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Abstract

In the context of global warming exacerbating extreme precipitation, accurate precipitation fore-
casting in tropical island regions is crucial for disaster prevention, mitigation, and sustainable de-
velopment. As a representative tropical monsoon region, Hainan Island experiences heavy precipi-
tation influenced by multiple weather systems. However, existing studies predominantly focus on
mid- and high-latitude regions, leaving significant gaps in the understanding of cloud microphysical
mechanisms over tropical islands. This study employs the WRF V4.2 model to evaluate the applica-
bility of seven cloud microphysics schemes—Kessler, Lin, WSM3/5/6, Ferrier, and Thompson—by
selecting 12 typical heavy precipitation events, including typhoons, monsoons, and convective sys-
tems. Using ground-based observations, the CMPAS merged precipitation product, and GSMaP sat-
ellite data, the simulation performance is validated through multiple metrics, including correlation
coefficient (R), root mean square error (RMSE), and Kling-Gupta efficiency (KGE). The key findings
are as follows: (1) The performance of the schemes exhibits significant spatiotemporal variations.
The Ferrier scheme achieves the highest correlation coefficient in autumn precipitation simulations
(R = 0.77), while the Thompson scheme excels in error control (RMSE = 1.67 mm/h) and capturing
typhoon precipitation peaks (20 mm/h); (2) The Thompson (MP8) and WSMé6 (MP6) schemes
demonstrate strong overall reliability in simulating rainfall processes; (3) The simple warm-rain
Kessler scheme performs particularly well during the pre-monsoon transition in March (R = 0.53)
and residual typhoon rainfall in September (R = 0.63), revealing a mismatch between warm-cloud-
dominated tropical rainfall and overly complex ice-phase parameterizations; (4) A season-weather-
type dynamic scheme configuration strategy is proposed: use the Kessler scheme (MP1) during the
pre-monsoon transition period (March-April), adopt the Thompson scheme (MP8) during the main
rainy season (May-September), and switch to the WSM3 scheme (MP3) in the late typhoon season
(October-November).
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1. 5|8

ARG AR Z 0 R AN AR it R AU 50 R, s B K TR 0 H i 2. FERVHTZRRUX, SRk
FEEA m R AR SR ERAE, BRI R E . RS S TR E g, LR R A B A
PEVESARRAE, 15 b5 3 /K R % X3 L A M I RS R 2 — o 2 v i o P /K TR R 0 %t 7
P9 AN X A Jie HLA B I S X

HE RS TARASE A B SR TR i R SO R B 2 TR, PR SOR AR AR KRR AR H T 3
RSB T ZNEHAEE . SRR Z G, R T KPR, mKRESKE
[ PG ACTRAS, A B FIRAM G M B K 3 A, B X LTS sh A RN A B2 B EH . WRF Fatiz
B B SEA T REHE: IR 7 R Kessler 77 (1)) H-S3807 (W Lin J7E[2]. WSM3/5/6 77
K[3] [4]) WSH7 % (I Morrison J5 %[5] [6]. WDMS5/6 J7%[7]. Thompson /7 %[8] [9)MZ S H 5 &
(1 CAMS.1 FR[10])5E, XL BT AR E MRS bAEZER.

E WA EZESIAFR R RFCTE T KR WA B L. MR R Y] Thompson /75
A1 Morrison 2-moment J7 ZAERAL G K “ 22 b Y 5R B KRHIE 7 B AA BB 11]. fxedl “7.217
RER RN BUE RIS 45 IR, NSSL R5177 X AN A G J MK B BUR o o th[12]. BFFERIL, 12
km 7B A Lin J7 A GIEE T RN KRG IR R IMBAR[13]. RHXR RS8R ZE SAESE,
WK RIBRSHTT R AN H[14]. NSSL 2-moment 7 ZE7E 5 JR 1138 45 42 F K ) TR BE o 77 T 2 TR
BAE[15]. AFRHETERR RGBT R, Ferrier Ml WSM3 7 S0} B /K R B A BLUF RS ILRE F1[16].
Lin J7 &AL Z AU 70 R I AR [17] [18]. X WRF BB 7 R R Gika % 2R, Lin J7 %K
FERLF FH 5 P 7K B TR AL LF[19] [20]0 B S ET R ORI TR R, AN 7 RAEA 2= 1) 2 WLE
RN =& =5 RO K BARLAS « &K &) T TR A E, & HMA21] [22]. XELHE T A
BB TR A S PR (it T E S, SR, BUA TR EEE R R A X, X AT S X 5
T FR 1 = A ERAL I F TR AS A2

