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Outline

High clouds
Water budget and uncertainties of cloud ice in the upper troposphere

Aura MLS 240 and 640 GHz
Cloud-induced radiance (Tcir) and IWC morphology

CALIOP 532nm backscatter (f5;,) and MLS-path integral (y;;,)
Derived y,;,-Tcir and S5;,-IWC relation

Low clouds
Blind side of the curtain and nadir views -> Multi-angular views
MISR high-res cloud height and cloud motion
A-Train and future sensors for observing cloud processes

What is cloud?
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High Clouds
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o & 532 nm Total Attenuated Backscatter, /lkm /sr  Begin UTC: 2009-03-31 02:04:02.3962 End UTC: 2009-03-31 02:17:31.0832

Version: 3.00 Nominal Image Date: 06/17/2009
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s IWC from MLS, CloudSat, ECMWF

(
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Sensitivity to Cloud Microphysics in Models

- Ice-phase supersaturation allowed

- New scheme for crystal sedimentation Tompkins et al. (2007)
- New scheme for snow autoconversion rate Waliser et a. (2009)
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MLS, CloudSat, and CALIOP and on A-Train
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CALIOP-MLS:  y,;,—T, Relations

Monthly Statistics
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MLS Forward Model (ice cloud emission radiation)
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Bs;,—-IWC Relation
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Probability Density (m3/mg)
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CloudSat and CALIOP IWC

CALIOP noise: ~0.1 mg/m3
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UT lce Mass Probability Distribution

100 hPa
20 " wswe '
0 (1 o B L LA LR IR R L AL %) - CloudSat IWC ]
- g 1.0 _ MLSH20 7
Height=12 km > - CALIPSO (this work)
- . £ 1.0F .
RO4 o | :
— — — -Hogan s 0.5 7
10° - = of _
S Sayres 0.0 : AR ,
- CEPEX 15630 9 60 30 0 30 60 90
CRYSTAL 8154 Latitude
*
146 hPa
.i' 10? - 15[ " MLS WG '
s I CloudSat IWC
- MLS H20
g ?E,, 10 CALIPSO (this work) 7
; T E I
B 5F .
T i
? 10* . =
0 : T :
-90 -60 -30 0 30 60 90
. Latitude
215 hPa
10° N 30 " MLS IWC '
\ %) c Cloudsat IWC
£ : MLS H20 E
\\_ S 20 CALIPSO (this work) E
E :
@ 10F
1071l ind il o —S:
0.1 1.0 100 100.0 1000.0 10000.( 0t - ]
IWC (mg/m°) 90 60 30 0 30 60 90

Latitude



National Aeronautics and
Space Administration

Jet Propulsion Laboratory

California Institute of Technology
Pasadena, California

Limitations of Curtain and Nadir Views

No, this is not a hurricane. Although the two sides of this storm are
symmetrical,|the cloud-free zonel|in the center is far too large to be the

m Cloud and Precipitation eye of a hurricane.
Processes:
3D _ P
108 m - 1008 km 2006 Aug 13 (225) 19:29:57 UTC | 1A-AUX | FirstLook B Time 20:24:11 20:21:00 | Lat 17.1 5.5 | Lon -1027 -100.2 o Gl Do
Inhomogeneous
Dynamic tropical convection

off the Southwest
coast of Mexico, a

m Other dimensions

product of the
: Inter-Tropical | o
Doppler lidar/radar Convergence Zone
Advanced vis/IR multi (ITCZ) near the ! Pz AT
. equator. .

-angle imagers — 4 R
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radiometers [Notice that the '
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GOES-11 image as
well.
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Low Clouds
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Pasadena, California

Multiangle Imaging SpectroRadiometer (MISR)

Detecting cloud height and wind
with stereoscopic techniques:

Along-track parallax:
-> cloud height

Cross-track displacement:
-> cloud motion

cloud-top
height

parallax
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Multi-Angular Views

MISR
Nadir £26°, +46°,+60°, +70°
672, 866 nm movies
400-km swath
275 m - 1.1 km resolution
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Von Karman vortex street near Jan
Mayen Island
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Time lapse:
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Height Profiles (ASL) for 011863—B81—P1
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Dynamics and Cloud Processes (2)

Height Profiles (ASL) for 047143—B114—F1
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Dynamics and Cloud Processes (3)

Resolution: 1.1 km
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Height Prefiles (ASL) for 03571-B62—-P1
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MISR
mid-level clouds

boundary-layer clouds \
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Vertical Profile of Winds
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Future Cloud Observations from Space
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m Science objectives
ESA-JAXA Cloud properties

Aerosol properties

The Earth Clouds, Aerosol, and Cloud vertical velocities
Radiation Explorer Drizzle rain rate
(EarthCARE)

= Technologies
Cloud profile radar (JAXA)
Atmospheric lidar
Multispectral imager
Broadband Radiometer

BBR
10 km x 10 km

Sampling < 70/100

Sampling 1 km
averaging 10 km

- - BBR Nadir view
10 km x 10 km
Sampling < 10 km

MSI
500 m x 500 m
Sampling <500 m
Swath 150 km
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Favncne Cattora o8 NASA
Aerosol, Cloud, and Ecosystems (ACE)

m Science objectives
3D cloud structure and occurrence

Microphysical and macrophysical cloud and
aerosol properties

Cloud vertical velocities
Aerosol-cloud interactions
Cloud-precipitation interactions
Cloud-radiation interactions

m Technologies
Dual-Freq (94 and 35 GHz) radar
Lidar
Multiangle spectropolarimeter
Multiband spectrometer
Microwave radiometers
Others

spectrometer microwave

Fine mode Typical

aerosol Cloud Raindrops
droplet

10
Particle Radius (pm)
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Future Cloud Observations from Space

W -
= GOES-R 6&\ WindCam

\% X
= Doppler dual-frequency <<\ er
cloud/precip radars (,°°

m Doppler lidars

m Advanced vis/IR multi
-angle imagers (winds

parallax
and clouds) WindCam
MISR WindCam
e 2§ O -
! 9 narrow angle cameras, | 1 wide angle camera,
= High-frequency u-wave 4 VNIR bands 1 red band
1 View angles: View angles: CAMERA
ra d Iom ete rs Nadir, 26°, 46°, 60°, 70° | Nadir, 40°, 60°, 70°
. . Resolution preserved by | Resolution preserved by oo
[ | G PS rad 10 OCCU Itat|0n varying the camera focal | varying the detector sizes
lengths vs. angle vs. angle
f B I_ I Mass: 150 kg Mass: 17 kg
o clou d S Power: 75 W Power: 23 W N S
Data rate: 7 Mbps Data rate: <3 Mbps : ,;7«' “\;2\\ i
Spatial resolution: 275 m | Spatial resolution: 250 m 4 W4 5('\ N
400 km swath 1000 km swath < & 8 N N
I I Global coverage - 9 days | Daily global coverage
(Courtesy of David Diner) L Flight direction ———
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Multi-Angular Views

= MISR
Nadir £26°, +46°,+60°, +70°
558, 672, 866 nm
400-km swath
275 m - 1.1 km resolution
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Dynamics and Cloud Processes (4)
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