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The (@EXPLCREZ hydrological ensemble

Projections over mainland France and Corsica

Some figures
» 3 RCPs with up to 17 EURO-CORDEX GCM-RCM
» 2 bias-correction methods
» up to 9 distributed hydrological models

— Up to 153 daily streamflow time series 1976-2100 at up to 4 000
stations

Sauquet et al. (2026). A large transient multi-scenario multi-model ensemble of future streamflow and groundwater projections in France. Hydrology and Earth System Sciences

30 8, pages 2277-2300. DOI: 10.5194/hess-30-2277-2026
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The @EXPLCREZ hydrological ensemble

Des futurs de I'eau
Projections over mainland France and Corsica

Some figures
» 3 RCPs with up to 17 EURO-CORDEX GCM-RCM
» 2 bias-correction methods
» up to 9 distributed hydrological models

— Up to 153 daily streamflow time series 1976-2100 at up to 4 000
stations

In summary

> Large ensemble (Sauquet et al., 2026)
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The (@EXPLCREZ hydrological ensemble

Projections over mainland France and Corsica

Some figures
» 3 RCPs with up to 17 EURO-CORDEX GCM-RCM
» 2 bias-correction methods
» up to 9 distributed hydrological models

— Up to 153 daily streamflow time series 1976-2100 at up to 4 000
stations

In summary
> Large ensemble (Sauquet et al., 2026)
» Complex ensemble (Evin et al., 2026)
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The @EXPLCREZ hydrological ensemble

Des futurs de I'eau

Projections over mainland France and Corsica

Some figures
» 3 RCPs with up to 17 EURO-CORDEX GCM-RCM
» 2 bias-correction methods
» up to 9 distributed hydrological models

— Up to 153 daily streamflow time series 1976-2100 at up to 4 000
stations

In summary
> Large ensemble (Sauquet et al., 2026)
» Complex ensemble (Evin et al., 2026)

» ... to be used for adaptation
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%%%#IEC ; The trajectory for adaptation | o

FRANCE

=

Vivre a +4°C

TRACC

Trajectoire de Réchauffement de Référence pour I'’Adaptation au
Changement Climatique

» National reference warming trajectory for climate change e
adaptation
. A quel climat s’adapter
» Regulatory framework since January 2026 (JO, 2026b, 2026a) en France selon la TRACC ?

Partie 1

Regional Warming Levels (RWLs) & time horizon
Concepts et données de base pour
. les températures et précipitations
> +2.0°C in 2030

> 12.7°C in 2050
1

Soubeyroux et al. (2024). A quel Climat s'adapter en France selon la TRACC ?. Partie 1 — Concepts et données de base pour les températures et précipitations. Météo-France
20 pages. URL: https://hal.science/hal-04797481v3

Soubeyroux et al. (2025). A quel climat s'adapter en France selon la TRACC ?. Partie 2 : Variabilité, extrémes et impacts climatiques. Météo-France. 47 pages. URL:
https://hal.science/hal-04991790v3
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Defining local hydrological narratives for the TRACC
The NarraTRACC

1. Selecting a basin with homogeneous responses

» Ensuring spatial consistency across local water ressources
studies

» Keeping regional diversity in hydrological responses

2. Selecting a RWL
» 20-yr window around RWL pivot year
» Specific to each climate projection (Soubeyroux et al., 2024)

X-Y4-Y5-Y6

3. Computing basin-average indicators

» Changes in indicators widely-used by local managers

P high flows: annual daily maximum with 10-yr return period
P average flows: interannual average
P low flows: interannual average of annual 10-day minimum

» Computing spatial median over the target basin

Calmel et al. (2025). Définition de narratifs hydrologiques par niveau de réchauffement défini par la TRACC (narraTRACC). Version V1. 23 pages. DOI: 10.57745/FE356V 4/14
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Defining local hydrological narratives for the TRACC
The NarraTRACC

4. Clustering on basin-scale indicators !
» Imposed number of clusters: 4 ~ 2 g
c
5 i
» k-means on PCA B E
@ 30
£
. . . . [a)
5. Filtering out projections 4
Removing projections with hydrological models
! $3 Centroids
> Wit.h toclj low prlesent—day performanc.e across all 50 0 50
calibration stations of the target basin Dimension 1
P with too few output stations across the target
basin
6. Removing outliers
» Within each cluster
» OQutside a sphere of median distance from centroid
plus 2 standard deviations
Calmel et al. (2025). Définition de narratifs hydrologit par niveau de réch défini par la TRACC (narraTRACC). Version V1. 23 pages. DOI: 10.57745/FE356V
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Defining local hydrological narratives for the TRACC
The NarraTRACCs

7. Selecting the NarraTRACCs 20
A’ "
» Single projection within each cluster ~ 20 ".. ""“ )
%4 - "
> MinMax approach to ensure highest contrast S o AAvasd ¢ .
sl Shpath. ..
across clusters 3 AN 3
£ MR
a-20 v B
e °
Raw results T
—40
» Character chain: Emission scenario / GCM /
RCM / bias-correction / hydrological model —50 0 50
» Not that user-friendly... Dimension 1

