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What is cloud dynamics?
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Penetrative Deep Convection (PDC)




In searching for very cold/tall deep convection, we found the
following three types, in relation to the cold point tropopause
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__ Baseof TTL
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Warm(cold) means warmer (colder) than the cold point T
High (low) means higher (lower) than the cold point H

Luo et al. (2008)



An important indicator of convective strength: radar echo top height
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~ 730 km

Strong convection: 0 dBZ or 10 Weaker convection: 0 dBZ or 10
dBZ close to cloud top (17 km) dBZ much lower than the cloud top



Cold point
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Cold but Cold and warm but
low (CL) high (CH) high (WH)

larger radar echoes mean larger particles and/or greater
cloud water content.



What can we infer from the three types of penetrating

convection?
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e stage of the penetrative convective
lifecycle.
Cold but Cold and warm but
low (CL) high (CH) high (WH)

2) CH is associated with the mature
stage of the penetrative convection.

3) WH is associated with the
dissipating stage with large particles
already falling back to lower levels.
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Stratospheric Cirrus Associated with Overshoots

° Penetrative deep
: convection can
burp bubbles into
the lower
stratosphere
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A-Train data provide important info for inferring convective
dynamics near cloud top
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A-Train data provide important info for inferring convective
dynamics near cloud top
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A-Train data provide important info for inferring convective
dynamics near cloud top

20000

18000

16000

14000

12000

—_

220
215
210
205
200
195
190
185
18000
17000
16000
15000
14000
13000
12000

{TB 11um (K)

CL

85 190 195 200

205 210 215 22

CTH_CALIPSO
CTH (cyan)

4

4

CPR reflectivity

> -

l

Cloud-top _ parcel __~env
buoyanc -
yancy T,
20
’g 18
:Ef_
j; 16F
.20
2
Q
EB 12+ ,
! [
U {
S uf
(@) : o
.. Negative Positive
buoyancy buoyancy

6

1
20 -15 -10

1 1 | 1
5 0 5 10 15 20

Cloud-top buoyancy (K)

Luo et al. (2010); Wang et al. (2014)



A single-column plume model

* Basic equations

Basic equations
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important parameter is the
entrainment rate (g).

AIRS
sounding

As far as w_ is concerned, the most

Masunaga and Luo (2016)



Simulated buoyancy (AT/T) and w, profiles under different €
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Observations (cloud-top buoyancy and w_) are used to
constrain different possibilities
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Composite Observations w.r.t. Convective Life Stages
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W_relatively
invariant
over time

M_follows
convective life
cycle, controlled
by convective
coverage

oPressure [hPa]

a) In—cloud convective vertical velocity [m/s]

B/—72—66—60—54—48—42—36—30—24—18—12 -6 0 68 12 18 24 30 38 42 48 54 60 68 72

L
Composite time [h]

Masunaga and Luo (2016)




— o
M=M, +M,+M. | where T =-%r

b) Convective mass flux [1.e—2 kg/mZ2s]

Composite time [h]

(d) Total large—scale mass flux [1.e—2 kg/mZ2s]
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Summary

» CloudSat/CALIPSO add new insights into pentrative deep convection
processes

 CloudSat + MODIS reveal convective life stage

 CALIPSO picks up irreversible stratosphere-troposphere exchange

» A-Train data (CloudSat, IIR, MODIS, AIRS), aided by a plume model,
piece together the convective mass flux jigsaw puzzle

[ A-Train enables new observations that have bearings on
convective dynamics (e.g., buoyancy, vertical velocity)

A plume model can assimilate such info and generate convective
mass flux estimates



Altitude (km AGL)

Ground-based Ka band radar (34 GHz). Gray shading marks up attenuation
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A prejudice against CloudSat-

CALIPSO (10 yrs ago): W-band radar

and lidar are for fluzzy clouds and
aerosol; they are not serious players
in studying convection.

Stephens and Wood (2007)

The top-down views of
CloudSat/CALIPSO nicely get
around the difficulty



Congratulations,
CALIPSO and CloudSat!




