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Abstract

In this paper, the NCEP GFS reanalysis data with horizontal resolution of 1° x 1° and time interval of 6h
is used as the initial and boundary conditions of the simulation. Based on the four-level hurricane Ike
of North Atlantic 09 in 2008, the WRF mesoscale model is used to simulate hurricane Ike by different
microphysics parameterization schemes. The results show that the influence of different microphys-
ics parameterization schemes on hurricane path simulation is significant. In addition to the Ferrier
microphysical parameterization scheme, the simulation path of the other micro-physics schemes is
almost the same as that of the east side. Among them, the WSM6 microphysical parameterization
scheme has a small deviation from the overall deviation of the Hurricane Ike track. The effect of dif-
ferent microphysical parameterization scheme on the simulation of hurricane intensity is not signifi-
cant. The simulated intensity of Hurricane Ike is different from the actual observation intensity all the
microphysical parameterization schemes. The simulated results of the central sea level pressure of
hurricane using the Lin microphysical parameterization scheme are close to the actual observed
pressure in the last six hours, making it the best scheme in this intensity simulation experiment.
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PRIl b, R S MR AT B L SR ISR RS E R, FATTRRZ O EGHRiE . AEPEIER
SR A R R A URE . PR B R AR T R T AR A B K A5 AT I T ) 95 AT AU R R
BRI X RO I B . T RRFE 2 BRIEA 80 2 MV UL, 50 2 [ S AN [X 52 B Hf i,
AT U LR il PR 8 B R R, A R i e DA 5 A Kz . ARV S TR AR
FLERBR, DU DAY 32 4575 SR BOAR B R R TR R o S JLH 4Rk, TS AT SR Iy e
AR SRIER BT AR, A S U ST Q2 O T — AN B 7 5

W 2t 3 RN R0 S I A SR (0 R A B LA T, T A B AT B G St o A s = e ) Bt A2 A 56 2
BEAT R . BUifESe, FEEF[NZEX G KRR, 165G XA, A, SRR
PRI ARG AR 5 BB R 2175 & REVEA LRSS B AR b, iR AR & KU
BRI —EH, IR R BRB SRR, RoUE, ARSI G VS B 6 X “iEs”
(0505) % 3 A2 S Wi O BUE IR ST, 48 H 618 By B A ] LB & KU AR IE B, 38 n] BLid it
SN 6 KRR X AR G5 R R 2 & IS Bl A o Pl UBE s FE AN BR AR O TR 3, AERE b 3RATTR BT DL,
ZONCUT LSRR — Ui B S e AR, RanAREE B ey AEXIAR AT B XHRACE ;s -
P SR AL R RE S, aK-F IR EYIAS, AR RGN AN = N, e
Pili s 3t FE2 55 5 MR AR SR AZ SR . AT DL, A e S AR ) 5 55 AR A AR A ke, A2
HIZ AN 7 RN AR LR RL ERX— RIIRE TR AR R e 1 2 IR 2% iE = il
WEL, BT EE RS, RO 2 22 8] 70 # R K  2 AS BRATT H A X Se W B A2 A AR I A 2
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B, BRAE FRBUE AR 2 — font 1 e 2 i R R FH 2 B i) 7 kAT 140

LR, B AN CZA A N R EE 2 o Bl SRR AT SR IR 7T . MR, AR
R [4]7E 2010 43T HL AT AR ) B FE AR = S50 07 R ALE X 6 R« SERL T8 7 58 2 5 AR IO 2 )
t, KL WSM6 W TT 25 BM A S8 T R4 G RIS G B “ 5o (AR 5 SLhri
AT R, REZE[5]5 AL 2012 421 2010 4F 1013 S G X “ffita” N, FIH] WRF
T T AR LT AL TR TT SR G W “ il BAR MR EERAURISE 4, KBS Ferrier J7 SAH4S
A HRI BN & AR 1 P25 22 e/ 2011 4F Pemmani V. S. Raju [6]55 A\, DA IIRLIE 1 B #4afy
K “gRER” Bl M WRFE SRS B R Heim, R L A EL 7 SN Ferrier J7 A0
S5E RE LT BTN A2 AN 5 2016 4F, Kelvi CHAN [7]558 Nz ] WRF B 7T 1 Bl U] ey B 2
B T7 IR, HTTESE SRR AT IR R AT R P i b, B Ui BR AR X e B S 4L
WTT RAIEFEAREUR . KEICT WRF BB 2 Hons Aoy e g A2 A B2 A BOT 72, TER 1 3%
i 2R A A DA B TR A R