Calmel et al. (2025). Définition de narratifs hydrologiques par niveau de réchauffement défini par la TRACC (narraTRACC). Version V1. 23 pages. DOI: 10.57745/FE356V
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Categorizing narraTRACCs

Imagining families

The four families

zOomx

Moderate changes

Intensification of extremes
Intensification of low-flows
Intensification of floods

Doy < —15% & Ahigh > +15%
Aoy < —15% & Apjgn <= +15%
Doy >= —15% & Ahigh > +15%
Aoy, >= —15% & Apjgpy <= +15%

Example of region K (Upper Loire) under +4.0°C

historical-rcp85_IPSL-CM5A-MR_HIRHAM5_ADAMONT_MORDOR-TS
historical-rcp85_CNRM-CM5_ALADIN63_ADAMONT_EROS
historical-rcp85_HadGEM2-ES_CCLM4-8-17_ADAMONT_MORDOR-TS
historical-rcp85_NorESM1-M_WRF381P_ADAMONT_SMASH

X1
X2
El
E2

Calmel et al. (2025). Définition de narratifs hydrologiques par niveau de ré

défini par la TRACC (narraTRACC). Version V1. 23 pages. DOI: 10.57745/FE356V
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Categorizing narraTRACCs

Evolution of family occurences with increasing RWLs
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Describing narraTRACCs

From characters to sentences

Getting to actual narratives

» Automating descriptions

» Based on changes sequentially in average flows, both extremes, andt hen refining on floods and low flows

Example of region K (Upper Loire) under +4.0°C

historical-rcp85_IPSL-CM5A-MR_HIRHAM5_ADAMONT_MORDOR-TS

historical-rcp85_CNRM-CM5_ALADIN63_ADAMONT_EROS

historical-rcp85_HadGEM2-ES_CCLM4-8-17_ADAMONT_MORDOR-TS

historical-rcp85_NorESM1-M_WRF381P_ADAMONT_SMASH

X1

X2

El

E2

Calmel et al. (2025). Définition de narratifs hydrol par niveau de réch

Slightly increasing annual streamflow, more severe ex-
tremes, and even more for low flows
Slightly increasing annual streamflow ,and more se-
vere extremes
Decreasing annual streamflow, slightly less severe
floods, and much more severe low flows
Slightly decreasing annual streamflow, slightly less se-
vere floods, and more severe low flows

défini par la TRACC (narraTRACC). Version V1. 23 pages. DOI: 10.57745/FE356V
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Disseminating narraT RACCs

https://meandre-tracc.explore2.inrae.fr/

A~ MEANDRE-TRACC B womsion  § sporiamiscc (D Apsor

Sélectionnez un territoire Sélectionnez un
niveau de o o
réchauffement o 0% un narratif RACC)
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Thought as an extension to the https://meandre.explore2.inrae.fr/ portal (see last year talk, Vidal et al., 2025)
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Documenting narraTRACCs
For traceability and reproducibility

Ko - La Loire de sa source

au Rhins canalise A ’5{?#?;
Régionhydrographiaue.LaLoire d asource a Vienne
Basinde gston. Lore-Bretagne virea 4°C

Nt i s TRACCS it

By wee

In the CEXPLD%REZ dataverse “" S ENINC

Technical note (Calmel et al., 2025) PN P

T Crangements e températre ()

(6] VEN10g -Changements ) Recharge - Changements 0 QIXA-Changements reltis
Slizge %) des débitsde crue (%)

Summary table of narraTRACS (Héraut et al., 2025b)

>
>
» Summary sheets for subbasins (Héraut et al., 2025a)
>

Reading guide for summary sheets (Sauquet et al., 2025)

https://entrepot.recherche.data.gouv.fr/data
verse/explore2-tracc

VONIOSuace QA Rechgem #QSue ¢ QSmowonn  #QSte  9QSmome QXA
©maximum  +18% 235 265 4595 185 245 4265 4785

© médiane a7% 0% 15 ET 2% 27% 284 g

© minimum w7 34x 205 0 s 72% -63x 41x
©W0KOXT 5% 7 265 575 ox 395 +10+ 68x
cawKox2 0% 495 6% 175 65 85 75 435
©W0K0EL 7% 2% 165 165 o a2c 7% T
ca0KoE2 2% 20% 13% 2% 215 105 a1x 30x
Conmsz | e ot 525 - 40-KO.
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Building and disseminating local hydrological narratives under regional
warming levels

» Defining

» Categorizing
» Describing

» Disseminating

» Documenting

jean-philippe.vidal@inrae.fr

This work was funded and co-constructed with Julien Colin, Benoit Prévost, and Mathilde
Hoareau (Loire-Bretagne Water Agency) within the EHCLO project
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