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Major Remaining Issues in the Parameterization of Convection

. Unified Treatment of Shallow and Deep Convection

lI.  Unified Treatment of Dry and Moist Convection

lll.  Unified Treatment of Forced and Free Convection

IV. Treatment of Downdraft Dynamics

V.  Parameterization of Lateral Mixing

VI. Formulation of Self-Consistent Closure

VII. Cloud Overlap for Microphysics, Radiation, and Aerosol Wet Deposition
VIIl. Microphysics interacting with Aerosols

IX. Convection across the Scale Barrier



« Some important ‘features’ (possibly) associated with convection scheme

— Double ITCZ

— Unrealistic timing and intensity of convective precipitation ( e.g., diurnal cycle )

— Too rapid transition from stratocumulus to cumulus along the subtropical transect
— Biases of water vapor & clear sky LW radiation (?)

— Too strong subtropical high in summer (?)

— Too strong hydrological cycle (?)

— Monsoon

— Lack or weak MJO

— Climate sensitivity of cirrus clouds

— Many other features since ‘convection’ is the ‘pump’ of the atmospheric circulation






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 )

l. CAMS5 Shallow Convection + Organized Plume : C. Hohenegger and C. Bretherton ( & S. Park )
B. Mape and R. Neale ( & S. Park)
Il. UNICON : S. Park



Image of Tropical Deep Convective System

* Various cross-sectional sizes of convective updraft plumes
* Roughly speaking, larger plume grows deeper.
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Overview of UNICON

A completely new vertical transport scheme by asymmetric turbulences designed to

address the major issues associated with the parameterization of convection :

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

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

Intensive debugging : Nov. 2009 ~ Nov. 2010.

Testing : Nov.2010 ~ Present.

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

Some of unique aspects of UNICON are

Consistent closure for all scalars (q,, 6, u, v, w, A, A, ) controlled by the surface fluxes
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 : ‘cumulus-precipitation overlap’ and
associated ‘evaporation of convective precipitation’

No CIN/CAPE closures : Fully dynamic plume model without any priori assumption
Unified treatment of ‘shallow/deep’, ‘dry/moist’, and ‘forced/free’ convections

Capability to handle convective organization by setting ‘R = fcn(M /M)’ at surface
Well-harmonized with the CAM5 symmetric turbulence scheme ( i.e., moist PBL scheme )
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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
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Downdraft Dynamics
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Convective Tilting

Raymond and Blyth 86
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Dry Convective PBL. L30.

0, L30 Buoyancy Flux, 5 hr, L30
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* The non-local transport by the UNICON improves the simulation of temperature
in the lower and upper PBL.

* The sum of buoyancy fluxes from the UNICON and CAMS5 PBL scheme is almost
identical to the buoyancy flux from the CAM5 PBL scheme alone.



Stratocumulus-Topped PBL ( DYCOMS ). L30.
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* The UNICON is active even in the well-mixed Sc-topped PBL.
* The simulation with UNICON + CAM5 PBL is quite similar to the one with CAM5 PBL alone.
* The generic convective downdraft in UNICON simulates the penetrative entrainment

at the PBL top.



Shallow Cumulus Case ( BOMEX ). L80.
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* The UNICON very well reproduces the LES.

* The UNICON is active both above and below the cloud base, i.e., unified treatment
of dry and moist convection similar to EDMF.
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CAMS5 Simulation :

CAMS5 ( DpCu + ShCu)
ShCu
ShCu-MNP
ShCu-HBP
UNICON
OBSERVATION

Thanks to Brian Mapes and Rich Neale for providing ShCu-MINP simulation figures.
Thanks to Cathy H. and Chris B. for providing ShCu-HBP simulation figures.



cam5_bem_ctrl (yrs 1-2) cam5_bem_rkmoO (yrs 1-2)
Precipitation rate mean= 2.95 mm/day Precipitation rate mean= 3.18 mm/day

CAMS ShCu
cam5_bem_rkm10 (yrs 1-2) scamcpt_cam5_0_12_006 (yrs 2-3)
Precipitation rate mean= 3.11 mm/day Precipitation rate mean= 3.02 mm/day
ShCu- ShCu-
MNP HBP

XIE-ARKIN
mean= 2.69
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3 SUMMARY

| found a non-imaginary

is alive but pre-mature.
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Gas Chem. &
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N, : Liq Cloud Droplet Number [ # / kg ]
N, : Ice Cloud Droplet Number [ #/ kg ]

CAMDS5 Processes

Sfc Flux of
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Wet
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Radiation



CAM®6 PLAN

Shallow
Convection

UNICON + a
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Dry
Deposition of
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Implicit Iteration Loop (n=5)

UNICON + a
( Asymmetric Turbulent Transport )
Moist Turbulence + 3
( Symmetric Turbulent Transport )

o=
Plume Organization or Memory +
Convective Activation of N, and N, +
Convective Microphysics +
Convective Transport of N,, N, and Aerosols
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Dry Convective PBL. L80.

0, L80 Buoyancy Flux, 5 hr, L80
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* Due to the enhanced stability in the upper PBL by convective non-local transport,
CAMS5 PBL scheme underestimates the PBL top height : mismatch between
the PBL top height identified from the CAM5 PBL scheme and the base of
overshooting zone identified from the UNICON.

* It is necessary to refine (1) the ‘merging criteria’ in CAM5 PBL scheme or (2) incorporate
the UNICON into the implicit iteration loop used for CAM5 PBL scheme.



