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Abstract In this study, eight cloud microphysics parameterization schemes (schemes Kessler, Lin, WSM3, WSMS5, Eta,
WSM6, WDMS5, and WDM6) in the weather research and forecasting (WRF) model were used to simulate a rainstorm
that occurred over South China during May 6-7, 2010, to study the effects of the cloud microphysics parameterization
schemes on the simulation ability of the rainstorm. A comparison of the experimental results with the observation
revealed an overall agreement in the simulation skills of various cloud microphysical schemes to various precipitation
scales. The WSM3 schemes performed best for light to heavy rainfall and downpours. For simulating the rainstorm,
however, WDMS performed best, and WSM3 performed worst. According to the analysis results of threat score (TS) and
error, the WSM5 scheme performed best, and the Lin scheme was worst. One parameterization scheme showed a small

difference among various resolutions and a large difference in the simulation ability of the rainstorm among various
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microphysics parameterization schemes, which suggests that cloud microphysics parameterization schemes are more

effective than resolution for simulating heavy rain.
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Fig. 1 Model domains and the distribution of the stations (dots indicate locations of the observation stations; colors of dots indicate different precipitation

grades; x represents the 24-h accumulative rainfall, units: mm)
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Fig. 3 The 24-h accumulated precipitation (mm) observed (OBS) and simulated with different cloud microphysics schemes (the resolution is 18 km) from

0000 UTC 6 May to 0000 UTC 7 May in 2010 and the correlation coefficient of station
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Fig. 4 Same as Fig. 3, except that the model resolution is 6 km
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ZEA VA LM AT LUK B, 54 km 43 R AR A 45
SRS B A B AR RLAT, H B B K B Y L
PLA 25°N LUABIIBEKIX S, AT fig sl o g oR
AR A 18 km 43 HER AN 6 km 43 HER A 1) =
T 5 ZE ) RER L T AR ISR K L, {HER
RIRIFREE AL 0.2°~0.3° (4. Bl m
OV AR, 1) AR KRR, H% T
SR N, ST AR A R, ARV
TR T R B X M A R K bt . K EE
AN T R B B, WSMS 5 %81 WDMS 5 %
AP 1) 28 R OV B AR S A, WSMS 7 %
TEANTR] 53 26 (P RS R A0 R B e
4.2 AREHPEHRERGREE

TS (Threat Score) V¥4 & H RIS 516 531
KA TR AT P2 (AT %772 — (Etherton
and Santos, 2008). ANSCAH H 1% /7 0B UL 1Y)
B GRS . PR SRRy ek 2, X UK
S PRI R 20 0 TR — AN, B/ NEIR
(24 /NI B3R T 0.1 mm 1 /b T+ 50 mm), %
TARRBE KT KB EKES 213 mm, HHEAW
ANk AL 200 mm DL EEHFEK, HTS VE4>
PAAT- 100 mm 3 200 mm [#IFE 7K A KRR o

TS WA h

— NA

N, +N,+N.’
Horr, Ny b TR B K TR LT ol s B (ol ol
FIFRHR AR BB 2 () Bk 3 i 00 Ny A3k
Sl A0 U B B 20 (1 B2 /K W) S b F 2 B
AT B0 N Ayttt s 250 CUIN HH IS R 2%
() B K T TR IR R B K il a5 8D . B8R, TS
PEO SR 7R A P 7R ABE 2 T4 i — 5 2% B /K T o

(2)

R, HAEANT 0 R 1 200, PR B K X )
WK B 2 S5 — BN, TS=1, BIRUSCR B, 1
TS /N, PSR .

KK T WA 3 HE2e) TS V808, 1k
WKy 523 6 km (W38 —EikEX I d3 W1
114 ANl A AR s (B D). 23 AR
TR T RATASR 2y HE RN RS [A) 55 2 B K
(1) TS VA& . M TS W45 kA, 8 M A
[F] 73 3% 2050 AN [) A5 20 B4 7K 1) R A BE 0L 280 I 2 il
B, IFREM—wER. NTHR—2HET, BT
WDMS35 J5 %81 WDM6 J5 %4k, HAth = a7 &
SIANFI B RS ) TS VAR “WoR,
(/N7 BREAE,  BEASSOC/NEIDRRN TS VP4,
HHE T 0.6, MR TS PG 70 0E S =M
WIBR T BAEAF 3 HR T 0 TS vRarai R, ot
KNy 54 km B, SADTEM TS W EFEAZR
K, WSM3 J7EH WDMS5 J7 5 /NEIRRE I TS
POy, HoE WSMS 7%, i Lin J7 AR
ST TS $E4y, WSMS 7 &R T WDMS5
T, WSM3 7 & AR, Lin J7EWHERG 0.057
[RIVES3 s WSM3 J5 G0 KA i B e i, Hoo2:
WSMS5 J5 %, WDM6 J7 ER IR &%, TS W
h 0o 43HEE N 18 km B, X/NEIKIH TS 5>
E e WSM3 7 &M WSMS 5%, ke
WDM6 J5%, Lin Jy & EFEH 5 ; WDMS J7 50 %
W TS V48, Kessler J7 &A1 WSMS 7 &IK
2, WSM3 X KR TS P50 facim, 106 2 AL
KEM TS VFor AR 43 5l 2 WSM3 J5 Rl WDM6
Ti%o SYHERN 6 km B, /N BRI 5 MY 1
FLfEL, WSM3 77 &1 TS P MR B, K2 Bta
Ji%E WSMS J5 %, i TS vFor 143 i) /& WDM6

