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Abstract

Precipitation plays a pivotal role in the global water and energy cycles, significantly impacting cli-
mate evolution, hydrological processes, and human activities. The tropics contribute approximately
two-thirds of global precipitation, and as a representative tropical island, Hainan Island exhibits dis-
tinct precipitation characteristics due to its unique underlying surface conditions and complex land-
sea interactions, posing significant challenges to the applicability of cumulus convection parameter-
ization schemes in numerical models. This study employs the Weather Research and Forecasting
(WRF) model (V4.2) to simulate 13 typical precipitation cases during the 2017 rainy season at a high
resolution (5 km), using seven cumulus parameterization schemes, including Kain-Fritsch, BMJ,
Modified Tiedtke, etc. The simulation results are evaluated against ERA5 reanalysis data, ground-
based observations, CMPAS merged precipitation products, and GSMaP satellite-derived data using
multiple metrics, including correlation coefficient (R), mean absolute error (MAE), and Kling-Gupta
efficiency (KGE). The results indicate that (1) the Modified Tiedtke (cu6) and New Tiedtke (cul6)
schemes perform best in the tropical island environment, with Modified Tiedtke (cu6) achieving a
correlation coefficient of up to 0.913 during the typhoon-active period (September-October) and an
overall case-average of 0.41 + 0.26; (2) considering the “gray-zone” resolution (4~10 km), a time-
dependent optimization strategy is proposed: the traditional Kain-Fritsch scheme (cul) and its mod-
ified version (cu10) are suitable for simulating precipitation growth but exhibit systematic biases in
timing and magnitude, while the Modified Tiedtke scheme (cu6) and BMJ scheme (cu2) excel in weak
precipitation scenarios, with Modified Tiedtke (cu6) also performing well in heavy precipitation
events; (3) the Multi-scale Kain-Fritsch scheme (cull), KSAS scheme (cul4), and New Tiedtke
scheme (cul6) demonstrate strong overall performance, with the Multi-scale Kain-Fritsch scheme
(cul1) exhibiting superior accuracy in capturing precipitation center locations, spatial distribution,
and reducing false precipitation; (4) based on seasonal variations and precipitation type differences,
a phased optimization strategy is recommended: the Modified Tiedtke scheme (cu6) or New Tiedtke
scheme (cu16) for the typhoon season and early monsoon transition, and an ensemble of the Kain-
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Fritsch (cul) and Modified Kain-Fritsch (cu10) schemes for the peak rainy season. This study pro-
vides critical scientific insights for optimizing cumulus parameterization schemes in precipitation
simulations over tropical island regions.
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Figure 1. Study area location and meteorological station distribution map (Approval No. GS (2019)1822)
B 1. fIRRUERSKRESSHEFEES: GS(2019)1822 )
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TOARAIE], W5 LR B K E[16],

TR BGERE 2017 SERIZ(4~11 H), Lokl 13 MBI K RE(LE 1), a7 8L R3S (1)
Pt SRR, B RS . CRTRN” SFESUR IR K, e R BT BRAR T 554 AR
[FE S 80 17 3 /N BRK S 191.7 Z2K[16]; (2) FREXRASGK, 3 A 31 HATHHES
WRSA S B 24 Hilg O PR SRIEK, 535 6 /N FEKEIX 95.8 2=2K; (3) FERMEFIK, M ZE |t
55 A 20~21 HA SRR 6 AR AIMFFEEEEN: 4) S5 R8%MK, FEHMEIISENR
HFEER . A5 NSRS SRR LR &SRS A/S5 Kk, W07 A2 8aiish iz
SL[EIFEm, R LK ELIA 100~200 22K . SEEURAMIT 25 o0 A BAT AR R vk I (A) 178 55 T B R OK R
9, A R EE AN R B X, SR R A W B R R A RIS, REEE AR R AURER
FRERPERE K, WASET RERRMIERN, AR S FE R K RAE N S EBACRESR L 7 3.

