! . w -
' 5 gy ~
i i, |I"1 .#

Cloudsat,CALIPSO, and reconcill

_Graeme Stephens
B0k tmos _SCi_, CSU

g




Radar + lidar,
Spectrometer +
sub-mm radiometer
+

Radar +
spectrometer

Early
concept

1993- 1995 - early mission concept
emerged,...

1996- ESSP was born, missions under

S90M
1998 - ESSP II- cap raised to $120M. This

forced the separation of lidar/radar into
‘competing’ mission

Breckenridge - 2009 2



April, 28th, 03.02am
2006

1998/9 - The selection of both CloudSat and
PICASSO (CALIPSO), opened the path for a
virtual radar/lidar observing system and
formed the A-Train



3dio)

An ‘observing system’
that views Earth in a
variety of ways — each
providing different
information the
processes that shape
out climate system

Breckenridge - 2009 4



A climate record?

CloudSat and the A-
Train 2014777

EarthCare —
20147 -20187?
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Outline

1. CloudSat and CALIPSO

2.Some results not discussed

3.A little of the expected
4.A little serendipity and the unexpected
5.Simulators, model verification & assimilation

6.A little science — ‘reconciling the virtual world of climate
modeling with the real world of climate physics’—the character
of rain, the properties of low clouds

7. Summary

Colgado Breckenridge - 2009 6
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Mission goal: Provide, from space, the first global survey
of cloud profiles (height, thickness) and cloud physical
properties (water, ice, precipitation) needed to evaluate
= and improve the way clouds, moisture and energy are
- represented in global models used for weather forecasts

and climate prediction.

The Cloud Profiling Radar (CPR)
eNadir pointing, 94 GHz radar

* 3.3us pulse =» 480m vertical res, over- sampled at
~240m

e 1.7 km horizontal res.
e Sensitivity ~-28 dBZ (-31 dBZ)
e Dynamic Ranee- R0 dR

We demonstrated that formation flying was indeed

practical and capable of proving observations with
enough precision for science — CloudSat and
CALIPSO FOVs overlap 90% of the time

{L_ Breckenridge - 2009 7



Product ID Description

1A-Aux Auxiliary data for navigation altitude
assignments, raw CPR data
1B-CPR Calibrated radar reflectivities
2b_geoprof Cloud geometric profile —includes a cloud
& 2B-geoprof- mask (with confidence measure),
lidar reflectivity (significant echoes), (gas)

attenuation correction, and MODIS mask

2b-cldclass 8 classes of cloud type,
including likelihood of precipitation & mixed
phase conditions

2b-tau Cloud optical depth by layer, also effective
radius (column) from matched MODIS

2b-cwc Cloud liquid water content
(2B-LWC),Cloud Ice water content
(2B-IWC) -

2b-fixhr & 2bflx-lidar TOA, surface and atmospheric (profile) of
long and shortwave fluxes

Ancillary and Various matched products including
enhanced ECMWF met and other data

Other available products include global precipitation, snow, enhanced ice microphysics, surface
winds, TRMM PR matched to CloudSat, CALIPSO aerosol, MODIS cloud properties, ....

Clofmrsdio i - 8
gm\gﬁs;:; Breckenridge - 2009
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HALD SIMULATIONS -

STUDENT OZONE
- - OBSERVATIONS

KATRIVA AND THE WAVES
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= oo

EONE, 08/ - Clomdsatl Exflectivitr Z,

I'_ -dw -ad - - -l b [} [ [ i ot LR

Height {km)

SRS e

SOGAPT  Premears {mb)

ST

Posselt et al., 2008 Luo et al., 2008 uﬂ _m e e

Breckenridge - 2009 9

Qogrado



1 CALIPSO

*Objective: Improve our understanding of and ability
to predict aerosol and cloud effects on Earth’s climate

Two-wavelength backscatter lidar (532

and 1064 nm)
 profile information on aerosol and clouds
e multiple channels provide information on
particle size
Depolarization lidar channel at 532 nm
e discriminates between spherical and non-
spherical particles (e.g. droplets/ice)
Co-aligned IR and Vis imagers
* Information on cirrus particle size
* Meteorological context

Qollgmadio Breckenridge - 2009 10
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2 A few highlights not emphasized %@ﬁ

e Deep convection — Luo et al (2008) introduce a method for determining cloud top
buoyancy - 0.02% of the tropics is occupied by deep undilute convection.

