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The 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
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Abstract. A large transient multi-scenario and multi-model
ensemble of future streamflow and groundwater projections
in France developed in a national project named Explore2
was recently made available. The main objective of Explore2
is to provide rich and spatially-consistent information for
the future evolution of hydrological (surface and groundwa-
ter) resources and extremes in France to support adaptation
strategies. The Explore2 dataset was obtained using a nested
multi-scenario multi-model approach to estimate future un-
certainty and to assess local climate at the catchment scale:

three greenhouse gas (GHG) emission scenarios, a set of 17
combinations of Global Climate Models and Regional Cli-
mate Models (GCM/RCM), and two bias correction methods
provide the meteorological forcing for nine surface hydrol-
ogy models and four groundwater hydrology models (one to
simulate groundwater recharge and three to simulate ground-
water level). In this paper, we present the methodology un-
derlying the dataset, the evaluation of the hydrological mod-
els against daily observations of streamflow and groundwater
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The 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)
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The 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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Abstract. Multi-scenario, multi-model ensembles of hydro-
logical projections are widely used to describe possible fu-
tures of regional hydrology and inform adaptation strategies.
The Explore2 dataset is such an ensemble of river flow pro-
jections in Metropolitan France. It provides future simula-
tions for 1735 catchments with modeling chains composed of
different hydrological models forced by 36 regional climate
projections based on bias-adjusted EUROCORDEX simula-
tions. This study assesses the uncertainties of this ensemble
with QUALYPSO, a method specifically designed to deal
with incomplete ensembles and to disentangle and quantify
all uncertainty sources, including that due to internal vari-
ability.

Focusing on results obtained at the end of the century, this
study shows a strong agreement between modeling chains
towards decreases in low flows in a large southern part
of France for a high-emission scenario, and very uncer-
tain changes for the annual mean and high flows. Emission
scenario uncertainty is the dominant source of uncertainty
for low flows over the whole of France, and for mean an-
nual flows in southeastern France. The contribution of the
global and regional climate models is important for mean and
high flows, especially in rainfall-dominated areas. Regional
climate models contribute considerable uncertainty to low
flows, much more than global models. The contribution of
hydrological model uncertainty is large for low flows, mod-
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The 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)
▶ ... to be used for adaptation
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The trajectory for adaptation

TRACC
Trajectoire de Réchauffement de Référence pour l’Adaptation au
Changement Climatique

▶ National reference warming trajectory for climate change
adaptation

▶ Regulatory framework since January 2026 (JO, 2026b, 2026a)

Regional Warming Levels (RWLs) & time horizon
▶ +2.0oC in 2030
▶ +2.7oC in 2050
▶ +4.0oC in 2100

Soubeyroux et al. (2024). À 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). À quel climat s’adapter en France selon la TRACC ?. Partie 2 : Variabilité, extrêmes 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)

3. Computing basin-average indicators
▶ Changes in indicators widely-used by local managers

▶ high flows: annual daily maximum with 10-yr return period
▶ average flows: interannual average
▶ 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
▶ k-means on PCA

5. Filtering out projections
Removing projections with hydrological models

▶ with too low present-day performance across all
calibration stations of the target basin

▶ with too few output stations across the target
basin

6. Removing outliers
▶ Within each cluster
▶ Outside a sphere of median distance from centroïd

plus 2 standard deviations

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
5/14
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Defining local hydrological narratives for the TRACC
The NarraTRACCs

7. Selecting the NarraTRACCs
▶ Single projection within each cluster
▶ MinMax approach to ensure highest contrast

across clusters

Raw results
▶ Character chain: Emission scenario / GCM /

RCM / bias-correction / hydrological model
▶ Not that user-friendly...
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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

X Intensification of extremes ∆low < −15% & ∆high > +15%
E Intensification of low-flows ∆low < −15% & ∆high <= +15%
C Intensification of floods ∆low >= −15% & ∆high > +15%
M Moderate changes ∆low >= −15% & ∆high <= +15%

Example of region K (Upper Loire) under +4.0oC
historical-rcp85_IPSL-CM5A-MR_HIRHAM5_ADAMONT_MORDOR-TS X1
historical-rcp85_CNRM-CM5_ALADIN63_ADAMONT_EROS X2
historical-rcp85_HadGEM2-ES_CCLM4-8-17_ADAMONT_MORDOR-TS E1
historical-rcp85_NorESM1-M_WRF381P_ADAMONT_SMASH E2