AT, AN [ DXC3ORI 288 2 Wl i RS TR 2 T3 7 R R G MR LU AL DA B 2 iR, (R0
e b X 5 B K S A AR RAUMATE FEAR R AN o AE NG B0, I R X BRI B2 2R & XU R G
L HEREMM, HARBE. BKEEE RSN SE. RILEMIX AL, Rk sg |
VEF T S = K Bk 2B AR FRFAE,  IX SRR M R A B8 /00 90 . AT S 0L B g LY
SERFEIR AN, SR WRF A5 306 LG 23 4T 22 Fh 2 S B8 75 SR SO RE T, VP4 25 75 SR 7E #vi B /K TR Hh 13
FAPES SRR, BRI ILAEENLH], DL i m b X S B K TR 55 3R 4 225, I Bl WRF B =54
T SRARRL 2

2. FEEHIE
2.1. MRXEEREE
AP g A A R 5 S 9 X1 1) W FF B AL TR AL EB(18°10N~20°10'N, 108°37'E~111°03'E),
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Figure 1. Study area location and meteorological station distribution map (Approval No. GS (2019)1822)
B 1. fIRXUERSFRESSWE(FEES: GS(2019)1822 5)

2.2. BRAVREIKEE IR ER

BT G RSB AW SRR S A i, AR FEifak th 12 A B AR 1 5s FeKkod
TR 1o XA 73 LR JLEE:

(a) HTEFSIEREAK: BIEER “RG” « FEHW7 . R M RE” 5IRMAN K. Hh “H
287 BRI S §9V AL RER, 80 DT IR R BN, 3 M K E L 191.7 =K.

(b) FREXRARGEAK: W3 A 31 HATHRRERRS, L& S H 24 Hifg I s 58
B, 6 /NI Bk K Bk 95.8 =K.
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(c) ZFRIEREK: s H 20~21 H 22X 4 B VEREK, LR 6 RISl B R R

(d) EaRgbEK: O ish 5FRIEFEEN . W2l T 5 SRR XA LR A
SERARGUIE R XINE SR K. 7 A i) 23 P s g KL R 520, J= R K 5k 100~200 2
Ko

Table 1. Typical precipitation events in Hainan in 2017 and simulation experiment design

5% 1. 2017 S5 B AU PR S RAR LA IS & 1

EHGE R KRG WA S AR %fnﬁ;ﬁ%
MC1 3.29~4.2 SR HbBRNT R R St Je bR X I
MC2 5.18~5.23 ESREZN 2 By PR K -
MC3 5.22~5.27 R ESTHR R S8 TR 1T JRy b P /K 95.8 (6h)
MC4 6.11~6.16 ESREZNN EESEEAUALTIN
MC5 7.12~7.17 P S RS RE DX 3 3 P K 100~200
TCI1 8.22~8.27 AR R FRAGHRF W B KR 100~120
TC2 9.11~9.16 SRS NS 16 Nl & 81 A 2 B15R
MC6 10.3~10.8 I AR 20 8 N E 48 S ARk 214.7
TC3 10.14~10.19 aM k5 12 AW E 116 4~ S 8m 4w
MC7 11.4~11.9 KRB AT ARG 4T RN -
TC4 11.12~11.17 & “H2E7 BRI SAER IO X B W2 KRN 191.7 (3h)
MCS8 11.17~11.22 RTEREWMAZMESR 5 AT EL R R

W 191.7 Gh)SEE S WO BEK RV E) s ORI B R TE I R) R A B/ i d oK Ff K i

MEH AN B I 18] o Al 2 5 7 iR i BT, AR A LI aE 1 8 A A A P X0
FERE KR IE AL T WS BR N AAN R S5 4 I BB RE LR 65 XA R AR R Gt 1 i K v Bl
GEREK, AT REXNRAG AN R RN, AR R SLSE SR, ARt
N FES IR, P BA B AR A AR, AT IR AN BT TT i R & A R 2R AL K R ST
PRS2 (SR

2.3. BiERIR

AHIE 58K FH = SN 4 2RO P23 #r s H TAXaa Ak . BRSNS UE o b i 00 I 5L SRR T
S 5 504 W (hitp://data.cma.cn/), FEECFERGRTE 19 NE K YR R0 55 FE B H A R EE = W,
WAES AR AEXTREE . R R RN K A . R TIN5 ) = B P AR = DL 4 SR 8 VP A . AR
AT R 535 R F R Hh A R R A O (ECMWE)SR L) ERAS B AT R}, i8R 420 1940
ERS WA FHATEOR, B8R, MMRE. MBSEMRIGEZANER. N TR K
B SR AT AP AL, AR FCIE TN T HE XS R1E B0 i) CMPAS (China Merged Precipita-
tion Analysis System) [ /KRG 7™ o 1% SRR HTHDWI « R ASCER A8 R0 T R B BT Rk, Ji st S 3k i
GRS R 2 FREE N 1 km RE /NI FE7KOR m B R 008 A e e s B 2 7K D 25 18] 43 A PREALE RIS (1] 8 A
i, 7ERE KL RE VRl b, FRATH B K7 5 E KRGS B0 CMPAS 7K S g 47 X
P, FEARIFH Hb DU G e ) S B /K SR AT 8 SRR . @It ZUREIR R G R, o] LA PP A R =
T ER 7 ZE T T B 5 R K A AL 0L
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2.4. R FEER

