Thoughts on the old and the new
satellite observations and the
cloud parameterization problem







Early results on global cloud distributions

Early results on comparisons with other cloud &
precipitation observations - cth, ice water and MLS, AMSR-
E precipitation, .....
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Two components to the mission design
1. Formation

(CPR)

94 GHz radar

~% « 3.3us pulse =» 500m vertical res, over-
= sampled at ~240m

- ¢ 1.4 km horizontal res.
. * Sensitivity ~ -28 dBZ (more like -32 dBZ)
:  Dynamic Range: 80 dB
~= = « Calibration to within 2dBZ
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The CloudSat Mission

Primary Objective: To provide, from space, the first global survey of
cloud (& precip) profiles and cloud physical properties, with seasonal
and geographical variations needed to evaluate the way clouds (&
precip) are parameterized in global models, thereby contributing to
weather predictions, climate and the cloud-climate feedback problem.

Key nignlignts:

L auncned on April 28tr

Instrument turn on May 20th (4 hour test) & operations began
June 2

alibration

, OVEr namea tropical
ST ISSes thr [ y€ Of trop CyClIoNES

General Initial aata release, Nov: 2006




CloudSat Data Processing Center (DPC)

Satellite Status CloudSat Flies Over Hurricane Daniel DPC News

Order Data

- ; = PR p . See interesting CloudSat
: B ¢ On 23 July 2006, the CloudSat orbit coincided with the position of ;
Latest Quicklook Images o ’ : OVErpasses oh our new

Orbital El t Arch Hurricane Daniel, whose winds were over 100 mph at the time. This i .
DLV AT CIEIS image represents a slice through the hurricane very close to the eye. Case Studies page!

The red purple areas indicate large amounts of cloud water. The blue
areas along the top of the clouds indicate cloud ice. The wavy blue line
at the bottom indicates heavy precipitation likely exceeding 30 mmr
(1.18 inchesr). For a comparison of this image to the MODIS satellite
image of the hurricane, click on the image.

Science Team members:
click here for account
creation instructions.

For more images like this one, see our new Case Studies page!

Submit
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_ Submit |

Create an account

CloudSat's radar was turned on at approximately 14:44 UTC on June
2nd. Data have been collected since and are being evaluated during an
approximate two-month checkout period, after which time products will
be released to the CloudSat Science team and then to the general
science community. Check back for updates on the release schedule.

Data not yet available. Click here to learn about the data products. c European Centra
Weater Foracass




CloudSat Data Products

 Level O (from RSC)

OA-CPR -raw science data
SSOH - stored (instrument) state-of-health data

 Level 1 (geolocation and time added to data)

1A-AUX - Geolocation, time, engr. data
1B-CPR - Calibrated CPR +2dBZ
1B-CPR-FL - Calibrated CPR (First Look)

* Level 2 (science data products)

2B-GEOPROF - geometrical profile* -30 dBZ, 500m, z>1km
2B-CLDCLASS - cloud type classification
2B-TAU-OFF-N - cloud optical depth (off nadir)
2B-LWC - cloud liquid water content LWP~20%
2B-IWC - cloud ice water content IWP ~30%
2B-FLXHR - fluxes and heating rates
2B-E -(Precipitation) TBD
* Level 3 (summary/statistical data products)
Summary statistics on a global 1 degree grid

* CloudSat also is producing a lidar-radar version of geoprof that will
become available as CALIPSO data becomes available




CloudSat’s cloud - precipitation activities

PIA - precip occurrence, surface precip (relies on surface o)

Profile (slope) method of Matrosov (2-5km) extends precip > 10
mm/hr

Bayesian vertical profile of precip using PIA, Z (but could add other
obs) and implicitly accommodates the slope approach

CPR offers higher spatial resolution JF.a other sensors that
directly measure precipitation -

Sensitivity to continuum of
facilitates studying transitior, 1oy'ons and fills gaps missed by both
TRMM and GPM. Connectir g cloud & precip is compelling

Strong attenuation at 94 GHz limits (PIA) retrievals <10 mm/hr

Single-frequency method limits information regarding the dielectric
properties of the melting layer and restricts DSD assumptions

CPR Is nadir-pointing providing only a 2D slice but it is global




CloudSat DPC: CPR footprint & granule size

1 GRANULE =1 orbit of data (~ 40,786 km /~ 37,088 profiles)

“Data Window”
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Top of Data Window « Granule begins on descending node (night side)
« “Data Window” is 30-km high by 37,088 profiles wide

2.5 km
AL

Each
“Profile”
has 125
vertical
“BINS”
(~30 km)

Surface |[= START OF END OF
' PROFILE PROFILE

SATELLITE DIRECTION OF MOVEMENT

—>

1.1 km along-track

98.9 minutes per orbit 14.56 orbits/day




CloudSat - FIRST IMAGE

This segment was the first dump of CloudSat data - 20 May 2006 12:26-12:29 UTC

Location of CloudSat data
segment on a 5-minute
MODIS infrared (10.8u) data
swath.

