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Active Atmospheric Cloud/Aerosol/Rad. missions

4
CloudSat CALPSO o KWI
PARASOL ] PV )
Avra_ TR ®CloudSAT (Cloud radar)

®CALIPSO (lear)

®8ADM (Atmospheric Dynamics
Mission)

&Doppler Lidar. Wind is primary
product but cloud/aerosol products
will be generated.

®&|_aunch 2008




®EarthCARE (Earth Clouds And
Radiation Explorer

®Lidar+Radar+MSI+BBR on one
platform

®8ESA/Japan Effort

&L aunch (2012)

Make vertically resolved
measurements of the cloud
and aerosol distribution
such that the radiative flux
profiles can be modeled
with an accuracy consistent
with TOA accuracy of 10
W/m?




LHigh Spectral Resolution Lidar
Doppler Cloud Radar
Multi-spectral Imager

3 view Broad-band radiometer
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High Spectral Resolution Lidar
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Cloud Proflllng 94 GHz Doppler Radar

Main
Reflector

Sub-reflector

CP-polarizer

i

Analyzing

Deployment g polarizing grid

44— Mechanism

Switching
mirrors
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Structure 2D
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= (Primary) Signal Processor 9—
Radar Assembly Box / / (Primary) O
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PASSIVE Instruments

Name A (microns
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Broad-Band

X
o
Radiometer (BBR) 5
3 -views, 2 channels z
SW: 0.2-4.0 microns
LW: 4.0-50.0 microns 5
o
<
L
)\ | Instantaneous
SW, LW TOA
fluxes
v
2
=
9000 S\’
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The EarthCARE (+) Simulator

DDngvan1 P.Baptista?, H. Barker3, A. Bealune#,
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JTool to help develop novel synergetic approaches to

dealing with the data (algorithm development).

JEnd-to-end simulation capability.
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Incident solar radiation, date, time
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3
0000 ml

KNM
» 3-D Monte Carlo Radiative transfer codes used for Passive
Instrument simulations.
s 3-D Monte Carlo simulation of Lidar returns.

> Realistic Noise levels calculated via instrument parameters

» All instrument treated in a consistent fashion. Crude
Instrument specific parameterisations have been avoided.

» Both simple user defined scenes can be treated as well as
complex scenes derived from cloud resolving model data.

Built primarily for Ecare but is inherently adaptable to other platforms and
Instruments !!




RCM
LWCIWC/Reff)

:
1 + ~

RCM
-Water Microphys.
-Aerosol Microphys.

-Ice size dist.

!

Create all scattering

Passive Sensor Radar Lidar Lab " .

-E xtinction, Zevs-LWC -E xtinction RS LG eﬂf

-g,omega etc., ZevsIWC Bacls cattering ?eeded-by all instrument

in a unified manner !
Y Y Vv l
r
Passive Sensors Radar Lidar Passive Sensors Radar Lidar
Simulation Simulaton Simulation Simulation Simulation Simulation

SYPAI
(ERM Simulator)

EarthCARE
Simulator




Modular unified approach

M.Odel a Tranosrlator )
Fields Merger

Scene

(UFF File)

* models !
* >
Utilities/Libraries

—Aerosol scattering data

—Cloud scattering data

—Atmospheric Transmission

—Etc.

o0 _ _
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Collection of

Main Components

- - /\\
application o
Forward Model Programs
meant to be used lidfilter A 3-D Monte-Carlo lidar multiple-seattering engine.  The
1 /i code accounts for polarization and spectral effects
Ind VI d ual Iy or lidar A lidar instrument module which simulates the lidar optical
1 filtering and other instrument effects. This application relies
I Inked together on the output of 1id_filter
1 1 radfilter Creates idealized radar reflectivity () and radar Doppler
by any SC“ ptl ng velocity (Vy) fields.
: radar Samples the output of rad_filter and accounts for radar
enVI ron m e nt sampling and instrument effects.
MC_simmain A 3-D Monte-Carlo code for caleulating Top-of-Atmosphere
(TOA) short-wave radiances as well as Fluxes throughout the
domain.
MC_IW_simmain | A 3-D Monte-Carlo code for caleulating Top-of-Atmosphere
t h th (TOA) long-wave radiances as well as TOA Fluxes
ype approach than
anyth I ng EISe Retrieval Programs
lidar_retl Processes data from 1idar and radar and generates level
1 profile output products.
1 1 mai_ret Uses the output of MC_sim_main and MC_LW sim_main
COdEd mal n Iy I n to generate standard MST level 1 2-D cloud and acroscl prod-

FO90 making heavy T

lwonsi_lidar_radar | Combines the output of lidar_retl together

use Of ItS h m Od ern ’ MC_LW_simomain in order to retrieve the 3-D elond prop-

erty field.

features. c
-t
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And Further.....