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

1. 2017 FFi5Rg B B A BRI IR

Al 5 RPN Bt Bee 7K RFALE RERG e K P 7K & (mm/h)
Casel-0329 3.29~4.2 Je Hh R XTI PRXT AL

Case2-0518 5.18~5.23 2 By PR K ESREZN

Case3-0522 5.22~5.27 HRFEIK T REXR RS 95.8 (6 h)
Case4-0611 6.11~6.16 Rk Pk ESR 2N

Case5-0622 6.22~6.28 (X 3 5 A K =20

Case6-0712 7.12~7.17 X PR K Pariish + FR 100~200
Case7-0822 8.22~8.27 B MPEK LN 100~120
Case8-0911 9.11~9.16 & KUPEK B HEF”

Case9-1003 10.3~10.8 DX 3 3 P K o7 2R 214.7
Casel0-1014 10.14~10.19 B RPEK BR R

Casell1-1104 11.4~11.9 DX 3P 2 Y KRB + AR

Casel2-1112 11.12~11.17 G WIRAR IR aX “HEZE” 191.7 (3 h)
Casel3-1117 11.17~11.22 (X 3 4 5 P 7K BT+ RARR

E: 191.7 (3 h)ZEFE5 9 N BRK BHit e,

2.3. WRF IR KR A RE T

A5 K WRE (Weather Research and Forecasting) V4.2 [ A X ¥ ra 5 5 B /K S HEAT U E U
Fto BRI =28 F R W B 19 N SZG 0 w1 1 I B R CRIE T o B S E W),
R A R SR O (ECMWE) 3R (1) ERAS PR B, H TR ah i fia 5 564 DLAE XK
[ % R #I) CMPAS (China Merged Precipitation Analysis System) 7K = i, 1272 & 7 T S, R
AEIEM T EGOR, B 1 km BER R, H TR S S PPAS IR .

F & BN T D AR AE R ARG R, BRI BZ Mg E, Migd062 T 19.05°N,
109.05°E, 78 %A g i S R, APy M5y S km, IR SO 150 (221D < 150 (1)), &
B E 33 2, BATZEA 50hPa, IEIFR KA 90s. AR FEI 1 7 R =0 RS HA T
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FHATHT EL SIS (2 2): BIEL A1 Kain-Fritsch (KF) /7 £ Al Betts-Miller-Janjic (BMJ) /7 %, LA Z AN
A, Hrdt, Modified Tiedtke J7 2410 &0 HFAE B AT 7 AL : Modified KF 75 251 N 1 T W 2% i
BRI fil AL . Multi-scale KF 5 5836 SO0 T 2 RBEXHR AR 77 KSAS J7 RAEFR K X 73 330
FELEAT T ARAK: HThR Tiedtke J7 %8 Mk 1 IR X AR AEBUR[17]-[19]

Table 2. The cumulus convection parameterization schemes used in the study

2. ARPRANAEIIREBUSLR

UE 2R Wk X FERE N
cul Kain-Fritsch FEfll KF 7%, & T R
cu2 Betts-Miller-Janjic BT RETENER TR
cu6 Modified Tiedtke B 2 R e
cul0 Modified KF 5|\ PDF fiili /i %k
cull Multi-scale KF Pt 2 RS
cul4 KSAS T KX 53 1A
cul6 New Tiedtke PR AR AE

2.4. TM&EE

AR SCE T HAH 2R R % (Correlation coefficient, R)A1T-2 44 %t 1% Z (Mean Absolute Error, MAE) LA &
Kling-Gupta 2% % $(Kling-Gupta Efficiency, KGE)XJ 48 H i B K S HEAT 56 .

FHIE R H(R) R A 2 J IR ) A 5% R 8(Pearson), % 48455 T 46005 25 (MAE) £ 2 A T IR B oL (E
55 S 2 18] ) w22 05 5255 . KGE 298 250 % 5% (Nash-Sutcliffe Efficiency, NSE) 4 &, %t Al
SR 2 1) (R A S B v 22 2 LG DA R S51MB 2 B OR S R AT EICHS 15 SIEDNME 2 TR (R i8a 3% | A8 S Pt AP 4IRS

KGE =1-\[(R=1)’ +(a=1)’ +(-1)’

=i~

a=2r p=
Oy
Horb, R Ok SIS SRR U M R B o, F1Y NS R0 S50 B K 5 2RI o, AV
SRR PR RN Gk 515 B BB 7K 35 77 22 FI-F3ME

