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Outline
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Visible bands: using geometric ray tracing calculations for

randomly oriented hexagonal ice particles (Fu 2007)

using weighted average of Mie-scattering, ADT, GOM
& FDTD methods (Fu et. al 1998)

The aspect ratio - AR is identified as key parameter to

determine asymmetry factor g (instead of D, )

Suitable also for complicated ice particles such as bullet

rosettes, aggregates with rough surfaces, and fractal crystals

Extended particles size range- [5 um- 300um] by using 7000 size
Modified Gamma Distributions (MGDs)



Definition of AR and D,
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Generalized Gamma Distribution

&
N(L) = NOLH(?_}\L TYNRODA MWD
u=1[0,1,..,14], L = %1 = [5um, 3000 pm], § =1

total of 7000 distributions

Examples:

L = [50,350,...,3000]
p=20
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Fitting B¢y (Dge)
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Band 1 [1.53um, 4.64um] Band 2 [0.7um, 0.53um]

3 = (ay+a,-D, +a, -D‘,‘: )/ (a3 +a;-D,, +as Df +ag - _,:, 3= (ay+a,-D, +a, -DZ )/(as +a4-D, +ay Df +ag le )

[

a0 = 540018.894101 a0 = 60879.701930
al = -58078.501692 o) al =-17192.092402
a2 = 2575.723613 a2 = 1943.604133
a3 = 878.104246 a3 = 3.040565

a4 = 138.038190 a4 = 23.442144

a5 =-20.710343 $ a5 = -6.688954

a6 = 1.002405 ' a6 = 0.769261

260 3(30 460 160 260 300
D, [pm] D, [pm]

Band 1 [1.53um, 4.64um] | — (e Band 2 [0.7um, 0.53um] | Mkt

— Ritter — Ritter
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Fitting
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Band 3

3 = (ay+a,-D, +a,-D

[0.25um, 0.7um]

2

2 )/(as +a, D, +a D2 +a, D)

(7

a0 = 278490.083560
al = -39036.099144
a2 = 1693.635184
a3 = 20.426880

a4 = 107.265600

a5 = -15.336376

a6 = 0.670625

100 200

300
D [pm]

Band 4  [20um, 104:m]

¥ = (ag+a, D, +a, -D2)/(ay +ay -D,, +as Df +a;-D)

i ge

a0 = 17709.719508
al = 222.317013
a2 = 30.015054

a3 = 489.687170
a4 = -8.974718

a5 = 0.204777

a6 = 0.011004

éand 3

et a T
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Band 4 [ZOMm, 104Mm] Muskatel
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Fitting B .,; (Dge)
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Band 6
Band 5 [12.5um, 20um] [8.33um, 9.0xm],[10.3um, 12.5um]

3= (ay+a, -D,. +a, ~D.,'), )/(as +a,-D, +ay ~D,i +ag -D,, 3= (ap+a, -D,, +a, -D,;", )/(a; +ay-D, +ay Df +ag D/‘,)

a0 = 19038.075598 a0 = 71274.723528
al = -769.751515 . al = 2463.552732
a2 = 301.951942 a2 = 176.148837
a3 = 200.599468 a3 = 195.684729
a4 = -14.822514 a4 = 26.632897

a5 = 0.212181 $ a5 = 0.942087

a6 = 0.109316 ‘ a6 = 0.068581

3(50 4(I)0 1(‘)0 260 360 460
D.,,l [um] Dg( [,um]

[12.54m, 20um]

6.33#m, 9.0um],[10.3um, 12.5um]




Band 7 [9um, 10.3um]

3 = (ay+a,-D,+a, .D2)/(as +a, -D,, +ay Df +ag-D})

ge /| ge

a0 = 28094.890408
al = 720.972626
a2 = 62.036423

a3 = 277.449875
a4 = -13.474274
a5 = 0.744518

a6 = 0.021501

100 200 300 400
D, [um]

Band 8 [4.64um, 8.3um]