* First global aerosol forcing estimates above cloud layers

 Aerosol indirect studies are beginning to reveal the influence of aerosol on precipitation
(Lebsock et al., 2009, L'Ecuyer et al., 2009) and the lack of a discernible Twomey effect

* Analysis indicated the vast majority of PSCs form with larger scale synoptic weather
systems (Zhang et al. 2008)

* Clouds radiatively heat the global atmosphere by ~ 8W/m2 (L'Ecuyer et al., 2008).

* We can now deduce the rate of the conversion of cloud water to rain (Stephens and
Haynes, 2007; Suzuki and Stephens, 2009) and the character of this transition (Suzuki
and Stephens, 2008).

* Profile information is beginning to suggest the need to re-interpretation of previous
fixed ideas about cloud ‘regimes’ - more than half the rain from the tropics falls from
multi-layered systems (not strictly deep, Haynes et al., 2008) and the deep cloud mode
of ISCCP is primarily thick high over thick low clouds (Mace et al., 2009).

Qollorado Breckenridge - 2009 12



# 30An expected result: first real estimate of the incidence of

oceanic precipitation

DJF, 2006/2007 .
AMSR-E incidence 5%

Annual mean

a] 1 T | - T
* Rain Retrieval Certain
® Rain+Snow Retrieval Certain
08k & Rain+Snow Retrievals Prob/Cert -

c

=]

B 0.

e

- | I [ [ [ [ [
(=18 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
E 0. . Fr-equency

CloudSat incidence (11%)

505 “EQ “SON

CloudSat incidence looks like COADS surface obs
(Ellis et al. 2008) but other data (e.g. microwave
radiometer products) don’t (Petty, 1998) -

0.00 0.05 0.10 0.15 020 025 0.30 0.35 0.40 0.45 0.50
Frequency
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3. Expected result: ice mass suspended in the sky %‘]E‘

S

(b)

60.000
40.000

20,000 [T - _ —

0.000 0o _n0

Evaluation of models has been made

ambiguous by the way parameterizations
stitch clouds together Stephens et al., 2008

Iy
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Global ‘datasets with high resolution vertical profiles — valuable source of L\,_,_‘

data to validate and to inspire model developments

EXAMPLE: Global Ice Water Content vs. T distribution -

Current cloud scheme New prognostic scheme CloudSat
(ice) (ice+snow) (3 week composite)
' 1 80 @l 1

=70

-80

Temperature [deg O]
1
= =

]
[~
i=]

-20

B -5 —4 -3 -2 ; -6 -5 -4 -3 -2 7 % 5 4 3 2

oalWe Tka m~* oalWC [ka m™} log{IWGC [kg.m-3]) (/Q/Z'/?G/"d FO/"beS)
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Mode/ verification

Model Ice Water Path (IWP) (1 year climate)

Current cloud scheme with diagnostic snow
. | '

[ 500
..... @
..... = - __ e W
..... an Wl o
..... e
lllll 1 1oa
..... = gg
..... @
80
wen I
o 70
e
&0

-2

Observed Ice Water Path (IWP)

5
Yo BOE 120E 180 120W BOW o

fii———
5 10 20 30 40 -] 70 80 a0 100 150 300

Waliser et al. (2009), JGR

The new scheme (with separate
prognostic liquid and ice variables and
prognostic snow included in the
definition of “lce Water Path”) is closer to
the CloudSat estimate. Tuning to obs has
has constrained model sedimentation

Breckenridge - 2009 17
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4. Some Serendipity

Lidar —ocean properties
Relation between Sea Surface Lidar Backscatter v and

Mean Square Wave Slope ( <s°> or <tan“6> )

Surface Backscatter v =
laser power * atmospheric attenuation * sea surface Fresnel reflectivity

* fraction of the wave slope surfaces captured by the lidar receiver (8=0)
= C* [ sec*s/<tan®e= exp(- 0.6 tan®a / = tan®s = ]

=C [ <tang>

ARTEE-E wnd |mds)

Yong Hu,
LaRC

L | s %iv} D 04 i G080 il 0 iR
CALPS] Wawe Sope WVenance: 120 shols sversoe
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[ 1.1 mis
Bias; -0.04 mi's

Courtesy
Yong Hu, Larc ¥
i
iC i L] d 2 F 1 L | Ei
Wind Speed Difference: ANMZR - CALIFE0
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Ocean surface also can be used for lidar calibration
and directly retrieve AOD

| B N ]
“‘ ...