3. 458
3.1. BEKIEPIRIHE XY ST RIS ES 4T

I B 250 77 2 Pearson AHK REL TR, BLULEUR BRI E I 2 R (K] 2).
FHOG R B BUE TS B FEAR K (—0.09 2 0.91), 7870 ML T WRF 00 i B 5 B /K BADLIR 52 2 ko BT ]
YERE b, RVSCR SO I R EARE . XTI HIRE 5 H ) FIIM I RECH 0.55 +
0.15, b 0329 %4l culd J7 A 0.782 W& E AN ZAIA(6 H o T )~ AR ISR i 2 1IN,
0622 FBIFTA 77 W3 REAUN 0.08 +£0.04; TI7E G RXIEERH9~10 H), BSER BE-A, 1014
B IAE R R B RIA 0.73 £0.18.

MSENTT BHEARR DK E , Modified Tiedtke 77 %(cu6)~ Modified Kain-Fritsch 77 %% (cul0)F1 Newer
Tiedtke 77 % (cul6)iX =Nt 7 R M Nt . HAKM S, Newer Tiedtke 77 % (cul6) /7 N 8L H i
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RSP AIAH G 2 40(0.44), (HIAE 0622 F1 1117 EHIHCRE{ 9 0.08 1 0.1, 7E 0329, 0911, 1014 F1
1104 ZHIFC REEHHIE 0.6, X i B 1% 77 50T DU X 350 5 RN B ZRCIR L T R B0 BB R B Modi-
fied Tiedtke J5 % (cu6) Jy Z1EZ KL AT 110329 A1 0518 Z451) LA & KIE BRIHA0911 A1 1014 24511555 5|
B A5 2 %0(0.64. 0.74 F10.91); Modified Kain-Fritsch J5 % (cul0) /5 2N EHLH B i R e 1k, AnvE %
N 0.20, NG TR B R/N. HEEZ T, Betts-Miller-Janjic 77 R (cu) E I AEAE, RIUAE 0522 =4 H
H-0.09 HIFAHSE, HASE MR RBWAA N 0.32 £0.23, X4 REWIZ T RAERN SIS NEAE
Yt mZE . HATT Z 0 Kain-Fritsch /7% (cul). Multi-scale Kain-Fritsch 77 % (cul 1)1 KSAS J5 %(culd)#
W, BFTIMERREAE 0.39~0.42 2 ], (HEEFRE A WHTR =R 2. (MERTE RN Z, B
PSR B 2 TN ZE RS 10611 F1 0622 B)H, LEEPANZEEIRIFM R E, FKINVELF 12 Kain-Fritsch
J5 %(cul)~ Modified Kain-Fritsch J5 % (cul 0)f1 KSAS J5 % (cul4), H5¢R2E0 BT HAh T %,

BT HEAMERE VAL I E B, BHEN ST R “2 7 RES” MR 122 KU AT A
G RIEKIAI A AEH cu6 5L cul6 77 R (1% 7 RAEGRST 2614 R T4 REUEX 0.63 £ 0.24; 0.63 + 0.17);
MAENZEE, RN culy cul0 Al culd = AN EAESTFE, UBKRE TR KRG RE .

Pearson's rho of Precipitation for different Cu schemes on Hainan Island

10

0329 - 0.685 0.483 0.746 0.762 0.550 0.782 0.643 =
0518 - 0.426 0.249 0.525 0.417 0.496 0.391 0.545
0522 - 0.288 -0.086 0.241 0.401 0.259 0.106 0.223 o8
0611 - 0:351 0.156 0.141 0.395 0.325 0.173 0.384
o622-  0.117 0.035 0.028 0.106 0.047 0.131 0.080 Fae
0712 - 0.463 0.444 0.548 0.518 0.427 0.488 0.440
0822 - 0.314 0.430 0.314 0.384 0.190 0.412 0.470 -0.4
0911 - 0.706 0.608 0.737 0.709 0.515 0.717 0.699
1003 - 0.385 0.330 0.204 0.379 0.160 0.266 0.57/2 02
1014 - 0.458 0.764 0.913 0.495 0.894 0.676 0.890
1104 - 0.787 0.397 0.431 0.624 0.651 0.708 0.655 s
1112 - 0.374 0.217 0.210 0.378 0.132 0.309 0.189 l
1117 - 0.062 0.105 0.261 0.009 0.411 0.202 0.100 B

cul 2 w6 10 ll cula cul6 S

Figure 2. Correlation coefficients between simulated and observation for seven cumulus parameterization schemes across 13
cases