3= (ap+a, -D,. +a, ‘D,;“’, )/(a; +ay-D, +ay Df +ag -

a0 = 63642.979250
al =-6517.994253
a2 = 1099.856989
a3 = 243.253340
a4 = -15.997434
a5 =-1.163463

a6 = 0.404322

T

Band 7 [9um, 10.3um]

300 400
D, [em]

[4.64pm, 8.3um]
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Fitting Single Sca. Albedo w(D,, ) m
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Band 1 [1.53um, 4.64um] Band 2 [0.7um, 0.53m]

w= (ay+a, D, +a, «D,j: +a; ‘D,: )/(ay +a5 D, +ag ‘Df, +a- -Df, )

w= (ay+a,-D, +a, D,i +a; D; )/(ay +ay -D,, +ag -

ge
a0 = 515.878592
al = 6.496391
a2 = 0.082768
a3 = 0.000049
a4 = 515.906105
a5 = 6.560625
a6 = 0.083703

7 = 0.000053

a0 = 1503.005197
al = 101.654638
a2 = 0.803419

a3 = 0.000236

a4 = 1567.020907
a5 = 115.201102
a6 = 1.118864

a7 = 0.000791

160 260 360 460 0 1(‘)() 260 360
D, [zm] D, [pm]

Band 1 [1.53um, 4.64.m] Band2  [0.74m, 0.53um]
\ :
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Fitting Single Sca. Albedo w(D,, ) h
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0.00007 19:9993e-1

Band 3  [0.25pm, 0.7um] Band 4 [20um, 104m]

0.00006

0.00005

a0 = 0.201903 : w= (a,+a, D, +a, Di +as ‘Df‘ )/(ay +as-D, +ag Df +a. ~D,: )
al =-143.672398
a2 = 34.884245 a0 = -616.459214
a3 =-0.000075 al = 288.510394
a4 = 0.201943 : a2 = -1.554019
0.00003 a5 = -143.672381 a3 = 0.160460
a6 = 34.884231 a4 = 965.072897
a7 =-0.000072 a5 = 289.058726
a6 = -1.039842
a7 = 0.295775

0.00004

0.00002

(ag +a, -D,, +a, Di +a, ‘D,': )/(ag +ay -D,, +ag ‘D,;“, +a- Df )

0.00001

100 200 300 400 500 ’ 100 200 300 400
D, [um] D, [um]

Band 3 [0.25um, 0.7pum] | ke ' Band 4  [20um, 104um] e e

L]
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Fitting Single Sca. Albedo w(D,, ) h
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Bandl 5

[12.5um, 20um]

w= (ag+a, -D, +ay D; +ay D: )/(ay +a5 -D,, +ag D‘) +a, ~D,f, )

a0 = -862.909994
al = 369.632956
a2 = -24.301627
a3 = 0.732770
a4 = -749.095147
a5 = 544.311870
a6 = -39.929238
a7 = 1.318797

100 200

3(50 4(I)0 5(50
Dyl [,u m]

Band 6

[8.33um, 9.0xm],[10.3um, 12.5um]

w= (ag+a, -D, +a, -D2 +ay D: )/(ay +a5 -D,

a0 = 24.503082
al = -56.659785
a2 = 22.490279
a3 = 0.026631
a4 = 156.739986
a5 = 31.871547
a6 = 41.676320
a7 = 0.050036

+ag ‘D,,'J, +a- ‘D,,;, )

éand 5

HirA 3!

100 200 300 400
D!ﬂ [;zm]

éand 6

[8.33um, 9.0um],[10.3un

— Muskatel
— Ritter

n, 12.5um]




Fitting Single Sca.