AT 58K H WRF (Weather Research and Forecasting) V4.2 KA i rd & 5 4 7K FA4- 3047 BUE S
Fo WRF 1302 i 36 [ [ 28 KA 78 O (NCAR) B IR TR A O (NCEP)Y SN LI T 1997 £EBEA T R
B — AR R BB TR U R R G . 12 DL RS0 MMS [ EERR 13l JREZE N BEAl, SR AR
T ZMYEE RS TR, Bk 160 ZAERER) ZMNA .

BRGS0 FH = 28 3= BEH - g B 5 19 AN SRS ks s )t T O 00 B RE RV T v [ R R B4R 199 5
KR 3R SR O (ECMWE) 3R (1) ERAS PR Bk, H TR ah i fia 5 564 DLACE K
KR JFHI ) CMPAS (China Merged Precipitation Analysis System)B#/K7= &, %7 fhEh & 7B 5. K
REIEMTEGE, BA 1 km B0 PR, H TG RETEAS SR .

2% L& BRI 5L DO M AR E AR KR G RE, AR B EMA&RE, Mgt T 19.05°N,
109.05°E, 78 a5 %/ Mg R & S H A 0. Koy 355608 5 km, A% s 80H 150 (& 1A)) * 150 (4ilal). T
B &E 33 2, BATZESEN 50hPa, BFHEFGDKA 90 s. AHF T HE 55 SR = 3 T7 ot
TP R K A ASEHRCR IR EL T 7 R RS ARER M 10 77 AT X H:Kessler 77 R(MP1, (X [EHE = id 72),
Lin /7EMP2, fE&TEMNARITFE), WSM3 HEMP3, HHEAN 3 FKEMTE), WSMS T
(MP4, SGHEY) 5 28K ETT ), Ferrier J7 Z(MP5, M55 THR %), WSM6 J7 Z(MP6, 5¢¥(K) 6 2%
IKEE 525007 )M Thompson 77 Z(MPS, Jeilt iR G AHA T R). HAMYHL KA Kain-Fritsch 1=
XF T %6 YSU A7 B34 52 J7 %8 - Noah BT RE 7 %6 RRTM K48 i 77 22 LA J Dudhia 575 77 % .
FEANABIHEAT 120 ARG, ol 12 /AN E AR AT B .

2.5. GiHERR

A CIE T A 9% 22 B (Correlation coefficient, R)A1E 7 1R % %5 (Root Mean Square Error, RMSE)LL £
Kling-Gupta %% & ¥ (Kling-Gupta Efficiency, KGE)XJ #548] H ) B 7K T HEAT K 560

A R BUR)KH 1) 72 B i ZR 2k 2% R B(spearman), 1%4RF5-5 )5 R 1% 25 (RMSE) = 2 A T 1A U
B 5 SLMME 2 [0 Ik 2 8 R %%« KGE 42X 911 2% & 4 (Nash-Sutcliffe Efficiency, NSE)4™ &, 2T 1l
FLI 2z B B AE DG bR 22 2 bl DA R3S 2 b Sk S R ASE AU, B0 5 S 2 [ () . A% e A RSP 354K
o AKX TG H .

KGE =1—(R-1)’ +(a-1)’ +(B-1)’

o, , Y
o —O_—V,ﬁ = I7
Forb, R A SO SRR ME IS R AL, o, MY RS G s s Bk 8 )5 E R PME; o, ATV
BB SRR S Gk mAS BB K I 7 Z 0358 . KGE WHBUETE A (-<o, 1], H KGE = 1 £R
BEADLEh L5 W A 56 4 — B, ROR B KGE > 0.5 @ E A& T B2 B &5 1, R IIREITE — &
TR b B Js IR UL 0 0 0 P A AN AR e