2. EMRATNRSEUFTRE 13 MNROMEUESINENEXZ RS TE

MBI [AIEARRHIE R, % 77 S0 o Bk R i A7 AEAR A I 5, DL 1014 41081, E5E 2 R
BRI AE AR A, B R IR B 1) cul0 75 %8, FLABLHE L LU IIME RS T 40 80 mm/h (14 3). iXFh R4
P 22 S BT S50 T7 SRR XA A s .

TR X7 Z 5 [, Kain-Fritsch /5% (cul). Modified Kain-Fritsch 77 %(cul0)f1 Newer Tiedtke
T Z (cul O) IR T R B4 BT A 5 R B N 0.42 £ 0.21. 0.43 £ 0.20 F10.44 + 0.24) EEE 25 T H
e4CE (RS0 AL Al A ATL )RR B 2R B ) = A B R AR . Cul 7 AT cul0 5 RAER L I Kb i m B AR
KEF, AIRerF ad T AR AUl A DL, 8 AN [F] S B K (e B S R 5URK  cul6 7 S ek
PRSI RAEALE], SCHL T B AR RS . FHELZ S, BMI 7 E(cu) fE RV B A5 T RIAEE, A
AAE TC B K Iy B SEB R AR K, B R AR SE bRk &, X B T HE T HEEN S BT Z1
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Figure 3. Comparison of simulations using seven cumulus convection schemes against actual meteorological station observa-
tions across 13 case periods in 2017

[ 3.2017 £ 13 NREGIEAE 7 MR ZIRFS RIFMER 5 SR SEFRYUNERIXT L E

RGNER ZBOK
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Figure 4. Comparison of mean absolute error (MAE) between simulated and observed precipitation values for seven cumulus
parameterization schemes across 13 precipitation events in Hainan during 2017
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Figure 5. Kling-Gupta efficiency (KGE) statistics of simulated and observed values for seven cumulus parameterization
schemes across 13 precipitation events in Hainan in 2017

5.2017 iR 13 MEKEN 7 MRZSHAH RMELMESWNER KGE SitE

TERTE A |, KGE i3 H B R B Z T MR AR 2= XU 36l 391 2249 (W1 0329)KGE f{EAHX &1, 1
PIELE-1.65 2 0.71 Z[A1965; TR KEFE 21 H L 6(0518 A1 0622), KGE {HHlf#(%, 2507
RN KGE EAK T 1.0 X By AR 2 B T A R R R R R E RS 25 R EAE =,
HrhR Tiedtke 77 Z(cul )L HAR AR E I, ERFE AT 38.5%MZ B R +F KGE A KT 0.3, &X—
PERE RS T HAL TR . BRIk, Modified Tiedtke 75 5 (cu6)fl BMJ 77 E(cu2) R UL H BT IR BE, &
110 KGE M AT HIx 8, ARuEZES> 504 0.39 F10.40, BHSE/NT cul A1 cul0 [ 5.05 A1 5.45, iXFhtfg
225 EELRT 7 RUBNLHIFIA . cu6 5 G385 BSO3k AR It a2 S 2 A BT 1) R SRS 240 1) P K O R S 4
1, RFESTE TN [F 5 R K PR ALRE 75 AL SE R Kain-Fritsch 77 % (cul )FIXGHE Y Kain-Fritsch 75 %€
(cul0) FH -6 R e e ek 5, 7 B (B R P TR0 2% 5 (M I K 22 o R, A B =S8 T RAE
Ab FRAN [ 25 70 B K N R 0 H B B R i 25 . Tiedtke 2877 % (cu6. cul 6)iF i Beis i ot it fish o Lok 0 58
VEAN = e B FE A, SBT3 i AR M8 17 Kain-Fritsch 2877 % (cul culO. cul 1)7EALEE 58 X}
TR T BE A R, 5 BRI E R .