= Aerosols I e
] e o o -
n ° o .
e . e = [H0
osneres E

C

A\ J\J\J\\ N\ J\J\ N\ N\ N\ N\ NN\ NN\ J\ N\ N\ J\ N\ NN\ NN\ N\ J\ N\ J\NJ\J\J\J\J\ N\ NN\ N\ N\ J\ N\ N\ N\ J\ NN\ N\ J\ N\ NN\ J\J\ N\ N
I I

Already used for TRMM and Cloudsat CPR calibration (Tanelli et al., 2008)

eTransmittance analysis using large signal (high signal to noise ratio), no inversion
eUsable day and night

Sizire
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6, CLOUDSAT surface
echo from R04
- 60 0 =
operational product -
=
corrected for H20 = e
attenuation and SST 501
variations (using Linear domain
AMSRE = &
) + *Foam - wm " s
-D“’ formation - 1500
30+
- 1400
20+ 300
200
10+
100
0 0
0 0.02 0.04 006 0.08 0.1

Lidar surface echo y, (sr-1) corrected for
molecular attenuation

There is a unique relationship between CALIPSO and CLOUDSAT surface return - use Cloudsat
sigma-0 to determine surface return of lidar and then derive the optical depth of aerosol ivia
transmittance (exactly the same method used for cloudsat rain)



Aerosol 2
Optical Depth
CALIPSO/CLOUD 15l
SAT =
o
)
o -
O 1r 1
2 Lk
0.5
; )

"5
MODIS AOD

Number of occurrences

(log10)

1-31 August 2006 (Gulf
of Guinea, fire season)

e CALIPSO/CLOUDSAT
Josset et al., 2009
0.5

Accurate AOD at the size of lidar spot (accurate cloud screening),
No microphysical assumptions so not affected by non sphericity problems (dust)
(main problems in MODIS retrievals Remer et al. 2005)



5. Simulators

CFERMIP

Cloud Feedback Model Intercomparison Project

The CFMIP Observational Simulator Package (COSP) - To facilitate the exploitation
of CloudSat, CALIPSO data in numerical models,

*Model verification, data monitoring as well as data assimilation require a forward
operator to match model output with observations —

— Adaptation of existing forward operators:
» CFMIP Observation Simulator Package (COSP)
— to be used mainly for model validation
» ZmVar - ECMWEF reflectivity model used before for 14 and 35 GHz adapted
— to be used for data assimilation

Coliggado Breckenridge - 2009 23



Simulator in the UKMO model

Bodas-Salcedo et al., 2009

Zc_lol_zwg)
From 2007/02/26 14:15:25 to 2007/02/26 14:20:42

15
H
: o little IWC
20 T e e S0 =
2 L . ..
g ......................................
I Il oo 0 o BB B e ALLEIERREIIEEEE
Bl = B B e
B |G W 1 e e e
0
l.n'n' -1 Lon: =25.18

Lat: 62.51

Spurious
Light rain

Effective Reflectivity Factor (%jBZL)
At 13:137 on 26/ 2/ 200

=]

Deep
evaporation
zone

Height above sea level (km)

Lon: ~15.63 500 1000 1500 2000 Lon: -25.04
Lat: 43.51 Distance (km) Lat: 62.33
T |
40 30 20 10 0 10 20

CALIPSO VEM - Feature type
From 2007/02/26 14:15:31 to 2007/02/26 14:20:50

10

Multilayer

5

1&ight above seaflevel (km)

ha-‘%m

Mixed-phase=—
Lon: —15.64 500
Lat: 43.55
I
Invalid Clear Cloud

ﬁ..Cuc.& cLUH)

1000 1500
Distance (ki)

Aerosol Stratospheric Surface

s |
Subsurface
WICTUNCII1 IUSC -

2000 Lon: -25.04
Lat: 62.33

No signal 2 4

LIV

A = S

o)



Global histograms: 2006/12 — 2007/02

CloudSat
Frequency of occurrence

(a)