3. 58
3.1. ¥R REST3Ee

M 2 BTSSR T CAE N E = A B 5 S 70 e 3 N TR B B /K B UL R B 3 22 5o
MPS5 (Ferrier) /7 & & B H B R AR B RO RR,, PR REUEF] 0.50 £ 0.14. 2 J5 /&2 MP6 (WSM6) 7 &
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FTMP4 (WSMS) 7%, “FIIMISE R Er BN 0.48 £ 0.15 F10.46 = 0.16. fERFE] -, %77 ZMEILEE 11 2
DU B ZEAT AR . R LI ATIA(3~5 H oA R & R EI(10~11 H), KEH M ZH#%R
AU R . 76 10 H 14 H R B FE, MPS (Ferrier) J5 R IAH K RE0EIE 0.77. 0 2E EII(5~8
A, A 5 R R s m %, o 7 B 12 HZE0 R RRR R fe 2,  BIAE R SR B 4T 1
MP5 77 %, M3 RZE WA 0.36. R1M, MPI (Kessler) /7 58 BAR L i (o] B IRINE 2 7 58, ELE S o2 i)
BRI, 03 H 29 HREAEIEFE0.53)8 9 A 11 HEEIEFE0.63) < 2 ¥k E. M2 T, 75
H 22 HZEGIEEM 6 H 11 HREGEFE, MP2 f1 MP3 7 EHIMH < RECN 0.00, Sonix i)y R8T %
PR AT RESE AR

SR B, B AN BB TT R AE T I B R A £E . MPS (Ferrier) /7 %8 AR BA B s (17
IR O RBOFE U R e v, ARE AT H(S~6 )RR AL BItl, FESEBRM A A, SRR ST
B Ak B @& T 2 3 AT 9 A%+ MP1 (Kessler) 5 %, THRIART A WI(5~6 H )& &8 F 77 % MP8
(Thompson), & XA G #I(10~11 A)MLL MP5 (Ferrier) /7 2 N

Correlation
Precipitation for different MP schemes on Hainan Island
0329 - 0.53 0.49 0.47 0.42 0.49 0.45 0.48 ‘
-0.7
0518 - 0.54 0.62 0.61 0.60 0.68 0.59 0.60
0522 - 0.43 0.35 0.38 0.28 0.40 0.46 06
0611 - 0.42 0.44 0.42 0.48 0.42
-0.5
0712 - 0.11 0.19 0.12 0.21 0.36 0.14 0.09
0822-  0.29 0.45 0.35 0.39 0.40 0.52 0.40 [ o4
0911 - 0.63 0.48 0.52 0.56 0.56 0.52 0.52 03
1003 - 0.17 0.36 0.39 0.33 0.42 0.51 0.33
-0.2
1104 - 0.24 0.28 0.22 0.28 0.49 0.30 0.16 -01
1112 - 0.63 0.58 0.59 0.66 0.65 0.63 0.56 i
' 1 ' 1 1 ' ' 0.0
mpl mp2 mp3 mp4 mp5 mp6 mp8

Figure 2. Statistical diagram of correlation coefficients between simulated values and observed values for seven cloud micro-
physics schemes in rainy season cases

E 2. £MEHIIER REMERGINRIES N ENEX R K ST E

Kl 3 i BN E S A EE T R 5 IME 2 BB TR 2 . B4 R 7R, Thompson 77 %(MP8)
Fl Kessler 77 (MP1) BAR G A7 R B3, (AT T SARKPF BB (RMSE 4 1.67 mm/h). SR
L ARUHEG AR 1 A&7 AR 25 A/ NMRMSE 1 0.7~1.3 mm/h 2 [8]), TiEHIAGS~10 A)iRzE
WK, AR AE S KEEIE], 41 8 H A Ferrier /7 Z(MP5)HFL T 8.54 mm/h IR % . WSM
FHT7ZE(MP3. MP4 Hl MP6) IR BIUESE, S IN7K B SN FEAS DL IRFE IR BE o M55 L f L
Kessler 77 Z(MP1)HI Thompson 77 Z2(MP8) & L H AL 7 (1)3& B PEFIARE P o Ferrier 77 Z8(MP5) BLARFE HE L6
I B AN (B =y RMSE JA 8.54 mmvh), {H HOGH [ 7K I 1) 78 AR AR AR AT A FARR I 35 . 45 SR 380,
ANFE BT Z ) RMSE 77 Z 5. Hf, Thompson 77 %(MP8) 1 Kessler 77 R(MP1) iR ZE &/, 43
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58 1.68£0.63 mm/h £l 1.68 +0.71 mm/h. Lin J5 Z(MP2). WSM3 J7 & (MP3)F1 WSM6 J5 Z(MP6)IX 2.,
RMSE /T 1.72~1.83 mm/h Z [i], 17 WSMS5 75 Z£(MP4) 1 Ferrier /7 Z(MP5)iR Z & K, 4358 2.38+1.72
mm/h F1 2.40 +2.00 mm/h. i MARFRIRFERE, 3 AR 11 B &N ZYRZER N, FRZEMZERN,
KEZHET 0.7~1 Z 18], T 5~10 A Aifgrg b X mZ, B 2RO, Fiale 8 A, s KiRZ%E 8.54 mm/h.
Rk, {#H Thompson 75 R (MP8)EX Kessler 77 Z(MP 1)UL R h [X B /K B o Fa e IF HaR Z 8 /DN

