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Abstract; Eight different cloud microphysical schemes in the WRF model are used to simulate the precipita-
tion process caused by a squall line in Hainan Island on 22 April 2020, and the effects of different cloud
microphysical schemes on the simulation of the Hainan Island squall line are comparatively analyzed. The

results show that different cloud microphysical schemes have significant differences in simulating the
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surface precipitation, radar composite reflectivity, thermodynamic and dynamic fields. Among them, the
precipitation area and center intensity simulated by Thompson scheme are most close to the actual observa-
tions, and the radar composite reflectivity in intensity, range and pattern simulated by WSM6 scheme at
the time of heaviest precipitation is similar to the actual observations. In the thermodynamic and dynamic
fields, the characteristics of squall line such as surface cold pool, low-level vertical wind shear and cold
pool outflow can be simulated by all schemes, and the precipitation center corresponds to the strong up-
draft zone. The divergence structure of low-level convergence and high-level divergence is conducive to the
occurrence of severe convection and the formation of precipitation, but there exist differences in the inten-
sity and distribution of precipitation. According to the cloud microphysical characteristics, the liquid-phase
particles are mainly distributed below 5 km, and the ice-phase particales are above 6 km. The simulation
results of cloud water show the weakest response to the selection of cloud microphysical schemes, while
the distributions of snow and graupel show the high sensitivity. This is because different cloud microphysi-
cal schemes have different processing ways for the generation, transformation and consumption of snow

and graupel, and the conversion rate of the same microphysical process is also different in different

schemes.

Key words: cloud microphysical scheme, squall line, numerical simulation, Hainan Island

1 5

R £ 02 T [ 2w W — R R X R KR ARG
T 205 BR A 7 2R B A S LR HE ) 2H A 5
YO HE T RS AR A LA NI A R R
B3 413055, 20095 FRIE AR . 2013) o 4 by 3 Jl
RAEFFWRMAN GG, METEHE TREFLS
WL T Be (A AT 4 455 20195 BR 7 45 . 20205 7 7 4%
20215 4814 A6 A, 20215 95 55, 20245 XB K Z 4%,
2024) BUE AL B AT B i B0 I 28 20 B R BE B AF A
TR R 2R 5E B 1 AR i R R s S O S A (kA A
201847 &5, 20205 Li et al, 2021 F 7 FI4R 22 42,
2022) AT AF R 75 A R 55 AE T R
B TR G2 Y LA U K Bl G K v i 1 AR

P 7B PURESRY VEIER SV ih & D E | LRI
PO R 2 — IR T 45 ZOKEE Y W A B B AR R I
AR S5 AR AE I 3 3 8 PARE ORI 30 ) B ot it — 25
S RSP 3 B R 20 A s T AN [ = B B 7
ZEXT 2 TR 3 5 R ) A A T 25 ) R 2 R K 1 R
PN SR XS 2 T B T 5% ) e 0 2R B v Y U A
(Morrison et al, 2009; B JJ 3% &%, 2017; 7k th 4%,
2019; Dawn and Satyanarayana, 2020), &% fll F
FL(2016) 43 5 A A Morrison #1 HUJI SBM J7 & %}
IR — ML i B AT 40, . Morrison J7 22 BER U
HH LR 5 B 11 AE i & JE sl i HUJT SBM. Jy 42 (14 %