CloudSat

Height / km

n

Heig

=40 =20 0 20

Undefined
T T
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

.. Height / km

MetUM N320L50

Frequency of occurrence Strong
dependence
of NOwith T

UKMO N320L50

10

Two regimes.
Rain/drizzling or
not

40 0\ S o This is for rain
>0.05mm/hr

0 025 05 075 1 1.25 1.5 1.75 2

Bodas-Salcedo et al., 2008

Reflectivity / dBZ Reflectivity / dBZ
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Aerosol assimilation - Saharan dust
outbreak: 6 March 2004

and 670/675nm (lower)

2 o
11 Cape Verde Daka|r
1.6 =
1.4 1.75
L2 Assimilation 1
& e
-
-y o
T T T T T T T T T 4] T T T T T T T T
25 1 =2 2 4 ) 11 v = g 10 2% 1 b3 3 4 o 5] T

FEE FFR:

Morcrette et al., 2008; Benedetti et al., 2008




. CALIPSO feature classification along 9670 km of
-Train orbit between 26/06/2007 00:36:2 d 26/06/2007 01:00:01
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1.Accumulation - amount of precip
accumulated over some time period —typically
expressed as a rain rate — in climatological
applications this is the most frequently analyzed
form of precip used to compare to models —the
accumulated precip on large space and long
time scales is controlled (constrained) by
energetics - ie it has to be ~ 3mm/day globally

2. Character of precipitation (accum =
frequency X intensity ) much less focus but
essential to most hydrological applications
and to many precip-related climate
processes. There is no obvious constraint on
this pair of characteristics.
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Coloes
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Intensity: CloudSat AN-PR

More than 3000 orbit crossings
between CloudSat and TRMM (&
growing) in the CloudSat AN-PR

Comparison of 2c-precip-column (already released) -
Berg and L'Ecuyer (in preparation) also Ellis et al.
2009

TRMM PR { 3450, 172.50)

—Z5 —Z0 —15 —10 -5 0 L=} 10 15 20 25 30 35 40 45 50 55 80 65 F0 dBZ

Rain Rate Distribution for PR/CloudSat Matches Rain Weighted Distribution for PR/CloudSat Matches
700 1.0

1 . TRMM PR (RoinFreq=3.5%)
] N CloudSat (RainfFreq=9.4%)

I TRMM PR

] ‘accumulation ——

occurrence

w
2
& 420 0.6
5
2
£ 280 0.4 —
=

Rain Weighted Obs (normalized)

| LA L I e LB

o 0.0
0.1 0.20.3 0.5 1 2 3 5 10 20 30 50 100 0.1 0.20.3 0.5 1 2 3 5 10 20 30 50 100
Rain Rate (mm/hr) Rain Rate (mm/hr) |
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--=- TRMM-PR
--- GPCP I
AMSR-E
— CloudSat

o
[0¢]
1

o
(o)]
1

Accumulation

o
~
1

New level 3 rain product
(‘mergers’ cloudsat and

tmrm pr)

T

30 4 50 60 70

-60 -50 -30 -20 -

We are seeing much more frequent rain and much higher accumulations in the

winter hemisphere than has been evident in other data bases —is this true?

30 30
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We use CloudSat observed frequency and intensity for JIA
(2006)

Special experiments performed using ECMWF forecast model
(JJA 2006), UMKO climate model (JJA 5 yr seasonal) and early
versions of AM3 and CAM

Upscale CloudSat (1.7km) to model resolution (ECMWEF, 0.5
degree, UKMO 1.25 degrees, 2 degrees for other two models)
via averaging along track

Compare to model properties employing the lower CloudSat
threshold of 0.05mm/hr also up-scaled to relevant model

resolution
Work in progress

olgrado Breckenridge - 2009 31
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In progress

Data Source Incidence Mean Rain rate
mm/day

CloudSat 0.11 2.86

(native)

CloudSat (0.5) 0.212

ECMWEF 0.679 2.83

CloudSat (1.25) 0.309

UKMO 0.493 2.65

CloudSat (2) 0.372

CAM 0.880 2.71

AM-3 0.908 2.94

CloudSat

NICAM (7km) 0.27

NICAM (14km) 0.34

‘.. IA Oceanic Precipitation Model Comparison Summak®
e

accumulation

o m—
L )

Breckenridge - 2009
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0.45 -
0.4 - CloudSat 2 degrees
0.35 -
m CloudSat
o 03 -
c
o 0.25 - 0 CAM
§ 0.2 -
© 015 - 5 AM-3
0.1 -
0.05 -
O 1 I - ]
<0.1 0.1-1 1-10 10-50 »>50
Instantaneous Precipitation (mm/day)
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Is this merely a consequence of apples n oranges? le
studies have show how the predictive skill of regional
forecast models is not apparent on scales less than

~10AX

or

are there a fundamental issues in the way rain
processes are represented in global models?

