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Abstract The study examines the effects of parameters that define the characteristics of rain-
drops on the simulated precipitation during the summer season over Korea using the Weather
Research and Forecasting (WRF) Double-Moment 6-class (WDM6) cloud microphysics scheme.
Prescribed parameters, defining the characteristics of hydrometeors in the WDM6 scheme such as
ag, by, and f in the fall velocity (V) — diameter (Dy) relationship and shape parameter (£) in the
number concentration (Nz) — Dy relationship, presents different values compared to the observed
data from Two-Dimensional Video Disdrometer (2DVD) at Boseong standard meteorological
observatory during 2018~2019. Three experiments were designed for the heavy rainfall event on
August 8, 2022 using WRF version 4.3. These include the control (CNTL) experiment with origi-
nal parameters in the WDM6 scheme; the MUR experiment, adopting the 50th percentile obser-
vation value for z4; and the MEDI experiment, which uses the same g4 as MUR, but also
includes fitted values for ag, by, and fz from the 50th percentile of the observed V; — Dy relation-
ship. Both sensitivity experiments show improved precipitation simulation compared to the
CNTL by reducing the bias and increasing the probability of detection and equitable threat scores.
In these experiments, the raindrop mixing ratio increases and its number concentration decreases
in the lower atmosphere. The microphysics budget analysis shows that the increase in the rain
mixing ratio is due to enhanced source processes such as graupel melting, vapor condensation,
and accretion between cloud water and rain. Our study also emphasizes that applying the solely
observed i produces more positive impact in the precipitation simulation.
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al., 2013; Jash et al., 2019; Ma et al., 2019). <ijj<l]
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Table 1. Parameters defining the rain characteristics such as
the fall velocity [m s™'] (Vz) — diameter [m] (Dg) and
number concentration [m™] (V) — Dy relationships. Values
in WDM6 represent the original parameters in WDM6
microphysics scheme. Values for 10th, 50th, and 90th
percentile, obtained from Boseong standard weather
observatory, are also noted.

Vi — Dg Ny — Dy
ag b JR Hr
WDM6 841.90 0.8 0.00 1.000

10th 3,474.71 1.0
50th 4,447.75 1.0
90th 5,472.57 1.0

164.84 2.479
180.97 7.409
193.97 15.96
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Fig. 1. Normalized frequencies of (a) V'z — Dy and (b) 14 using 2DVD observations. The red and black lines in (a)-(b) indicate
the relationship of V3 — Dy and 4 defined in WDM6 scheme and observed relationship, respectively. The black-dotted, solid,
and dashed lines represent the 10th, 50th, and 90th percentiles from the 2DVD observation.
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Fig. 2. (a) Surface weather chart at 1200 UTC 8 on August 2022 and 10-h accumulated precipitation amount [mm] from AWS
observations over the Korean Peninsula from 0600 to 1600 UTC 8 on August 2022. The gray box in b indicates the interest
area.

©

Fig. 3. The GK2A infrared satellite images at (a) 0900, (b) 1200, and (c) 1500 UTC 8 on August 2022. Clouds marked by blue
(A) and red arrows (B) represent the formed convections from 0800 to 1200 UTC and 1100 UTC to 1600 UTC 8 on August
2022, respectively.

Atk 53] 8Uol Mg GEAYS THOZE AT A AEE 0.05° HHoz Azpslet F7F oA
100 mm ©]/3¢] wj-5- ﬂd H17} WHIL(KMA, 2023), 200 mm ©]’de] g ZA57F A& E5-E wet $A4
EZ A= 1300 UTCO A1ZFF 141.5 mme] 25 Z Agsta 20 mm ©’3e] g7t FHEA ] 71E

£ 7183t A5 s FrE SRl PEP A A He2 & g Ark(Fig. 2b). F7H2=Z 0900, 1200,
Hiago] A48 Aoske vl Hr 7ol vAE I8 3 1500 UTC H#¢t 23 (GEO-KOMPSAT-2A,
Fe A E7] $J8) T AlElE A& /\Hﬂﬂi 7 GK2A) A9 948 B3l FFALNA ddst F2
3lth 89 8Y 1200 UTC AU/ =S Aurd e A7 Wsts A HEdTthFig. 3). ¥4 717+
e BajZo X3 17|94 E3)] 2 Axsk =0t = Fle =A wgsk —‘,LEOI fﬂolﬂtﬁ] o|2
F717F Festal, deEea 3" EXEHEYS 3 olaf Zrthrt YAEEY, B AjiMe oAUz
7I1gke] 7PgAEE wel wEestal 53 3717F 79 zvzb A, B Z5tiEta ﬁ?ﬂ%} 3T 0900 UTC GA4He
Fo] FRAY AAHMde] P AL AT # AW EY, st FE ‘é S FE-2 FEY
ATh(Fig. 2a). A571°d8Z5 1] (Automatic Weather 7} A2 AA BxsH, =4 wad A 5zt

Station, AWS)lA] T=F 0600~1600 UTC 717+ +  Me3} 737] Aol ze)sta ;Jq(Flg. 3a). 1200 UTC

s=27)48ks] thy] A34% 3% (2024)
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o= Mk FFLFE o]Eg A A7t B8l el ¢
A5t glom, AEA Wee B A5zt e 7
7] @R-E TAHo = AAsial JrkFig. 3b). 1500 UTC
ol ¥A B A Fgirh s HAltE o) F
S, F=A EES B Azl ks SRR
FAZ WA A-E A dee ER1E = ATh(Fig. 3e).