Precipitation for different MP schemes on Hainan Island RMSE
0329 - 0.81 0.75 0.76 0.83 0.81 0.87 0.80 .
0518 - 2.30 1.90 3.11 7.25 2.48 2.43 1.82
0522 - 1.27 1.34 1.29 1.51 1.65 1.41 1.38 7
0611 - 1.59 2.37 2.42 3.22 2.24 2.16 2.33
-6
0712 - 1.76 2.06 2.36 2.09 3.06 2.03 2.04
0822 - 2.23 2.97 2.04 3.82 - 4.04 2.91 -5
0911 - 1.64 1.90 1.65 1.86 1.63 1.92 1.62
1003 - 1.98 2.14 2.55 2.32 2.11 2.04 2.35 K
1014 - 3.40 2.05 2.07 2.53 3.07 1.90 1.73 -3
1104 - 1.30 1.28 1.28 1.27 1.28 1.27 1.28
1112 - 0.88 0.92 0.84 0.93 0.93 0.91 0.90 [
1117 - 0.94 0.94 0.94 0.93 0.96 0.93 0.94 o1
mp1 mp2 mp3 mpd mp5 mp6 mp8

Figure 3. Statistical diagram of root mean square error between simulated values and observed values for seven cloud micro-
physics schemes in rainy season cases

E 3. £MEHIES RERERGINRIMESTUNERN I RIRES T E

5T Kling-Gupta ZCRIBE(KGE) VPG o, 165 5 Hh DX R /K RRADL IR 7 00 3¢ 52 0 58 355 (1 B 2 R i e
TE(E 4). Kessler 77 Z(MP1)EILH M HIZ5E PERECE Y KGE 8-0.45), FENZ T & BRI FRAHXT
{150, (HAE AT PR SR XA BRI R AT AR . BT 8 o i T R MR iE: 3 H, &7 %R
Wi R B I, KGEEZAE 0.5 LLE, Ho WSMS J5 (MP4)HA£(0.70); it ATRIHGS~10 A5, i
ORI R, BT REEHIL KGE HIKE-9.73 MtmEricn 8 A 22 HRZBILFER Ferrier 7%
(MP5)), HLEZF, Kessler 77 Z(MP1)*F¥) KGE {1 T HAR 7%, H-0.69+1.07. MAEE XA EHI(10~11
), Thompson J7 %&(MP8) i1 T~ Se BERITR & A T7 REBUESS, ¥ KGE 4-0.342+0.32. XA RE K
VR T T K RS IR I TR AR R AE . R AVE AR SR, AR R E N Bk B
HHE R FH: Thompson /7 EZMP)EE XA EHI(10~11 B)FIMEEH, MAEMMI(5~10 B)Kessler 77
FMP) R A,

3.2. ZABEKEIERTEE AT
EE 5 e 3 H 29 HRBIEAGIRE, B J7 2 A8 UER T $2 21 X006 B KRR, B 30 il 55— R oK
WEfE, b WSM6 J5 Z(MPO)IEAL I B /K F 21 4 mm/h, 287 TS 1.5 mm/h, 1% 55 IR FE/KIGE

B ARG AR, S R SCAE A B 9B XTHR = RS HALINAF R RG22 . A5 = 2= I [a] A Bk A rh (5 A
18 He 6 A 11 HA 8 H 22 H%%), %75 5K BEIRRERUF TR GBS, (BAFAE 2 1O 18] SE Al 22
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KGE at Precipitation for different MP schemes on Hainan Island KGE

0329 064 0.50 0.52 0.70 0.65 0.69 0.68 0
0518 029 -0.54 -1.76 -5.79 -1.13 -1.12 -0.60
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Figure 4. Statistical diagram of Kling-Gupta efficiency (KGE) between simulated values and observed values for seven cloud
microphysics schemes in rainy season cases statistics of seven cloud microphysics schemes across 12 time periods
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Figure 5. Time variation of the average precipitation amount simulated by seven cloud microphysics schemes and station observations
for 12 precipitation events in Hainan in 2017
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Figure 7. Total precipitation simulated by Kessler (a), Lin (b), WSM3 (c), WSM5 (d), Ferrier (e¢), WSM6 (f), and Thompson (g)
schemes, along with total precipitation observed by GSMaP (h) and CMPAS (i) in Hainan from 00:00 on July 12 to 00:00 on July 18,

2017.