Breckenridge - 2009 35
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e Low oceanic clouds = identified by MODIS low cloud mask (uses
cloud top temp and other properties)

e Onlysingle layer clouds (as determined by lidar info) analyzed

e Statistics accumulated over one JJA and one DJF seasons

------------- 3 12—~ T T
Lidar based cloud - Fractional occurrence |

“\top heights 1-0F

1.000f °

0.1005' :'

0.010}

normalized counts

0.001 L oot b
0 2 4 6 8
cloud top height cloud top height

« The low clouds accumulated primarily lie below 4km

Coliggado Breckenridge - 2009 36



Overcast MODIS averaged to AMSRE FOVs

300 T T T T T
: |
_ 256 . K .
£ | . @
S 192f :
a L
=
~ 128} K .
o 128f
5 | . ]
o L i
= 64r y 5
CH ]
O PR RS PRI N —" L PR T T— |“
0 64 128 192 256 320

AMSR LWP (g/m2)

For the sampling applied, LWP derived from
two different approaches methods agree over
the range 20 - 200 g/m?2

Model

1.000F 7~ TTT ==
12 ;--"AM—S;{E
[
3 0.100¢
Q [
©
[(}}
N
©
€ 0.010}
O L
C

0.001 N N T

1 10 100 1000
LWP (g/m2)

Water contents not only of ECMWF AR4

Colosgo
e s
--”"l';'.".'.'ll':"; f

Breckenridge - 2009 37



Modal rainfall probability is ‘bi —modal’ very light or ‘heavy’

Model

Ocean global Cloud Tops < 4km altitude

Probability of Precipitation > Threshold

Liquid Water Path (g/m2)

1.2[°
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Observations

:“ 0.05 mm/hr
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\ Mean (all) ~ 18 um

Mean no rain ~ 16um
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" Z“Contoured Frequency by Optical Depth Diagram (=

-

\

(CFODD) for several R21 ranges (OCEAN)

Sampled only Tau_modis>1 Nakajima, Suzuki, Stephens (2009) in progress
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“#Contoured Frequency by Optical Depth Dlagfq, -

(CFODD) for several R21 ranges (LAND) -
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NICAM-SPRINTARS
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/. Summary

Models lack a third drizzle mode clearly
evident in the observations of both
particle size and in the radar reflectivity

What is emerging

The
consequences

Clouds

No drizzle mode in
radiative properties,
too little low cloud,
no optical depth
Feedback (e.g.
Colman et al., 2001)
, unrealistic
microphysics and
aerosol influences

Too frequent, too light

Precipitation

Y
U/

Too wet, too bright

Unrealistic filtration
& runoff, unrealisitic
wet deposition and
rain out, weak
diabatic heating &
storm development
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/. Summary

A consistent picture is emerging on the topic of (warm) rain and
its representation in models- it appears that by digging into the
processes, we can conclude that models make rain too rapidly
that falls out too readily with the end result that rain occurs too
frequently (and by inference too lightly) compared to the real
world.

Thus the entire character of model precipitation differs from
reality.

An obvious next step is to develop the parameterization of the
coalescence process that maintains a presence of drizzle and
that is expressible as a function of particle size
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This pst 3+ years has been an
amazing journey

Thanks



Processes: warm rain — timescale of coalesence

Model-derived
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Summary:

1)Low clouds dominate the global TOA CRE via their influence on sunlight
reflected to space.

2)The reflection of solar energy by a cloudy atmosphere is controlled by cloud
amount, the water path and particle size and changes to these properties
underlie hypothesized cloud-climate feedbacks.

3)The presence of drizzle in low clouds is prevalent enough that it has an
observable consequence on the mean radiative properties of clouds (e.g. 18
LM mean particle size).

