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Active Atmospheric Cloud/Aerosol/Rad. missions

A-train CloudSAT (Cloud radar)
CALIPSO (Lidar)
Launched !

ADM (Atmospheric Dynamics ( p y
Mission)

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

Launch 2008
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EarthCARE (Earth Clouds AndEarthCARE (Earth Clouds And 
Radiation Explorer 
Lidar+Radar+MSI+BBR on one 
platformplatform
ESA/Japan Effort
Launch (2012) 

Make vertically resolved 
measurements of the cloud 
and aerosol distribution 
such that the radiative flux 
profiles can be modeledprofiles can be modeled 
with an accuracy consistent 
with TOA accuracy of 10 
W/ 2
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or

High Spectral Resolution Lidar
Doppler Cloud Radarpp
Multi-spectral Imager
3 view Broad-band radiometer
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ATLID 
Configurationg

A UV backscatter lidar with High Spectral Resolution Receiver

BeamSpareLaser Combiner

Nominal

SpareLaser
Control

355 nm

Folding
Mirrors

Telescope

Mi R l i hPiez

Mass: < 230 kg

P 308 W

Mie Rayleigh
Separator Detection

Electronic

Piez
oDrivers
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Power: < 308 W

Data rate: < 822 kb/s



High Spectral Resolution Lidar
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Cloud Profiling 94 GHz Doppler Radar
Provided by

Main
Reflector

CP-polarizerSub-reflector

(b)

- Provided by                       -

Deployment
Mechanism

Analyzing 
polarizing grid

Switching 
i

Primary

mirrors

(a)
(d)

Primary
Structure

Radar Assembly Box

Kinematic

Signal Processor 
(Primary)

Power and Control 
Module

Receiver 
(Primary)

EPC/EIK Assembly 
(Primary)

Mass: 216 kg
Kinematic
Mount

Signal 
Processor 

(Redundant)

Transmitter 
(Primary)

Transmitter Receiver 
(Redundant)

Signal Processor 
(Redundant)(c)

Power: 300 W

Data rate: 120 kb/s

F ll d d l i d
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EPC/EIK 
Assembly 

(Redundant)

(Redundant) (Redundant)Fully redundant electronics and
power amplifier assemblies



PASSIVE Instruments
Cloud types

Ice/Water phase
Cloud optical thickness

Effective radius

Multi-spectral imager (MSI)

150 km swath with Effective radius
Aerosol optical thickness

Surface reflectance
Surface temperature

150 km swath with 
7 channels from visible (0.6  um) to 
the thermal infrared (12.0 um) and 
500m resolution

Name        λ (microns)
Vis: 0 659Vis: 0.659 
NIR: 0.865 
SWIR1: 1.61 
SWIR2: 2.2 
TIR1: 8.8 
TIR2: 10.8
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Broad-Band 
Radiometer (BBR)

3 ie s 2 channels
Telescopes

3 -views, 2 channels
SW: 0.2-4.0 microns
LW: 4.0-50.0 microns

B db d h t d
Instantaneous
SW, LW TOA 

fluxes

Broadband short- and 
longwave radiances 
(Wm-2sr-1) with 3 along-track 
views for 10 km pixelsviews for 10 km pixels

35o
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The EarthCARE (+) Simulator

D.Donovan1, P.Baptista2, H. Barker3, A. Bealune4,
J-P Blanchet4, M. Quante5, N. Schutgens1, J. Testud6, 
W Szyrmer4W. Szyrmer .
with input from. J. Cole7, S. Kato8

1-KNMI the Netherlands
2-ESA/ESTEC the Netherlands
3-MSC,  Canada
4-UQAM Canada4-UQAM,  Canada
5-GKSS,  Germany
6-CETP/IPSL France.
7-Penn State, USA
8-NASA langely USA
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Mission Simulator
Quantify the performance of the individual instruments.

Quantify the performance of the platform as a whole Q y p p

w.r.t. mission science goals.

Tool to help develop novel synergetic approaches toTool to help develop novel synergetic approaches to 

dealing with the data (algorithm development).

E d d i l i biliEnd-to-end simulation capability.
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Forward
d l( )

Model
A h model(s)Atmosphere

Synthetic
observationsobservations

InversionsCompare

Monterey March, 2007 



Features
3 D Monte Carlo Radiative transfer codes used for Passive3-D Monte Carlo Radiative transfer codes used for Passive 
instrument simulations.

3 D Monte Carlo simulation of Lidar returns3-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.

Monterey March, 2007 

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



Fragmented  Approach      -Vs- Unified Approach
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Modular unified approachModular unified approach

Contains all atmos. Info
Including explicit size dist. info
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Main ComponentsCollection of 
applicationapplication 
meant to be used 
individually or 
linked togetherlinked together 
by any scripting 
environment

More of a `toolbox’ 
type approach thantype approach than 
anything else

Coded mainly inCoded mainly in 
F90 making heavy 
use of its `modern’ 

Monterey March, 2007 

features.



And Further…..
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Present Retrieval Algorithms

Single Instrument products (for example )Single Instrument products (for example..)
Lidar Cloud mask and extinction
Radar Cloud mask
MSI SW optical depth

Synergetic products (for example…)
Lid +R d l d k (t t l ifi ti )Lidar+Radar cloud mask (target classification)
Profiles of ice cloud effective particle radius
Lidar+Radar+MSI 3D scene reconstruction

Many more could be added !!
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A Sample*
`Simple' sceneSimple  scene

Monterey March, 2007 
*Artistic impression only



Mission Performance 
EarthCARE Simulator - Example atmospheric scene
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MSI 8.6 um

stratus
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Mission Performance 
EarthCARE Simulator - Example atmospheric scene

Extinction

cirrus

MSI 0.6 um

stratus

l stratus

cirrus

aerosol stratus

Lidar
+

Radar

i

Reff

cirrus

stratus
aerosol

Ze
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How to combine things......