gi bRTid, AT REAE S EEH & £51 Kain-Fritsch 75 % (cul ) M2 i) Kain-Fritsch 5 %
(cul0)idE A B FL PR K BE K 7, {H 75 B0 R AR A 8] A oK B R G 22 (e 2 483 5.05); Modified
Tiedtke 75 %(cu6)Fl BMJ J5 F(cu2)i& A M55 5K id 2, FFH Modified Tiedtke 77 % (cu6) 158 [E K 1E
TRIABFLT; Multi-scale Kain-Fritsch /7 %(cull). KSAS 75 % (cul4)FIHih Tiedtke 77 % (cul 6) U EHLH

DOI: 10.12677/ccrl.2025.143034 331 AR TR


https://doi.org/10.12677/ccrl.2025.143034

AP ISR A MERE, B R Tiedtke 77 & (cul 6)FE A H(KGE KT 0.3 FIZEG &5 i E).
3.3. BAIANGIROBEIK 22 (8] 3 AR FFE 4

A X 0518 Z= M 116 N/NEFREAS ) RSk /04, BisE 1 2017 4E 5 A 22 H 04 BHHE
FE B AR MBI R BNIATIRAEAS () 6)0 M TTRNE R, ZA ZI SEPR K 32 B IR 5 R0
X(19.8°N, 110.6°E fftifr), SILH ARG - PFHR D ARRAE, FEKH 0 1.2 mm/hb. WRF FCR A
-EFR = 2B 5 A B /K 23 (8] 20 A AR | S 8 M 6 2 22 e ke

(a) PRE (mm) (b) PRE (mm) © PBRE (mm)
12 12 12
20°N M\Aﬁ 20°N SN C/\ 20°N /\f\f\
AL AR ] AT
19.5°N ) vel 08 195N vl 08 195°N v 08
p) P b
Los6 b/ Los 06
19°N 5 o TN L, Z 10N o ’
i SR | I G | e
18.5°N : 18.5°N “ 18.5°N T
A2l to2 - IJ/*W/ 02 " {;{:f/ﬁé@/ 02
’\”“ﬁﬁﬁﬁﬁ Bhaax %) |
109 1095°€ 10°F 1105 1| | o 09 1095° 10 1105 IILE| | o 109°F 1095 10°F 105 1| | o
o) P E({r’\;n) @ P E(;v'\;n) ® P E(;r'\zm)
20°N SN Cj‘\\ . 20°N < mfj\ 20°N /’\f\«f\
y
19.5°N 08 195°N v 08 195N I vl 08
Lo6 Los6 06
19°N 19°N ' 19°N L
S I Nl s | et A
18.5°N . 18.5°N 9 . 18.5°N Y -
\ﬂ%ﬁ%‘j Fo.2 \%‘ﬂ{zﬂi‘/ o2 %ﬁ/@/ 02
5T TS TI0F  T05E  TiE Lo T05F  T005°F  TI0F 105 TILE Ll oo T00F T005°F  TI0F T05F  TLE Ll oo
@ P E(;ﬁ;ﬂ) () P E(;ﬁ;n) (i) P E(;ﬁ;ﬂ)
20°N RS C)g 20°N - 20°N S
VIS AN A| BTS2 &
A
19.5°N vl 0.g 195N vl 08 195N vl 08
NN NS SN
Los 06 0.6
19°N L 19°N L, =t 19°N L
18.5°N Lot Y - 185°N o LT Lo 18.5°N e (_;;;A@/ 0
09 1095 110°F 105 11E | | oo 1096 1095 10°F 1105 1LE | | oo 109 1095€ 110°F 1105 1LE | | oo

Figure 6. Precipitation simulated by Kain-Fritsch (a), BMJ (b), Modified Tiedtke (c), Modified Kain-Fritsch (d), Multi-scale Kain-
Fritsch (e), KSAS (f), and New Tiedtke (g) schemes, along with precipitation observed by GSMaP (h) and CMPAS (i) in Hainan at
04:00 on May 22, 2017
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Figure 7. Total precipitation simulated by Kain-Fritsch (a), BMJ (b), Modified Tiedtke (c), Modified Kain-Fritsch (d), Multi-scale
Kain-Fritsch (e), KSAS (f), and New Tiedtke (g) schemes, along with total precipitation observed by GSMaP (h) and CMPAS (i) in
Hainan in May 2017

