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A ) N%ﬁ
All-weather radiative transfer calculations arE
Cost function for 3D-Var Data Assimilation:
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Relation between the observations (y ) and the forward operator (H) can be
expressed as:
y = H(X,pp,0s) + E

x state vector, pp, parameters such as size distribution of hydrometers, psindicates
the scattering parameters (e.g., phase function, scattering coefficient, asymmetry
factor) The scattering parameters highly depend on the shape of hydrometeors and

current CRTM cloud lookup tables assume spherical shapes for all hydrometeors
(frozen or liquid)!
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The Discrete Dipole Approximation N@ﬁ
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wef v f '.z,.:'",,';,'g 2 !' absorption are approximated by a
::' : | *0:-.:';5';: P finite array of small polarized
g r - . v . .
- S '3‘;:;:;',;',", [ dipoles. DDA was originally
w e rw p ® introduced by DeVoe in 1964.
The dataset was developed by
Eriksson et al (2018) using the
IR Amsterdam DDA (ADDA, Yurkin et
AN R, ) .
YRR al., 2020) and includes single
S scattering properties of a large
"'m.g.,j'zfg‘g'g',‘g',t';' number of frozen and liquid habits.

Laczik et al., Appl. Opt. 35, 3736-3745 (1996) Used with permission
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ARTS DDA Database NAsA
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(a) Plate type 1 (b) Column type 1

(¢) Thin plate (d) Thick plate

v, 4 v U

(f) Short column (2) Long column (h) Ice sphere

(d) Large/small column

() Evans snow aggregate (D) Tyyneld dendrite  (c) 8-column aggregate
aggregate

aggregate

¢

(e) Block column

(e) Large/small block (g) ICON hail

(f) Large/small plate (h) ICON snow

aggregate
aggregate

(i) Icon cloud ice . .
(j) Gem cloud ice (k) 6-bullet rosette (1) 5-bullet rosette

~ S

'
(m) Perpendicular 4-bullet '
rosette

(i) GEM snow (k) Spherical graupel (1) ICON graupel

)

(0) Perpendicular 3-bullet (p) Flat 3-bullet rosette
(n) Flat 4-bullet rosette rosette

(q) Sector snowflake (m) GEM graupel (n) Liquid sphere

(a) Single crystal. (b) Aggregates and liquid habits
Single crystal, aggregate, and liquid habits included in the database generated by

Eriksson et al. (2018). Note that although habits "h" and "j" may look identical in the
image, they have different aspect ratio.
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The Phase Functions
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Backscattering Coefficients
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Particle Size Distribution N@kﬁ

Diameter

Particle size distribution is used to compute bulk scattering properties from single scattering data

Modified Gamma Size Distribution: N(D) = NoD" exp(=ADY) ~ m™>m~*
k [o0,(D)n(D)dD [o,(D)n(D)dD 2
Mass Scattering Coefficients: * = [m@)nD)dD [ p(D)V(D)n(D)dD m-.kg
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The radar equation N@ﬁ

The radar equation can be formalized as follows:
10187\4
RS k,, 2" P
10187\4
R, = |k |2 By

m* m?m=—*m! => mm®é m=3
m*m?m=—*m! = mmé m=3
(00]
Bp =f o,(D)n(D)dD m*m~*m! > m™1!
0

The unit for R (reflectivity) and Ra attenuated reflectivity are in m® m=—3and 108 is used to convert the
unit to mm® m=3. This is in turn converted to dBz or decibels by taking Re = 10/og1o (R) or Rea =

10/og10 (Ra). The dielectric factor (kw ) is calculated using the complex permittivity of the liquid water,
|kw |2 =0.75.

Transmittance (attenuation) depends on both scattering and absorption coefficients.

I'(r) = exp (—2 jrsatke(r)dr> = exp <—2 Z r(i))

1 i=rq
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Observed and simulated
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Tangent Linear and Adjoint of Active Radar Module
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Conclusions NQ‘P

CRTM radar simulator as well as its adjoint and tangent linear are

implemented and tested

A new scattering dataset generated using the DDA method was
implemented into CRTM and evaluated using a collocated reanalysis and

satellite dataset

The radar module takes advantage of different CRTM atmospheric

absorption and cloud scattering modules

The radar module can be used for the assimilation of observations from
instruments such as CloudSat CPR, GPM DPR, and EarthCare CPR.

The active module is implemented within JEDI/UFO and ready to go!

Work is in progress to evaluate the active module within the JEDI DA system
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