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
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 +4.0oC
historical-rcp85_IPSL-CM5A-MR_HIRHAM5_ADAMONT_MORDOR-TS X1 Slightly increasing annual streamflow, more severe ex-

tremes, and even more for low flows
historical-rcp85_CNRM-CM5_ALADIN63_ADAMONT_EROS X2 Slightly increasing annual streamflow ,and more se-

vere extremes
historical-rcp85_HadGEM2-ES_CCLM4-8-17_ADAMONT_MORDOR-TS E1 Decreasing annual streamflow, slightly less severe

floods, and much more severe low flows
historical-rcp85_NorESM1-M_WRF381P_ADAMONT_SMASH E2 Slightly decreasing annual streamflow, slightly less se-

vere floods, and more severe low flows

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

Thought as an extension to the https://meandre.explore2.inrae.fr/ portal (see last year talk, Vidal et al., 2025)

10/14
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Documenting narraTRACCs
For traceability and reproducibility

In the dataverse

▶ Technical note (Calmel et al., 2025)
▶ 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

km
0 100 250

K0 - La Loire de sa source
au Rhins canalisé
Région hydrographique    La Loire de sa source à la Vienne
Bassin de gestion    Loire-Bretagne

Narratifs hydrologiques (narraTRACCs) définis sur la région K
40-K0-X1 : Débits plutôt à la hausse et extrêmes plus sévères encore plus marqués sur les étiages
40-K0-X2 : Débits plutôt à la hausse et extrêmes plus sévères
40-K0-E1 : Débits annuels en baisse, crues légèrement moins prononcées et étiages beaucoup plus sévères
40-K0-E2 : Débits plutôt à la baisse, crues légèrement moins prononcées et étiages plus sévères

vivre à +4°C

ΔP/ΔT(a)              - Changements relatifs de précipitation (%) en fonction des changements de température (°C)   référence 1991-2020
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40-K0-X1 +3.5 °C +56 % +3.6 °C -20 %

40-K0-X2 +3.5 °C +22 % +3.3 °C +13 %

40-K0-E1 +2.7 °C +11 % +4.2 °C -40 %

40-K0-E2 +2.8 °C +23 % +3.9 °C +2 %

Changements projetés en température et précipitations (référence : 1991-2020)
Les points correspondent aux 17 projections à partir desquelles sont calculées

les statistiques (minimum, médiane, maximum)

(b) VCN10Été - Changements
relatifs des débits d'étiage (%)

(c) Rechargeannuelle - Changements
relatifs de la recharge annuelle (%)
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(d) QJXA - Changements relatifs
des débits de crue (%)

Consensus du signe pour 80% des projections : à la hausse, à la baisse, sans consensus. Absence d'aquifère km
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(e) QM - Régime hydrologique et changements relatifs des débits mensuels moyens pour trois bassins versants   référence 1991-2020
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1. K091001011 - La Loire  6580 km2
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2. K045401001 - La Dunieres  228 km2

0

2

4

6

J F M A M J J A S O N D

3. K094301001 - Le Rhins  114 km2
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(f) Changements relatifs projetés en débits et recharge (statistiques sur l'ensemble des médianes spatiales des écarts relatifs)   référence 1991-2020

VCN10-5ans, Été QA Rechargeann. QSHiver QSPrintemps QSÉté QSAutomne QJXA-10ans

 maximum +18 % +23 % +26 % +59 % +18 % +24 % +26 % +78 %

 médiane -37 % -10 % -1 % -1 % -2 % -27 % -28 % +1 %

 minimum -87 % -34 % -20 % -40 % -31 % -72 % -63 % -41 %

40-K0-X1 -55 % +17 % +26 % +57 %  0 % -39 % +10 % +68 %

40-K0-X2 -10 % +9 % +16 % +17 % +6 % -8 % +7 % +3 %

40-K0-E1 -47 % -22 % -16 % -16 % -6 % -42 % -47 % -23 %

40-K0-E2 -24 % -20 % -13 % -2 % -21 % -10 % -41 % -30 %

Avertissement : Il ne s’agit pas de prévisions mais d’indications d’évolutions possibles. Ces fiches sont volontairement synthétiques
et une notice d’accompagnement fournit des informations pour la lecture et l’interprétation des graphiques de cette fiche.

septembre 2025   -   40-K0
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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, Benoît Prévost, and Mathilde
Hoareau (Loire-Bretagne Water Agency) within the EHCLO project
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