7.2017 5 5 AR X Kain-Fritsch (a), BMIJ (b), Modified Tiedtke (c)s Modified Kain-Fritsch (d). Multi-scale Kain-Fritsch
(e) KSAS (), #7hR Tiedtke (g)77 RIEHIAT 2 PEKEF GSMAP (h), CMPAS ()W) 2Pk E

DOI: 10.12677/ccrl.2025.143034 333 SR TR


https://doi.org/10.12677/ccrl.2025.143034

FERALX P E IR (1 B /K A i SR R B 257 . &AW RM, B Kain-Fritsch 75 % (cul) A5G 1)
Kain-Fritsch 77 Z(cul 0)4t, oAt 77 5 MBI FE /K &5k fl /N, T3 2251 N 2.3 BIREIE REUCA e 5 IME#E4T
BERTEG, X S B H TS T SR AR 5 P KO R I AE A 2R G PR 10

M7ZE[A] b, Kain-Fritsch 541757 Z&(cul F1 cul 0)7E &5 AL 1 B K i B 1X 45 SEBRWLINAZZE 30%~40%
(123 (B 25 B %, ot 6F i B /K R GeAr B 1Y) — 2 TR 6 7 - Multi-scale Kain-Fritsch 77 5 (cul 1) AR 7EFE K
AL B FEUER T B B (R AR 2N T 0.1°), B HRRDL AR K 5 B A LR ) 35%~45%, T
FEl R B R AR/ o HTAR Tiedtke 77 %8 (cul 6)7E HP AL I X 15 S B /KA 29 25% (1 25 [ B4 8, (H 32 R K
DR B R (R ZEZ) 0.5%), Bon IR KRG MZE . BT 77 ZERIIE RS 5 70 SR R K X (I
MK E < 50 mm)B R BEARE, FIBARZEIEF] 60%~T70%. 1XF08F ik P 22 3 ZU5 T B
SRR B B P YRR 800~1200 m, [ U JEERET AR E PR, XA ARIE S8 T B 4
(g - AR EAE A BB TR I8 2 5.
4. ¥Wig

TERGTHE IS T, WRF B 25 S50 7 R 3R 535 16 77 SR MM I 25 5 o AR AE
W R IR, Modified Tiedtke(cu6) /s 2175 & XIERIAR I B AR, 1014 ZHIMEREOE 0913, &
WP IR REAERFAE 0.41 + 0.260 AW FLIENE R B X IR T 3 = PORURE S, IX AT RefS o T oot
S5 IO I A A LA o AR AE AKX 7 43 ER (4~10 km)TE Bl N, A£G S50 TT R4 R A7 A R A 2 M
B4, BMI J7 % (cu2) 4 B FEIM K R BN 0.32 = 0.23, X5 Chen Z5[4]7E sk i S5 X IAF L &
BUARL . FERE/KRERAUT T, K2 BT RATAE 25%~40%HI R MERAG, T ESIN 0.3 A1 2.3 FIRSIE &
4, 1fi Kain-Fritsch 25177 ZEH I 30%~50% K5I S . 1X 5 Zhang 251 7] FIWF G5B AFAE R E 2 5,
TN B PR EE T B K B PT BE BE A A

TE“IRIX” 3R il L, AR I KSAS J5 F(cul d)7E T R ML 264, R BTt
YR KSR BB AR e P, AF K R/ 2 ) 43 A 4 = R RSP R 0 470 75 250t . IX IR T #E 4~10 km 43
PrJa N, BRAVKEE S H T R EUE SR DU AR RS R, TRERE R R A S
USRS . BRI R T E R B SR, REARIENE, FTA T RIFIIME R R R
0.1 +0.05, X —IRIE TSR B ICE. FETIXER I, TR 55 B FH R B 43 I B i 22 S dk
NG, IR R B RE R HE N IR A S BT R

