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- Ocean processes : steric effects, (ocean density changes due to 

temperature and salinity changes), dynamic effects

- Small ice sheets and glaciers: process-based and/or extrapolations 

(particularly beyond 2100)

- Greenland and Antarctic Ice sheets: Surface Mass Balance changes + 

dynamic processes

Contributions to global and regional sea level rise

dynamic processes

- Land water storage changes

- Gravitational effects due to land ice and land water mass changes

 Modelling (part of) the future sea level changes can be seen as a 
« by-product » of future climate change modelling 

Climate Change: a matter of radiative imbalance
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Radiation 

Outgoing Longwave 
Radiation

Top of the Atmosphere: 
radiative imbalance (currently ~1.6W.m-2)

The Representative Concentration Pathways (RCP) (1/2)

The Representative Concentration Pathways (RCP)  (2/2)

Atmosphere
ARPEGE-Climat v5.2

(1.4°, 31 levels)

Aerosols
Greenhouse gases

Insolation

The CNRM-CM5 Climate System Model 
(CNRM-GAME & CERFACS)

Climate System Models: a process-based approach

Land Surface
ISBA      

SURFEX Interface     

( , )

Ocean
NEMO v3.2 

(1°, 42 levels)

River Routing
TRIP

24h

24h

Sea Ice
GELATO v5

24hOASIS v3



2

Future scenarios : dynamic sea level changes

Model uncertainty (CMIP5 simulations)

2100:
RCP2.6: 13 cm
RCP4.5: 18 cm
RCP8.5: 28 cm

Yin et al, GRL (2012)

2300:
RCP2.6: 21 cm
RCP4.5: 52 cm
RCP8.5: 119 cm

How to interpret model uncertainty ? (1/2)

- Models respond to greenhouse gases changes by radiative forcing changes
- Climate response (temperature, precipitation, ocean heat uptake)
 Models have different climate sensitivities (clouds, lapse rate, surface 
albedo, water vapour feedback), different ocean heat uptake efficiciencies !

Transient climate 
response (TCR) at 
2xCO2 level in 
1% CO2/yr 
experiments

How to interpret model uncertainty ? (2/2)

TCR: transient climate response 2xCO2 (K) = F / (+)

F : radiative 
forcing 

: climate 
feedback 
parameter

Kuhlbrodt and Gregory, GRL (2012)

: ocean 
heat 
uptake 
efficiency

Regional structures (1/4)

CNRM-CM5.1 RCP8.5 2090-2099 (global mean removed)

Includes: steric + dynamic effects Steric effects

Regional structures (2/4)

RCP4.5RCP2.6

Steric sea level change 
CNRM-CM5.1 2090-2099 
(global mean removed)

RCP8.5

Regional structures (3/4)

Dynamic sea level change
2091-2100 minus 1986-2005 
(mean of 34 CMIP5 models, in m) 

Yin et al., GRL (2012)
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Regional structures (3/4)

Dynamic sea level change:
2091-2100 minus 1986-2005 
(standard deviation of 34 CMIP5 
models, in m) 

Yin et al., GRL (2012)

Regional structures (4/4)

CNRM-CM5.1 RCP8.5 2006-2200

Contribution of land water storage changes

Wada et al., 2012

Ice sheets and glaciers: see talks by 
C.Ritz, R. van der Val

Semi-empirical methods: an alternative way ?
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- Statistical relationships between sea level and e.g. air temperature
- Hold for the past – what about the future ?
- Most often, the different contributions are not separated
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Thank you ! 


