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Features

» 3-D Monte Carlo Radiative transfer codes used for Passive
Instrument simulations.

» 3-D Monte Carlo smulation of Lidar returns.
* Realistic Noise levels calculated via instrument parameters

» All instrument treated in a consistent fasnion. Crude
Instrument specific parameterization have been avoided.

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

Built primarily for Ecare but isbeing adapted for aspects of
the A-train !




Radar Lidar
—/— simulator
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KNMI
In order that the results be truly useful

fﬂPﬂUﬂUOM

» All theinstruments must see the same atmosphere and
surface

> Crude instrument specific parameterizations/relationships are
being avoided

» Atmosphere/clouds/aerosols must be defined at a low-level' (i.e.

All instrument modules must ultimately draw on the same
microphysical cloud and aerosol properties)

* A flexibleinput strategy is needed

» A common Universal File Format' has been defined and a

tool to create ssmple scenes in this format has been devel oped
» Model dataistrandated into this format
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Modular unified approach

Model
Fields

Simple
Scene
Creator

Translator
or
Merger
Scene
—p»—
(UFF File)
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Utilities/Libraries
—Aerosol scattering data

—Cloud scattering data
—Atmospheric Transmission
—Etc.
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End-to-End collection of tools
User ’~ SCENE | >
Input ‘ +
CALCULATE
FLUX PROFILES
‘ ‘ ‘ h 4 +TOA
 PASSIVE.
LIDAR RADAR INS.
DHS- DHEr I DBS.
v 7 \ |
RETRIEVAL OF OFTICAL AND PHYSICAL
PARAMETERS
CALCULATE
FLUX PROFILES | 3
+TOA
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A Sample*

“Simple' sceng

*Artistic impression only




Simple Scene
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Putting it all Together (end-to-end)

> Uselidar+radar + IR MSI channels.

> Model with free-parameters related to height resolved
mode radii and scattering
typet+temperature+smoothness+ expectations

> Use ICA to calculate brightness temperatures

> Solve for direct nadir columns using ssmulated
annealing optimization procedure

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

> Compute BBR rdaiances and compare to BBR
measurements.

> Do you get closure ?

i
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Model:
For each z; where Mask(z;) =1

Ngis 1 ( R
Rms,is F('}’s,is) Rms,is

(’TE is_l)
NE i8 1 ( R ) ’
_— ¥ ﬁﬁjp —R ng?

ng?is F(’]/E ,3-3) RmE,ES [ / 3'3]

(’Ts,is _1)
) exp|—R/Rmy ;]

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

1. sy, (iss, (1s = 0 for water, is = 1 for ice)
2. Rms,im Rmi,is

3. v’s are fixed

[ R ”UHU/’IIWU@M

JANIDUL M7




Cost function:

Lobs(12) — Zeaicl? :
C(Nis, Rimis) = Z (( : (;Z}_%obs(iz; (ZZ))) N
[ (Brid,obs (12) — 5udcazc(iz)))2
+ R ; ¥
; \ 0 Brid,obs (12)
-+ Z /(a’iid,obs(iz) — aiid}caEC(iz)))z
Complicated iz \ O, o0s (1)
thmenvioca minime] . ( (i) ~ Rimiy - 2\
15 iz \ 6Rm5(3)}%3(zz) /
d log(Rmugs) s (i2)) |
by (elfimesi)
dlog(exty(s)is(iz))
I ]
Btobs,ic - Btcaic,ic ’
X T icz::fi( 5Btob3,.ic )
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Use a Simulated Annealing approach

If only downhill steps are used

o | it is easy to get trapped ina
.8 local minimum
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2D track to 3D domain
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MSI images

reconstructed

synthetic simulated Retrieval
3D scene

3D scene measurements profiles
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NICT J4XA

model 3D scene Reconstructed scene

() Thin cirrus case
» True Retrieved
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g | i
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e Stratus case
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Other Points;

Package can ingest data from different sources:.

Altitude [lom]

log,g CPR Raflactivity [4Bz])

10 20 30 40
X Distance [km] (Y= 1.00 [km])

“*"" Example from MSM (super-parameterization) field
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=== Conclusions |

*The EarthCARE ssimulator is a powerful, flexible package.
*Detailed but iswhat is required to do the job right.