A R NI BIE TEN DA BT 0 ) B B o) v e B AR M B2 s ma Al 1 oK B AR, SR AAS
R R S B T G0 FAHE AU R ) 1) 22 ek B DR JER BT 23 RO 9 AR T R I LA, AATTHE Rk
PR Z AR B P AL R A+ 0 TE 2, TR IR M AR — PR L. N TRERE
AETFR ) T A4t OB A B A AR AR AL, R0 #Avats SUBIE B HOIA IR, A Stk ade Y vh RUBE B 50 WRF
NEFFR TR, RAARBMYESH A TT FAF 2008 EJLRTEHE 09 M@K “ 35 ” AT HUERIL., B
ANTE I B 2 A T SRt G U ) 98 B AT A2 (R 52

2. Mam “35” AMplET

ARG IRIEFEA B2 2008 4Tl B AR A Rt 6 Bl A ALK P 09 5 DU RE R, “ 35 (Ike)” o B
R IR LB R 08 A 28 H, S E KX AL (NHC) 1 e EARM VT A K TE A s R 3L
T ARAEIE, 5 U PRBNLE A R S BRI R 2 R R ROMRIE X, KR X R PEE, 7E 09
H 01 H 06UTC #l @ ARG IRE, FH74E 09 H 01 H 12UTC KB A#GH XEGREE, =N EEP 09 H 01
H 15UTC, NHC #ix/ i Wgdr sl “3m” .

09 J1 03 H, B X EH G fi FEIRY A Brnas,  « 3000 ” SEam s AR intk, £ 09 H 03 H 18UTC,
“LE” EAFHYCARER. 09 H 04 H 06UTC, WX “ 3 oe” 1A B mRre XUE 233 km/h, H skl
PSRN 935 hPa, RIENIUZEK. 09 A 07 HZE 13 H, MK “XL5” SbfE =i+ B S
NS T T IR B U R IR AT 5 VG I B o 5 S P R A Bl b SR . 09 A 13 HI7EAE 5
TSN E S 30T HE 2R R A 55 G X, BEJE T 09 A 14 H7E B30 e 0Bt 1 SR R N SRR H B e
B AR R S B, B AN R e R R e . 09 H 15 HESfbJEI “ 35 ” fEE57 el
TR B4R 7 — S B AR R TR AL o

3. HERBRIEFMRNIESR
3.1. ZERIRIE

ASCHT BB RR E - 36 [E K 3 85 ik - 0 (National Centers for Environmental Prediction, NCEP)
Fri At ") GFS (Global Forecast System) 70 BT &5k, /KFor iy 1° x 1°, B AR RGN 6 h.

3.2. BEANA
WRF (Weather Research Forecast)fi =X 545, & 3% B [ SR E 1iill 0o (NCEP), 38 [ [ 5 KA 5
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HHL (NCAR) LU AR 22 BHIFF AL BT 3L (7] 22 5 80 58 T Kk (R8T — ARG BB R ATk . R AU i R T —
i RS RS . WRF R RG2S — M a2 EEF MRS, 1HEME K-S C Mk
[8], SCHFHE RN R, G55 Jelt FIEUE BRI R R BAR, IRUFIE N 7 NER AL AT 7T 2 55
ToR S B FH R 5K, Dy et rp ROBE R AU FIAbORS B2 i B BRI DTk . WRF BN 280tk AH LG
Hoptrp ROBEREN & N E, 558 AL Rt b o ROBE RS Al (9] T WRF A 1
i, FERFEGAFR IS EA T ERER S REIT 1) RS EA T R RA B R, B
e H UK IE S 2 —. WRF R G 5 NI SEE T R[10] £ 25 MsEE R %, 4
REZHNWTE. RS R, BmEE S8 r €. MudESHE TR, KR
BSH TR PRERS I RS H 7 UL R IR S RS BS B 7 46 [11]

MBS R R EREKIR, =K, =ik, W, F, & KEERBKR T8 RE. BHsEdsE
BHTHER . ARREA RIFOF TR M S T R EEAHE T

() Purdue Lin 77 %: 5T Lin 5 NS HA T AR RIS HAT, SR Tao 17527 A E
IE, B EPHHRKR. =K W otk S, 45KE R, B AKIEAm kb, Bk
TERTAEEE . Lin 77 22 WRF B RGAM T 2, B INE H T Bt 7 [12].