4)There are preliminary hints that the representation of low cloud radiative
effects in models may be significantly biased high (water contents too large,
particle sizes too small, optical depths too large and the amount of sunlight
reflected by a given volume of cloud too large).
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Model comparisons (preliminary) &=k

UM
d) Mogel-GERE RSE

| speculate these low cloud
biases may be common to most
models

(e.g. in cloud AR4 model LWP ~
200 g/m?2)

—60— 30 80
Example of a low ¢ oudrJ

albedo bias (Allan et al., 2007)
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Suggested interpretation

Apparent effective
radius(R21) 14um 20pm 25um
LAND transition
(Strong Updrafts)
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OCEAN transition
(Weak Updrafts)
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- Cloud reflectivity in dBz

CloudSat observations

e Cloud reflectivity from 94GHz radar
Period: 7 February 2008, 3:37 — 3:50 UTC

Il >20dBz
15dBz<Z< 20dBz

10dBz<Z< 15dBz

5dBz<Z< 10dBz
B 5dBZ<Z< 5dBz

-10dBz<Z< -5dBz

-15dBz<Z<-10dBz

-20dBz<Z<-15 dBz
I <-20dBzZ
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normalized counts
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Drizzling/raining low clouds are wetter, contain larger particles are optically thicker
and and reflect significantly more solar energy than non-raining low clouds
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Precipitation Incidence

Seasonal totals,

Precipitation Incidence by CTL/CTH, JJA 2007 2.5° grid boxes
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« Low cloud: Stratus regions A new perspective on the same picture: low

* Middle clouds: higher latitudes (probably an clouds dominate ?UCh _Of the tropics and

effect of a lower tropopause) subtropics

* High clouds: ITCZ, entire Indian and West Pacific _. Differences are due to multiple cloud layers

basin : : o : ) ‘

Particularly in west Pacific and Indian basin, where
cirrus are ubiquitous T
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cloud to rain

Suzuki and Stephens, 2008

When droplets grow by vapor deposition, the mass
increases but not the number concentration

When coalescence occurs, big drops grow by collecting
little drops - that is the total droplet number
concentration is reduced but the total mass of water
doesn’t change

The differing sensitivity of the various A-Train
observations to particle size, when brought together are
now revealing new insights on the warm rain process
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Processes: The warm rain transition il

The observables

Z,: layer-mean radar
reflectivity

g 31 LUP(AMSR -E)
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Processes: suspended rain water is almost
entirely missing in models...

Large domain CRM

A-Train Observation single moment

10 F ) 0 _ B ; D F __ Z~R": N=cunhi,|cm'_;| /E
F— [__—-JR\_\: h:cnmt.[cm\| ; E Z.-"'R.-\E q=const.[gm"] e
E - --Z~R. :q=const[gm"] A 2 I
g OF E of E
= 1 § é
Z -10F £ o -10F =
2 1 N ]
S s ] c ]
N 20F E 20F E
) 3 30k 5
1 10 100 1 10 100
R (AMSR-E/MODIS) [micron] R, [micron]
global
NICAM-SPRINTARS Mod RAMS double moment
10 F . . ,\\/ ; N é — Z___"-RL_J'_': N=um.~st.|cm_=| & /:
E— Z__~R__;: J\=u:n~a1.[cm=| N F o __Z~R_:q=const[gm"] oL
F---2Z~R :gq=const.[gm"] A B -
0 l 0 "é
g 1 g ¢
] £ ] m E g
s -10F bulk 3 S -10F <
Nf i N ]
20F 2, E 20 F E
TR z E nt
30k o7 ] anf o & ;
1 10 100 1 10 100
R, [micron] R, [micron]

Colgado Breckenridge - 2009 57

A



" Z“Contoured Frequency by Optical Depth Diagram (=
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(CFODD) for several R21 ranges (OCEAN)
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“#Contoured Frequency by Optical Depth Dlagfq, -

(CFODD) for several R21 ranges (LAND) -

4<R21<6pm 6<R21<8pum 8<R21<10pum 10<R21<12um 12<R21<14pm

400  e— - m

Qatical Depth [no unit]

-20 -10 ) 10 20 ]
RITLELAY Ahwe  Rodar Reflectivity [dBZe]  ue Rt AY Aheee  Rodar Reflectivity [dBZe]

Degmsal ety Radar Reflectivity [dBZe]

v

v

Condensation growth R21=14pum

14<R21<16um 16<R21<18um 18<R21<20um 25<R21<30um

0.0

a00F =

Qotical Depth [ne unit]

Radar Reflactivity [dBZe] Radar Reflectivity [dBZe] . Degmsalwe s . Radar Reflectivity [dBZe]

