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The convective cloud

populat_iw

What do we know?

h -

What role have radars played?
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Before Satellites



Visual Observation
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Radiosonde data In the tropics

On the heat balance in 1ho oquatorial trough zon

Riehl & Malkus
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Convective parameterization




Satellite Observations:
an “inconvenient truth”






Early 1970’s

By lots of

: |F_HL Cumulus skinny clouds
nimbus I —

"hot tower" i " ||

I I|'_I' .|

*Explained satellite pictures
Retained the hot tower notion
eIncluded smaller clouds



Radars:
The second “inconvenient
truth”
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More Field Projects to Study Convection

Ground, ship, & airborne cm radars



Post-GATE view of the tropical cloud population
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Houze et al. (1980)



Heating and cooling processes in an MCS

Melting
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Convective  Stratiform
precipitation precipitation

Houze 1982




Simplified MCS Heating Profiles

Stratiform
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MCS Net Heating Profiles
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Precipitation Radar in Space



| OW altitude, Iow Inclination ornit



Rainfall mapping revolutionized!

GPCP V2 Precip {(mm/d) Jul 2000

Combined satellite rainfall July 2000
TRMM plus passive microwave sensors + other



TTRMM Satellite Instrumentation

Flight Speed: 7.3 km/sec

PR: Precipitation Radar|= 2 cm
TMI: TRMM Microwave Imager
VIRS: Visible/IR Scanner

Important! PR
measures 3D
structure of radar
echoes




How tropical rain iIs
distributed by cloud size

and type
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2 Years of
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1 TRMM version-5 PR 2.5° observations from 1998 to 2000 for annually averaged (a) rain, (b) stratiform pixel count (rain-types
10-14), (c) convective pixel count (rain-types 20-25), and (d) shallow, 1solated pixel count (ram-types 15, 26-29).



Traditional conceptual view of mean meridional distribution of
tropical convection

« TROPOPAUSE — 17km

"

EVAPORATION mcZ EVAPORATION — 30°
SUBTROPICAL SOLAR SOLAR SUBTROPICAL
HIGH PRESSURE COLLECTOR ‘COLLECTOR  HIGH PRESSURE

FiG. 1. Schematic north—south slice through the tropical atmosphere showing the towering rainclouds in the ITCZ *“firebox™
(not to scale). Arrows show the meridional Hadley circulation, whose upper branch transports some of the released heat energy
poleward in both hemispheres

Simpson 1992



TROPOPAUSE

Suggested by

TOGA COARE “Trimodal
radiosonde data distribution”

Johnson et al. BT Cu congestus
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Cloud Radars



“Trimodal”
distribution

Hollars et al.
1999

Evidence
from Manus ARM
cloud radar
observations
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Cloud Radar in Space



Anvils of Mesoscale Convective Systems (MCSs)

MODIS

wide, cold cloud tops

AMSR-E

raining cores

CloudSat

interior cloud structure

Yuan and Houze 2010
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MCSs Over the Whole Tropics

(a) DJF Small separated (< 12000 km?)
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(b) DJF Large separated (> 40000 kmz)
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Morphology of MCS anvils in different parts
of the tropics

CloudSat data

Africa Indfian chean
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Yuan and Houze 2010



Internal
structures of
MCS anvils

Data from MCSs seen
by ARM
W-band radar in
Niamey, Niger

Cetrone & Houze 2011
and also

Yuan et al. 2011-CloudSat
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Radar Supersite Approach

Will document many aspects of the convective population

DUAL WAVELENGTH

Water vapor

MM-WAVELENGTH

Non-precipitating
Cumulus

DOPPLER
Air motions

CM-WAVELENGTH

Precipitation

POLARIMETRY
Microphysics

MM-WAVELENGTH

Anvil cloud






Timeline of progress

Pre-satellite era '
- Hot towers a :

Radars in field projects

>MCSSs, s Te iform precipitation
a
Precipitation radar Ir -

- Global patterns—convective, stratiform, shallow, MCSs

Cloud radars
- ARM—Ilayers, trimodality, anvils of MCSs
QCIoudSat—gIobal distributions of MCSs, anvils, .
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Wwhat we’ve learned

Spectrum of convective clou P es covers a
wide range of types and sizes of convective entities
- h : .
« MeSoscale s
 Top-heavy heati P—
 Multimodal size distributions
e Shallow isolated cells
» Structures of large anvil clouds
* Global variability of the populatlon - S




Where we are going

How does convective population project onto larger-
scale dynamics?