(b) Eta Ferrier J7%&: B FE A R P30 50 /K VR LR s B4 B /K A8 Ak o 383 DL—AN R 84l
AR R ORAF I GE AE IAM5 ., 25 BN 7 Rt =K, T7K, UK K BEUK(BAES, Healik )31k
(R FEE o i o o PRI i P o R Ak B TV ) e, X P A 3 T vk T DAASE T R AE KN TS I B 6 AR
E[12].

(c) WSM5 (WRF Single_Moment_5_class) /7 %&: i % NCEP5 J7 S HEATIE1E, Q3G 1 UKIIITRE LL A
VKA SHA . AT RAFIKIR, KK, WKEE =Mk, oKz KR 5 o — Rkt
. BT NCEP5 fitA[12].

(d) WSM6(WRF Single_Moment_6_class) /7 %¢: £ 1 #fic fl—LeAH G2, % WSMB 77 E#AT 74 7
T RMERMSHEMNE Lin AT R KE AL, ABETHREE KA S8 B R 2. JF HAE
TR AR I R o 2 A B R R R 2, R BRI RS AR B T AR T[22

33. AR

ARSCR R, “ 3507 AT T, B T REEUER R WRF, SRR #5008 10 x 10, N [A]
(k% 6 h 1) NCEP GFS F- 73 #t B BHE AL 4] 46 3 FH il 7 2% A1 46X 2008 4 09 H 12 [ 18UTC I
2008 409 H 14 H 06UTC, i3k 7 RE R 35 78 = YO8 It i J5 i #2109 36 h AR AR IR AU B, LA(30°N,
94°W) H1:02(22°N~38°N, 86°W~102°W) i [H] ) X b AT 1440, A s 401 x 401, 4% /R4 5 km, HEH)Z
o~ 41 )2, TZEAJE 100 hPa, F4r0K M 30s, FA4rEf KN 36 h.

Table 1. The numerical simulation schemes

=1 BEREUSER

RIGH 5 (pCZBEiyaES SR T Y S IEHLTHNZ 5 %
1 Lin MYJ MO-MYJ
2 WSM5 MYJ MO-MYJ
3 Ferrier MYJ MO-MYJ
4 WSM6 MYJ MO-MYJ

N TR R EZEATT SRR “ 587 B9 EEANEAR AR, AU 1 Purdue Lin 755 Eta
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Ferrier 77%¢. WSM5 J7 %A1 WSM6 J7 ZVUMA F B S 800 77 2, it 17 an3k 1 s PUAdied & .
FHRIF, BRIET A, HABSE T ZIRFE—2, 45 Eta Mellor-Yamada-Janjic TKE (i s ¢
W EZHUTT %, MY Monin-Obukhov L Z ST, 5 EREY HIGHEIEATZE, RRTM K
WS SHTT %, Dudhia FEARS S EUL[12] % . BN RIS T ZEBEL 25 I Z R X HR O 7
PAS HC P TSR 58 77 RS TS R AR FIGR I, 709 31 5 P XU SE B i A R 58 FEE EA T4 LG A LBl

4, NIELER
4.1. FEREIES LS RAEREEEAZ

AR EE S 504k T7 SR IR PR R A% 5 S B LD B A Akt L an Pl L o, AR e %0, LR
B RS A A LL S BRI B A AR, I LR Bl B A S br A i d2 . MEXURT 24 h g dLfeal, T Ee
24 h NEEYT AT, MEE 25 h 2258 36 h, JEXEL I AR IbRe s, HRAEEIFIH N . WSMS T S5tk 77
TR AR AR LS PR A2 AR B %2 - T FCTRT 6 h, BT 2008 4 09 A 12 H 18UTC~2008 4 09 A 13 H 00UTC
HAE], Lin T8 EE S 504k 77 RIS AT 55 SEBR R AR T LT A, G B RS RCR T s Ferrier Ty %
R M4 E KHE 09 H 13 H 03UTC £ 09 A 13 H 20UTC, it 17 h A4 BRSS9 mrd; WSM6
7 AP ARTE M 09 H 13 H 05UTC % 09 A 13 H 18UTC i B, it 13 h S5 szbr 2w & B =