=
S8 BEe] 545 Aodte w7 4
mde] 4 molo] nX= dEFS A5 E % WRF
2d A 43 (Skamarock et al, 2021)& AF&3}e]
Kigl 29,3, 283 1 km ZA} 7Ho®
W A AR were g g% A9E AASH
hFig. 4). 29| A3 F2 65719 Foz2 743}
R, HFFS 50 hPao 2 A3t 2d FEo
AHEE A E 248l Beke Kain-Fritsch (Kain and
Fritsch, 1990; Kain, 2004), *& 1A &) 23} Wt
© WDM6 (Lim and Hong, 2010), 4 AAZ 2543
HWok2 Yonsei University Scheme (Hong et al., 2006),
A %% 243}= Monin-Obukhov scheme (Jiménez et
al., 2012), A/ 249 Unified Noah Land Surface
Model (Chen and Dudhia, 2001), 28|32 %3} 2
3} 2eS Rapid Radiative Transfer Model for General
Circulation Models (Iacono et al., 2008; Morcrette et
al.,, 2008)°]th. &1714 3 km olate] AR 7+4< 7}
AL oo 78 @ 45 HYo] A = el
o|FoiZITh 1Eeln e B4E Wk AgE]
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Fig. 4. Model domain for the simulations with terrain height
[m] (shaded). The black boxes indicate each sub domain.

%71 9 A 21L& 4 F7] ¢l X AlE](Buropean
Center for Medium-range Weather Forecasts, ECMWF)
ST A4 AFZ(ERAS; Hersbach et al., 2020)5 6
A7y A2 Attt AMSS B8 4 2 %
N173A A7e] ARE FuEA3} S Table 200 3
ik, 2l FHE 7]7ke 20224 8Y 8L 0000~1600
UTCelH, &3 f AZHS #fdted 0600~1600 UTC
£ 4 717e g AAslnh & Al R AdE
A=, 71 WDM6 et v A E wisHsE
AHEE A Y-S A (CNTL) = A lskar, CNTL

Table 2. Physics parameterizations and initial/boundary conditions employed for the model simulation.

Processes WRF v4.3 References
. . Kain and Fritsch (1990);
Cumulus Kain-Fritsch Kain (2004)
Microphysics WDM6 Lim and Hong (2010)
Planetary boundary Yonsei University Scheme Hong et al. (2006)

Surface layer
Land surface

Radiation

Initial/boundary conditions

Revised MM5 Monin-Obukhov Scheme
Unified Noah Land Surface Model
Rapid Radiative Transfer Model for

General Circulation Models
ERAS (0.25 Degree)

Jiménez et al. (2012)
Chen and Dudhia (2001)
Tacono et al. (2008);
Morcrette et al. (2008)
Hersbach et al. (2020)

Table 3. Description of experiments.

EXP Description
CNTL Control experiment conducted employing the original parameters in the WDM6 microphysics scheme
MUR Same as CNTL except that z4 is set as the observed 50th percentile value
MEDI Same as MUR except that az, b, and f; are set as the fitted 50th percentile value from the observed Vz — Dy

relationship

Atmosphere, Vol. 34, No. 3. (2024)
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FAFsHAl 23 (Figs. 2b, 5a), 100 mm ©]22
g A Aol #F i H5F Agsta, A
2o g izt BEol fXetaA T =t A
T B vepd okst AE RelskA] Rt
CNTL3 AWS®| F2# 7r¢] Zpol& 45 HH (Fig.
5b), A& 2 A7 Aol e 59 oA, Ad= A
Aol Me e A& Kol CNTLY Ad) F4

© 5

N
uR

¢

(a) CNTL

500

300

m 180

- B 140

- 120
- 100
! 80

126E 127€ 128E 120E
(c) MUR minus CNTL

. T T
126E 127E 128E 129E

]

75 melol v A

it
O-
£

A Be] o] oAl AL & T Ak B 5
T B P55 molste] AP AGo)M ol
akE Helth 7 97% A¥3} CNTLS Ha23lS
W, A2 B A7) SH AGelA Fel zho], CNTLe]
24 100 mm o] 4e] 47} mel® Aol o] 2
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A Uehd SR BR e F AT BFE S
7Hete Aog BAEY.