Bandl 7

[9um, 10.3um]

w= (ag +ay -Dy.+ay Dy +ay-Dy)/(ay +a5 -Dy +ag -Dy. +a; -Dy.)

a0 = -74.980184
al = 32.383870
a2 =-1.326757
a3 = 0.046912
a4 = -76.878067
a5 = 45.968835
a6 = -2.331813
a7 = 0.088648

B
Albedo u)(Dge ) h

200

300 200
Dyt [,U m]

Band‘ 8

w= (ag+a,-D,,+ay-D2 +ay-D?)/(ay +a; -D,, +a; -D2 +a, -D2) |

[4.64um, 8.3um]

a0 = -498.331210
al = 1384.138884
a2 = -53.383798
a3 = 6.347152

a4 = 928.888204
a5 = 1622.559197
a6 = -91.220037
a7 = 11.883343

éand 7

[9um, 10.Bpm]

— Muskatel
— Ritter

300 400
D, [pm]
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Fitting asymmetry factor
for smooth surfaces g (AR)

Band 1 [1.53um, 4.64um)]

a0 = 0.686963

al = -6.637732
a2 = 16.478327
a3 =-2.272435
a4 = 0.725817

a5 = -6.900835
a6 = 16.371561

g= (ay+a, -AR+a, -AR* +a;-AR*)/(a; +a5 -AR+ag -AR?

| L L | !

Band 2  [0.7um, 0.53m]

a0 = 0.504101
al = -0.688385
a2 = 0.489062
a3 =-0.039818
a4 = 0.563130
a5 = -0.683575
a6 = 0.464146

g= (ay+a, -AR+a, -AR® +a;-AR*)/(ay +a5 -AR+agz -AR?)

| L L | ! !

0.3 0.4 0.5 0.6 0.7 0.8 0.9
AR

0.3 0.4 0.5 0.6 0.7 0.8 0.9
AR

Band 3 [0.25um, 0.7um]

a0 = 0.126630
al = 3.099042
a2 = -2.140808
a3 = 0.508801
a4 = 0.161640
a5 = 3.377918
a6 = -1.454220

g= (ay+a, -AR+a, -AR® +ay-AR*)/(ay +a5 -AR+ag -2

L L L L

Band 4  [20um, 104:m]

a0 = 1.444440
al = -5.790908
a2 = 6.499723
a3 =-1.204283
a4 = 1.451019
a5 = -5.490461
a6 = 5.283050

g= (ay+a, -AR+a, -AR® +a;-AR*)/(ay +a; -AR+ag -/

0.3 0.4 0.5 0.6 0.7 0.8
AR
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Fitting asymmetry factor
for smooth surfaces g (AR)

a0 = 0.869359
al = -1.868686
a2 = 1.113118
a3 = -0.062859
a4 = 0.917680
a5 =-1.928233
a6 = 1.072358

g= (ag+a, -AR+a, -AR* +a; -AR® )/

Band 6 i

o

[8.33um, 9.0xm],[10.3um, 12.5um

a0 = 0.889675
al =-1.626821
a2 = 0.775370
a3 =-0.013044
a4 = 0.927840
a5 =-1.681627
a6 = 0.781643

= (ay+a, -AR+a, -AR? +a; -AR’ /lay +a5 -AR+ag -/ z
g= (ay+a, -AR+a, -AR 5 -AR*)/(a; +a; -AR+ag -AR

a0 = 0.863429
al =-1.562314
a2 = 0.756483
a3 =-0.008340
a4 = 0.877661
a5 =-1.570819
a6 = 0.746697

g= (ay+a, -AR +a, -AR?

[9um, 10.3um]

T

Band 8 [4.64;m, 8.3:m]

a0 = 0.852204
al = -1.754665
a2 = 0.951262
a3 =-0.021919
a4 = 0.875056
a5 = -1.784216
a6 = 0.939406

g= (ay+a, -AR+a, -AR® +a;-AR*)/(ay +a; -AR+a -AR?)
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Fitting asymmetry factor
for rough surfaces g,(AR)

Band 1 [1.53um, 4.64um]

:gs_fd
I =17,

T

Band 2 [0.7um, 0.53m]

a0 = 0.893338

al = -8.637617
a2 = 21.521992
a3 = -3.259678
a4 = 0.953543

a5 = -9.055080
a6 = 21.458547

gr = (a0+al*AR+a2*AR"2+a3*AR"3)/(a4+a5*AR+a6*AR"2)

a0 = 0.725755
al = -1.353602
a2 = 0.748330
a3 =-0.110480
a4 = 0.828640
a5 =-1.378861
a6 = 0.563785