NT e E R B R EE S 5k 7 X R RS AR, 7EFE 2 WA T AR R EE S 5k 7 R
FOL A9 S8 R R a7 BB AN ) B 22155 2 o SO R XL 7 BB T A 22 30 P 3 22 DA e B 8 25 ) 35
T 7o AEVURRIAIEETT S8, WSM6 J7 S REALLRE IR ~F- 357 8 8 s 22 B /MYy 26.743 km, 35177 25 L f /MY
4 16.624 km. MEEARKE, £EDUFNTT S WSM6 Tl B 254k 75 G R “ 35 R AT IR 8CR e
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36°N —|

34°N —
32°N —
30°N |
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Figure 1. Comparison of simulated hurricane movement paths and actual hurricane lke movement paths under different mi-
crophysical parameterization schemes (from 18UTC on September 12, 2008, with a cumulative prediction of 36 h to 06UTC
on September 14, 2008, the hurricane path is represented by the line connecting the lowest sea level pressure at the center of
the hurricane, and the hurricane center is determined every 6 h)

1. FEMMESHU S R TRV RS ERIZS SRR X5’ BrhEExttb (A 2008 4 09 B 12 B 18UTC
2, FITFN 36 h % 2008 £ 09 B 14 H 06UTC, MEXEEEFELAMER FETFEZRSENELKRR, 86 hFE
—RRER L)
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Table 2. Distance deviation, mean, and mean square deviation (in kilometers) between simulated hurricane paths and actual
observed paths under different microphysical parameterization schemes
%= 2. NEIRIESHU S ZETELRRNEERSRWNRZESRE . FHEMYFEENA: km)

WES AT & Lin WSM5 Ferrier WSM6
09 A 12 H 18UTC 7.77564 7.77564 7.77564 7.77564
09 A 13 H 00UTC 25.79161 17.37946 21.21970 14.25055
09 A 13 H 06UTC 31.23673 31.23673 38.90451 13.79669
09 A 13 H 12UTC 34.14706 24.26480 36.85331 25.11271
09 A 13 H 18UTC 47.48352 28.70786 40.21225 29.56944
09 A 14 H 00UTC 65.24662 41.13680 75.55771 52.25260
09 A 14 H 06UTC 84.54721 69.22164 89.33831 44.44165

¥ 22 42.318 31.389 44.265 26.743

By 2 25.793 19.741 28.791 16.624

4.2. FERHMES BT R3S R X 55 B H R0

¥ 2 Fr7x, Line WSM5. Ferrier. WSM6 PUFP T EE 2804k 77 €, LA 2008 4 09 H 12 H 18UTC
) NCEP GFS ¥ F§ 2 #r BORME 958 1 5 3h Bk}, i3] 2008 4 09 H 14 H 06UTC 2t 36 h ik £ (1) i
R RO . PYFR RO EE 7 28N AU HE 1 O ST T AU DR 4 BN (B S B sy, 5
FESS T SEBRUM s B . I HAETRI 14 h BRI fk— /NI 2 g, Db J7 ZEAB40L AR v O v 1 T 0P 22 S T s 4
Ko

Hp, Lin s b 52, MXAETM 12 h J5E) 09 A 13 H 06UTC A ik 2| Ao - 11 U
/IMA 971.0049 hPa; WSM5 T EE 77 £°F, MRAETIN 12 h 58I 09 H 13 H 06UTC i 12k £ Hh Lo g1 11 <,
JE i /ME 969.947 hPa; Ferrier f# ¥ 7 &K, MEXETI 12 h /58109 H 13 H 06UTC i ik F| it
[ Hfe/ME 970.405 hPa; WSM6 TUAIBEZH4b 7 £ T, REXFETIN 12 h j5EP 09 H 13 H 06UTC I ik
Bl Lo [ SUE e/ ME 969.981 hPa.

