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ά The Unicorn is the only fabulous beast that does not seem to have been conceived 
out of human fears. He is fierce yet good , selfless yet solitary , but always mysteriously 
beautiful. He could be captured only by unfair means, and his single horn was said to 
neutralize poison έΦ CǊƻƳ ǘƘŜ ΨThe Unicorn and the LakeΩ ōȅ  aŀǊƛŀƴƴŀ aŀȅŜǊ.  
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Adiabatic Mixing by Turbulences 

Symmetric Turbulence 

( PBL Scheme ~ Symmetric Turbulence Scheme ) 

Asymmetric Turbulence 

( Convection Scheme ~ Asymmetric Turbulence Scheme ) 



Evolutions of CAM-CESM1 

Model 
CCSM3 
( 2004 ) 

CCSM3.5  
( 2007 ) 

CCSM4 
( Apr 2010 ) 

CESM1 
( Jun 2010 ) 

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

Boundary Layer 

Turbulence 

Holtslag-Boville (93) 

Dry Turbulence 
Holtslag-Boville  Holtslag-Boville  

Bretherton-Park (09) 

UW Moist Turbulence  

Shallow 

Convection 
Hack (94) Hack  Hack 

Park-Bretherton (09) 

UW Shallow Convection 

Deep 

Convection 
Zhang-McFarlane (95) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Cloud 

Macrophysics 
Zhang et al. (03) 

Zhang et al. 

with Park & Vavrusô mods. 

Zhang et al. 

with Park & Vavrusô mods. 

Park-Bretherton-Rasch (10) 

Revised Cloud Macrophysics 

Stratiform 

Microphysics 

Rasch-Kristjansson (98) 

Single Moment 

Rasch-Kristian. 

Single Moment 

Rasch-Kristian. 

Single Moment 

Morrison and Gettelman (08) 

Double Moment 

Radiation / Optics  CAMRT (01) CAMRT CAMRT 
RRTMG 

Iacono et al.(08) / Mitchell (08) 

Aerosols 
Bulk Aerosol Model 

(BAM)  
BAM  BAM 

Modal Aerosol Model (MAM) 

Liu & Ghan (2009) 

Dynamics Spectral Finite Volume (96,04) Finite Volume Finite Volume 

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

Land CLM3  CLM3.5  CLM4 - CN CLM4  

Sea Ice CSIM4 CSIM4 CICE CICE 



MOIST  TURBULENCE  SCHEME in CAM5 
C. Bretherton and S. Park. 2009 
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K : eddy diffusivity 



SHALLOW CONVECTION SCHEME in CAM5 
S. Park and C. Bretherton. 2009 

)( AAMAw uu

uM : updraft mass flux 

uA : updraft scalar 
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: Updraft fractional area 

v

PBL Top 

LCL 

LFC 

LFC of  
undiluted updraft 

LNB 

Cumulus Top 

Overshooting  
Zone 

CIN 

Entrainment 

Detrainment 

Penetrative 
Entrainment 

CUMULUS 

Mu wu 

au 

uv,



Evolutions of CAM-CESM1 

Model 
CCSM3 
( 2004 ) 

CCSM3.5  
( 2007 ) 

CCSM4 
( Apr 2010 ) 

CESM1 
( Jun 2010 ) 

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

Boundary Layer 

Turbulence 

Holtslag-Boville (93) 

Dry Turbulence 
Holtslag-Boville  Holtslag-Boville  

Bretherton-Park (09) 

UW Moist Turbulence  

Shallow 

Convection 
Hack (94) Hack  Hack 

Park-Bretherton (09) 

UW Shallow Convection 

Deep 

Convection 
Zhang-McFarlane (95) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Zhang-McFarlane 

Neale et al.(08) 

Richter-Rasch (08) 

Cloud 

Macrophysics 
Zhang et al. (03) 

Zhang et al. 

with Park & Vavrusô mods. 

Zhang et al. 

with Park & Vavrusô mods. 

Park-Bretherton-Rasch (10) 

Revised Cloud Macrophysics 

Stratiform 

Microphysics 

Rasch-Kristjansson (98) 

Single Moment 

Rasch-Kristian. 

Single Moment 

Rasch-Kristian. 

Single Moment 

Morrison and Gettelman (08) 

Double Moment 

Radiation / Optics  CAMRT (01) CAMRT CAMRT 
RRTMG 

Iacono et al.(08) / Mitchell (08) 

Aerosols 
Bulk Aerosol Model 

(BAM)  
BAM  BAM 

Modal Aerosol Model (MAM) 

Liu & Ghan (2009) 

Dynamics Spectral Finite Volume (96,04) Finite Volume Finite Volume 

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

Land CLM3  CLM3.5  CLM4 - CN CLM4  

Sea Ice CSIM4 CSIM4 CICE CICE 



Shallow Convection 
( CIN Closure ) 

+ 
Deep Convection 
( CAPE Closure ) 

 
Unified Convection 
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Overview of UNICON 

I. A completely new vertical transport scheme by asymmetric turbulences designed for 
addressing the major issues associated with the parameterization of convection : 

Å Developing a conceptual framework : July. 2006 ~ Jan. 2009. 