7.2017E7 A 12 HORZE7 B 18 H 0 BHEREMX Kessler (a). Lin (b)s WSM3 (c)s WSM5 (d). Ferrier (e). WSM6 ().
Thompson (g)77 RAEHIE) 2 %K EF1 GSMaP (h). CMPAS ()M 2 fEK =

TR X KRN 112 mm, 17 CMPAS 75 R 5 75 B 0000 30 fe KK G, BE/K R 225
mm. FrE A)EE T SRE e B UK B ADIR AR, A R F AR R E R WSM3 TR
(MP3)RILH AR LR A T RE, AL IR K A0 A B (18.3°N, 110.1°B) 5 Wl e vk, /K E N 234
mm, EARET GSMaP WG, (HALTHA T 5. HAh DT RABRLLE RAF B LE 250~260 mm 2 [7], P
PIMIRRZEABIL 130%. M FEKHEEE SR /3 4k E, Kessler(MP1)F1 WSM3 J5 Z(MP3) AL 5 4 /K (>50
mm) [ & H 2 15%, SIINEBCA T, T HAR 7 $83X — LA ik =18 20%~25%. 1E 7K (AT J7
[fl, CMPAS s B, HAG B HHEEERRIE. Kessler (MP1)F1 WSM3 J7 22 (MP3 ) i b 5
PO T X b2 (BT AR, 10 Lin (MP2). WSMS5 (MP4). Ferrier (MP5). WSM6 (MP6)#1 Thompson (MPS8)
5577 G ) B I HE BE NSRBI AT o MADERALH £ FE 43T, WSM3 7 S(MP3) K H ] 5 i) = 2R /K M s KA
KBRS BARIE) 3 RTT R, AR FE SR IR IR, X Re R R T2 Mk 2
A eI NEZ A EN . EAERERE, BTG R AT R 52 20 B A< S AN E PR 52,
XM GSMaP fl CMPAS Z [AIfF7E 2 5] LLE H .

DOI: 10.12677/ccrl.2025.143039 395 SR TR


https://doi.org/10.12677/ccrl.2025.143039

4. ¥Wig
AWEFLIEE WRF BE20%F 2017 iR 5 12 A SRR K S0 00 2 46 VP AL, R T s r &£
FE B HEPEE % X B SCBEARAE . BF FE Il s L I TRD A28 (8] = AN R BEAT RS0, RIL T &K
— SRR AE : 15 %, 7R3, TR E L, Ferrier 77 Z£(MPS) I H f AL BB AR R B, “F 3440 58 R 50X 0.50£0.14,
76 10 A EEIEF] 0.77 HIEAHDE, T T8 Kessler (MP1)AT WSM3 J7 & (MP3)/EHF BN BL(tn 3 A 29 H
A9 H 11 EHWIEEI T 0.53. 0.63 F10.47. 0.52 WAL RE. Hk, BERESHER 78RR
Gtk ZE , LA K TR BE AT 8~12 /N AN B AR B /K i M ey 2~5 A5 (¥ I R, LAY el 7 45 1) 201 B /K
ik 250 mm, TCEEIIME 129.6 mm. £E45 [0 R, WSM3 5 Z(MP3) R B H i 25 & PEBE, 1T Kessler
T3 E(MP DFEFE K S ATAFAE b e W, FEACADL AR [ 7K 2% 1] 43 A 6 B SR IMEL ) 0.8 i [4]
MEENTHERBURE, HRRIS T ZMGAEH RN BER: £ 3 H, Kessler 7 EMPHEIMRE
A RBOEF) 0.53; fFEAXHEHI(10~11 H), Ferrier J5 R(MP3)E I e, FHIAHR ZEGE 0.50 LA
by MAETIHG~10 ), &7 &bEfe T B, 8 H 22 H Ferrier 77 & (MP5)f) RMSE i %] 8.54 mm/h.
XMENHZER S RARGRUEYVIME. Hlln, EUBESFEAKNFER 3 AR 11 H, Kessler 775 (MP1)
(1 B 7K 223 ) 0 AT e Bl W s 57 52 5 KU T R VRS #8301 (7~8 H)» Thompson 77 & (MPS) B SR TE [ /K 78 75
TOEE PR, H AR BT MO H R G 1 B /K ARRAE 12] [13]
B IR R I, RNV S5 B R N T BRI 43 B B G B SRS
o FENEMATHIG~4 H): MAEAE Kessler 77 Z(MP1), 1Xi%k WSM3 J7 % (MP3);
o VARTHHAS~6 H): FVCRH Ferrier 77 Z(MP5), JuH R TE & M6 PR B K5 5L T 5
o VUMIEIA(7~8 H): & XA E ] Thompson(MP8)E WSM6 77 %&(MP6), JE& KK R G fii
WSM3 77 %(MP3);
o HNHFEII0~11 H): A Ferrier FEMPS)NE, BR=FFEKRSIIFEN V)N Kessler 77 5(MP1).
X 43 B B SRS 7 B LA RS RGN, R e I, BRI KSR GURE S % 7 ik .
[F, 5 ERNIA S km S HFRBIAEERA L, ToiEF T RN R BEEXHR R GRS 0451