TERLAUN 36 h AN F A BE S B0 B “ 350 rpt i~ T AR FE 2R B b BT ) B S B
A R R “UwF7 R, Hh WSMS TR FARRIEL “URF7 BERERETH BN, SR
BNEIEL

TETMATHT 14 h, PUFRGA) B S 300k 7 A4S th G X O~ T AL AR ZE AN K, Lin T 32504k
Jr%E. WSMS S HE 77 %, Ferrier ¥ )7 % WSM6 B 5 = F, H7EF 12 h j5E1 09 H 13 H
06UTC i B M8 R Ol P AU e /IME . fEREXUVERE S 1 h,  DUR e 2500k U7 2 RIS T 4618
W I ZE 5, HoH WSMS F1 WSM6 T B S50t 75 S DL R AR Ak 34 i o ARAEL, BB At 7 ki
L O P IR R R S, SRR Ferrier fUA)EESHU T R AT 25 h PR, A0 P A% b sk
Browtil <k v, SRFEACSEPRBREETESS, J5 11 h MR, A0 P AR LE S bR O T ARG, 5
FE LU SEBRULII 58 BE 5, Ferrier 77 58008 MG XU M AST40L 5 2 48 Ak LU oAt = Fh 07 R RO #FEE 38 Lin F B S 800 Ty
FF, BIET 30 h O & T SE bR O, SRS T SERR IR, J5 6 h s T
AR BRHEE 2 BRI AL P TR o MEEANEADLIN (]IS A2 K E, Lin e 2 804k 77 S 060 M8 A5 2 1)
AU L At =P Ty 8 B 2l SR UL 54 B
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Figure 2. The variation trend of central sea level pressure of hurricane Ike under different microphysical parameterization
schemes and the actual situation
E 2. TRMYESHHUARTSXRABEK “Xr” PiETESENTHSES

TR, FRATTIE VUM G 38 2 Bk T SR AURE R b oY TR 22 BRI 09 13 H 18UTC, ok
BEAT AN [F) S0 B 2 500 7 S B AUM R XU i 52 222 S 1) B0 90T - 1 e B 2008 4 09 H 12 H 18UTC ) NCEP
GFS W/ T e RHME IR B sh kL, ik 24 h, LL 09 H 13 H 18UTC (11 EAE A58 B 4 b it
Zl. & 3, Lin 7% T BARHE P <% N 976.926 hPa, fi71-(31.2755°N, 95.349°W); WSM5 J5 & K s
PRI A 979.142 hPa, £71(31.4586°N, 95.1935°W); Ferrier J5 % T, A0 ifE P 1< 5 A 974.838 hPa,
£7F(31.3644°N, 95.4568°W); WSM6 J7 %~ 1.0 T [ < 4 979.257 hPa, 7 7-(31.5051°N, 95.0881°W).
09 H 13 [ 18UTC, Ferrier J5 & NAAUH B9 RE KA O P THAURRAR, S5 R B B 250 T &

Sea Level Pressure (hPa) Sea Level Pressure (hPa)
38°N - 38°N T e
] @ ¢ (b) :
36°N 36°N
o x E : W
34°N 34°N
] U —J
32N 4 é;\\ 32'N - AW =
30°N / 30°N = =~ Z
28'N 5 il 28'N 1
26'N A : 26N U
AT S T
24'N o Mo M B, 24'N o Mo I 4 e
0 ! ol $ e o ;
22°N 13 N 22°N B
-, o \ b PS1. oto v.gl \ )
L J J ! f T T T T
100°W 96°'W 92°W 88°W 100°W 96°W 92°W 88°W
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Figure 3. Simulated sea level pressure in the range of 22°N~38°N, 86°W~102°W at 18UTC Lin microphysical parameteriza-
tion scheme (a), Ferrier microphysical parameterization scheme (b), WSM5 microphysical parameterization scheme (c), and
WSM6 microphysical parameterization scheme (d) on September 13, 2008

[& 3. 2008 £ 09 A 13 H 18UTC Lin MRS R (). Ferrier MRS F R (b). WSMS HNIESHIL TR
(€)s WSM6 MBS H1k 75 % (d)1EH1(22°N~38°N, 86°'W~102"W)EBEHIE T E S E