5. &t

1) fEHGHIE I, Modified Tiedtke 77 % (cu6)fl Newer Tiedtke 77 (cul 6) I H B Z 0%, T
HAEG RIS, KRB EIA 0913, AREIFILERTE 0.41+0.26. X —MEREEHA 3 ZUE T H AR
AR A ik A ATL )RR 20 P = Tl B o R

2) 1£ “IKIX” 53R 4~10km PR, &7 RRIH R ER R M ZE . MEKIRERE, &
FUFE /K B A FH Kain-Fritsch 77 % (cul)8¢# Kain-Fritsch 77 % (cul).Modified Kain-Fritsch 7 %&(cul0)#l Newer
Tiedtke 77 %(cul6) ) R ="NI7T RINE G UIRCHE — T R RGMwMZE . TTAFIIZ KGE K,
fE 4t 1) Kain-Fritsch /7 %&(cul )FIS ) Kain-Fritsch 77 & (cul 0)i&E G A B /K G KO 72, (75 2y S HAE
IS TR AR K & I RS 2 . Modified Tiedtke 77 ZE(cu6) M1 BMI 77 %8 (cu2)idi G140 55 MK 72, JF A
Modified Tiedtke J5 % (cub)7E R /K IE ML N R I B EF; Multi-scale Kain-Fritsch /5 %(cull). KSAS 7%
(culd)FIH7 i Tiedtke 77 % (cul6) I & B H B I i 2 A PE R

3) TERRFLREK 2075 X A2, Multi-scale Kain-Fritsch 5 & (cul DTEFFKHOALE . FFK T8 454

DOI: 10.12677/ccrl.2025.143034 334 SR TR


https://doi.org/10.12677/ccrl.2025.143034

F AR K f ) BRI AR iR R, WAE SRR 4SS . KA Multi-scale Kain-Fritsch 757 %
(cul )T TT 5, (B TR AR IR GRHEERSE NS HI T %

4) HETHHREERFFAKI TR 2ZRRI, EVCRH BRI T kB 5. G RETi(9~10 A)
HNZE AL AT HA(3~5 H HA))iE+E Modified Tiedtke /7 % (cu6)BHT R Tiedtke 77 % (cul6), WZEEEMI(6 A
AR Kain-Fritsch 77 % (cul)fl Modified Kain-Fritsch /7 & (cul 0) 5 & 1.

B
ROAHEISESE 00 SRAER. VAT RS0 SCEE A Ph s RN R T HE £ R S 020 B SR
EEUH

T FE 5% AR 42 (No. 32260294); 15 1 A3 RHIFAE 4 W2 BT H (KYQD(ZR)-22083): 5% H 4R
Rl (423QN317) B FUHR ML R S50 -

SE K

[1] Wang, B., Liu, J., Kim, H., Webster, P.J. and Yim, S. (2012) Recent Change of the Global Monsoon Precipitation (1979-
2008). Climate Dynamics, 39, 1123-1135. https://doi.org/10.1007/s00382-011-1266-z

[2] kam, sKamn, sk R, &P, wREE TR X 2SO EAE R R, tERE R, 2017, 32(10):
1009-1019.

[3] Grell, G. and Freitas, S. (2013) A Scale and Aerosol Aware Stochastic Convective Parameterization for Weather and Air
Quality Modeling. Atmospheric Chemistry and Physics Discussions, 14, 5233-5250.
https://doi.org/10.5194/acpd-13-23845-2013

