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Abstract Accurately predicting localized heavy rainfall is challenging without high-resolution
mesoscale cloud information in the numerical model's initial field, as precipitation intensity and
amount vary significantly across regions. In the Korean Peninsula, the radar observation net-
work covers the entire country, providing high-resolution data on hydrometeors which is suit-
able for data assimilation (DA). During the pre-processing stage, radar reflectivity is classified
into hydrometeors (e.g., rain, snow, graupel) using the background temperature field. The mix-
ing ratio of each hydrometeor is converted and inputted into a numerical model. Moreover,
assimilating saturated water vapor mixing ratio and decomposing radar radial velocity into a
three-dimensional wind vector improves the atmospheric dynamic field. This study presents
radar DA experiments using a numerical prediction model to enhance the wind, water vapor,
and hydrometeor mixing ratio information. The impact of radar DA on precipitation prediction
is analyzed separately for each radar component. Assimilating radial velocity improves the
dynamic field, while assimilating hydrometeor mixing ratio reduces the spin-up period in cloud
microphysical processes, simulating initial precipitation growth. Assimilating water vapor mix-
ing ratio further captures a moist atmospheric environment, maintaining continuous growth of
hydrometeors, resulting in concentrated heavy rainfall. Overall, the radar DA experiment showed
a 32.78% improvement in precipitation forecast accuracy compared to experiments without DA
across four cases. Further research in related fields is necessary to improve predictions of meso-
scale heavy rainfall in South Korea, mitigating its impact on human life and property.
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Fig. 1. (a) Radar site (red dots) and observation radius (red line), AWS and ASOS site (gray dots) and (b) model domain.
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Table 1. Options used in WRF 4.4.1 simulation.

offt o, _1{}1'

o, &
>
olN
N
rlok
e
=
Gl
=
X,

o)
> I
<
w M oft rlo (= o 1o o

_8.

e, 51 5

o rlo ot
;c
o
o,
‘i

1:: oE
g
ﬂ
32
=
N
fu
ot
ot
>
)
rlo

WL Lee et al. (2022)°] 71
= ./1-1’ .52 H],al—)dt' el

At}

o 9 Ix
x0
=
2
E
i
F1

e, A, A, i, A Eqel

National Meteorological Center (NMC) W3S A}
sto] stz o] FE F-A, W5 vl E, %_J-,
Auss, A g 71584 rd 9 FEA
Arketglom FA S| mY oA} gk
4,0g kg'o 2 A7 359 th(Parrish and Derber,
1992; Wang et al., 2013). #2882 99 29} 39]
308 HHo= 3A7F B3, & 7H S3kek & 9AIZE
o] &S A

flo 10£0130_E£ﬂ—[>_>.ﬂu%ﬂ

2.3 EMAH|

Fodd I95 R ] AHE AP
w Zb2b SR Rk 1), A 2, 4), A
714(AH 3) Ableolt). Figure 2 z+ Alg ) B o

D01 D02 D03
Resolution 9 km 3 km 1 km
# of grids 331 x 331 x 60 361 x 391 x 60 430 x 361 x 60
Cumulus Multi-scale Kain-Fritsch scheme (Zheng et al., 2016)
Microphysics WDM 6-class scheme (Lim and Hong, 2010)
PBL Yonsei University Scheme (Hong et al., 2006)

Surface Layer

Revised MM5 Monin-Obukhov scheme (Jimenez et al., 2012)

Land Model

Unified Noah land-surface model (Tewari et al., 2004)

I.C&B.C

NCEP GFS 0.25 Degree Global Forecast Grids Historical Archive

Table 2. Experimental design.

Experiment name Input variable

Innovation variable

NoDA - -

DA VR Radial velocity (¥}) Wind component (U, V)
DA Z HY Reflectivity (2) Hydrometeors (rain, snow, graupel) mixing ratio (¢, gs, qo)
DA Z QV V4 Water vapor mixing ratio (q,)
DA Radar v, Z UV, 95 qs 92,9
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Fig. 2. Synthesis weather chart for (a) Case 1, (b) Case 2, (c) Case 3, and (d) Case 4, respectively.