*But..its slow. Should be moved to a parallel machine.
*Surfaces could be improved.

*| ce scattering info also should be improved.

*End-to-end procedure experimental but highly promising.
*SW MSI should be incorporated into end-to-end procedure.

*Users manual and final report in preperation.
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Conclusions Il

> The 3-D information content of the ECARE combined
measurements is high.

» End-to-End studies show that innovative self-verifying
procedures can be implemented.

> Asaby-product, accurate Rad-to-flux conversion factors
are generated on an instaneous case-by-case basis.

> 10 W/m?instaneous TOA flux accuracy for the retrieved
atmospheric column on the 10 km scale is an achievable
goal.
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...« Donovan and Van Lammeren. K‘:;._ﬁl
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Basedonfact that 7= = F(RLyy) (5 7 F(Rery))

R’Ef( 9 <(M:ISS(D)1P:|2>) R (£<(MHSS(D);’,9)>)

eff

1611 {Area(D)) 4 (Area(D))

Conversion from R’ to R . depends on crystal type
and nature of size-dist

Extinction isretrieved using Klett-like' boundary
value method

Multiple scattering is accounted for using a modified
form of the model due to Eloranta.

Validated using CLARE'98 data.
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Basic Considerations

The lidar extinction must first be extracted from the
lidar signal (or, equivalently, the observed lidar
backscatter must be corrected for attenuation).

Pss(2) = Cliaz 2 Pa(z) exp {—2 /z Of(zf)dz’}

Observed signa Backscatter
Calibration
Constant

Extinction

determination.

to estimate an effective particle size.

Ze used to link backscatter and extinction and facilitate extinction

The retrieved extinction (corrected backscatter) can then be used

AT I
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=+« Effective size for ice crystals

Exact treatment of scattering difficult (impossible?)
However :

A
P4
=

|ce particles are large compared to ———rem
Aiig (Optical scattering regime) - 1091
|ce particles are small compared to
A, (Rayleigh scattering regime)

144

o ((Mass(D)Ip))

R,Ef(lﬁﬂ <Area(D]> )

Z./ /o0 (mm®/m®) /(100 km)~

Confirmed using DDA and RT 1079 e
calculations 10 100 1000

. R .« microns]
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L A N X

Backward (Klett) inversion KNMI

(S(2)/S(zm))"/*

5 + 3 I (8(2)/8(2m)) " d2?

Must estimate extinction at z_(cloud bottom looking from space)
Difficult to do directly if one only has lidar info
Use smoothness constraint on ratio of derived extinction to

reflectivity (derived lidar/radar particle size)
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Must also account for multiple scattering




R'VS-R . for ice crystals

ef

N ( 5 <(Mass<nw>)

16 IT <Areu(D)>

R [ microns]

Must know relationship between
crystal Mass and maximum
dimension (D) in order to
predict Ry and IWC !

1::-':?'

Compact Polcrpatals FoF,
—— GComples Polporystal [ oo 8"
— S i _:l.ll"

3 {(Mass(D)/p))

Rﬂf(? {Area(D)) )
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Pxcy
Example: Use of 8.3-9.4 um MSI channel

Can help pin down Habit+size dist. dispersion !! '

R’.. = 20406080100 110

0.5
— 04F
]

1]

o
L 0.3}
%

o
€ 02}

0.1 ;

0O 20 40 60 80 100 O 20 40 60 80 100
Rgg[microns] Rgy[ microns]

***®  Bi-modal plates Bi-modal bullet rosettes
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Faflachly [CEx]
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..« Lldar/Radar Inversion Procedure

Retrieve

R0t

Lidar+Radar
Signals

Habit/size
dist form
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Beyond direct lidar+radar KNMI

*Frogedure works fine when lidar+radar both see al theice
cloud.

*Even if all clouds are seen we still must make
assumptions regarding ice habit.

*Can we fill in the gaps and help reduce ambiguity?

*Comparing Emissivity of ice-clouds at two IR
wavel engths where the absorption properties of ice are
different can be used to estimate the size.

*Same sort of ambiguities regarding habit and modal
nature of the size-dist are present but the information is
complementary to the lidar/radar R’ size info !!
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EarthCARE Simulator - Examp
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