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Global Distribution of Cloud Water and Water Vapor
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CloudSat First Light




CLOUDS ARE NOT
AN EQUILIBRIUM STATE

USUALLY NOT
EVEN BALANCE OF RATES



Schematic Cloud Microphysics
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CLOUDS ARE EMBEDDED IN
THE GENERAL CIRCULATION

NON-LOCAL DYNAMICAL
META-STATE
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TWO CRITICAL PHASE CHANGES

PHASE OF CLOUD PARTICLES

SIZE OF CLOUD PARTICLES,
PRECIPITATION ONSET

NUMBER OF CLOUD PARTICLES
IS NOT TOO CRITICAL
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DYNAMICAL ANALYSIS
APPROACHES

ATTRIBUTE COMPOSITES

LAGRANGIAN EVOLUTION

STATE TRANSITIONS



CLOUD TOP PRESSURE (MB)
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Storm Tracks
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Monthly Variation of “More Convective” State
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OUTLINE --- Some Recent Results

CLOUD MICROPHYSICS
“STORM” CLOUDS
skipped -- CLOUD-TRACKED WINDS

CLOUDS & GENERAL CIRCULATION



Average Cloud Particle Sizes
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STORM CLOUDS

Storm as Perturbation of Mean State
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Energy Cycle of Atmosphere
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Current Cloud Property Data Sets
(Quantity+instantaneous error, mean uncertainty, source)

Cloud Cover £ 15%, 5%, satellite, surface weather obs.
Cloud Top Temperature + 3-6K, 2K, satellite
Cloud Top Height £+ 0.5-1.9 km, 0.3 km, satellite
Cloud Optical Thickness + 25%, 10%, satellite
Cloud Particle Size &+ 2 Bm (liquid), £ 10 Bm (ice),

1 Bm (liquid), 10 Bm (ice), satellite
Cloud Water Path &+ 15% (liquid), & 200% (ice),

10% (liquad), 100% (ice), satellite
Cloud Base Temperature + 3-6K, 2K, surface obs.
Cloud Base Height = 0.5-1 km, 0.3 km, surface obs.
Precipitation + 30%, 15%, satellite, surface obs.
Lightning £ 30%, 10%, satellite

What’s Left to Do? — Cloud Vertical Structure!!
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EXTENDING THE RECORD
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ENERGY AND WATER CYCLE OF CLIMATE

RADIATIVE FLUXES
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Annual RE Mean
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Regional (30°-60°N) Monthly Mean Effective Radius (um)
Liquid and Ice for Water and Land

For 1995
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Regional (30°-60°S) Monthly Mean Effective Radius (um)
Liquid and Ice for Water and Land

For 1995
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Regional (0°-30°N) Monthly Mean Effective Radius (um)
Liquid and Ice for Water and Land

For 1995
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NOA 1995 Annual means by Cloud type
Effective Radius (Microns)
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NOA&NOM (combined)1995 monthly means  Effective Radius (Microns)
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NOA&NOM (combined)1995 monthly means
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NOA&NOM (combined)1995 monthly means
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“SMALL” CLOUDS USED TO DETERMINE

HORIZONTAL WINDS
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Composite Cyclone Cloud Vertical Structure
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ISCCP D2: 21-Year Deviations Of Global Monthly Mean From Total Period Mean

Cloud Amount (&) Cloud Top Pressure {(mb}» Cloud Top Temperature (K}
[P LR 3P BLP Y M e N I N N N W DM 0 POF DY N R N IR BN PR B N PR DA DX DO O RER B R R0 N RN N R ) 80 LI e T L Tl L LT T T T LT LY T T T T TS 8_||||||||||||||||l||||||||||l|||||l|||||||||_
i GLOBAL Monthly Mean = 66,52 + 1,51% ’ CLOBAL Monthly Hean = 575,35 + 14,80% CLOBAL Monthly Mean = 261,62 + 1,50%
-—= GLOBAL Deviation Mean = 0,00 + 1,51% B0 -—- GLOBAL Deviation Mean = -0,00 + 14,802 1 gL - GLOBAL Deviation Mean = -0,00 + 1,50 &
o GLOBAL Anomaly Mean = 0,00 + 1,37% o = = GLOBAL Anomaly Mean = 0,27 + 13,54% - = GLOBAL Anomaly Mean = 0,02 + 1,07%

b
*%ryﬁ | |

BV ALY .
Jﬁ‘q "ﬁj#@ wﬁw L ),. Mb

Anomaliez and Dleviations

_4_ =l
-60 F i
= "
_E-IIIIIIIIIIIIIIIIIII‘IIIIIIIIIIIIIIIIIIIIIII_ —80III|IIIIIII|IIIIIIIIIIIIIIIIIIII!IIIIIIIIII d a5 R K O U N S e K G 0 O O N RS N G e O T R B ) Bl !
8384 55 86 87 88 89 90 9192 93 94 95 9657 95 99 0001 02 03 04 05 8384 85 86 87 85 89 90191 92 93 94 95 9697 98 99 00 01 02 03 04 05 8384 85 86 87 85 89 90 91 92 93 94 95 9697 95 99 0001 02 03 04 05
Year Year Year
Cloud Optical Thickness Surface Temperature (kX Surface Reflectance
15_...................;..................,...._ E_...;............................‘........x._0'15_.........................,................._
+ GLOEAL Monthly Mean = 3,86 £ 0,29% GLOBAL Monthly Mean = 288,59 + 1,553 GLOBAL Monthly Mean = 0,14 + 0,02%
-—= GLOBAL Deviation Mean = -0,00 + 0,298 ——— GLOBAL Deviation Mean = 0,00 + 1,552 ——— GLOBAL Deviation Mean = -0,00 + 0,02%
" - - GLOBAL Anomaly Mean = 0,02 + 0,24% 4+ - - GLOBAL Anomaly Mean = -0,06 + 0,72% : - - - GLOBAL Anomaly Mean = 0,00 + 0,01
sl -
l | [ ||
1 14 2 ur‘( h il
0.5 | | L S EEYT Lo /]
[ ‘.1 {Jw ll“,} lfl'rMﬂ "I’H’HI' I U o 0-05 1 (| I
j‘ 1 ||1 _'J V.'H l ||| IL lll ! f ! i] “ |
WO oo L hk

——ia
— 1
e
——
— 1
" —._
I
T
- 1
—
=
=
e —

i Llj [ II | ‘ i |
sl )Y ”‘g A AR RRANRARAR RN ML 1N
\ * 0,05 | ’ | A
_1 L —
L. sl |-0.1} -

8384 B85 86 8788 89 909192 93 594 95 9657 95 99 0001 02 02 04 0h 8384 85 86 87 858 89 901 91 92 93 94 95 9697 95 99 00 01 02 03 04 05 8384 85 86 8785 89 90 91 92 93 94 95 9697 95 99 00 01 02 02 04 05
Year Year Year



Average Cloud Droplet Size
as Function of Cloud Optical Thickness
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Tropical Clusters 1983-2001 OE-360E
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MEAN CLOUD TOP TEMPERATURE
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MINIMUM CLOUD TOP TEMPERATURE
VERSUS SIZE
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Composite of Diabatic Heating of Atmosphere with Cyclone Strength
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Correlation of Microwave Polarization

Features and Lightning

Cloud Top Temperature
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