%3 TESHNELENTFRZRMKN TS 1548

Table 3 TS of different cloud microphysics schemes for different precipitation levels

AR =B S EATT R0 TS P2y

IS e i FA7K 55 2% /mm Kessler Lin WSM3 WSM35 Eta WSM6 WDMS5 WDM6

54 km [0.1,50) 0.650 0.637 0.683* 0.670 0.663 0.631 0.683* 0.663
[50,100) 0.091 0.057 0.032 0.132 0.108 0.077 0.147* 0.098
[100,200) 0312 0.200 0.364* 0.333 0.300 0.200 0.300 0

18 km [0.1,50) 0.616 0.615 0.680* 0.680* 0.660 0.647 0.653 0.608
[50,100) 0.156 0.091 0.061 0.156 0.091 0.083 0.167* 0.132
[100,200) 0.250 0214 0.300% 0.250 0.273 0.200 0.231 0.091

6 km [0.1,50) 0.626 0.644 0.721* 0.673 0.68 0.654 0.653 0.606
[50,100) 0.138 0.107 0 0.100 0.103 0 0.192% 0.118
[100,200) 0.188 0.067 0.300% 0.222 0.250 0.091 0.143 0.083

i

B BTSRRI AN B T R
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Ji % Lin J5 %5 BWI TS VE AR 2 WSM3
Ji % WSM6 7%, HErfi%l 0, 5 TS vF4
i) WDMS J5 402 0.19.

grtr Bk, MR #F 2B AN A = i BT
() TS VP& R LIRIL: &5 RIS LA
SRR IIBAU S R P R IECN —3, B WSM3 5%
XOF 7N B K R 2 W PR ABEALRA SR B e, T T 2 )
BRI R 7, 0 2 MRS A R e I 1 & WDIMIS
T % MEF—a YT RAEARFRIK 73 H% T
IR B : B T Lin J5 81 WDM6 J7 %4+,
HAh T 22T R BT TS P02 bl 25 2 14
STV 11 5 NP A BEK SE AAT  B R B TS
PP BEAR ST 2 R AR A A R AE 150 DA
AR 2 B R0 B K A LR I A —
SHERE D HER AT AR G — (174 . A4k
B, WRCR BRI IE WSMS J5 %, Hik WDMS
JEJTEF WSM3 Ji %, i Lin /5 &%, WDM6
J7 5 M WSM6 7 SR UNUR A BAL, 2 EAN A4
I B AKBRIIR , TS VA e (2 /N ER R, H
ZEFRARR, 1 = S B FE XS /N B AL 5
W/ BT WDM6 7%, KEER T TS VP 3EA
HLLER I TS VEor iy,  HAN I 2 B 7 28 1A
PG IRA w2286, ka1, BKEOR, #
AW E R & A G/ B BN £ 5
43 AREHPEAEMIRENHT

TS VP43 S WA B 7K R AR IR AR S 25 S
FIUERRPE, TPIZ4axt R 2 (MAE) RER 4T s
B SERE A A S R R GoR 2, BT
7 RMSE 2 P¥ 4 iR ZE M7 ZE IR, X R4t
R 5 FH— B8R R 2 AU, WA 2R R 2
(Molders, 2008), XPHFIGETHJ7ikfe e &N H

T 11 S5 AR AT SR AT 2 [ PR 22
1 N
ME_N;M—B

, (3

N
RMSE = /%Z(O,.—P,.)Z, 4
i=1

XN, O, P5ARX (1) & X—HFE, FTS 53
R FIREX IR, N=114, 3 4 WIGIRZE S8BT )
B, HPMHRRBEALFKH AKX (1),

&K 4 \TLLAEH, BT WDM6 5 £1E —HEik
EXIMANIAEAZE, Hofth 7 Bl = B 7 A <
REBERE T FER A A — 2 UK
PR 54 km £ 5 2 18 km B, AHIC R E)N
T 247K 5 18 km 4R 3 6 km I, A
KRB . B F R DX Il R DGk Lo
A e AR 0T O e 4D O A2 A

B P IR 22 (R (S — BRI
HEREXEJLT 2N 0E, FomBHRZ N0, H
SRR ZE I T ARR ZE IR, DB R K L
Mg, AR B RGN % Lin J7 M
WDM6 7 Z& V-S43 45551 22 B 73 23 TR o 1T AN
Hahn, HaROT BHGEAEACE MR 54 km $2 5 2
18 km B, P4 4a5%5 2 2248 K5 KV 2 B 18 km
FEmH] 6 km I, P 4015 22 0N o HER TN 18 km
YRR IR ZE R, AR WSM3 5 R 5 —
IREX SR ZE /N, AR 7 00 56— E IR X
Wz /N o BT ARR ZE A GG I d R 2 AR
W fadhoe 480, VIR 40 15 2 0 1 7 M i 2=
DL 18N