Utility Programs

scene_creator

Generates a scene file in the so-called simulator Universal
File Format (UFF). The UFF file generated can be a *simple-
scene’ based on direct nser input. 2cene_creator can also
be used to facilitate the translation of more complex clondy

scenes (i.e. those derived from eloud resolving atmospheric
models) into a UFF file.

extract_quantity

A utility for extracting 2-D *slices’ of varions quantities from
a UFF file

extract_quantity_hor | A utility for extracting 2-D integrated column values of var-

ious quantities from a UFF file

extract_quantityv_3d

A utility for extracting 3-D ficlds of various quantities from
a UFF file

uff_merger

A utility for merging two UFF files together in the vertical

uff_averager

A utility for creating a lower resolution version of a UFF file.

Graphics Programs

plot_slice A utility for plotting the results of extract _guantity, lidar,
radar and |, 1idarretl.

plot_hor A utility for plotting the results of extract_gquantity_hor
and , mei_ret.

plot_2d A utility for producing 3-D plots from the results of ex-

tract_quantity _3d.

plot profile

As plot_glice but plots vertical profiles.

plot profile_comp

As plot_alice but plots vertical profiles from two different
data files together

merad_quick plot

A atility for plotting the results of MC_sim_main and
MC TW_simmain.
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Present Retrieval Algorithms

» Lidar+Radar cloud mask (target classification)
« Profiles of ice cloud effective particle radius
o Lidar+Radar+MSI 3D scene reconstruction

Many more could be added !!

Monterey March, 2007
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A Sample*
"Simple' scene




Mission Performance
EarthCARE Simulator - Example atmospheric scene
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Mission Performance
EarthCARE Simulator - Example atmospheric scene
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vess HOW to combine things...... Y
KNMI
> How to put things together in a useful (optimal) fashion.
> Lots of room for new ideas.

> Optimal estimation combination of separate products ?
> Neural networks ?

> Model to observation approaches ?

» Can only hope to find a range of possible
atmospheric states that fit your observations which
are likely not complete'

» Treat the problem explicitly as a optimisation problem
using an underlying model !




Putting it all Together (end-to-end)

AN/

K

NM

> Use lidar+radar + IR MSI channels.

> Model with free-parameters related to height resolved
mode radii and scattering
type+temperature+smoothness+a priori

» Use ICAto calculate brightness temperatures

> Solve for nadir columns using an optimisation
procedure

> Use off nadir MSI radiances to expand the nadir
Information outwards.

» Compute BBR radiances and compare to BBR
measurements.

£ Do you get closure ?




"Best’ estimate of nadir columns

altitude

Retrieval

Forward

models

N ¥ ipjuiuoy

Lidar
profile

Radar
profile

Adjust cloud Size. Dist parameters

ceee So that results match obs.
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Cost function:

C'(Nis,

113)

Inversion obtained by
minimizing the cost
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2D track to 3D domain
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synthetic
3D scene

3\,6!:7

simulated
measurements

co-polar

% Pstance k] (¥ 20 [am])

TOA FLUX
SW: 244 W/m?
LW: 238.6 W/m?

MSI images

Retrieval
profiles

reconstructed
3D scene

X Distance

X—Distance [km]

Loy,

Difference:
SW: 5 W/m?

LW:2.3 W/ m?

TOA Flux

SW: 249 W/m?
LW: 236.3 W/m?

Monterey March, 200/
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NI teigne fimf 100

NSO tigtt fimf 100

&3

‘Q)ﬁ.&" Heinst fimf]  FO

‘Q)ﬁ.&" Heinst fimf]  FO

0.015

Extinction [1/m]
=]
2

SW TOA (W/m2) 116 121
LW TOA (W/m2) 2065  213.0

Differences: SW TOA 5 W/m?

SW TOA (W/m2) 286 290
LW TOA (W/m2) 274.9 273.9

s« Differences: SW TOA 4 W/m?

Thin cirrus case

True Retrieve

LW TOA 6.5 W/m?

True Retrieve

LW TOA 1 W/m?

Monterey March, 2007
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HSR lidar aerosol soundings

High Spectral Resolution 355 nm

Lidar

Rayleigh (molecular)
scattering

contribution\A , High Resolution Filter

/Mie scattering peak

300 m -
100 m I resolution .

resolution

2.
10 100 107 10% 107® 1072 | 3.
Signal Backscatter [m 'sr™'] Extinction [m™!]
Additional information:

Compare observed molecular
return with expected non-
attenuated value

True extinction coefficient (o)
and/or optical depth (t)

Use a to correct the attenuated
backscatter (Bogs) = (Brrue)

Derive the true lidar ratio a/p ~
ice crystal habit and aerosol
size / composition