(approx. 25 minutes prior to
CloudSat overpass)

(MODIS image downloaded
from Goddard DAAC)
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2006 May 20 (140) 11:19 | 1A-AUX | Orb 322 | Seg 22 | Time 12:29 12:26 | Lat 73,3626 | Lon -10.528 CIRA CloudSat DPC




CloudSat - Quicklook Image — Geo and MODIS imagery
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2006 Jul 23 (204) 09:17:42 UTC | 1A-AUX | Granule 1253 Refiectivity: Low I Hoh - CIRA CloudSat DPC

o o P

- fully attenuated, occurs 0.03-0.3% of the time _

508 Time 10:53:24 10:50:13 | Lat 116 23.1 | Lon-135.9-133.3

CIRA CloudSat DPC




2006 104 (183) 034948 UTC | 1A-AUIK | Granule 973 B Time 04:47:13 44402 | Lat 286 71 | Lon 194130 CIRA CludSet DPC | 206 14 185 034948 UTC | 1A-AUK | Ganwle 73 ITlme[]44 A0 044030 | Lat 1753 | Lon 13221347 CIRA CloucSat DRC
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Typhoon lleana 8/23

2006 Sep 17 (260) 03:32:24 UTC | 1A-AUX | FirstLook u Time 05:08:06 05:04:55 | Lat 11.6 23.1 | Lon 494 <168 CIRA CloudSat DPC

Hurricane Gordon 9/16

2006 Sep 16 (259) 16:00:13 UTC | 1A-AUX | FirstLook 19 Time 17:00:49 16:57:38 | Lat 40.1 28.6 | Lon -56.2 -53.0 CIRA CloudSat DPC




The 2B Geoprof and Cldclass

2006189032506_01031_CS_1B-CPR GRANULE_F'_RO1_E01 hdf_ 18000_20000
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Non-precipitating low clouds (and
10g below 1 kKm) need to be

addresseda using other




CloudSol Cloud Coverage (Bose 5—10km)

Clowd Bowd Coverage S—10km, Avg Bk . For

CloudSot Claud Cavaroge {Baas Greater Than 10k
Cloid Boae Goverdge above |0k, Avg Bar; 4.086.0. For Periad 200606

everage (Top Less Than 3km)
an kT, Avg Bos: 40060, Far Period 7
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CloudSat Cloud Coverage (Top
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Zanal Averoge Cloud Occurrence

The point is that such comparison
a IS not without ambiguity - e.g. how

do we represent ‘convective

cloudiness’ ,precip versus cloud
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2006/07/19 — CloudSat Reflectivity Z_,
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¢ GOES Cloud Top Heights |
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Comparison of PIA with AMSR-E

| AlR
R<timmh' - R<timmh'
immh'<R<5mmn' immh'<R<5mmn'
smmh'<R<i0mmh’ ' smmh'<R<10mmh’
R>10 mmh' ] R>10 mmh'

-

PIA-based
precip
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16 days of direct pixel match-ups during August 2006




We are just beginning to quantify the properties
of precipitation as a function of cloud

All profiles, 30°N-30°S, 100°E-160°E
f=0.478

Cloud Top Height (km)




Our research using ARM observations at one tropical site reveals
that tropical convective precipitation falling from multiple layered
clouds is frequent and significant (~40% of total) - CloudSat also
suggests it is a ubiquitous feature of tropical precipitating systems

2006 Jun 7 {158) 05:46:45 UTC | 1A-AUX | Granule 581 31 Time 07:25:33 07:22:27 | Lat-0.0 11.6 | Lon -85.8 -83.3 CIRA CloudSat DPC

" Results from John
'** Haynes’ research




Fraction of total rainfall: & < 1 mm hr™!
JIAY 1BE-E28, EDOS (EE) f=0. 188
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Fraction af total rainfall: 1 <= R < § mm hr™! -
JOAY |BE-201, 2008 (2E) fu(1.477F
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Fraction of total rainfall: R > 5 mm hr™!
JOAY 1B8-201, EOOS |:EE|:| f=0.357
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Thursday 1 June 2006 00UTC ECMWF Forecast t+12 VT: Thursday 1 June 2006 12UTC Surface: **
150°W  125"W  100"W  T5'W 50°W 25°W 0* 25°E 50'E 75'E 100°E 125°E 150°E 175°E