Å Mathematical formulation and coding : Jan.2009  ~ Nov. 2009. 

Å Intensive debugging and consistency check : Nov. 2009 ~ Nov. 2010. 

Å Testing and consistency check : Nov.2010 ~ Present. 

Å Code : ~ 10,000 Lines, Computation time : ~ CAM5 shallow convection scheme when n=1. 

II. Some of unique aspects of UNICON are 

Å Consistent closure for all scalars ( qt, ̒ c, u, v, w, Am, A# ) controlled by the surface fluxes 

Å Updraft plume mixing rate as a function of plume radius R 

Å Launch correlated multiple plumes with different thermodynamic properties and R 

Å DŜƴŜǊƛŎ ǘǊŜŀǘƳŜƴǘǎ ƻŦ Ψconvective downdraftΩ ŀƴŘ ΨdetrainmentΩ 

Å Treatment of vertical tilting of updraft plume Υ ΨŎǳƳǳƭǳǎ-ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƻǾŜǊƭŀǇΩ ŀƴŘ 
ŀǎǎƻŎƛŀǘŜŘ ΨŜǾŀǇƻǊŀǘƛƻƴ ƻŦ ŎƻƴǾŜŎǘƛǾŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴΩ 

Å No CIN/CAPE closures : Fully dynamic plume model without any equilibrium assumptions 

Å ¦ƴƛŦƛŜŘ ǘǊŜŀǘƳŜƴǘ ƻŦ Ψshallow/deepΩΣ Ψdry/moistΩΣ ŀƴŘ Ψforced/freeΩ ŎƻƴǾŜŎǘƛƻƴǎ 

Å Explicit treatment of convective organization 

Å Well-harmonized with the CAM5 symmetric turbulence scheme ( i.e., moist PBL scheme ) 



UNICON ( S. Park 2011 )   
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Park and Bretherton 09 

Updraft Plume Dynamics  

Arakawa and Schubert 74 

Zhang and McFarlane 95 

Deep Convective Plumes 

Raymond and Blyth 86 

Emanuel 91 

Downdraft Buoyancy Sorting 

EDMF ς ECMWF. 07. 

Unified Dry-Moist 
Convection 

Super-Param. 03. 

No Scale Barrier 

Kane and Fritsch 90 

Updraft Buoyancy Sorting 

UNICON 
No CIN/CAPE 

Unified Shallow-Deep 
Unified Forced-Free 

R-based Lateral Mixing 
Downdraft Dynamics 
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Convective Tilting 
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Single-Column CAM5 Simulation 

Stable PBL Č Dry Conv. Č Sc. Conv. Č Sc to Shallow Cu Č Shallow Cu Č Deep Cu  

DCBL DYCOMS STCU BOMEX 
ARM95, ARM97, 
GATEIII, TOGAII 

CAM5 Moist Turbulence ( Symmetric Turbulent Transport Scheme )  

CAM5  
Shallow Convection 

CAM5  
Deep Convection 

UNICON ( Asymmetric Turbulent Transport Scheme )  

CAM5 

UNICON 



Dry Convection Case. DCBL. 

 ̒



SCAM comparison of UNICON and CAM5 

CASES 
SKILL SCORE OF UNICON RELATIVE TO CAM5  

L30. ɲǘ = 1200 [sec] L80. ɲǘ = 300 [sec] 

DCBL 0.89 1.01 

DYCOMS 0.99 0.92 

STCU 0.90 0.39 

BOMEX 0.50 0.50 

ARM95 0.98 1.28 

ARM97 0.62 0.92 

GATEIII 0.95 1.03 

TOGAII 0.71 0.90 

Average 0.82 0.87 

( T, Qv )  SKILL SCORE = rmse (UNICON,OBS) / rmse (CAM5,OBS) 



Precipitation Climatology 
 

Diurnal Cycle of Precipitation 
 

Madden-Julian Oscillation 

Global CAM5 Simulation 



OBSERVATION 

CAM5 UNICON 

Precipitation Climatology. JJA. 



OBSERVATION 

CAM5 UNICON 

Precipitation Climatology. DJF. 



PRECC 

PRECL 

Convective ( PRECC ) vs Stratiform ( PRECL ) 
Precipitation. JJA. 

CAM5 UNICON 



Madden-Julian Oscillation 

CAM5 OBSERVATION UNICON 

Convection is forced 
to be weaker. 


