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Deep Convective Overshoot

Tape Recorder
CESM3 (FLT)

Deep Convection and Tropical Tropopause Layer 3
stratospherlc

overshooting convecti
\_,—-)“ pyys 4 yyy- y
penetratlngdeep convection \ FFL

\l, Quiesr=0
deep outflow layer ¢ 30
b
elting layer
r

max lapse rate

LIS
100

5km 16 18 20 2 24 26 28 30
r,r/"\ hallow outflow layer \ Q (kg/kg) le-6
2km /w \,\ CBL \
MJO-QBO Interaction
Young (2012): 10.13140/RG.2.1.2699.2720 2 QR0E — = b asow

Convective overshoot

« Afew percent of the time (especially over land)
« Above the level of neutral buoyancy

« Zhang-McFarlane deep convection cannot represent this LT = S =
« Equilibrium potential energy (CAPE) framework Martin et al. (2021): 10.1038/s43017-021-00173-9
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Remaining Deep Convection Issues

Top Heaviness

« Zhang McFarlane behavior has shallowed over time CAM3->CAMG6
* 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)

Reference Acronym Equation a b Remarks . -
. . ; . ———— Bulk Convective Parcel Energetics
Simpson and Wiggert (1969) (1) 3 57 =aB, ().lﬁ'ﬁ, where R is cloud radius
Bechtold et al. (2001) BBGMR (12) % 1
Gregory (2001) Got (11) : 1 %E’alf=a3c—(bfa+be)w§,b'=% KEp(k) = *PEp(k)+KE(k-1 )+KELS(k)
Von Salzen and McFarlane (2002) SF (29) % 1
Jakob and Siebesma (2003) JS (7) % 2
Bretherton et al. (2004) BMG (17) 1 2
Cheinet (2004) C04 (1) 1 1 . .
Soares et al. (2004 SMST () O T 1 KE_ (k) = Kinetic energy at level k
Rio and Hourdin (2008) RH (5) 1 1 e = aoB, ~ b, b’ =3 p i
| D value found afer substtution of Eq. (4 PE_(k) = Potential energy at level k (buoyancy based)
Neggers et al. (2009) NKB (12) 1 7 —(1 2,u)—' =aB, — b(w ,u=0.15 P _ . .
Pergaud ct al. (2009) PMMC ) 1 1 KELS(k) = Kinetic energy of resolved K
Rio et al. (2010) RHCJ 9) % 1 %HHL =aB, — (b’ + be)wl, b’ =0.002
De Rooy and Siebesma (2010) RS (27) 0.62 1
ECMWEF (2010) ECMWF (6.9) % 1.95 o )
Kim and Kang (2011) k a s 1 v = Efficiency PE->KE conversion (0.1 — 0.05,0.2)

= 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

Vertical Profile of Convection

« Convective top is where KE equals zero

Top heavy convective mass flux, steady increase near surface

Overshooting?
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Is There a Convective Heating Change?

Top Heaviness

 Near surface tendencies reduced
« Deep heating restored CAMG (L58)

 Maximum convective heating elevated ™
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Convective Heating Change

Top Heaviness

« Near surface tendencies reduced
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Cloud Top Height — Goldilocks Behavior

Occasionally deep, mostly shallow (L58)
Excessive, constant depth (+KE)

Nearly always shallow (+PBL)
Mostly deep, sensitive to stability (+KE/PBL)
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Single Column L32
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CAM Simulations (L32, 2 deg) - Precipitation

DJF 2deg CAM6 +ZM-KE +ZM-KE-PBL 18
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CAM Simulations (L32, 2 deg) — Deeper Convection (DJF)

Deep convective moistening at 200.0 (mb)
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CAM Simulations (L32, 2 deg) — Deeper Convection (DJF)

Deep convective moistening at 200.0 (mb)
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CAM Simulations (L32, 2 deg) — Top Heavy (DJF)
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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 (tunablel)

Next steps:

CAMY7 simulations 1deg L58

Improve realism of energetics (initial plume energy, conversion efficiency
Implement a KE, . based on CLUBB TKE (CLUBB-MF definitely better)
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