0.3 0.4 0.5

(For IR bands we take g)

gr = (a0+al*AR+a2*AR"2+a3*AR" 3)/(ad4+a5*AR+a6*AR"2)

0.8 0.9 . ; 0.3 0.4

0.5

Band 3 [0.25um, 0.7um]

a0 = 0.084900
al = 2.033627
a2 =-1.276630
a3 = 0.346527
a4 = 0.112770
a5 = 2.277932
a6 = -0.765772

gr = (a0+al*AR+a2*AR"2+a3*AR" 3)/(a4+a5*AR+a6*AR"2)

! L L L | L

0.3 0.4 0.5 0.6 0.7 0.8 0.9
AR

0.6 0.7 0.8 0.9
AR
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0.7
0.10203040506070809 1

Effective Aspect Ratio

FI1G. 7. Comparison of asymmetry factors based on the param-
eterization with those of spatial bullet rosettes with smooth sur-
faces, aggregates with rough surfaces, and fractal ice crystals in the
visible.

Fu Q., J. Atm. Sci. V. 64, 4140-4150 (2007)
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Fitting delta transmission
fraction f ;(AR)

Band 1 [1.53um, 4.64um]

f = (a0+al*AR+a2*AR"2+a3*AR" 3)/(a4+a5*AR+a6*AR"2)

a0 =-0.079388
al = 0.319323
a2 = 0.209548
a3 = 0.000000
a4 = -0.703167
a5 = 2.681843
a6 = 2.649222

! I

0.7 0.8

0.160

T

Band 2
0.155

0.150
0.145
0.140

0.135

a0 = 1.012185
al =-1.767044
a2 = 1.700326
a3 = 0.000000
a4 = 6.158295
a5 =-10.331800
a6 = 12.137812

0.130

0.125

0.120

[0.7um, 0.53um]

1
[s=

2w
B 1
2w

+ fa

fr

f = (a0+al*AR+a2*AR"2+a3*AR" 3)/(a4+a5*AR+a6*AR"2)

0.115 . L
0.2 0.3 0.4 0.5 0.

6 0.7 0.8 0.9

AR

Band 3

a0 = 0.079314
al =-0.099290
a2 = 0.049387
a3 = 0.000000
a4 = 0.436185
a5 = -0.356207
a6 = 0.161088

f = (a0+al*AR+a2*AR~2+a3*AR"3)/(ad+a5*AR+ab AR

[0.25um, 0.7um]

L

0.3

0.4 0.5

0.6 0.7 0.8 0.9
AR

1.0

)
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Comparison to current RG92 5
(cloud ice) 1MS

If grid scale gi > 0: from cloud microphysics: EACREEnlelalelellSoI=l¢
Ni(T) = aexp((T5-T))

Faotio of ext. coeff. Fu et al ' 199 Ln 189 L"

gi prognostic
m; = 130D* (Sl-units)

Spectral interval ,,2°
(visible range)

B, ratio new fits / RG92

19



Comparison to current RG92 5
(cloud ice) 1M S

If grid scale gi > 0: from cloud microphysics: EACREEnlelalelellSoI=l¢
Ni(T) = aexp((T5-T))

Faotio of ext. coeff. Fu =t al. l 194 !_- 169 :I RGS2Z, ks pec = 5

gi prognostic
m; = 130D* (Sl-units)

Spectral interval ,,5°
(IR range)

B, ratio new fits / RG92

20



Comparison to current RG92 5
(droplets)

NMRONA MYV

if gridscale gc > O: from cloud microphysics: f(D) = NyD'e P

u=35.0

/ RG32, kspec = 2, 1—moment scheme

N. = cloud_num

q. prognostic

5]
I
-
C
]
C

Spectral interval ,,2°
(visible range)

B, ratio own fits / RG92

Q. Ingm

21



Comparison to current RG92 >
(droplets)
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if gridscale gc > O: from cloud microphysics: (D) = NyD'e P

u=35.0

), 1—moment scheme

N. = cloud_num

q. prognostic

5]
I
-
C
]
C

Spectral interval ,,5°
(IR range)

B, ratio own fits / RG92

o~ . - =3 )
Q. Ingm
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The End