5. &hig

BT WRF B0 g & #AH o B A R R EE U 5, 455 22 WU I 25040 of B 2 e 307 %
IV, fHH DA R 24518

1) RREGREEZFHMRIAGEM NENER T, Ferrier 17 R(MP5)FEF % 28 AR CF
R = 0.50 + 0.14), {H Thompson J7 Z(MP8){E ¥ 7 iR 1% % (RMSE = 1.67 mm/h)flfa etk FH A, i
(5~10 FA)BEAURBCRL WAL T Z AT & A 5, $£% Ferrier 77 2(MPS)H A S 1% 7238 K2
RMSE = 8.54 mm/h, WL Z5 it i A2 S B AT A7 15 = BR A

2) &7 RAEME KL PRI P B R P PR K a3, (BRI 22, Rl R TESRAT R A E e KA R 4
N. Thompson (MP8)F1 WSM6 75 %(MP6) & I th #¢ =y R 27 & vl Sk

3) Kessler 77 Z(MP1) BAUHRBE = #2, HXF 3 H(R=0.53)f19 H & RXIERFEKR = 0.63)EHRR
R, T KGE (045097 TE TR XKW, ElERHIX F5ERFK T, BE L] 5 3 S,
T 2R VKA R S B S T RE SI N R 22, FEAREE /K 2 [A) 73 AR HRORS o 315w s 483 Al X g AR A0

4) B 5 SRICVEE N A RARAL, (AR - RABNER 7 R4 & 0] B3 Ui R . it
L, FREERATIG~4 )R Kessler 77 &(MP1), FEIRM(5~9 )ik Thompson 75 Z(MPS), & X H
JaiA(0~11 )% WSM3 77 & (MP3).

DOI: 10.12677/ccrl.2025.143039 396 SR TR


https://doi.org/10.12677/ccrl.2025.143039

B O
RIS, ZR5EAR . JRIRER. VRAS I A S0 SO B s RS P T A A B PO IR E S
EemB
[ 5 SRR 3 4 (No. 32260294); i K2 RHIF R 4 % Bh I H (KYQD(ZR)-22083); 4 H SRR
F4>(423QN317).
SE 3k

(1]

(2]

(3]

[10]

(1]
[12]
[13]

[14]
[15]

[16]

[17]

(18]

Kessler, E. (1969) On the Distribution and Continuity of Water Substance in Atmospheric Circulations. In: Kessler, E.,
Ed., On the Distribution and Continuity of Water Substance in Atmospheric Circulations, American Meteorological
Society, 1-84. https://doi.org/10.1007/978-1-935704-36-2_1

Lin, Y., Farley, R.D. and Orville, H.D. (1983) Bulk Parameterization of the Snow Field in a Cloud Model. Journal of
Climate and Applied Meteorology, 22, 1065-1092. https://doi.org/10.1175/1520-0450(1983)022<1065:bpotsf>2.0.co;2

Hong, S.Y. and Lim, J.0.J. (2006) WRF Single-Moment 6-Class Microphysics Scheme (WSM6). Monthly Weather
Review, 42, 129-151.

Hong, S., Dudhia, J. and Chen, S. (2004) A Revised Approach to Ice Microphysical Processes for the Bulk Parameteri-
zation of Clouds and Precipitation. Monthly Weather Review, 132, 103-120.
https://doi.org/10.1175/1520-0493(2004)132<0103:aratim>2.0.c0;2

Morrison, H., Curry, J.A. and Khvorostyanov, V.I. (2005) A New Double-Moment Microphysics Parameterization for
Application in Cloud and Climate Models. Part I: Description. Journal of the Atmospheric Sciences, 62, 1665-1677.
https://doi.org/10.1175/jas3446.1

Morrison, H., Thompson, G. and Tatarskii, V. (2009) Impact of Cloud Microphysics on the Development of Trailing
Stratiform Precipitation in a Simulated Squall Line: Comparison of One- and Two-Moment Schemes. Monthly Weather
Review, 137, 991-1007. https://doi.org/10.1175/2008mwr2556.1

Hong, S., Lim, K.S., Lee, Y., Ha, J., Kim, H., Ham, S., et al. (2010) Evaluation of the WRF Double-Moment 6-Class
Microphysics Scheme for Precipitating Convection. Advances in Meteorology, 2010, Article ID: 707253.
https://doi.org/10.1155/2010/707253