[4] BRS, MEE, B, CE, KK T MR SRR S EU0 7 SR R 2R AT LU R [T]. RS
%, 2023, 42(6): 1429-1443.
[5] #2277, SOMAFE, AW o [E B FEA [ 5 R R KB A R = X S 40 75 R I BUB B 78 [3]. KRS,
2009, 33(6): 1212-1224.
[6] EZLEE, MM, FRME. oS Hb Jr S0l 3R E 7R B g K & T g s X B K PRI R PR L v
224 2020, 39(1): 122-129.
(71 EEER, AR B0 IS E T S b B M AR BRI [T]. UREHK, 2007, 35(4): 458-463.
[8] ZWH. WRF B 23R S T7 S T IR & KSR SR AU IR ], RS kR, 2012,
42(12): 1966-1978.
[9] ¥, Wi¥h, MR, #EIGE. WRF PR SRS A TT B0 B KBRS R R0 b8 [T]. SRS EER}
%, 2017, 40(4): 19-26.
[10] BA¥EAE, XU518%. JeT WRE BB _FieE ZRRe K RAURARNT]. /KRR 7T, 2023, 30(4): 256-264.
[11]  BEI58. XL A bl pE #vis AR N 2y IR /K RFAE (], SRR B A, 2023, 12(1): 120-135.
[12]  EIGH, JRELE, SEM. IR AHRR 2 B AKRHE 28T [J]. AR AR TR, 2021, 10(1): 48-60.
[13] Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horanyi, A., Muiloz-Sabater, J., et al. (2020) The ERAS Global
Reanalysis. Quarterly Journal of the Royal Meteorological Society, 146, 1999-2049. https://doi.org/10.1002/qj.3803
[14]  FhIb, iES, &G, BFEE, A&, TAERE, #h, AhERR. o E XIS FEK T & 0 ok MO VEAS[T]. K
3L, 2020, 40(6): 10-15.
[15] Ushio, T., Sasashige, K., Kubota, T., Shige, S., Okamoto, K., Aonashi, K., et al. (2009) A Kalman Filter Approach to
the Global Satellite Mapping of Precipitation (GSMaP) from Combined Passive Microwave and Infrared Radiometric

Data. Journal of the Meteorological Society of Japan. Ser. II, 87, 137-151.
https://doi.org/10.2151/jmsj.87a.137

[16] #WRESLRE. fAEMHYE 2017 F+HRKRIAEHL[EB/OL).
https://www.hainan.gov.cn/hainan/tingju/201802/1f510beeed574aSea2aa2b587b35d1£5.shtml, 2018-02-27.

[17] Zhang, C., Wang, Y. and Hamilton, K. (2011) Improved Representation of Boundary Layer Clouds over the Southeast
Pacific in ARW-WRF Using a Modified Tiedtke Cumulus Parameterization Scheme. Monthly Weather Review, 139,

DOI: 10.12677/ccrl.2025.143034 335 SR TR


https://doi.org/10.12677/ccrl.2025.143034
https://doi.org/10.1007/s00382-011-1266-z
https://doi.org/10.5194/acpd-13-23845-2013
https://doi.org/10.1002/qj.3803
https://doi.org/10.2151/jmsj.87a.137
https://www.hainan.gov.cn/hainan/tingju/201802/1f510beeed574a5ea2aa2b587b35d1f5.shtml

3489-3513. https://doi.org/10.1175/mwr-d-10-05091.1

[18] Kain, J.S. (2004) The Kain-Fritsch Convective Parameterization: An Update. Journal of Applied Meteorology, 43, 170-
181. https://doi.org/10.1175/1520-0450(2004)043<0170:tkcpau>2.0.co;2

[19] Bechtold, P., Semane, N., Lopez, P., Chaboureau, J., Beljaars, A. and Bormann, N. (2014) Representing Equilibrium and
Nonequilibrium Convection in Large-Scale Models. Journal of the Atmospheric Sciences, 71, 734-753.
https://doi.org/10.1175/jas-d-13-0163.1

DOI: 10.12677/ccrl.2025.143034 336 SR TR


https://doi.org/10.12677/ccrl.2025.143034
https://doi.org/10.1175/mwr-d-10-05091.1
https://doi.org/10.1175/1520-0450(2004)043%3C0170:tkcpau%3E2.0.co;2
https://doi.org/10.1175/jas-d-13-0163.1

	热带岛屿多尺度降水系统的积云对流参数化方案模拟性能评估
	——以海南岛为例
	摘  要
	关键词
	Evaluation of Cumulus Parameterization Schemes in Simulating Multi-Scale Precipitation Systems over a Tropical Island
	—A Case Study of Hainan Island
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 研究数据
	2.2. 典型降水事件选取
	2.3. WRF模式及选用方案简介
	2.4. 评估方法

	3. 结果
	3.1. 降水模拟的相关性与过程特征分析
	3.2. 降水模拟的误差特征与方案性能评估
	3.3. 典型个例的降水空间分布特征分析

	4. 讨论
	5. 结论
	致  谢
	基金项目
	参考文献

