-6.21				-15.03		-4.53		-12.62		-16.45				1.66		26.87		14.38		13.42				-13.07		-8.32		-15.76		-14.21





								small				IMERG		RDRS		12 KM		2.5 KM

										3-ALL		-17.75		-17.71		-19.21		-18.35

										3-SF		-15.23		-12.84		-7.92		-7.95

										2-SF		-6.11		-4.68		-0.75		1.22

										2-ALL		7.90		20.67		16.51		19.10







												IMERG		RDRS		12 KM		2.5 KM

								medium		3-ALL		-14.60		-9.24		-13.10		-13.18

										3-SF		-6.58		-5.62		-11.99		-13.37

										2-SF		-0.43		1.00		-3.71		-4.10

										2-ALL		22.01		41.51		28.73		24.40



												IMERG		RDRS		12 KM		2.5 KM

								large		3-ALL		-9.62		6.28		-7.74		-6.21

										3-SF		-15.03		-4.53		-12.62		-16.45

										2-SF		-13.07		-8.32		-15.76		-14.21

										2-ALL		1.66		26.87		14.38		13.42



												IMERG		RDRS		12 KM		2.5 KM

								all basins		3-ALL		-14.1413360474		-7.4809220193		-13.2849378642		-12.7315648125

										3-SF		-10.8554417779		-7.1517055462		-11.1314936411		-12.7864763148

										2-SF		-5.0100626844		-2.7503599189		-5.9810048563		-5.298935862

										2-ALL		13.3928734139		32.6381826737		22.0873908665		20.3276374237



Peak analysis for small basins



IMERG	3-ALL	3-SF	2-SF	2-ALL	-17.747160127605397	-15.232371998845586	-6.1138998088369894	7.8966338824994056	RDRS	3-ALL	3-SF	2-SF	2-ALL	-17.714271313326901	-12.840742840939185	-4.6779230338200017	20.667277474730714	12 KM	3-ALL	3-SF	2-SF	2-ALL	-19.206726885379556	-7.9204559571916811	-0.74530268038828973	16.509463245238841	2.5 KM	3-ALL	3-SF	2-SF	2-ALL	-18.351590722078665	-7.9544750142800282	1.215518292594463	19.098395601541498	Calibration (period  -  kge components)





Bias on 99th percentile of Streamflow (%)









Peak analysis for medium basins



IMERG	3-ALL	3-SF	2-SF	2-ALL	-14.596633718424329	-6.5781579576049225	-0.42734025440793982	22.009053209440228	RDRS	3-ALL	3-SF	2-SF	2-ALL	-9.244978121345687	-5.6161717703869174	0.9981195759133753	41.507690063934476	12 KM	3-ALL	3-SF	2-SF	2-ALL	-13.09886293121847	-11.991958392088925	-3.7098994692263916	28.731613562518351	2.5 KM	3-ALL	3-SF	2-SF	2-ALL	-13.181701717399086	-13.371980869313932	-4.1003073400786176	24.396119647501706	Calibration (period  -  kge components)





Bias on 99th percentile of Streamflow (%)









Peak analysis for large basins



IMERG	3-ALL	3-SF	2-SF	2-ALL	-9.6249166252018288	-15.033079197626572	-13.071670420088816	1.6567533540253538	RDRS	3-ALL	3-SF	2-SF	2-ALL	6.28053947871103	-4.5337358030969934	-8.3197557934673352	26.870073092081856	12 KM	3-ALL	3-SF	2-SF	2-ALL	-7.7352987089343541	-12.621601823040285	-15.758917806463186	14.376873095795416	2.5 KM	3-ALL	3-SF	2-SF	2-ALL	-6.2112650931917273	-16.447468506128946	-14.210647060265424	13.419914798169492	Calibration (period  -  kge components)





Bias on 99th percentile of Streamflow (%)









Peak analysis for all basins



IMERG	3-ALL	3-SF	2-SF	2-ALL	-14.141336047413967	-10.855441777920502	-5.0100626844354217	13.392873413851303	RDRS	3-ALL	3-SF	2-SF	2-ALL	-7.4809220193268109	-7.1517055462025034	-2.7503599188651457	32.638182673670379	12 KM	3-ALL	3-SF	2-SF	2-ALL	-13.284937864187713	-11.131493641102452	-5.9810048563260638	22.087390866517737	2.5 KM	3-ALL	3-SF	2-SF	2-ALL	-12.731564812517137	-12.786476314759211	-5.298935861957049	20.327637423678603	Calibration (period  -  kge components)