. Latgnt heating

« Radiative heating profiles in anvils of MCSs

 Nonprecipitating convective clouds

e Relation between humidity field and cloud
population evolution

* Role of clouds in MJO, ENSO, monsoon, &

coupled eg.ugtprlal wav;e‘: .
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Extra slides



o

€k
TYPE i TYPE | TYPE k

%k &

F1c. 2. Idealized view of cumulus cloud types, classified according
to their top heights (see text for notation).







How do the environments of these
regimes differ?



Trade Wind Regime
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Stratocumulus Regime
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Trade Wind Regime
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Indo/Pacific Warm Pool
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“Trimodal”
distribution

Johnson et al.
1999

Evidence from
TOGA COARE
sounding
data

pressure (mb)

latitude




Three steps of analysis of multi-sensor data

1 2 3

MODIS & CloudSat P CloudSat
(TB11)  (GEOPROF-2B)

High cloud complexes ipitati ]

AMSR-E (TB11) (GEOPROF-2B)

Analysis of
MCS anvils

4 Analysis of MCSs

Yuan and Houze 2010



Use MODIS and CloudSat to find threshold of thick
high cloud

<—— MODIS

High cloud thickness (km)

S S
. 0.4 0.6 .

CloudSat —>

Yuan and Houze 2010



1-Find“cold centers’
2-Use AMSR-E to find rain areas

High cloud complex Cold centers Locate 15t
~1 closed
contour

threshold

Associate | TN Use 1 mm/h
pixels with threshold for

nearest 7 rain rate

80
cold center

Precipitation features i
High cloud systems Heavy rain area

Yuan and Houze 2010



Define criterion for MCS that is reasonable for all
these regions

0 50°E 100 150 _ 150°W 100 50
Longitude

Yuan and Houze 2010



Colors show rain amount

TB11 = 220
Area > 2000 km?

account for most
of the rainfall

<«——— Temperature defining cold center

VAg., (km)

Size of cold cloud top > Yuan and Houze 2010



“Connected” and “Separated” MCSs

A separated
active MCS

Connected
active MCSs

Yuan and Houze 2010



Frequency of MCS anvils over tropics
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Yuan and Houze 2010



_and vs Ocean



TRMM view of Africa vis a vis the Atlantic

Rain Stratiform Rain Fraction

MCSs with large 85 Lightning
GHz ice scattering



Yanal, Esbensen, and Chu 1973
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I'16. 1. Schematic view of an ensemble of cumulus clouds.




Yanal, Esbensen, and Chu 1973

y——

ENTRAINMENT E(‘,

(i1) There is some evidence which suggests the ex-
1stence of short-lived mesoscale organization of cumu-
lus convection (e.g., Zipser, 1969). If this is true In
general, further modification of the formulation will be
needed.

I'16. 1. Schematic view of an ensemble of cumulus clouds.




Knowledge of global rainfall before satellites measured

rain from space

250 T
200
150

cm/year
Ln
=

joo L——u v 01 11
-90-75-60-45-30-15 0 15 30 45 60 75 90

Latitude

Fig. 5.2 Latitudinal distribution of the surface hydrologic balance, showing evaporation E, precipi-
tation P, and runoff Af. [ Data from Baumgartner and Reichel (1975).]



Tropical cloud population related to SST
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Idealized life cycle of tropical MCS

,-BOUNDARY
LW/ LAYER

as 126 KM

Houze 1982



Radar Supersite Approach
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DUAL WAVELENGTH MM-WAVELENGTH DOPPLER CM-WAVELENGTH POLARIMETRY MM-WAVELENGTH
Water vapor Non-precipitating cumulus  Air motions  Non-precipitating cumulus  Microphysics Anvil cloud

Will document many aspects of the convective population




MCSs Over the Whole Tropics

(d) JJA Small separated (< 12000 km2)
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Yuan and Houze 2010



Leading anvil Trailing anvil

Internal
structures of
MCS anvils

Cetrone & Houze 2011 e W s W % 3§ s % % 3
Reflectivity (dBZ)




Microphysics of MCS anvils

Inferred from ground-based cloud radar data

Cetrone & Houze 2011
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