AREAQ A o Aeel WstE AvEya &
A 717 78 Hd A5 AWS giH] bias (BIAS),
probability of detection (POD), false alarm ratio (FAR),
18] 3L equitable threat score (ETS) 71 A& vl
&t tH(Table 4). 57 H4= & ALt WL vha 72
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Fig. 5. Spatial distribution of 10-h accumulated surface precipitation amount [mm] from 0600 to 1600 UTC 8 on August 2022,
obtained from (a) CNTL, and the differences between (b) CNTL and AWS (CNTL minus AWS), (¢) MUR and CNTL (MUR

minus CNTL), and (d) MEDI and CNTL (MEDI minus CNTL).

s=27)48ks] thy] A34% 3% (2024)



271 - AR

Table 4. Maximum precipitation amount [mm] during 10
hours, along with the averaged statistical skill scores of bias,
probability of detection (POD), false alarm ratio (FAR), and
equitable threat score (ETS) during the analysis period for
each experiment at the threshold of 0.05 mm. The observed
precipitation from Automatic Weather System (AWS) is
utilized to calculate the statistical skill scores.

MAX BIAS POD FAR  ETS
CNTL  235.77 0.65 0.51 020 0.23
MUR 143.44 0.69 0.54 020  0.25
MEDI 170.05 0.67 0.53 0.21 0.24

a'ﬂ(Hi‘[) F= A3l ¢™ (False alarm), M-
9] A E(Correct negative)°| 2L 7
20}71 Qe 483 AR 0.05 mme]t}.
Zb wf Alztell tis) AlLtet BA Aol B
Aletatt. 7t AFES] o= Hse *ebml{i, CNTL
9] BIASE 0.65, PODE 0.51, FARS 020, 28]
ETS® 02322 YERA, 7 RIZEE A3ex CNTL
tiH] BIAS, POD, 2|3 ETS7} 7§45 3 FARS
Abe A& g1 & Atk 53] MUR BIAS, POD,
a8 3 ETS7F 242 6.2%, 5.9%, 223 8.7% /HA =
AN 71 £ A HA4E B ol B #S
H g 545 AYshe widHeE A 4
+ A " A7 S5 Zl‘”‘«l & A7t 7H**El
H7} S7FelHA] BAIES7E dE S & 5 Ao HP
W, A A A= 73% AWSE 293 mmE UEd
WOt CNTLS 235.77 mm, MEDI= 170.05 mm, —Z
232 MURS 14344 mm <08 B3 e S Hol=
g Tl ASE vy Aol 7&?‘& 7]

2L ABE qTS AASS L S

AME R A7 AGE A de=w g@%oq 2
B N7 72 59 A7 §3kE 24 7|7k
S We 717

& or 8T A, B Aol 9F
Tt oted AT B ATHFig. 6).
S =2 olF3 AR TS T, AWS A=
3l A Aol elgk A7 0800~1200 UTC, B
el 93 7474 1100~1600 UTCell A&k, z+
Z} 1000 UTCo 13.97 mm, 1500 UTCOl 13.00 mm
2 Y 7ot UrE}LLE} RE A3o] #= iv] A
ZrEjol o8 7H42 0800~1100 UTCol= <FalA| =
o5t} 1200 UTcoﬂ A mYsta, B AFtE
Aoz oFalA sttt Al Aol Rejst 7}
o] AIZF Wsl= fARH YElRY, MURS CNTL
] A et g o[ EE 0900 UTC7HA 9] 4
& s, A A5l o s ks, 183
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Fig. 6. Time series of hourly precipitation from 0600 to 1600
UTC 8 on August 2022 over the gray box area in Fig. 2b.
The segments shaded in blue and red correspond to periods
influenced by each convection, noted by A and B in Fig. 3.
The lines colored in gray, blue, green, and red represent the
results for AWS, CNTL, MUR, and MEDI, respectively.
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Fig. 7. Spatial distribution of hourly surface precipitation rate [mm hr'] at 1200 UTC 8 on August 2022 obtained from (a)

AWS, (b) CNTL, (c) MUR, and (d) MEDI.
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Table 5. List of symbols and descriptions of microphysical processes related to mixing ratio of cloud-rain.

Symbol Description

PRAUT Production rate for autoconversion of cloud water to form rain

PRACW Production rate for accretion of cloud water by rain

PAACW Production rate Accretion of cloud water by averaged snow and graupel
PREVP _rc Production rate for evaporation rate of rain to form cloud water

PREVP Production rate for evaporation—condensation rate of rain

PSMLT Production rate for melting of snow to form cloud water

PSEML Production rate induced by enhanced melting of snow

PSACR Production rate for accretion of rain by snow

PIACR Production rate for accretion of rain by cloud ice

PGMLT Production rate for melting of graupel to form rain

PGEML Production rate induced by enhanced melting rate of graupel

PGFRZ Production rate for freezing of rainwater to graupel

PSACR Production rate for accretion of rain by snow

PGACR Production rate for accretion of rain by graupel
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