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Evolutions of CAM-CESM1

Model CCSM3 CCSM3.5 CCSM4 CESM1
(2004 ) (2007) ( Apr 2010) (Jun 2010 )
Atmosphere CAM3 (L26) CAM3.5 (L26) CAM4(L26) CAM5(L30)
Boundary L -Bovi -
oundary Layer Holtslag-Boville (93) Holtslag-Boville Holtslag-Boville Bretherf[on Park (09)
Turbulence Dry Turbulence UW Moist Turbulence
Shalloyv Hack (94) Hack Hack Park-Bretherton (Q9)
Convection UW Shallow Convection
Deep Zhang-McFarlane Zhang-McFarlane Zhang-McFarlane
c i Zhang-McFarlane (95) Neale et al.(08) Neale et al.(08) Neale et al.(08)
onvection Richter-Rasch (08) Richter-Rasch (08) Richter-Rasch (08)
Cloud - -
ou _ Zhang et al. (03) | Zhang et aIA. | Zhang et aIA. Park _Bretherton Rasch _(10)
Macrophysics with Park & Vavrusémods. with Park & Vavrusémods. Revised Cloud Macrophysics
Stratiform Rasch-Kristjansson (98) Rasch-Kristian. Rasch-Kristian. Morrison and Gettelman (08)
Microphysics Single Moment Single Moment Single Moment Double Moment
Radiation / Optics CAMRT (01) CAMRT CAMRT RRTMG.
lacono et al.(08) / Mitchell (08)
ACrosols Bulk Aerosol Model BAM BAM Modal Aerosol Model (MAM)
(BAM) 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 lce CSIM4 CSIM4 CICE CICE




MOIST TURBULENCE SCHEME in CAM5
C. Bretherton and S. Park. 2009

B — k=W

STRATOCUMULUS

Surface Buoyancy Flux

K : eddy diffusivity

: Moist Richardson Number

: Stable Interface

: Stably Turbulent Interface
: Entrainment Interface

: Turbulent Interface

: Stably Turbulent Layer
: Convective Layer

: Turbulent length scale

. Stability function {cn of Ri)
: TKE

: Entrainment rate




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

Cumulus Top

Overshooting
Zone

LNB

WA = p-M, (A, — A)

M , : updraft mass flux
Ah . updraft scalar

LFC of
undiluted updraft

: ConvectivaNhibition

: Lifting Condensation Level
: Level of Free Convection
: Level of Neutral Buoyancy

: Updraft vertical velocity
: Updraft fractional area
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A Strategic Plan for Next Generation CAM6

Organized Non-Steady
Plumes Plumes
CAMS5 Physics Core CAMG Physics Core

Shallow Convectior

( CIN Closure ) >

—

+

Deep Convection
( CAPE Closure )

Unified Convectiorn




Overview ofUNICON

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

To To To Do o

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

Mathematical formulation and coding : Jan.2009 ~ Nov. 20009.

Intensive debugging anzbnsistency checkNov. 2009 ~ Nov. 2010.

Testing and@onsistency checkNov.2010 ~ Present.

Code : ~ 10,000 Lines, Computation time : ~ CAMS5 shallow convection schema=then

.  Some oflinique aspects dJNICOMre

To To Do To Do To Do Do Ix

Consistentlosurefor all scalars g;, * ., u, v, w, A,,, A;) controlled by the surface fluxes
Updraft plumemixing rateas a function of plume radiu®

Launch correlated multiple plumedgth different thermodynamic properties and R

DSY SNR O (0 NbweitiVeSighindgratR2 FdgtRinmEniQ

Treatment ofvertical tilting of updraft plumer WO dzINBIQlkLIA G F G A 2y 2 (¢
aa20AF USR WSOILE2ZNruAzy 2F O2yOBSOUAOQS LJ
No CIN/CAPE closuresully dynamic plume modwiithout any equilibrium assumptions

' VA TASR U dhBEIbwid¥efdy/Mids®) > Wibrge®Rfredd O2y OSOGA2Y &
Explicit treatment of convective organization

Wellharmonized 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

Kane and Fritsch 90
Updraft Buoyancy Sorting -

Unified ForceeFree
Rbased Lateral Mixing
Downdraft Dynamics
SeltConsistent Closure
Convective Tilting

N\
X®®P Raymond and Blyth 86
Emanuel 91
Downdraft Buoyancy Sorting

SuperParam. 03.
No Scale Barrier

3
EDMFg ECMWF. 07.

Unified DryMoist
Convection




SingleColumn CAMS Simulation

DCBL DYCOMS STCU BOMEX

ARM95, ARM97,
GATEIll, TOGAII

Stable PBC Dry ConvC Sc. Con\C Sc to Shallow G0 Shallow C& Deep Cu

— @ 9
CAMS5 Moist TurbulencéSymmetric Turbulent Transport Scheme
® >
R > CAM5
Shallow Convection
UNICON
CAM5 =
Deep Convection
oo >

UNICON Asymmetric Turbulent Transport Scheme



Dry Convection Case. DCBL.
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SCAM comparison of UNICON and CAM5

SKILL SCORENse(UNICON,OBS)mse(CAMS5,0BS) (T.Q)

SKILL SCOREUNICONRELATIVE TCAMS

CASES - -
L3Q n & 1200 [sec] L8Q n & 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
TOGAI 0.71 0.90
Average 0.82 0.87




Global CAM5 Simulation

Precipitation Climatology
Diurnal Cycle of Precipitation

MaddenJulian Oscillation



Precipitation ClimatologyJJA
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OBSERVATION

Precipitation rate mean= 2.78 mm/day
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CAMbS

Precipitation rate mean= 3.03 mm/day | | Precipitation rate mean= 298 mm/day




Precipitation ClimatologyDJI-

OBSERVATION

Precipitation rate mean= 2.64 rmm/day

Y

By ipy = PR s R o D = b B o

CAMbS

Precipitation rate mean= 295




Convective( PRECQvs Stratiform ( PREC)L
Precipitation.JJA

CAMS5 UNICON
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Madden-Julian Oscillation

CAM5 OBSERVATION  |UNICON

Convection is forced
to be weaker.