Table 3. Selected cases for numerical experiments and their characteristics.
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Characteristics Data assimilation (DA) period Forecast period

Case 1 Mesoscale convective svstem 0300 UTC.02.Aug.2020 0600 UTC.02.Aug.2020
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Case 3 Low 2100 UTC.20.Aug.2021 0000 UTC.20.Aug.2021
~0000 UTC.21.Aug.2021 ~0900 UTC.21.Aug.2021

Case 4 Changma 0000 UTC.31.Aug.2021 0300 UTC.31.Aug.2021

~0300 UTC.31.Aug.2021

~1200 UTC.31.Aug.2021
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Fig. 3. 2-km (a) observed radar reflectivity (dBZ), (b) wind (m s™, vector), water vapor (g kg™, shaded) and rain mixing ratio
(0.5 g kg™" intervals, purple line) of NoDA and rain mixing ratio and difference in wind and water vapor mixing ratio between
(c) DA_VR, (d) DA Z HY, (e) DA_Z QV, (f) DA Radar and NoDA at 0600 UTC, August 02, 2020.
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Sh=17)48ks 7] A133E 535 (2023)



olA]

DA Radar A3o|A = 6.0 km A&7 100.0 % 10°s™!
olFe] o] RoEom A TR Aol
Z7k3hH NoDA AE 3 Hlawste] F& &o] F71st
Atk DA_Z QV AgelME <F 100.0 x 10°s7'¢] &
Hol BelEglovt A tiFAdoe] R AHETh
AZol ZFgk o] Ryt

el AT A E5ge] A7 dHE
Atk Y TS Fig. 4014 EA3
T9olt}. Figure 5 AE%E37F B A12H2020.
08.02.0600 UTC) ¥ 4|5 A7} 1, 2417 = <1, 0700
UTC, 0800 UTC®] AE53} A&@-2] vigal 744
3] 3, NoDA Adze] #357] £3H] Aol&
Uehd Z28o|t}. 2020.08.02.0600 UTC, DA VR A&
oAM= 2.0km o]al FoA A Fo] A tF
Ao] A3 x| Fel| utghe] FHEEFA 10.0 km FLE7}
2 2F 0.5¢ kg''9] FAARNEC] RO F AT} vl 4=
Al 73717 AR 7] "l 7571
Egu7E A 40g kg AT = A1F 1A
, WSl A 1.5g kg B TS 2ol
Ak 2717 A& e e FEAIEe] 4%
Zasl oF 0.5g kg H], & SR
A

i

97

ool

465

& 717k FslE A wEskA] Eah Ul el
°F 1.0 g kg ¥, & EFH|7F Zol=0th DA_Z QV_
Al e Asid 2.0km ©]ske] FIoM FF7]
37t A 40¢g kg FUFE9eH 1.0g kg o)
7gol A EI7E RAFAT oS 717k 5
717F A= gk Ao 2.5 g kglel I
ZoHh. A o2 2A5Es Aol Hs|
A7 =gA T AMZe] $1Xsta Sl
DA_Radar 39| #417gor & Alslitel oF 1.0g kg™
o] ¥] E3M7F RojE o s & B F57]
E37E SUtskGith o8 WgEe] A= 0700
UTC & WHol 0.5g kg'e] olate] =AM
EFH7E 2ol em 0800 UTCY ol 5ol A = ot
2 AgA oEslA] Eatdd wewE A &
s m2ofatslrh# Y 3.0 k).

Figure 6 =H[Q1 3 99 We] DA_VR, DA_Z HY,
DA Radar 233} NoDA 239 #3571, ¥, &+ &%
"] zlolE A% AIALGE e 2@olth. DA_VR
Ao e gage] A= oS 274 5347t
A B el o oS AR SAIZE $7EA] A
A EF7E AW 1.0g kg 7189 HE DA Z HY
A o] BAZA 6.0km LE7HA] F 0.08 g kg <]

ZEAT DA Z HY A3e] BAgME Haigt 1] EFu7t Zrkstaoy) a2 s SRSl
of Zdl 1.0g kg'el ¥ EHI7L B EATh AT HAER RSl AT DA _Radar AECAM =
DA_VR-NoDA qvapor DA_Z HY-NoDA qvapor DA_Radar-NoDA qvapor _
10 - L 1 L L =10 | L 1 1 ! L - 10 —1 Il L L L 1 - §
@IF ] (bJf - )-8
6 F 6 F s FE] o2 €
E E = o FH o B
4 F4d Fo4 02 3
- —
pu S - =1 T —- - = 06
o T T T T T T T T 0 T T T T T T T T 0 -t T T T T T T T T 2
06 07 08 09 10 1" 12 13 14 15 06 07 08 09 10 1" 12 13 4 15 06 07 08 09 10 1 12 13 14 15
'02 Aug' '02Aug’ 02 Aug ‘02 Aug' 02 Aug' '02 Aug'
Time [UTC] Time [UTC] Time [UTC]
DA_VR-NoDA qrain DA_Z_HY-NoDA grain DA_Radar-NoDA
10 1 1 1 1 L 1 ! 10 -1 L L 1 L L ! — L 1 Il _
8 (d) (C) ncu;é5
004?