Radar Reflactivity [dBZe]

—> Drlzzllng > Drizzle to Rain —— Rﬂzibum ———> Rain » Decay
Colgrado Breckenridge - 2009 59

SiEre
Nakajima, Suzuki, Stephens (2009)

LA




Suggested interpretation

Apparent effective
radius(R21) 14um 20pm 25um
LAND transition
(Strong Updrafts)
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The Dreary Extra-Tropics

Total Seasonally Accumulated Precipitation
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The new results suggest that it rains more (in amount as shown) and frequency(not
shown) than other observations indicate or is predicted by climate models,
especially in the winter season.
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Aerosol optical depth at 550nm (upper)
and 670/675nm (lower)
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CFMIP

Cloud Feedback Model Intercomparison Project

The CFMIP Observational Simulator Package (COSP)

To facilitate the exploitation of CloudSat, CALIPSO data in numerical models, we are
developing a system that allows to simulate the signal that CloudSat/CALIPSO would see
in a model-generated world. It is a flexible tool to simulate active instruments in models
(climate, forecast, cloud-resolving). The ISCCP simulator is also included in the package.

There are several groups involved in the project:
Met Office Hadley Centre
LMD/IPSL (Laboratoire de Météorologie Dynamique/
Institut Pierre Simon Laplace)
LLNL (Lawrence Livermore National Laboratory)
CSU (Colorado State University)
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Product ID Description

1A-Aux Auxiliary data for navigation altitude
assignments, raw CPR data
1B-CPR Calibrated radar reflectivities
2b_geoprof Cloud geometric profile —includes a cloud
& 2B-geoprof- mask (with confidence measure),
lidar reflectivity (significant echoes), (gas)

attenuation correction, and MODIS mask

2b-cldclass 8 classes of cloud type,
including likelihood of precipitation & mixed
phase conditions

2b-tau Cloud optical depth by layer, also effective
radius (column) from matched MODIS

2b-cwc Cloud liquid water content
(2B-LWC),Cloud Ice water content
(2B-IWC) -

2b-flxhr TOA, surface and atmospheric (profile) of
long and shortwave fluxes

Ancillary and Various matched products including

enhanced ECMWF met and other data
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Top Users by Center

(> 1000 files downloaded)

United Kingdom The Netherlands

EAPRS Lab. De Montfort University Royal Netherlands Meteorological Institute

UK Met Office Norway | | Sweden

i i Norwegian Meteorological Institute DNMI 25ere
Canada Bz:xz:z:g g; g:;%'}gg 9 9 Chalmers University of Technology
; ; ; France Italy
Dalhousie Universit ECMWF
McGill University Y ICARE/LOA  University of Bologna Germany )
. CEPT CNR-ISAC Max-Planck-Institut f. Meteorology, Hamburg
Environment Canada - -
CNRS University of Bonn

Meteorological Service of Canada
University of Quebec at Montreal

United States

Caltech

Florida State University
Harvard University

NASA JPL

NASA GSFC

NASA LaRC

NASA MSF

NASA ARC

NCAR

Naval Research Laboratory
Pacific Northwest Labs
Texas A&M University
University of Florida Miami
University of Maryland
University of Miami

South Korea

Seoul National University
Yonsei University

Inst of Satellite Info Sciences

Last month -
15+ Tbytes of data
distributed world-

University of Washington W|de
University of Wisconsin-Madison
Lawrence Livermore National Lab
Colorado State University
University of Arizona
Georgia Institute of Technology India China Japan
A|r_ Forc_e Weather Agency INUPMEER Bejing University Advanced Earth Science and Tech Org
kJ/Ir:_lrversny of Colorado Chinese Academy Meteorological Sciences Japan Aerospace Exploration Agency
UCLA Institute of Atmospheric Physics Kyoto University
Lanzhou University National Institute of Info and Comm Tech
mg\ﬁﬁ Post Graduate School Nanjing University Info Sci and Tech Osaka Prefecture University
University of Science and Technology Tohoku University
China National Meteorological Center Yamaguchi University

National Defense Academy
A — . Nagoya University
ML&@ BreCken rldg( Center for Climate System Research
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A new dimension to Earth

Observation: ISCCP example
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Multiple Layered Cloud Systems

How often does oceanic precipitation fall from multiple layered systems?
DJF 2006-2007
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