SRIG AU A BE 2 0k 5 28 R A TR s B 1 37 KXot G IRGdE AT 38E— 25 (1943 HT - AL 1000 hPa )X
(F 4) T En DY P A B S H T R R, RRRUIE A DX B XU i 7F 15~30 mi/s,  PUAN 75 S0 B I /) g o
OHREAR, BT RXIRAJE . 750 hPa 1) X7 (] 5)4H L 1000 hPa X7, PUANA B 2 84k 77 %
N B R XU i X X AT W S R T, LU R S L TS R R KR R B TR ARG R,
SRR KA W 4 Hh o A 7R R X R O AR, Ferrier A4 EE 2 $ 4k 7 R 8 5 B 37 M AR 35 (30°N~32°N,
93°'W~95°W)Hh[X , XU Eik 50~55 m/s, B KT HAB=T7%, Lin J75IKZ, WSM5 Hl WSM6 75 %
/o 375 hPa X7 (1] 6)AHEL 750 hPa i) A7y, DUFR AR 2504k J7 22 T W8 XUE i [X. 1) Xk R A #8AT F
N, R AR AE T #R I T — N RAE, HRH Lin A Ferrier 77 T HIL T 588 B 1R KR,
H Ferrier 77 58 T ARG JRUR /ST ], @ i DX RUEE R K T- oAt 7 %8 . 125 hPa XUz (1] 7) DUk 77 S A4
(R AT AT tH L T BRI RS, BN AR EEM MR, ARXMREE, SKERRNEEK
A HR[13], Horb Ferrier 77 Z2 IR HUX 3R B B KT Hofh 7 %8, HR UM M TE R e B R ik .

38°N 38°N

e sen ®

34°N 34°N

32°N 32°N

30°N 30°N

28°N 28°N

26°N 26°N

24°N 24°N

22°N 22°N
100°'W  96°'W 92°'W 88°W 100°'W  96°'W 92°'W  88'W

] [ . I [ [
15 20 2530354045 50 55 60 15 20 2530354045 50 55 60
R (m/s) JRHE (m/s)
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Figure 4. Simulated wind field of Lin microphysical parameterization scheme (a), Ferrier microphysical parameterization
scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization scheme (d) at
18UTC 1000 hPa on September 13, 2008

4.2008 5 09 A 13 H 18UTC 1000 hPa AJ Lin 4B H v 5 X (a), Ferrier ARSI F R (D). WSM5 4718
BHATFRE(C). WSM6 ARSI LTS R (d)IELEI X%

100°'W 96°'W 92°W 88°W 100°'W 96°W 92°W 88'W
T [ . ———
1520 25 30 35 40 45 50 55 60 1520 25 30 35 40 45 50 55 60

K (m/s) KIH (m/s)

100°W 96°W 92°'W 88°W 100°'W 96°'W 92°W 88'W
[ . ] [ .
1520 25 30 35 40 45 50 55 60 1520 25 30 35 40 45 50 55 60
Kk (m/s) Kk (m/s)

Figure 5. Simulated wind fields of Lin microphysical parameterization scheme (a), Ferrier microphysical parameterization
scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization scheme (d) at
18UTC 750 hPa on September 13, 2008
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Figure 6. Wind field simulated by Lin microphysical parameterization scheme (a), Ferrier microphysical parameterization
scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization scheme (d) at
18UTC 375 hPa on September 13, 2008
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Figure 7. Wind fields simulated by Lin microphysical parameterization scheme (a), Ferrier microphysical parameterization
scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization scheme (d) at
18UTC 125 hPa on September 13, 2008
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Figure 8. Simulated 24-hour precipitation in the Lin microphysical parameterization scheme (a), Ferrier microphysical pa-
rameterization scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization
scheme (d) from September 12, 2008 to September 13, 2008 (22°N~38°N, 86°W~102°W) region
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Figure 9. Surface and sea level temperatures simulated by Lin microphysical parameterization scheme (a), Ferrier micro-
physical parameterization scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical para-
meterization scheme (d) at 18UTC on September 13, 2008
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Figure 10. Water vapor mixing ratio simulated by Lin microphysical parameterization scheme (a), Ferrier microphysical pa-
rameterization scheme (b), WSM5 microphysical parameterization scheme (c), and WSM6 microphysical parameterization
scheme (d) at 1000 hPa near the ground on September 13, 2008 at 18UTC
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