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

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 !
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Putting it all Together (end-to-end)

Use lidar+radar + IR MSI channels.

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

Use ICA to calculate brightness temperaturesUse ICA to calculate brightness temperatures

Solve for nadir columns using an optimisation 
procedure p ocedu e

Use off nadir MSI radiances to expand the nadir 
information outwards.

Compute BBR radiances and compare to BBR 
measurements.
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Do you get closure ?   



`Best’ estimate of nadir columns

MSI Vi
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Forward
models
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Radar
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Adjust cloud Size. Dist parameters
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j p
So that results match obs.



Inversion obtained by 
minimizing the cost 
function
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2D track to 3D domain
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MSI images

synthetic 
3D scene

simulated 
measurements

reconstructed 
3D scene

Retrieval
profiles

extinction
extinction

extinction
extinction

extinctionco-polar 
Mie

extinction
extinction

extinction
extinction

extinction
extinction

TOA FLUX 
SW: 244 W/m2

TOA Flux 
SW: 249 W/m2Difference :
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SW: 244 W/m
LW: 238.6  W/m2

SW: 249 W/m
LW: 236.3  W/m2SW: 5 W/m2

LW:2.3 W / m2



True Retrieved

Model 3D scene Reconstructed scene
Thin cirrus case

True    Retrieved
SW TOA (W/m2)    116            121
LW TOA (W/m2)    206.5         213.0

Differences: SW TOA 5 W/m2Differences: SW TOA 5    W/m
LW TOA 6.5 W/m2

Stratus case
True    Retrieved

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

Stratus case

Differences: SW TOA 4 W/m2

LW TOA 1 W/m2
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Some further miscellaneous 
examples….
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HSR lidar aerosol soundings
High Spectral Resolution 355 nm Lidar

PBL Aerosol (10 km horizontal integration)
High Resolution Filter

Rayleigh (molecular)
scattering 
contribution

Mie scattering peak

1. Compare observed molecular 
return with expected non-

tt t d l

Wavelength

attenuated value
True extinction coefficient (α) 
and/or optical depth (τ)

2. Use α to correct the attenuated2. Use α to correct the attenuated 
backscatter (βOBS) (βTRUE) 

3. Derive the true lidar ratio α/β ~ 
ice crystal habit and aerosol 
size / compositionAdditional information:

Shape of ice particles and aerosols: from cross-polarisation channel  
Distinguish anthropogenic from natural aerosol: from cross-polarisation

Monterey March, 2007 

Distinguish anthropogenic from natural aerosol: from cross polarisation 
channel and lidar ratio
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Cu scene
( k f )(Taken from I3RC test cases)

Visible nadir reflectance
At 25 m resolution (low sun 
angle for dramatic effect)angle for dramatic effect)
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Optical Depth



Example CU views EarthCARE

Idealized Ze

Lidar
Extinction

Monterey March, 2007 Larger particle sizes near Cld. top But still Difficult for Radar. Lidar only penetrates 
few range gates into clouds but many holes Aerosol soundings



Ecare vs Csat StratocummulusEcare-vs-Csat Stratocummulus
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Recent work

•MSC sponsored work to extent codes to 
ground/aircraft based platforms.

•Partly in support of CSAT/CALIPSO 
validation campaignvalidation campaign

•Parallel version of the SW MC code

•Met. Radar module

Monterey March, 2007 



CASE of frontal ice cloud

Lidar from Space

R d F S
0.6 microns 12 microns

Radar From Space

Monterey March, 2007 
View from above



Csat measured Correlation

Aircraft measured k1km off-set || track||
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Total sky imager
RGB image

Composite of
red, blue and green
radiance imagesradiance images
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S llSnow squalls 
as simulated 
usingusing 
Japanese 
CrESS model
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Mass Calipso para.

C liCsat Calipso perp.
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Met Radar ModuleMet. Radar Module
High res area embedded in lower 
res `background’res background .

Radar Refraction and Earth’s 
curvature effects 
included.

Radar

Non-Rayleigh 
scattering is includedscattering is included

No Pol. (yet ?)
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Etc..

T ReconstructedTrue Reconstructed
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Ze Vd

Same kind of 
studies can bestudies can be 
done looking at 
Vd
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Future Ongoing Developments 
(under ESA contract)

Before After

(under ESA contract)
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science data & processesinstruments & system new /to update elements External contract



Conclusions

•EarthCARE can be viewed as CSAT+CALIPSO+ but on a 
single platform.
Will provide important information on global cloud and•Will provide important information on global cloud and 

aerosol properties. Continue the Csat/Cal record.
•The EarthCARE simulator represents a new approach forThe EarthCARE simulator represents a new approach for 
multi-sensor simulation studies.
•It 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 

ti t h t l ff ti l !questions to use such tools effectively !
•New ESA project underway to upgrade the simulator. 
Source code to be (mainly) free and open
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Source code to be (mainly) free and open



Short-Wave Bands
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Long Wave bands
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Default Scattering types

Monterey March, 2007 



+
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Should target thinner ice clouds to check MS 
effects for CALIPSO

Aircraft
Flying below
At 5 km

CALIPSO
At 5 km

Here tau underestimated
By 50% if MS not takeny
Into account
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SW cirrus

LW Cirrus

SW
Monterey March, 2007 

SW water
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End-to-End collection of toolsEnd-to-End collection of tools
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Radar
simulator

Lidar
MC codesimulator

SW
MC code

LW
MC codeMC code MC code
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