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Atmospheric modelling activities 





Mori et al. (2014) 



Kim et al. (2014) 



Mori et al. (2014) 



Kug et al. (2015) 



Cloud is a key to understanding the Arctic Mid-latitude teleconnection 

Kim et al. (2014) 

<Cloud fraction (ordinary method> <Cloud fraction (modified)> 



Thetered-zonde+Particle measureing instrument 

Direct 
observation 

of cloud 
inside 

Cloud microphysical processes 



Araon-based cloud observations 



• Develop physical packages for Arctic clouds & 
PBL based on Arctic observations 
(DASAN, ARAON, PAG, MOSAiC) 



• Construct regional & global modelling system 
equipped with newly developed physics 



Ocean-sea ice modelling 
activities & plan 



Community Earth System Model  
v1.2 

Model 



CESM description 

Model CCSM3 
(2004) 

CCSM3.5 
(2007) 

CCSM4 
(Apr 2010) 

CESM1 
(Jun 2010) 

Atmosphere CAM3 (L26) CAM3.5 (L26) CAM4 (L26) CAM5 (L30) 

Boundary Layer Turb
ulence 

Holtslag-Boville (93) 
Dry Turbulence 

Holtslag-Boville (93) 
Dry Turbulence 

Holtslag-Boville (93) 
Dry Turbulence 

Bretherton-Park (09) 
UW Moist Turbulence 

Shallow 
Convection 

Hack (94) Hack (94) Hack (94) Park-Bretherton (09) 
UW Shallow Convection 

Deep  
Convection 

Zhang-McFarlane (95) Zhang-McFarlane (95) 
Zhang-McFarlane (95) 

Neale et al. (08) 
Richter-Rasch (08) 

Zhang-McFarlane (95) 
Neale et al. (08) 

Richter-Rasch (08) 

Cloud 
Macrophysics 

Zhang et al. (03) Zhang et al. (03) Zhang et al. (03) Park-Bretherton-Rasch (10) 
UW Cloud Macrophysics 

Stratiform 
Microphysics 

Rasch-Kristjansson (98) 
Single Moment 

Rasch-Kristjansson (98) 
Single Moment 

Rasch-Kristjansson (98) 
Single Moment 

Morrison and Gettelman (08) 
Double Moment 

Radiation/Optics CAMRT (01) CAMRT (01) CAMRT (01) RRTMG 
Lacono et al. (08)/ Mitchell (08) 

Aerosols Bulk Aerosol Model Bulk Aerosol Model Bulk Aerosol Model Modal Aerosol Model 
Liu et al. (10) 

Dynamics Spectral Finite Volume Finite Volume Finite Volume 

Chemistry - - - CAM-CHEM 

Ocean POP2 (L40) POP2.1 (L60) POP2.2 POP2.2 

Land CLM3 CLM3.5 CML4 – CN CLM4 – CN 

Sea Ice CSIM4 CSIM4 CICE4 CICE4 

Improvement  
of physical pro

cesses 

Carbon-Nitrogen cy
cle model 

Interactive chemist
ry model 



What’s new in CICE5? 
 

physics 
• A method for prognosing sea ice salinity, 

including improved snow-ice formation 
• Two new explicit melt pond 

parameterizations (topo and level-ice) 
• Sea ice biogeochemistry 
• Elastic-Anisotropic-Plastic rheology 
• Improved parameterization of form drag 
• The "revised EVP" under-damping approach 
• Gracefully handles the case when an internal 

layer melts completely 
infrastructure 
• Ice and snow enthalpy defined as tracers 
• … 
efficiency 
• … 
miscellaneous 
• … 

http://oceans11.lanl.gov/trac/CICE/wiki/UpdatesSeptember2013 

CICE4 CICE5 

Thermodynamics in 
CICE5 

 
• zero-layer thermodynamics 
• Bitz and Lipscomb model 

(fixed salinity profile) 
• mushy formulation (salinity 

evolves) 

Parameterization impact study  



Multi-year ice salinity constant over time  

(Maykut 1992) 

Parameterization impact study  
Sea ice thermodyamics 

Bitz and Lipscomb model  
(fixed salinity profile) 

Mushy (Feltham et al. 2006) formulation 
(salinity evolves) 



Stand-alone (sea ice model only) simulation 



Model Community Earth System Model (CESM) version 1.2.1 

Organization NCAR 

Components set 
G_NORMAL_YEAR 

Parallel Ocean Program version 2 
(POP2) 

Community Ice CodE version 4 
(CICE4) 

Resolution Horizontal gx1v6 (~1°x1°) 
shifted-pole grid 

Vertical 60 layer - 

Forcing 

IC 
Levitus – PHC2 (Polar science center Hydrographic Climatology) 

Levitus98 (Levitus et al., 1998) + Steele et al. (2001) 
Monthly sea temperature, salinity and zero velocity 

BC 

Control (G_NYF) COREv2, Normal Year Forcing 

EXP (G_IAFmean) 
climatological mean of interannually 

varying COREv2 forcing  
(1984-2009) 

CESMv1.2.1 G-Compset 
100 year spinup  



Monthly variations of Arctic sea ice  

Arctic Sea ice extent  

NSIDC (1981-2010) 

G_NYF 

G_IAFmean 

Arctic Sea ice volume 

PIOMAS (1984-2009) 
G_NYF 
G_IAFmean 

G_IAFmean-G_NYF 



Data assimilation 



Ocean Reanalysis Inter-comparison Project (ORA-IP) 



Sea-ice thickness at Mar2007 

(Chevallier et al., Clim Dyn., 2015) 

Large discrepancies among reanalyses 
 Research and development of 
assimilation method for sea ice is 
necessary 

[ ORA-IP models ] 



Roadmap for development of  
KOPRI Arctic Sea Ice Initialization 

Step 1 
2016 

Step 2 
2017-2018 

Step 3 
2019-2020 

Set up  
the off-line sea ice data assimilation 

Set up and stabilization  
the on-line ocean-sea ice coupled 

initialization 

Collect existing 
sea ice 

observation data Calculating Model 
error variance 

Establish for EnOI assimilation 
method 

global model long-
term simulation 

Ocean model Sea ice model 

Ocean observation Sea ice observation 

Global ocean - sea ice coupled 
initialization system 

Verification  
of predictability over the Arctic 

long-term prediction 

Generation  
of long-period initial condition 

Verification  
of predictability for sea ice 

Upgrading ocean-sea ice coupled 
initialization 

Im
pr

ov
in

g 
 

in
iti

al
iza

tio
n 

Sea ice remote sensing data 

Design for update regularly 

Prediction 



Outline of KOPRI Sea ice–Ocean coupled 
Initialization system 

Ocean 
Model 

* S-SIC balance 
     (ex. T<Tf~F(S), SIC zero)  
      (ex. Ice formation, S >upper bounce)  

* T-SIC balance 
    (ex. Ffrzmlt<0, SIC zero)  

Sea ice 
Model 

Flux 
Coupler 

Atmospheric 
Model 

Ocean 
Observation 

(T,S,U,V) 

Sea ice  
Observation 

(SIT, SIC) 

T-S relationship 
SIC-SIT balance 
Energy conservation in sea ice 

Strong 
Constraint 

EnOI  
Data Assimilation 

EnOI  
Data assimilation 

Control the ODA intensity 



Wind Lidar 

Nyalesund 

Wind profile 



Microwave  
Radiometer 

T, Q profile 
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