M 4 DA A Y, AN ) A i B
Ti%, ARG HER B 2= T ZILF—8: br
T WSMS5 J5 24T 54 km 43 HF 23 I (11739 2 0 5 2 e

F4 BRALEREUANMEXRE. FHERE (mm) FHFRIRE (mm)

Table 4 Correlation coefficient, mean absolute error (mm), and root mean square error (mm) between the simulated and

observed precipitation

ANF SIS R T %

K53 Wi Zili Kessler Lin WSM3 WSM5 Eta WSM6 WDM5 WDM6
54 km MR FREL 0.55 0.37 0.56* 0.55 0.45 0.48 0.55 0.41
MAE 29.45 33.33 26.87 26.80* 28.95 29.33 27.20 30.07
RMSE 40.85 44.79 36.16* 36.84 39.86 39.30 36.94 40.65
18 km P 0.47 0.34 0.55% 0.48 0.39 0.47 0.52 0.41
MAE 32.12 35.04 27.49% 28.78 30.02 31.32 28.68 31.02
RMSE 46.14 48.01 36.80* 40.47 42.64 41.82 39.40 41.58
6 km P 0.48 0.35 0.62* 0.53 0.40 0.52 0.57 0.41
MAE 31.85 35.69 25.44% 27.79 2931 30.89 27.60 31.20
RMSE 4521 49.68 34.58* 38.98 42.16 41.62 37.72 41.96

TEe SO R By 58, R AN B 72 5 6
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/N, WSM3 J7 G40 = AN DI A G Mg v,
Wy 2t %of i 7 R34 7 AR AR 22 B/l RIS A Xt 1 A
e, HIKOE WDMS &M WSMS %, 5 TS 3F
gy RT3 AN 8 11 Lin J7 RIACHE L
oA 7 RAEMG, PR ZERIY TR =M, R
W] Lin J5 B e 22, 5 K 2= [/ 0 A il TS
VO diie—8. BEKE, W8T £
ANFZKSF 43 3 26T 1)1 38 da it i 22 RN O it 22
22 SEARARARK, WK Fa#EE, AR
BSOS P E S NIV S W /B
A 5 8 ) AL 5 SR 10 5 e it T RS K 40 R A R R AL
SRR

5 #ig

I EEL WRE R AN [F] 2 3y B Fon 2 WY
B R sge, A SCAE ] WREV3.4 A 8 Fif
TR, R ZHEBREMNR, X7 2010 4 5
H 6~7 HRAEAAErE N FAATIHR, Eid s
i Rt LA 4518

(1) 54 km 73 FF IR T2 B3 K
I, FORH AT BT, 0T /K AR AR 20 i AN B
i, BRI R 0 LA 25°N BUIB I FRK
DI 18 km 4XHEE A 6 km 432 (R0 25 SR I A
HBBEASLALL H A IR B K (R T 20 AT, 0T 2R 48 () s e
I CMEAL U, SR B L 0.2°0~0.3° (4 /%)
1M WSM3 J7 4. Eta J5 %M WSM6 J5 A L
JTARFIVL PG AE FAL R R m Ly, oA AL
B, SO BT N A O
A, MIHATBHL X oK B mAG, 2S84
pi N RRIE TSP 7 A N e T E a7 22 Y=
R, A HEAER, ARV AR T
KFr 2 XA Z A R R K

(2) PRI EE M TS PEormr LAgn, X —
SRR, BT WDMS J5 %R WDM6 77 4, HiAh
T TS VR SBRIE “PiskoR, PRl 1%
fE, BEREA/NBIRRM ) TS Yorsmr, HZEA
K, X EWE TS PEAME, XU 25 et
FERE /NIRRT BRI /s B T WDM6
Ji%e, REEMI TS PR/ SEAHRLL AR TS PFo
HANF BB T7 S B A — e Z28E, w] LA
HED, FEAKEHEOR, BB S RN 2 i B
TR .

(3D X 7N BI KRR AR 28 W RSP R0 R e L 1)

WSM3 J7 %, ity G0 5% B RSO B 22, %)
TR R B I (1 WDMS %, Z5a Ay
HERE T B R, BRI R L& WSMS
%, HE WDMS J7 %R WSM3 7%, 1 Lin J5
Fig 7, WDM6 J7 & WSM6 J7 Z bl S AN
AR,

(4) &7 Lin J7%HM WDM6 J7 &4k, HAbJy
RRT RN TS VoA Bt 73 1% 2 (1B o 17 ok
Ny T AN B K S R AT I BRI TS PE5r
B A IK A 2 e A R AR R AE s R 2220 T A
WoR, =25 5 RAEARRIKE 3 Fe3 0 oK
BTN - B 2 b i 22 R3S T RR 22 22 AN K, T [+
— XA ) A BT S R ZE O, HE—
UL T 2 S B R AR AL 4 AL IR e i T A
W S ap U E e b Al

AT EER S WRE B HE R — KA
BRI EE R, AR RS L m R =
ANTA], BERLRHERA TR T 52 A AR AR s msh, 38
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