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Aims of the MOSARH21 project

Main goal: Producing future discharge estimations for the French tributaries of the 
Rhine

Sub-goals: 

 Adopting a rigorous testing protocol for hydrological models

 Temporal robustness

 Quantifying uncertainties of the different steps of the modelling chain

 Several elements used for each step

 Comparing future discharge estimations of MOSARH21 with former projects
results

 CMIP3 vs CMIP5
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Hydrological models
Two different approaches

- Conceptual model

- Sub-basins discretisation

- Daily time step

- 7 parameters, automatic calibration

- Used in Explore 2070

GR5J (semi-distributed)
LARSIM water balance model

- Conceptual model

- Grid mesh discretisation

- Daily time step

- 7 parameters, manual calibration, was 

automatised for MOSARH21

- Used in Flow-MS
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Gauged stations

70 stations

22 of which contain simulations 
obtained with both models
calibrated (category 1)

Observed discharge for all 
stations

Each circle = 1 station
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Hydro models parameters calibration
To better suit catchments characteristics
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On the temporal robustness of hydro models
Application of a classical split-sample test, a necessity for CC 
applications (Thirel et al., 2015)

Calibration Control

CalibrationControl

GRSD + LARSIM

Thirel, G., Andréassian, V., Perrin, C., 2015. On the need to test 
hydrological models under changing conditions. Hydrological Sciences 
Journal, 60:7-8, pages 1165-1173, 
DOI:10.1080/02626667.2015.1050027.
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LARSIM automatic calibration

First time an automatic calibration of LARSIM was done

7 parameters were selected and calibrated sequentially according to main processes: 

• Water balance (1 param)

• Low flows (2 params)

• Mid-flows (2 params)

• High flows (2 params)

For each step, a specific objective function was used

Based on the GR methodology
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Evolution of performance of LARSIM during its
calibration

Holtzheim station

High 
flows

Low
flows

Mid-flows

Water balance

mailto:guillaume.thirel@inrae.fr


p. 9MOSARH21

24/09/2020 / CHR meeting / Thirel Guillaume (guillaume.thirel@inrae.fr) 

Spatial performances

GRSD
LARSIM automatic

calibration
LARSIM manual

calibration

Calibration
(1971-1985)

Validation
(1986-2000)
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Temporal robustness of hydro models

• Slight deterioration of performances on independent periods

 Models seem robust

Only stations calibrated for 
GRSD and LARSIM on this graph

Calibration on complete period

Calibration on P1 (1971 - 1985)

Calibration on P2 (1986 – 2000)

Calibration Control
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CC impact modelling chain
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Climate projections used

CMIP3

CMIP5
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Precipitation projections

Near future

Far future
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Temperature projections

Near future

Far future
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Hydrological projections (evol. of mean flows in %)

 Low to medium increase of Qmean in near future except RCP2.6

 Contrasted evolution in far future (see climate projections). GRSD behaves more 
extremely
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Hydrological projections (evol. of high flows in %)

 Low to medium increase of high flows in near future

 Contrasted evolution in far future (see climate projections). GRSD behaves more 
extremely
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Hydrological projections (evol. of low flows in %)

 Low to medium decrease of low flows in near future, except RCP8.5

 Contrasted evolution in far future. Poteltial very strong decrease for the most
pessimistic scenarios
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Where the hydro projections from Explore 2070 and 
FLOW MS that different?

/!\ Beware, the Explore 2070 
future period is 2045-2065, not 
2021-2050. 

FLOW MS rather similar to RCP 
4.5

Explore 2070 differs, it is closer
to far future of MOSARH 21 
evolutions! 

Evol. of mean flows in %

Prior studies
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Where the hydro projections from Explore 2070 and 
FLOW MS that different?
Evol. of High flows in %

FLOW MS rather similar to RCP 
8.5

Explore 2070 more uncertain, it
is closer to far future of 
MOSARH 21 evolutions! 

Prior studies
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Where the hydro projections from Explore 2070 and 
FLOW MS that different?
Evol. of low flows in %

FLOW MS rather similar to 
CNRM and ADC projections

Explore 2070 more pessimistic, 
it is closer to far future of 
MOSARH 21 evolutions! 

Prior studies
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Conclusions

• We updated the hydro projections of Mosel, Sarre and French Rhine

• We took into account uncertainties

• We undertook an automatic calibration of LARSIM

• Mean flows should slightly increase (except IPSL RCP 8.5)

• High flows should increase in near future, more uncertainty later

• Low flows should decrease in near future, more uncertainty later but potential very high
decrease

• Uncertainties: GCMs > RCPs > Sampling > Hydro models

• Prior studies: with CMIP5, we globally are consistent with FLOW MS or Explore 2070, but: 
• Explore 2070 corresponds rather to an intermediate state between MOSARH 21 near and 

far futures
• FLOW MS cannot be linked to a specific RCP
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