@ Shape of ice particles and aerosols: from cross-polarisation channel

a Distinguish anthropogenic from natural aerosol:

eeee Channeland lidar ratio
Monterey March, 2007
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ECARE lidar CALYPSIO lidar
AL L 1L AL L, L
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log,,{Signal) [Photens,/ km] log,,(Signal} [Photons,/km]

Figure 71: Comparison between the MC results of total power and the results predicted by the model
of Eloranta for (Left) the EarthCARE confiqguration (altitude of 450 km and a full-angle fov of 0.0735
mrads) and (Right) a configuration similar to CALYPSIO (A = 532nm, altitude=705 km, full-angle
Jov 0.26 mrads). Here the Cirrus cloud is based upon in-situ measurements made during EUCROS.
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Recent work

validation campaign

eParallel version of the SW MC code

Met. Radar module
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Total sky imager
RGB Iimage

Composite of
red, blue and green
radiance images
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Met. Radar Module

mNon-Rayleigh
scattering Is included

mNo Pol. (yet ?)

Monterey March, 2007
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X[Km] (from Radar)

log,,( Unattenuated Reflectivity)

X[Km] (from Radar)

20

Monterey March, 2007
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i
X[Km] (from Radar)

Scan angle = 5.50 Deg.

)
—40

20 o =
¥[Km] (trom Radar)

Scan angle = 5.50 Deg.

om0 o =
¥[Km] (trom Radar)

“Monterey March, 2007

\AnIsul Yos130|0I09IN SPUELIBPaN )”{"P’“-'UON




ATL.'.D ATLID [
specifics ATLID

E

CPR » crr L L[ LevelO 4, _1,lLevel 1b Geophysical

specifics 1| CPR CPR R retrievals
E (Level 2
[ r— ..

sp(l\:c?flics M E Lel\)llgll o I-e;»llleslljm

processing)
il pmli= et
> BBR [T LevBe'IQO > —IyfLevel1b| | seophys, retrieval | | Level 2 products

scenes
cloud, aerosol
temperature,
pressure, ...)

CALCULATE
FLUX PROFILES
+TOA

GRS

Calibration
Geo-location

Sun and orbit

Co-registration

information oy
. specifics P LB BBR (Reconstructed |
/ ; —_——— tmos. scenes:
/ Forward ' AoM-consisent] o
PASSIVE. > Modeling 5 ey LD
LIDAR RADAR INS B (including '
. 3 - H
OBS. OBS. OBS E sun glint) : ADMs Radiaive
T Y Y 3 transfer
w I
° ' ' i
v 3 SN IS i l S —
o
RETRIEVAL OF OPTICAL AND PHYSICAL g e~ Reconsucted
< Pointing Retrieved TOA
PARAMETERS 3 errors TOA fluxes fluxes
> from BBR
* S
b5
CALCULATE }ZéPA £ —— Retrievals evaluation
FLUX PROFILES » RT g TOA
+TOA PARAMTERS 8 fluxes
"g Inconsistent scenes identifier
o
2 Fluxes comparison <
E
> Scenes comparison <
instruments & system science data & processes I new /to update elements I | External contract
o000 Ca

Monterey March, 2007




KNMI
EarthCARE can be viewed as CSAT+CALIPSO+ but on a
single platform.

*Will provide important information on global cloud and
aerosol properties. Continue the Csat/Cal record.

*The EarthCARE simulator represents a new approach for
multi-sensor simulation studies.

oIt should prove very useful for the development of new
synergetic retrieval techniques.

*Useful tool but it is not magic. One still have to ask good
guestions to use such tools effectively !

New ESA project underway to upgrade the simulator.
Source code to be (mainly) free and open



Short-Wave Bands

Broad-Band Short Wave 0.2-4.0 » m

Center A | Gasses Center A | Gasses Center A | Gasses Ceonter A | Gasses
(,2040098 | U4 0.277380 | U4 0.204507 | Os (.317148 | Oz
(.344614 | O DARLIRT | Oy [.428872 (g (482614 Og
(,528597 | O 0.544707 | HsO 0.55792T7 | O4 (1.385172 Ha() O
0611836 | O .645182 Hs0O O5 | 0.675333 Os 0.694179 Ha() O5 O4
(.723040, | HaO 0.766254 | Osg 0.817004 | HaO (.866138 | Ha)
0929973 | HaO L.O090% Hs0 1.11501 H,0 1.33592 Hs0)
1.56311 H50 CO5 | 177179 Hs0O 205465 HoO COy | 2.21263 Ho0)

2. HRRG6 Ha O 0o | 3.28830 Ho O Og | 380445 Ho©O COg | 4.27991 HoC) 1o

Table 8: Center wavelengths used for broad-band short-wave caleulations and relevant gasses.
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Long Wave bands

Long-Wave 4.0-400.0 ¢ m

Center A | Gasses Center A | Gasses Clenter A | Gasses Center A | Gasses Center A | Gasses
Ot | Hao 120784 | Ha0 IECET BT 154545 | HaO TTI60R | Halr

