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Evolutions of CAM-CESM1

Model ccsms3 CCSM3.5 CCSM4 CESM1
(2004) (2007) ( Apr 2010) (Jun2010)
Atmosphere CAM3 (L26) CAM3.5 (L26) CAM4 (L26) CAMS5 (L30)
Boundary L -Bovi -
ounaary Layer Holtslag-Boville (93) Holtslag-Boville Holtslag-Boville Brether.ton Park (09)
Turbulence Dry Turbulence UW Moist Turbulence
Shalloyv Hack (94) Hack Hack Park-Bretherton (99)
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 al. | Zhang et al. Park -Bretherton Rasch -(10)
Macrophysics with Park & Vavrus’ mods. with Park & Vavrus’ mods. 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 cLMm4
Sea Ice CSIM4 CSIM4 CICE CICE




A Strategic Plan for Next Generation CAM6

Organized Non-Steady
Plumes Plumes
CAMS5 Physics Core CAMG6 Physics Core

Shallow Convection

( CIN Closure )
+ > Unified Convection

Deep Convection

( CAPE Closure )
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Overview of UNICON

l. A completely new sub-grid vertical transport scheme by non-local asymmetric
turbulent eddies :
. Developing a conceptual framework : July. 2006 ~ Jan. 2009.
. Mathematical formulation and coding : Jan.2009 ~ Nov. 2009.
. Intensive debugging, refinement and test : Nov. 2009 ~ Present.
. Code : ~ 20,000 Lines, Computation time : ~ CAM5 shallow convection scheme when n=1.

Il.  Some of unique aspects of UNICON are

. Consistent closure for all scalars ( q,, 6., u, v, w, A, A,, R)

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

. Launch correlated multiple plumes with different thermodynamic properties and R

. Generic treatments of ‘convective downdraft’ and ‘detrainment’

. Treatment of ‘vertical tilting of updraft plume’

. Parameterization of sub-grid ‘meso-scale organized flows’

. Unified treatment of ‘shallow/deep’, ‘dry/moist’, and ‘forced/free’ convections

. No CIN/CAPE closures : ‘fully dynamic plume model‘ without any equilibrium assumptions
. Well-harmonized with CAMS5 local symmetric turbulence scheme (i.e., moist PBL scheme )

. Scale-awaring parameterization — minimal sensitivity to Ax*Ay, Az, At



Global CAMS5 Simulation

* Replace CAMS5 deep and shallow convection schemes by UNICON.
e 1.9°lat x 2.5°lon horizontal resolution forced by observed SST.
* No detailed tuning yet : a preliminary single simulation.

Climatology

—

Diurnal Cycle of Precipitation
Long-standing

p ) . unsolved issues
Madden-Julian Oscillation




CAMS5

Precipitation Climatology. JIA.

OBSERVATION

Precipitation rate

mean= 2.78

mm/day

UNICON

Precipitation rate

mean=

3.03

meaan= 3.04

mm/day




Precipitation Climatology. DIJF.

OBSERVATION

Precipitation rate mean= 2.64 mm/day
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CAMS5 UNICON

Precipitation rate mean= 2.95 mm/day Precipitation rate mean= 3.01 mm/day




A SW Cloud Radiative Forcing. ANN.

OBSERVATION

TOA SW cloud forcing mean= -47.07 Wim?

CAMS5 UNICON

mean = -3.24 rmse = 15.57 Wim® mean = 1.00 rmese = 11.96 W/m*®
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SWCF vs LWCF. Warm Pool. ANN.

CAMS5

SWCF (W m™)

LWCF is
underestimated.
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The roIe oftroplcal cirrus |
on the climate sensitivity
can be explored.




CAMS

AT. ANN.

OBSERVATION
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Cumulus Fraction & Condensate. ANN.

Large Cu fraction

Small In-Cu Condensate

UNICON

Large In-Cu Condensate

A = E

o A - o
E E
& ] = ]
I - ¥ | el -3
In-Cumulus * +
i o
LWC !
.-FJ-I L} 1 L | L T T
oH [k ] ¥ a - 1] s | ]
H EEE
0y ooy 0] 04 a9k 9k Er BH
lakg'l
E E
- g 2 L &
In-Cumulus | 3 - L
IWC

EOH [ =% ] Erd

! R ERE WE

Small Cu fraction

Jd O1F 0F Ol DAk ddd DR
laka |




Diurnal Cycle of Precipitation. JJA.
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Diurnal Cycle of Precipitation. DJF.
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Frequency

Lag (Day)

Madden-Julian Oscillation
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OBSERVATION

UNICON

0.50

0.40

0.30

0.20

0.00

Coh*2: Symmetric
e Loy |

| ‘IO"FBI:O.C"I ?%:0.12

0.50

0.40

0.30

0.20

0.00

Coh*2: Symmetric
[ Lo

| 10"!{»':0.03 ?%:0.19

w

0.50

0.40

0.30

0.20

0.00

Coh*2: Symmetric 10%=0.00 5%=0.00
A 1oy [P T |
T

5 days

10 days — — —

Wave Number

pracip tcullor)

20

10

-10

| |
's ,’“\\\

120E

180

120W  60W

- 20 L~ ¥ "y ATH
ey WL
T I !
0 GOE 120E 180 120W  60W 60E 120E 180 120W  60W
Longitude ]
-1 -08 -06 -04 -02 (1] 0.2 04 06 08



SUMMARY

UNICON is a sub-grid vertical transport scheme by non-local asymmetric
turbulent eddies and a scale-awaring parameterization well harmonized with
CAMS5 moist turbulence scheme without double-counted transport.

UNICON simulates all shallow-deep, dry-moist, and forced-free convections
within a single framework.

The 1t round of model development with thorough debugging is completed.

UNICON well simulates MJO and diurnal cycle of precipitation with improved
climatology with some aspects of future improvement (e.g., too strong regional
precipitation over ocean). Most importantly, UNICON knows how to turn on-
and-off MJO and diurnal cycle of precipitation.

On-going works and future plans
— Constrain several key parameters (a,, R,, ¢,, C., C5) from OBS/LES.
— Objective tuning (i.e., UQ approach)
— Test in “coupled / high-resolution (both in Ax*%y and Az)” configuration.
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