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Evaluate the Impact of Assimilating Radar Data with Different Operator

Configuration - Methods of Scattering Amplitude Calculation
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Introduction

Variables Converting before Assimilation

Retrieve
(Sun and Crook, 1997; Kawabata et al, 2011;

Wang et al., 2013; Schwitalla et al., 2014)

NWP models Dual-polarization Radar Observation
Hydrometeors: g, N Vr and Z, (Traditional)
State variables: P, T ... Zor, Kopand py, (Dual-Pol)

b Observation Operator J

(Jung et al. 2010, 2012; Putnam et al. 2019, 2021; Oue et
al. 2020; You et al. 2020; Zhuang et al. 2021)



Introduction

Scattering amplitude represent the power of scattered electromagnetic wave.

A

Rayleigh scattering:
particle size < wave length*0.1 \/

< >

Kop /\

Related to Forward Scattering

v
Scattering Amplitudes : :
& P Directly calculation
Y2 QLAY Cut into many bins, and use |-
'y T Hang@0DPowerlaw =i T-matrix method to
calculate |f(D)| ZH and ZDR

Related to Back Scattering

(mm)

21O F

If

Power Law Fitting

|fal = aan'Gxa (unit : mm)

277 |

[ f, = 4.28X10D
If,| = ay,DPxv (unit : mm)

0 2 4 6 8



Introduction

Compare the different methods of raindrop SA calculation.

Then, find out the best way to assimilate Dual-Pol radar data.

SEEIETTE MTEeEs Directly calculation

T Matri H H «
I e i WA Cut into many bins, and use
10’} 0 Fhango0Powerlaw =11 T-matrix method to

calculate |f(D)|

| (mm)

210 %}

{  Power Law Fitting
|fal = aan'Gxa (unit : mm)
10 °} f, =4.28x10"D?"" |
0 > E i L 1ol = axpDPx (unit : mm)

D (mm)

If
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Methodology

Calculation of Scattering Am

T-matrix Method

Einc — i i (afmn M;}rm + bmnNr};m)

n=1m=—n

Egcat = Z Z (fmnM:?nn +gmnN§nn)

n=1 m=—n

(fmn) _ T(amn )
9mn b

[f,| (mm)

plitude

Scattering Amplitudes

T Matrix
— — — New fit Power Law

1| -+ Zhang(2001) Directly s

il gl f = Lot |

0 2 4 6 8
D (mm)
Jung et al.(2008A)

T-matrix: incident vs. scattered electric field.

9

Jung et al.(2010);

Dlrect|y Calculation Ryzhkov et al. (2011)

/ Cut into bins
A, T, canting angle, axis ratio...

Scattering Amplitude (f)

at each bins

o Jung et al.(2008a)
Power Law Fitting _ Kawabata et al.(2018)

-
-

B
ful = an,D,™

B,
Ifl = av,xvax

Fit the relationship between particle
diameter (D) and scattering

amplitude (D)
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fh fv performance (I=10.7cm)

Power Law Fitting (Jung et al., 2008a) 025 T——
oy, = 4.28 x 107
fal = an D™ '
XX ay, =428 x107* £
Box £ 021
1fol = ay 2Dy Bnx = 3.04
B = 2.77

Equivolume Diameter (mm)

Directly Calculation (Jung et al., 2010)

fh fv performance (1=10.7cm)

0.25 1 o
— v T-matrix setting
0.20 -
D 0.08~ 8 .
. r mm Directly calculate
£ 0151 bi 100 :
£ ns the scattering at
£ 0.10 1 ° .
B ! 10¢ each bins.
0.05 - Degr 0’
A 10.7 cm
0.00 -
o 1 2 3 4 5 & 1 8 Axis ratio Bradnes et al.(2003)

Equivolume Diameter (mm)
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Model configuration wrr-aRw v4.1.3

40°N

35°N

30°N

25°N

20°N

15°N

10°N

5°N

100°E

110°E

120°E

130°E

140°E

11

Start time

2021-11-25-12 UTC Wintertime

End time

2021-11-26 06 UTC Rainfall Case

Initial & Boundary
condition

NCEP FNL 0.25°

Vertical levels

52 levels from surface to 10hPa

Members

128

Perturbation method

WRFDA cv3

Domain 1 2 3 4
Size 190*151 | 301*250 |301*301 |271*271
Resolution | 27km 9km 3km 1km

Nesting 2-way nesting

Physics mp_physics= WDMG6 (Lim and Hong, 2010)
ra_lw_physics= RRTM scheme
ra_sw_physics= Dudhia scheme
bl_pbl_physics= YSU scheme