.00 1 Hy O 502513 Ho 50761 HyO 512820 HyO 58135 Ha(h

5. 235600 Hy 5201 Hatd 5. 34755 HyO 540541 HyO 5 AGL48 Hatd
552436 Hax 553659 Hatd 5.64972 Hal 571429 Haty 5. 78085 Haty

521 TS Hy O GOT1E Ha) G ORE02 HyO 6.06061 Hy0O 6.13497 Ha(d
G.21118 Ha . 280931 Hah 6.36943 Haty fi.45161 Hah 653505 Haty
662252 Hy O 671141 Ha 680272 HyOr 6. 555 HyO 6. 95301 Ha(
TN Ha TAMM Hah TR Haty 7407 Hah T 51 RE Haty
T.633549 Hy 7751 Hy0 TATAO2 HaOy Og | 8N HoO g | 513008 HaOr Oy
B.26446 Hz O Oy B.40336 Hay Oy R.A4TH Ha(y Oy | B.649565 Hatk Oy | 5.54956 Ha(r O
4.0HAEN Hy O Oy 17N Hatd (g 43457 HoOr g | 9581 Hor Qg | 970874 Hq O Oy
MR Ha O Oy 101010 Hatd Oy 10, 3042 HaCr Oy 10.5M3 Har Oy 10,7527 Had Oy
101 =0 Ha O Oy 11. 560 Htd 11.494% HqO 11. 7617 HyO 1202 Hy Oy COy
12,3457 Ha O OOy [ 12 6582 Hy O COy | 12,9870 HoO COy | 12,3333 HaO COy | 13,6986 Ha O COy
14.0845 Ha Oy Cg | 144528 HaOr C0g | 1459254 Ha(r OOy | 1535846 Ha(r Clg | 158730 Hay OO
16. 3534 Hap O OOy | 165092 Ho OOy | 175455 Hatd 0y | 151818 HaOr COy | 18.86T4 Ha Oy COy
156078 Har Cidg [ X 4082 Hatd 21.2766 Hal 22.FR} Haty 232558 Haty

4. 32 Hy O 5 6410 Ha) 02T HyO IRETI Hy0O 30.3030 Ha(d
3225381 Ha AR Hah Fr.o3T Haty A0 (WD Hah A3 ATHS Haty
ATH1H) Hy 52.6316 Hy0 58,8235 Hqy 0O 66.666T Hy (O 76921 Hay(y
0 HaCh 111.111 Hih 142 857 Hath 200 KD Haly 331343 Haly

Table 10 Cemter wavelengifs w2ed for broad-bend long-waeve colewiattons and relevand gosses,
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K
O
]
=
: Al
Default Scattering types =
=~
2
D
Name Pmin 1crons| | roar No. of sizes 8—
Cloud Water 1.0 SR 50 =
Drizzle 10.0 5000 |10 =
H3S04 25% 0.01 0.0 | 30 Q.
wn
HaS04 50 ARIN 1010 A0
1,80, 75% 001 0.0 |30 =
Soot ANIN 1010 S0 '(‘D"
Sea Salt .01 10,0 30 2
Dust ANIN 101 S0 @)
Columns (perfect) | 1.75 GA0LO | O
Columns (rough) | 1.75 GAL0 |8 G%
Plates (perfect) 15.0 GALO | 6 0
Plates (rough) 15.0 650.0 | 6 -
Ice .5 SIIRY 50 >
Snow (large ice) | 25.0 2500.0 | 50 &
—t
-
c
=

LK X Table 2: Default scattering types.
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Model:
For each z; where Mask(z;) =1

(7s,is —1)
Ns,z’s 1 R ’
(V,is—1)
NE,@'S 1 R ’
Rt is T'(,is) (ngﬂ-s) exp|—It/Rimy;|

where is is the scattering type (water,plates,columns etc..)
(water and ice are assigned before hand via masks.)

Free Parameters:
For each z; where Mask(z;) =1

L. sy, qiss, (2s = 0 for water, is = 1 for ice)
2. Rms,z’s: Rm!,ﬁs

3. 7’s are fixed

I 7 IN ’,f!’)IU!uO>I
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Should target thinner ice clouds to check MS

effects for CALIPSO

1st order
2nd crder
ard order
4th order
oth order

II\IIIHl Il IIIHII| 1 \IIIIII‘ L1111l 1
1000 10* 10° 10% 107

108 10°

10gm(Signa1) [Photons,/lm]

1st order
2nd order
ard order
4th order
5th order

L1alll III\IIIII 11 11 I\III\IIl L
10 100 1000 10* 1¢°
log, ,(Signal} [Photons km]

Figure 7: Comparison between space-based and aircraft based signals (at © = 1.5 km) showing
amount of multiple-scattering signal expected,
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