i ZH SR B AR R 2R 45 46 AN W 15 5 [ /K 7 IXC LA
Morrison J5 & 8 N i, 16 & /2 Morrison J7 & 4
SR = vk HUJT SBM J5 W A Fi g . 1F
J7EE OIT BE XI5 AL — K@ LR ad 72, X LE 6 b
= BT AR A R R B Lin J5 LD Ry
AR B K 0 55 55 8K [l 38 AR A 5 5 B O8I0 B W) 5 () s
A b P BT R A AN L TR R KU R R A 4 T R
fE. TS P40 W el . Bao et al(2019) 5T 3 F A [
I Ry SRR H R AR Y R T R S AR AT
IR 1Y &5 MOk 775 T 7% Rl Ak o 72 b 2 2k /9
KB A 8 3 2k 2% T Ve A0 i b TR V2 it A T T
I 3E LR AR 5 K T AN [R) 7 58 RO L iR K Y
RO 22 5 B 2 1Y K SR AL 1R i B AR AR TR . AT A2
#2 55 (20200 e FH 5 B 2= Gy BT S X VLR AL — Ik
55 RANESRIE T B e 25 72 AT R4, 25 SR R W)
ANTR) T3 S8 BEALL I B K [T 3 ik B R 9 T 22 S B R L 0K
554 J7 SR K BEY) 25 18] 23 A A 0% 5 [ I L K BEY)
A A A WA A2 W I R i A B i AR, S 8L
T R R TV 3 W 3R W] . NSSL Uy
FIBLSE R 5 PR fe A . Cao et al(2022)
PO 4 T 2= B0 B0 07 G0 v 2R 98 5 R MG 4 ) A4
iR R F & W 37 AR T IR e £
HYe M 5 % In] AU Y R R R T A A S 22 0
WDM6 75 5¢ i R 400 25 2R fie W 4 592 B o R 7K TR 4 LG AT
B B B K VRt R e A A B R

T T A Ml AL Bty HG DO TR i A B S



300 A

P A T e D S R ) M fE B 5 L S 508 U A A S R
P G Al 4 [X 7 W5 22 00 (CE 2245, 20185 B FE SR
20205 %KL AF,2023) o H AT A1 R By A 58 X
KA BOR B, (B0 REZR 7Y 73 BT AH XA 2 L T
WFFE T Be 2 AL I A 3l <4l A 2k <5 UL 55 RE 19
LR DL (A, 2021 IR g A2 45, 2023)
ARICEF R 2020 4F 4 A 22 H R EAE R B 1 — R
L fE Rt B AU WRE s ROBERE P 8 Bl = il
HT7 S AT BRI o A o A B AN R] 2 B BT
S0 T P 5 PR A I AR B AULRE 7 5 LA O R
i I 3t DX 2 3k T 1) A1 990 AR B (ELASE B0 AT 5
R’ft—EZ%,

1 BB BT S BET

LI K54 R 199 B S 542 S MR [ 3h S
75 A X G Bl R KR A (B0 S B, R
WRF V4.2 #0300 ~FEiE (B D, KLy Bl
0. 257>X0. 25" WU v 391 K A0 T4 o O 1143 B Elodie
(ERASE N 1 X W) 46 57 A48 b0 o7 2R (18, 7N,
109. 7°E) s 7K F WA 43 AKX A 9 km 3 km, 4% £
o 100X 102,109 X 109, 36 7 J7 [ 3% 50 2,
AR 50 hPa, LRI 4G B %0 2020 4 4
A 22 H 02 B (b staf, F D, 24 27 h, i 6] 1
4K 45 s, B 10 min i — IRBEILEE R, SCrh
A 3T B XS R RS

SC H R L B b P R G0 4 b B A DR A

22°N

1000

20 600

200

18 150

100

50
16

106 108 110 112°E
T dl S — )2 B, d2 S5 2 B
FT RN I R R R B ()

Fig. 1 Simulation area setting and
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Fig. 2

(a) 500 hPa geopotential height field (blue line, unit:; dagpm) and wind field (vector),

(b) 850 hPa geopotential height field (blue line, unit: dagpm) and wind field (vector), sea level pressure

(red line, unit: hPa), (c) 925 hPa geopotential height field (blue line, unit: dagpm), wind field (vector)

and water vapor flux (colored) and (d) sounding curves of Haikou Station at 08.00 BT 22 April 2020
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(a) Observation and (b—1) simulation results by different cloud microphysical schemes of

16 h accumulated precipitation from 08:00 BT to 24:00 BT 22 April 2020
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