Damping W_damping=1

Upper layer: implicit gravity-wave
damping layer

Vertically propergation sound wave
damping (Dudhia 1994)
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WRF-LETKF Radar Assimilation System (WLRAS; Tsai et al, 2014)

Configuration of Data Assimilation period of DA cycle: 15 mins, 25cycles

spin up 16 hrs WLRAS DA 6 hrs
b == —>]—|—|—>|—> —
b == — ||| —
- > == — ||| —
2021 2021 2021
11/25 11/26 11/26
12UTC 04UTC 10UTC
06:15:00 ZH Superobs at 0.5 degree 20
Updatedamé, V | W | PH, T, | qj,Assi,dital g, qy 9. Ng, ... @ RCWF .
Vr Vaﬁlab};ﬁél velocitv Eull volur 3(m/s) Superobs: 2, 2|fm -
ZH ,%EEGCUVI&% km km < 3 X o 5(d BZ) p »\h ? “ 40 .
ZoR Ve I%It%rential Reflectivity %'km height |0.2(dB) .
e VAP 24.5°N 1
mnftation 108 0 ?

121°E 121.5°E 122°E 122.5°E 123°E



Methodology 13

WRF-LETKF Radar Assimilation System (WLRAS; Tsai et al, 2014)

Configuration of Data Assimilation period of DA cycle: 15 mins, 25¢ycles

spin up 16 hrs WLRAS DA 6 hrs
> | =>l=>] == —>|—>|—> —>
p =pl=p == —p| | —> —
b =l =p] et —p] =] —p| —p| —p —
> =—>|=>| == —>|—>|—> —
2021 2021 2021
11/25 11/26 11/26
12UTC 04UTC 10UTC
06:15:00 ZH Superobs at 0.5 degree 70
; .y . ® RCWEF 60
Experiments | Assimilated parameters DA operator Superobs: 2, 2km )
Vrz Vr Z,, (traditional) JO8A 25,51 '
\rZZ_POW VIr Z,, Z, (dual-pol) (Power Law) N
VrZZ_DIR J10 .
(Directly) 251 .

121°E 121.5°E 122°E 122.5°E 123°E
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Background Cycling Performance  ;icyiated by vrz

Background and OBS Zyy performance Background and OBS Zpr performance
—e— Power Law 1.0 + —e— Power Law
30 - Directly Directly
—e— RCWF OBS —e— RCWF OBS
0.5 A

25 A

201 \»_/\ 0.0 1
e
15 4, | , ~0.5

ol N2V

Zyn(dBZ)
Zpr(dB)

—1.0 A
5 -
—1.5 A
0 -
o o o o o o o Q Q Q o o o o
J J J d J J S S S J J J J d
> Y © S ® ® N Nl Y ®© S ® ® N
UTC UTC

v’ Z,, structure doesn’t change a lot.

v’ Z,; gets close to OBS when using ‘Directly’ operator!
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Z,: Bias in Power Law Operator g eelielch) - Gz e 4
Jung et al.(2008a):  Qprqin = 428X 107* I o) g
_ -4 %,
_ Bh,x Ayrain = 428 X 1077 ¢ L F

|fh| — ah,xDx . 0.5
_ Bv’x ﬁh’rain _— 3-04 1.0 ) . Iloo I100
|fv| — aU,XDx _ 2 77 :Z 0 0

ﬁv’rain — . -5.0 0.0 5.0 10.0 15.0 ZZOH(()dZBSZ? 30.0 35.0 40.0 45.0 50.0 H(dB2)

f, and f, Ratio by Power Law Fitting (JO8A)

1.8

| Red Iine:M

ol

[fol > 1fnl
D<1,

Zh,rain <Z

ratio

Zor <0

v,rain 7
|

0 1 2

3 4 5
Equivolume Diameter (mm)

6 7 8

f, and f, Ratio by Directly Calculation (J10)

0 1 2 3 4 5 6 7 8
Equivolume Diameter (mm)

o
3
I}
w
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Result & discussion

Analyzed Z,, performance

Both experiments can capture

the pattern of the system.

25.5°N

25°N -

24.5°N

24°N A

0600

121°e 121.5°E  122°E  122.5°E

123

202111260600 anal reflectivity at2000m height
. . >

VrZZ |
POW |

25°N A
24.5°N A

24N

- 3

VrZZ_J10 11/26 0600 anal Z4 at 2000m height

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

25°N4 -

24N

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

26°N A

25.5°N A

25°N

24.5°N A

24°N -

0630

Dual-pol radar DA performance in wintertime rainfall case

121°E 121.5°E  122°E  122.5°E  123°E

202111260630 anal reflectivity at2000m height ¢

26°N -

25.5°N b

25°N A

24.5°N A

24N

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

26°N -

25.5°N A

25°N A

24.5°N 1

24°N

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

ight ¢

26°N -

25.5°N A

25°N

24.5°N A

24°N

0700

20

121°E  121.5°E  122°E  122.5°E

202111260700 anal reflectivity at2000m h:

123°E

eight dBz

26°N -

25.5°N A

25°N A

24.5°N A

- R . B

2N

26°N -

25.5°N 4

25°N A

24.5°N A

24N

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

Black contour: Z,0B5>25dBZ
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Dual-pol radar DA performance in wintertime rainfall case

21

Analyzed Z,, performance

e Both experiments can capture

the pattern of the system.

