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On a GCM grid cell of 100-200 km, convection Is a
subgrid process--represented by cumulus
parametrizations

Superclusters are moist analogues of the equatorially
trapped waves (Takayabu 1994, Wheeler & Kiladis
1999)--convectively coupled equatorial waves.

GCMs perform poorly with regards to the MJO and
superclusters due to inadequate treatment of organized
convection (and mesoscale systems).

Multicloud model (K. and Majda) has realistic
convectively coupled waves and simulated MJO; next
generation NCAR GCM at 170 km resolution.



4+Convective clouds not only release latent heat from condensation
and vertically redistribute heat and moisture but also transport
momentum.

4+ Observational and numerical studies show that kinetic energy may
be transferred from convection, via CMT, to large scales (LeMone
1983; Wu and Moncrieff 1996; Tung and Yanai 2002a,b, etc.).

4+ The parameterization of upscale effect of CMT has been a
challenging problem for a long time

4+ Convective momentum transport is not included in many GCMs.
The inclusion of CMT improves mean climate (Zhang and Cho
1991, Lin et al. 2006, 2008).

4+ Majda and Stechmann (2008) proposed a stochastic model for
mesoscale CMT with low computational overhead, focusing on
squall lines--based on observations.
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The multicloud model dynamics

e Based on three cloud types, congestus, deep, and
stratiform

e Dry lower troposphere favors congestus clouds while
moist lower troposphere favors deep convection

e Stratiform clouds lag deep convection

e Associated heating profiles force the first two
baroclinic modes of vertical structure

e MC Model is coupled to the boundary layer and to a
vertically averaged moisture equation

e Momentum transport due to unresolved organized
convection Is not included
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e Horizontal Velocity:
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e Tropospheric dynamics
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e (Grid scale (zonal) momentum equation
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e Majda and Stechmann used a stochastic Markov jump
process that transits between upright convection and
squall line regimes according to background shear.

e CMT is upscale during the squall line regime and
downscale during upright convection regime

e Here we use the mean-field approach with
exponential-form distribution between regimes instead
of the stochastic model






The mean field” CMT model

® Strong baroclinic wind environment enhance formation of
large stratiform anvils lagging deep convection (Lin and
Mapes, 2000) resulting in mesoscale convective systems
tilted in the direction of upper-level wind

e Tilted structures induce acceleration of wind in opposite
direction at low-level

® |n suppressed conditions, we have cumulus friction
OV +V -VV +8yV+:=-VP+ Four

Four = —(1 —eil@ 280 d(V — Vohtie &/ AT

Vr = wind strength in the upper troposphere

V* =2 m/s; typical turbulence scale
d = 3 days; damping rate



Mesoscale circulation model

Parametrized deep heating is extended with stratiform
anvil in the direction of upper level shear
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~ Parametrized deep convective heating is extended to
- include a stratiform anvil and redistributed within
GCM grid-box to induce a sub-grid circulation
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Mesoscale CMT flux

® Mesoscale CMT forces 1st and 3rd baroclinic modes
e Horizontally uniform heating induces zero CMT

® [ncluding stratiform downdrafts doubles CMT flux but doesn’t
change its form



Effect of Mesoscale CMT on Background Wind

Accelerates Uy Neutral on Us Decelerates Us

e This would create a low-level shear, which rises a
chicken-and-egg problem

e Implies enhanced of lower tropospheric convergence
which has an impact on convectively coupled waves









Summary

4+ Mesoscale CMT at
both synoptic and planetary scales--affects both amplitude
and wavelength.

4 Mechanisms at work are not well understood. One
speculation would be that mesoscale CMT enhances low-
level moisture convergence by strengthening low-level
easterlies/westerlies in front/back of the wave.

4+ Key parameters are (1) threshold for large-scale shear that
controls CMT forcing v.s. damping distribution function
and the lag between stratiform anvils and deep convection,
(2) strength of deep convection, and (3)
(a pure CMT by-product).
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Behaviour of convectively coupled waves within the MJO
envelope

Han and K. (2010) used two baroclinic mode approximation

Synoptic wave CMT excites a third baroclinic velocity through
CMT. What is the feedback of this 3rd mode on the waves?

Majda and Stechmann 2009: Two-way Interactions between
background wind and waves in an asymptotic model both
undergoing oscillations on the intra-seasonal time scales?
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Multiscale waves inside the MJO envelope
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