Bias on 99th percentile of Streamflow (%)











Feuil3

																												750		10		400		50		10

																												1		-10		1		0.500000000000000		0.0100000000000000

																														lower boundry		upper boundry

										Maximum capacity of production store (mm)																				1.00		750

										Groundwater exchange coefficient (mm)																				-10.00		10

										Maximum capacity of routing storage (mm)																				1.00		400

										Time to peak of unit hydrograph																				0.5		50

										Percolation coefficient																				0.01		10

										Snowmelt factor (mm/°C)																				0		10

										Cold content factor																				0		1

												Maximum capacity of production store (mm)

												Groundwater exchange coefficient (mm)

												Maximum capacity of routing storage (mm)

												Time to peak of unit hydrograph

												Percolation coefficient

												Snowmelt factor (mm/°C)

												Cold content factor												Model parameters								lower boundaries		upper boundaries

																								GR5Dt		X1=Maximum capacity of production store (mm)						1.00		750

																										X2=Groundwater exchange coefficient (mm)						-10.00		10

																										X3=Maximum capacity of routing storage (mm)						1.00		400

																										X4=Time to peak of unit hydrograph (days)						0.5		50

																										X5=Percolation coefficient						0.01		10

																								CemaNeige		Kf=Snowmelt factor (mm/°C)						0		10

																										CTg=Weighting coef. of the thermal state of the snowpack						0		1






Results — Objective 1 praquency Intensity Histogram
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99.99t percentile

Results — Objective 1 Hourly precipitation
Summer (JJA)

Station data (2014-2023) > 60% availability

CRCMG6 2.5km (2001-2020) CRCMG 12km (2001-2020)
- NS

I - Added value of CRCM6-2.5 km in
simulating extreme precipitation
== compared to CRCM6-12km

120
15

Lo * Result are consistent for Fall (SON)

Latitude
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P

ERAS Land 9km (2001-2020)

Ijg * Reanalysis (RDRS): Best

== observation data for

l» ¢ calibrating the hydrological
model; aligns with station
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120
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Results — Objective 2

Bias of Hourly Peak flows
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Results — Objective 2

Hourly Peak (Summer-Fall)
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Bias (%)

Results — Objective 2

Bias of Hourly Peak flows 5
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Results — Objective 2

Peak flow ranking vs. Bias
BoyerSud (61 km2) ) Morpions (94 km2)

CRCM6 12 KM |
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biggest peak .
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Lower biases for
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£ OURANOS 2025



Conclusion — Take Home Message

* Added value; Can we say that CRCM®6-2.5km performs
better than CRCM6-12km in simulating Extreme hourly
prECipitatiOn? YeS Histogram (Frequency-Intensity)

99.99t percentile maps

* Does this advantage persist when CRCM6 outputs are used
as input for hydrological modeling to simulate floods?

Ca UthUSly YeS Bias of peak streamflow

* Next steps:
* Use a distributed hydrological model

e Estimate the evolution of floods in future
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J Merci pour votre attention
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Cumulative Frequency of Hourly Peaks
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Hydrological Model Calibration

Calibration performance

Different CALIBRATION SETTING to show that parameter sets from multiple recipe of calibration does not affect calibration performance (i.e.

KGE)

Using RDRS as
precipitation input

K

* Calibration performance is less sensitive
to variations in the initial seeds (vertical
direction of the plots)

* Calibration performance is more sensitive
to changes in the calibration-validation
periods (horizontal direction of the plots)
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99.99t percentile

Results — Objective 1 Hourly precipitation
Summer (JJA)

Station data (2014-2023)
60% non-missing

e Best observation to be used for
calibrating hydrological model

. * Added value of using CRCM6-2.5
km for presenting extreme

precipitation compared to
CRCM6-12km
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Results — Objective 2
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Fall — 99.99% percentile hourly precipitation

Hourly 99.99th Percentile - Fall (SON) South West of Quebec
CRCMS 12km (2001-2020)
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