Thursday 1 June 2006 00UTC ECMWF Forecast 1+12 VT: Thursday 1 June 2006 12UTC Surface: **
150°W  125'W  100°W  TS'W  S0'W  25'W  O° 25°E S0°E 75'E ID0CE  125'E  150°E  175°E

Thursday 1 June 2006 00UTC ECMWF Forecast 1+12 VT: Thursday 1 June 2006 12UTC Surface: **
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Frequency of occurence of cloudiness
IDAY 188— 251,2nuu{25]

-180 -120

Frequency of occurence: Precip | Cloud
IDAY 188-251, 2008 (2B)
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Warm cloud precipitation
susceptibility




Results for low, warm clouds

MODIS CIoudSat

t. 1000;f sec
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Thoughts for the workshop




e Observations - what and how?




Simulators iIn CRMs -ie It creates a
Model Equivalent Geoprof product

94 GHz Top—down simulation
Day 52, T

ransect 34




What role CRMs, assimilation and
statistical approaches?

Used to train parameterizations

Can we begin to think
about assimilation of (x,t)

statistics (eg pdf
properties) rather than a

_ _ Iven cloud realization
*Constrain CRMs directly - J

» Use assimilation for
parameter estimation
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Motivation (mine): To advance our understanding of the role of
moist (atmospheric) processes in weather and climate with a goal
toward improving our ability to predict the evolution of
(atmospheric) “‘water systems’.

Energy Redlon of) \\/ater
ey

Interactioy

. Radiative &
Optical properties:
precipitation

[I. Mass of condensed water
. differentiate phase and that
yhich falls to Earth

[11. Microphysical
properties:

V. State information, including
‘macroscopic’, aerosol and meteorology
(motions large & small, thermodynamics ...)




Radiometric classification of clouds
(a)

ISCCP CLOUD CLASSIFICATION
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“TOA channel thinking’

DIF Zonal Mean JA Fonal Mean

LW Cloud Forcing

ME fonal Mean

SW Cloud Forcing LW Cloud Forcing
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J/ given ooﬁrvrnrm of TOA Tluxes
Nacroscopic’ cloud contigurations

FJr‘ viewpoint alone often tends to channel our thinking INte; particuiar
ctions (e.g. lIow cloud) where other viewpoints (_ej atmosphenc fiad
Cing, convection and precipitation) identity (pernaps) otier pPHeHtiES:




|dentifies systematic
differences between the
CRM and observations




¢ Where should our priorities lie with cloud
observations?

¢ What timeliness is required for NWP?

¢ Should models be validated in both NWP modes
and Climate modes?

¢ How can we best use the observations we already
have? Should a centralized database of tests be

organised?
¢ What role can cloud resolving models play?

¢ Can observations be better used in data
assimilation? What is required in order to do this?




¢ Are statistical cloud schemes the way forward?

¢ If yes: What complexity of PDF is required?
(Uni/bi/multi modal?)

¢ What are the alternative approaches?

¢ How will we parametrize the influence on PDF
moments from other processes
(microphysics/convection)?

¢ How do we determine what the main weaknesses
are of our current cloud schemes?

¢ How can we gain confidence in our cloud
schemes and the climate sensitivities they
produce?

¢ What will be the future cloud parametrization
priorities?
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Cloud cluster evolution and the MJO

Cluster trend vs. 9—day smoothed precip rate

I

Cb/TCu

Cu/SCu




World Cloud Cover Pattern

* Cloud mask/

identification /screening

Frequency of occurence: Frecip | Cloud
DAY 188-251, 2008 (28)

Cloud and
precipitation




An early look at Snowrfall
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2006 Aug 29 (241) 21:09:04 UTC | 1A-AUX | Granule 1799 0 Time 21:40:57 21:37:46 | Lat 630 -736 | Lon 1029693 CIRA Cloudsat DPC
*CloudSat’s sensitivity makes it ideal for detecting snowfall.

*The region poleward of 60° Is sampled ~4 times more frequently
than an equal area region at the equator!




Radar-Only Retrieval

» Very preliminary inversion
of CPR reflectivities to infer
snowfall rate

Assumes exponential
distribution of snow particles

N(D) = Nyexp(—AD)

Similar probabilistic
retrieval framework as rainfall
SEEVEL

First goal is detection and
discrimination from light
rainfall
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AQUA-MODIS (500 m/band 4-green)
August 12 (day 224) : 202534 UTC (~1226 MST)
(CloudSat orbit 01551)

CloudSat-TRMM
matches

CloudSat is
supporting the
development of
TRMM matched
data base

—128 —124




Comparison of CLOUDSAT Down-track to TRMM Slant Cross-track
[25 July 2006 / ~2035 UTC (1235 MST): Intersect at 10.39°N / 118.24°W/]

CLOUDSAT