TTTTTTT T T T IITITTT

8
6
4
2
0

T T T T

B o TTTTTTITTTTTITTTTITT

1
06 8 09 10 11 13 14 15 06 07 08 09 o122 13 1a 5 06 07 08 09 10 11 13
02 Aug 02Aug 02 Aug’ '02Aug" 02 Aug
Time [UTC] Time [UTC] Time [UTC]
DA_VR-NoDA qgsnow DAjZ_H Y-NoDA qsnow DA_Radar-NoDA
10 2 L 1 ! f 10 1 I 1 ! I 10 ! _
- = - 0122
8 (g) o8] (h) F 8 008 ?
6 F o6 :' s 004 8
S .
4 43 o4 0045
2 F o2+ 2 008 §
E = 012§
0 -t T T T T T T T T o T T T T T T T T 0 T T T T T T =
06 07 08 09 10 11 12 1 14 06 07 08 09 10 11 12 13 14 15 06 07 08 09 10 11 12 13 14 15
02 Aug’ 02Aug 02 Aug’ 02 Aug" ‘02 Aug 02 Aug’
Time [UTC] Time [UTC] Time [UTC]

Fig. 6. 0°C height (black dashed line) and difference in (a)-(c) water vapor, (d)-(f) rain and (g)-(i) snow mixing ratio time height
section of (a), (d) and (g) DA VR, (b), (e) and (h) DA_Z HY, (c), (f) and (i) DA Radar and NoDA for Case 1.

Atmosphere, Vol. 33, No. 5. (2023)



466 TR A HolH Az Fsprt 7

T o Z MA = FF

60 minute precipitation [mm]

2020-08-02_07:00:00
39°N - *
38°30'N |
38°N |
s
8 37°30'N
=]
©
— 37°N
36°30'N |
36°N |
2020-08-02_07:00:00
39°N ] 7 -
(d)[
38°30'N - N
38°N |
s
8 37°30'N
=
©
— 37N
36°30'N -
36°N |
.,
1 1
DA_Radar
2020-08-02_07:00:00
39°N
38°30'N |
3N
o
8 37°30'N
2
=
©
— 37N A
36°30'N |
36°N

124° 125° 126°E 127°E 128°E
Longitude [ °]

124°E 125°E 126°E 127°E 128°E

Longitude [ °]

Fig. 7. (a) Observed AWS 60-min precipitation and simulated 60-min cumulative precipitation distribution (b) NoDA, (c)
DA _VR, (d) DA _Z HY, () DA _Z QV and (f) DA _Radar at 0700 UTC, August 02, 2020.

DA_VR Aol FF7] @ 742 97t
F31EH 527+ o Z7kA] DA VR Ad9] o =% o
H] oF 0.04 g kg B 4o AR molH A
Flgure 7 AH 11 F, P B
% 2020.08.02.0700 UTCS] #= 2 o =9 60% 7
*Ek E"—i~ L}E}kﬂ Z%Olt}. FE=F AA7E 5L

= Sﬁ?loﬂ 400mm o]*u 7}*7} 71259 th

Sh=17)48ks 7] A133E 535 (2023)

NoDA A3Me 27z P-%J o] AA B 74
wo s BT B, S dFAR A% A
= RO K3 }Mﬁ} A_VR *‘64011*1 =7 %2
AZE BolEm A7) Bl Hof 50.0 mme] FrE
mojskglont 7*‘71 “1‘9’]"6“ EOHL #Zo ]
3 Aol A Efﬂ«l & o] e et
W= °‘LE} DA_Z HY d3xE Aslitel] $14]

g 589 57t mo=on of 20mmz #= )
| 342 F2 2oFh. DA Z QV éfﬁOﬂHt

jud



SEE

RI7E

467

Table 4. 9-hr cumulative precipitation bias, root mean square error (RMSE), spatial correlation coefficient (SCC) for

experiments.
Experiment Bias RMSE SCC
NoDA -49.35 56.81 75.83
DA VR -16.57 28.46 90.82
Case 1 DA_Z HY -22.18 38.71 72.84
DA _Z QV —-13.58 34.63 64.44
DA_Radar -11.12 30.24 82.96
NoDA —-15.72 32.53 69.23
DA_VR -16.46 35.08 62.22
Case 2 DA_Z HY -21.55 33.17 61.38
DA_Z QV -16.91 30.49 62.99
DA_Radar -9.9 27.63 70.45
NoDA —6.03 28.7 69.36
DA_VR 1.65 24.88 77.23
Case 3 DA_Z HY —0.01 32.72 66.26
DA Z QV 0.59 22.77 77.32
DA_Radar 3.44 2431 80.04
NoDA -16.69 23.02 88.94
DA_VR -5.02 11.33 91.94
Case 4 DA Z HY -17.11 22.83 89.86
DA Z QV -15.19 21.56 89.97
DA_Radar —4.94 12.66 91.07
NoDA -21.95 35.27 75.84
DA VR -9.10 24.94 80.55
Average DA Z HY -15.21 31.86 72.59
DA Z QV -11.27 27.36 73.68
DA_Radar -5.63 23.71 81.13
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