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Deep Convective Overshoot

Tape Recorder

Martin et al. (2021): 10.1038/s43017-021-00173-9

MJO-QBO Interaction
Young (2012): 10.13140/RG.2.1.2699.2720

Convective overshoot 
• A few percent of the time (especially over land)
• Above the level of neutral buoyancy
• Zhang-McFarlane deep convection cannot represent this
• Equilibrium potential energy (CAPE) framework 

Obs. CESM3 (FLT)



Remaining Deep Convection Issues

Top Heaviness 
• Zhang McFarlane behavior has shallowed over time CAM3->CAM6
• Increased sensitivity to moisture (good for MJO, diurnal cycle)
• Compensation from non-convection physics
• Implications for lower stratosphere (QBO, tape recorder)?
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Simple Plume Dynamics (KE/PE) 

Bulk Convective Parcel Energetics 

KEp(k) = pe2ke_eff*PEp(k)+KE(k-1)+KELS(k)
 

KEp(k) = Kinetic energy at level k
PEp(k) = Potential energy at level k (buoyancy based)
KELS(k) = Kinetic energy of resolved K

pe2ke_eff = Efficiency PE->KE conversion (0.1 – 0.05,0.2)
Pini = Cloud base parcel energy (5 – 2,20) J/kg

Roode, Stephan R. et al. “Parameterization of the Vertical Velocity Equation for Shallow 
Cumulus Clouds.” Monthly Weather Review 140 (2012): 2424-2436.



Simple Plume Dynamics 

ZM Mass Flux ZM Parcel KE

TOGA COARE

Vertical Profile of Convection 
• Convective top is where KE equals zero
• Top heavy convective mass flux, steady increase near surface
• Overshooting?

J/kg



Is There a Convective Heating Change?

Top Heaviness 
• Near surface tendencies reduced
• Deep heating restored
• Maximum convective heating elevated
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Convective Heating Change

Top Heaviness 
• Near surface tendencies reduced
• Deep heating restored
• Maximum convective heating elevated
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Cloud Top Height – Goldilocks Behavior

ZM Top 
Pressure

Total 
Precipitation

Parcel Vertical Range
• Cloud base more responsive to 

the environment with the PBL 
parcel changes

• Cloud top more responsive to the 
environment with the ZM KE 
changes

Single Column CAM (SCAM) – TOGA COARE (Tropical W. Pacific)

Occasionally deep, mostly shallow (L58)
Excessive, constant depth (+KE)
Nearly always shallow (+PBL)
Mostly deep, sensitive to stability (+KE/PBL)



Single Column L32 

L32

KE/PBL Parcel
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CAM Simulations (L32, 2 deg) - Precipitation

DJF

JJA

CAM6 Simulations
• 6 years, CAM6, F2000climo
• ZM total parcel energy (KE) and CAM7 near-surface mixing (PBL) + combined  



CAM Simulations (L32, 2 deg) – Deeper Convection (DJF)



CAM Simulations (L32, 2 deg) – Deeper Convection (DJF)



CAM Simulations (L32, 2 deg) – Top Heavy (DJF) 
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Summary 

Motivation
ZM PBL-based launch level properties in CAM6-dev
Decreased ZM deep heating came in at CAM6 (single layer stability)
Potential for L58 to be more sensitive (2x thinner layers)

Talk
Implemented a total energy criteria (PE+KE>0) for ZM plume viability -> SCAM
TOGA: Performs well for tropics; noise, deep heating, convective top
ARM site: Marginal improvements, tuning of parameters needed
Low-resolution CAM6 simulations: Consistently deeper convection (tunable!)

Next steps:
CAM7 simulations 1deg L58
Improve realism of energetics (initial plume energy, conversion efficiency
Implement a KEini based on CLUBB TKE (CLUBB-MF definitely better)


	Slide Number 1
	Deep Convective Overshoot
	Remaining Deep Convection Issues
	Simple Plume Dynamics (KE/PE)	
	Simple Plume Dynamics	
	Is There a Convective Heating Change?
	Convective Heating Change
	Cloud Top Height – Goldilocks Behavior
	Single Column L32 
		CAM Simulations (L32, 2 deg) - Precipitation
	CAM Simulations (L32, 2 deg) – Deeper Convection (DJF)
	CAM Simulations (L32, 2 deg) – Deeper Convection (DJF)
	CAM Simulations (L32, 2 deg) – Top Heavy (DJF) 
	Slide Number 14