Analyzed Z,, performance

* VrZZ_POW can’t describe the

uniform Z,, performance

— Overestimation (underestimation)

inside (outside) the system

g 0600
OBS .

25.5°N A
25°N -

24.5°N A

24°N -

121°E 1215°E  122°E  122.5°E 123
202111260600 anal Zdr at2000m height
TR g Py

VIrZZ |- 2z

25°N 1. &

24.5°N A

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

VrZZ_J10 11/26 0600 anal Zpg at 2000m height

120.5°E  121°E  121.5°E

122°E  122.5°E  123°E

0630 i

26°N A
25.5°N A
25°N

24.5°N A

24°N

122‘L°E 121I.5°E 12I2°E 122‘.5°E 12I3°E

202111260630 anal Zdr at2000m height
D " L s 4oF |

23

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

Black contour: Z,0B5>25dBZ

7 0700 ‘

26°N
25.5°N A
25°N

24.5°N A

24°N

12]‘.°E 121t5°E lzé"E 12215°E 12:‘5°E
202111260700 anal Zdr at2000m height

26°N ;=
25.5°N

25°N4 - *

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E

3

VrZZ_J10 11/26 0700 anal Zpg at 2000m height

26°N { o
5

25.5°N

120.5°E  121°E 121.5°E 122°E 122.5°E 123°E
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Result & discussion Dual-pol radar DA performance in wintertime rainfall case 22

, : X(y° — Hx%)?
Cycling performance --- Root mean square residual caiculated by analyses "

16 ZH RMSR Full Volume Scan 12 ZDR RMSR <3.0km
—e— VrZZ POW —e— VrZZ POW
- VrZZ DIR - VrZZ DIR
14 - 1.0 4
1 0.8 +
NN o
© N\ E
x b
0 \, S s 0.6 -
; p o
Ny S | [
- 0.4 v
8
0.2 4
6 T T
0u9° 0@,-90 0690 0«'90 0‘590 Qca‘-°° @'90 Qu-°° 06590 0690 @‘90 0%‘90 @*00 @'90
UTC UTC

Directly: Z; closer to OBS.
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Calculated by analyses at OBS points<3.0km

Z,,— Z,g difference between Exp. and OBS 0415UTC (cycle02)

shaded: Accumulated Times

3\érZ-obs 04:15:00_anal ZH ZDR Difference Joint Freq. 3VOrZZ-obs 04:15:00_anal ZH ZDR Difference Joint Freq. VrBZOZ_Jlo-obs 04:15:00_anal ZH ZDR Difference Joint Freq.
: 200 : 200 ' 200
> \IrZ 251 VrZZ_POW 251 VrZZ_DIR
2.0 2.0 2.0
15 160 15 160 15 160
-
1.0 1.0 1.0
u ||
5 0° - 120 5 0° - 120 5 0° - 120
= 0.0 = 200 = 200 =S
& 2 B 2 & 2
N 0.5 ® N5 o ®  Nos @
80 " 80 80
-1.0 -1.0 -1.0
|} n
-1.5 -1.5 - -1.5 .
2.0 40 2.0 40 2.0 40
-2.5 -2.5 -2.5
-3.0 0 -3.0 0 -3.0 = 0
-30 -25 20 -15 -10 -5 0 5 10 15 20 25 30 -30 -25 20 -15 -10 -5 0 5 10 15 20 25 30 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30
ZH(dBZ) ZH(dBZ) ZH(dBZ)

« X-axis: EXP. Z, — OBS Z,,
e Y-axis: EXP. Zpr — OBS Zgq
e Assimilating radar data with using J10 (Directly) leads analyses closer to the

observation!
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Summary 26

The calculation of scattering amplitude plays an important role in the

operator:

1. Kyprelated to Forward-Scattering

2. Z,,and Z,, related to Back-Scattering
Power law fitting: Z,; bias when the raindrop diameter smaller than 1.0 mm.
‘Directly” method: reasonable Z,, and Z structure, closer to OBS.

By all of the results, we suggest that it’s better to assimilate dual-pol radar

data by using ‘directly’ method .



Thanks for listing!

27
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