Thompson, G., Rasmussen, R.M. and Manning, K. (2004) Explicit Forecasts of Winter Precipitation Using an Improved
Bulk Microphysics Scheme. Part I: Description and Sensitivity Analysis. Monthly Weather Review, 132, 519-542.
https://doi.org/10.1175/1520-0493(2004)132<0519:efowpu>2.0.co;2

Thompson, G., Field, P.R., Rasmussen, R.M. and Hall, W.D. (2008) Explicit Forecasts of Winter Precipitation Using an
Improved Bulk Microphysics Scheme. Part II: Implementation of a New Snow Parameterization. Monthly Weather Re-
view, 136, 5095-5115. https://doi.org/10.1175/2008mwr2387.1

Neale, R.B., Gettelman, A., Park, S., Chen, C.-C., Lauritzen, P.H., Williamson, D.L., ef al. (2012) Description of the
NCAR Community Atmosphere Model (CAM 5.0). Boulder, CO.

Peks, KB, Xk, & ANESHETT X G R BRI s m ). R, 2023, 41(1): 64-75.
2B, 1R, AR S X721 R B R R HRER ], RSB, 2016, 36(1): 45-54.
REIEPE, FER, ZFF. AT PR S B T S0 b B R R AT [J]. B KE, 2019, 38(6):
658-667.

WPRE, S, K. RE S S0 — L SRR )], KA EF, 2017, 37(2): 173-183.

B NEE, ZEESE. SR T S — U TR AR 4R B W PR AU B I B (7], 5 R R AR R (E R B IR),
2019, 41(3): 526-536.

I, HAaifE, IR, % WRF AR RS ME T ZXHETORK R M]. SREHEYR, 2016, 32(2):
1 10.
VI, BT, HUNAI, S — RGN = MBS B T REUE R K I RHE T[] SRR, 2017,
37(3): 283-292.
BRAIAR, L, sKAE. WRE SR A ORN [FI0 55 R 2 T B 5 G850 1 R BRI 2 A B E A R [ 7). AR
RHLHERE, 2019, 9(6): 12-19.

T4, ME, BREESC. WRF AN R 7 /K B0 0 Tk e R o6 5 G R[], A%, 2017, 43(5): 552-
559.

DOI: 10.12677/ccrl.2025.143039 397 SR TR


https://doi.org/10.12677/ccrl.2025.143039
https://doi.org/10.1007/978-1-935704-36-2_1
https://doi.org/10.1175/1520-0450(1983)022%3C1065:bpotsf%3E2.0.co;2
https://doi.org/10.1175/1520-0493(2004)132%3c0103:aratim%3e2.0.co;2
https://doi.org/10.1175/jas3446.1
https://doi.org/10.1175/2008mwr2556.1
https://doi.org/10.1155/2010/707253
https://doi.org/10.1175/1520-0493(2004)132%3c0519:efowpu%3e2.0.co;2
https://doi.org/10.1175/2008mwr2387.1

[20] Fmehn, TEM, BKZE, S5 A SR SR B S PR AT )], FRE, 2017, 36(1): 33-
41.

[21] Madhulatha, A., Dudhia, J., Park, R., Bhan, S.C. and Mohapatra, M. (2023) Effect of Single and Double Moment Mi-
crophysics Schemes and Change in Cloud Condensation Nuclei, Latent Heating Rate Structure Associated with Severe
Convective System Over Korean Peninsula. Atmosphere, 14, Article 1680. https://doi.org/10.3390/atmos14111680

[22] Molthan, A.L. and Colle, B.A. (2012) Comparisons of Single- and Double-Moment Microphysics Schemes in the Sim-
ulation of a Synoptic-Scale Snowfall Event. Monthly Weather Review, 140, 2982-3002.
https://doi.org/10.1175/mwr-d-11-00292.1

DOI: 10.12677/ccrl.2025.143039 398 SR TR


https://doi.org/10.12677/ccrl.2025.143039
https://doi.org/10.3390/atmos14111680
https://doi.org/10.1175/mwr-d-11-00292.1

	热带岛屿地区不同云微物理方案对强降水模拟性能研究
	——以海南岛为例
	摘  要
	关键词
	Study on the Performance of Different Cloud Microphysics Schemes in Simulating Heavy Precipitation over Tropical Islands
	—A Case Study of Hainan Island
	Abstract
	Keywords
	1. 引言
	2. 方法与数据
	2.1. 研究区域与时段
	2.2. 典型降水事件选取
	2.3. 数据来源
	2.4. 实验方法与设计
	2.5. 统计指标

	3. 结果
	3.1. 站点尺度统计对比
	3.2. 多个降水过程对比分析
	3.3. 典型降水过程空间比较

	4. 讨论
	5. 结论
	致  谢
	基金项目
	参考文献

