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NEMO in ESMs: 
Name Configurations Sea-Ice 

components 
Biogeochemical 

components 

CNRM-CM ORCA1 GELATO PISCES 

EC-Earth ORCA1 LIM2 — 

HadGEM ORCA1 CICE Diat-HADOCC 

IPSL-CM ORCA2 LIM2 PISCES 

+ Parallel to CMIP3, models like IPSL-CM4-LOOP (first generation ESM) have 

contributed to C4MIP to assess Climate-Carbon Cycle Feedbacks  

1.  How good is the match between modeled fields and recent 
observations ? (Skill assessment) 

2.  How do they compare to each other ? (In CMIP3-to-CMIP5 PoV)? 
(Improvement/Sensitivity to parametrization) 



3 different Earth System Models … 

Component IPSL-CM4-LOOP IPSL-CM5A-LR CNRM-CM5.1 

Atmosphere LMDZ-4  
3°x3°x19L 

LMDZ 
1.8°x1.8°x39L 

ARPEGE-v5 
1.4°x1.4°x31L 

Land Surface ORCHIDEE ORCHIDEE SURFEX (ISBA) 
& TRIP 

Ocean OPA8 
2°x2°-0.5°x31L 

NEMO-3.2 
2°x2°-0.5°x31L 

NEMO-3.2 
1°x1°-0.3°x42L 

Sea-Ice LIM2 LIM2 GELATO 

⇒ Strong differences in the atmospheric component: 

Architecture, resolution, parametrizations… 



… with a common Marine Biogeochemistry 
Dust & River inputs      Nitrogen Fixation 

oxygen 

Carbonate 
system (CaCO3, 

Alkalinity) 

PISCES (Aumont and Bopp, 2006) 



Spin-up Strategy 



Variables of interest… 
Dust & River inputs      Nitrogen Fixation 

oxygen 

Carbonate 
system (CaCO3, 

Alkalinity) 

PISCES (Aumont and Bopp, 2006) 



Skill assessment using basic statistical metrics:  
1.  Good surface 

agreement ! (+ an 
improvement  in 
CMIP5 models) 

2.  Poor agreement at 
depth ! 

⇒  Why ? 



Better representation of surface properties:  



Better representation of surface properties:  



IPSLCM4 
MLD= 

Madec (1998) 

IPSLCM5 
MLD= 

Madec (2008) 

CNRMCM5 
MLD/New= 

Madec (2008) 
OBSERVATIONS 

Better representation of surface properties:  



Poor representation of deep ocean circulation:  



Poor representation of deep ocean circulation:  



Conclusions: 

 A better representation of surface coupling [mixed-layer depth] 
lead to better represent key biogeochemical variables (e.g., 
surface chlorophyll, nutrient gradient…) 

  Poor representation of water-mass hydrodynamics and 
biogeochemical properties induce large biases at depth  

1.  Surface forcings & atmospheric biases 
⇒ Resolution & New Physics 

2.  Representation of sea-ice and its coupling with the ocean  
⇒ LIM3 (multi-layers SIC) 

3.  Representation of the biological pump (Remineralization length 
is 40% deeper than those estimated from observations) 

⇒ Parameters optimization and evaluation in coupled mode 


