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FREENDEIRZ - EEEHEIBA SR
RBARE BMELTERBRZNRSEATR
RERERRE, BRIBEELXIFERANBESHS
BAL RA Grell 7 R4 Anthe - Kuo F R,
Betts Miller 7 ®!”)| Arakawa ~ Schubert 7 41,
Kain-Fritsch 7 R %, X&E T ROELABEHR &
—ZENHAEBREEGT, Ed—HIERSHRMEE X
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Rk, BABERRSERAE AR ENE, B HBHER
MANARHEHNTR B TEREADHIER
XOEEFR. B 20 HE 90 FEREHI LUK, &3
RAYHEIBSIENBMAREE, —HEERA
ARSHEUFTROEAE TRTEBRKHRXRS
AWMy . I Stensrud ™) A & F WA %15)
AARRKXN RSB TRIAREBEFRBET EH
KA, XEHRERNA, AR LE-FHHNR
o BR MMM ELMYEIRIENTRAR
ERREATFREBENARAHR SRR R IR
PR L2BETFABRBRERARENRRARIY
M7 ACGET-KBBNEERENARER,
HETHAEANSIB SR ENOBR, FE®
MU ERBHITERANHE, WP RERTES
B B ST R O B 4K 3
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1998 FEHRTMARP 6 A S HEEEIH
BR,CAJ EARNEREHAT - KEREXLIR,
1219984 6 A 8 H 20:00~9 H 20:00(dtx
BLOUATHED AAMERERN 24 b THEKE,
METT R, K HARRIL -TasEER, 2T PE
HEEABHEX,H 3 MEREK DL, BKEK LA
FHEBWIE, PLONEKXTF 400 mm, HEFER,
BHHABREAK P LB FREEMNEEMND
R, BKEEHREBRIKEKIBAERBOS
RBEASME. 4347 1998 4£6 A 8 H 20 & ~9 H 20 &
FHEZENEAKR(ER AN, BVLIEH 3 KEKE
KEAR. E—KEEKRELEIH 04~098F,5h

W B FI RS 163.4 mm, M- KBMAKREEI H
11~14 Bf,3 h B H% 113.2 mm. BZRBREK
RAEFEIH16~188f,2 h S FIHEIL 101.0 mm, B
BREMKHER 2~5 h, BN EIRE GRS
PRI HRESE, RENBE T HBBE S
ABESE L LT T I XK R RBMT
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M1 199846 A 8H208t~9H 208 (dbt, AT
HEDRKMERE L 24 h TREKR
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3 HBREAE4MHMRSHEALTREN

3.1 AR#ERX

X EE PSUNCAR P REER A
MMS5 #R V3.4 [, RAZHKE, S0P
R R T X, 0 RH X R Ea X (A 2
FmR), AT RXBPLOEANEEERE 22.5N,
114°E, R B2 818 54 km 1 18 km, ¥ S ¥4 9
2 101%x101,103% 103, ZEH M AP 24 B(s &
) BUEITHHRAEISRT R, MAR R0
BFRARSMBEXBEFEEHRIRPLLFER
T106L19 8 i 2, A #F X B R A k& 7 &,
BEMAHRABIER Cressman HFEBNEBEREZ
HITIES AT 2k, FF 7R JE #tb X3 S b 57 B 061 4%
PR, W R (T106 L3R A% HITH LW,
REBRWE,
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B2 BAHRABUXK
(Dy: SHRX, D WHKIR)

O KENE # IR IB T MMS A A, BPE SN R
X8, o7 4 ¥ R B & K R A Dudhia & 20k H F
R R X R R A Anthes-Kuo F RIS HRER
A MRF #4r # % %5 R 1) 35 8 R A Dudhia = 485t
FRY, MEABZR, BRRZNRSPUTRR
Fi Grell FRSUM, RAYEIBSH T RS55
BXBHHA. SMNBXBHLSFE KN 120, EF
4SS BWAHEEARRP, SELHABRRBAR YA
SERAMHNHSHAEFT R IVBRBESEHBMRAE
M. MXB0M 1998 4E 6 A 8 H 20 BfFF iR, ZE 10
H 20 B4R,
3.2 $HUAR
BzRsBhyLHE_EAAREERTHE LY
R MR R FE R A SR, S8k
REOBENRMEREG ASBRE EKEE HFE
BHRME I E. XPHERRRAT 4 RN
S ¥ R Grell, Anthes-Kuo, Betts-Miller, Kain-
Fristsch, X8:Xf il £ 04k 7 R 2 2 7 30 % it A
B RiENX#R(13],

4 BB SBPAATRIEHRNBER
2 B9 7 9 % 1 8 v 4 1IE

RABRENBERAC KA EHFRNAE
— BRI AT S . BEERT T 8Bx— KR
KIBERE REEHBEAGFENBHR. HREH
X G e BB AT ARG, BT ART A B

RNEH  BNMNELEAYBIBRHIERZNNRS
BT RBER. FL, RINVEEREAMRITRERA
FRZMASHBLITROERB U EREERA
BEBROARENE.
4.1 HEAMBHIREEES

FALE—H A BRHEHER, AR ES 5
RALER 4 FERSHAT R HBRS 48 h, KB
MAEBPER., A3RX4MMRSBAULTR 24N
RBUE KM Y REREK KT 25 mm B HKRK
wEgEkLs, HAFHRBERKIHIR 415
BUFRIAMYPITULBREORFE S LB
L EERIL-FER, RASBALTROEZERT L
MHENERAK. BE,TUEH, AFRFRBRY
BEEKPLOMNBMBEAHBER. W Grell R
1 Betts-Miller # R MR EK PO BA R, Grell
FREMTHE AN AT 150 mm BEEK P L, —
fIF 22.5°N, 116°E, 55—/ F 24°N, 114.2°E,
il Betts-Miller 7 REWHHH X B A FIMBEK P
L, BERHTRZR4LR 24.8°N, 113’ EFHRT —4
K F 200 mm B3R EEK L, B0 Grell #1 Kuo H R
HIEKBEREER,Grel FRHPLFHEEZH 150
mm, BEBENEBEKF .G, Ko FRA 50 mm
R K T B ek, H R KR K PO EH B B, 6T
24~25°N, 119°E B, P L FELKRE 100 mm,
ME 3 ERE B, AR H R KWK MR KBTS 8
ZR B K, Kuo R KPR REK R E, K Mk R
KHEBIKT 9%, MM 3 M ERMEL 23~24°N
K4y Rk, AR X AR PR B K R &, Betts-Miller
HREMKEREK G 90% , KLt X LR R B K
RE,KFEREKLAERNT 30%, ELFHRST
LR B4y AR AR AE (M8 ) R B8, 7 24°N Bk, i
BEA—-%BHNLE& . REULYREPREREH
90,./92~0 >0, RN PHRBERS, W&
B,90,/0:<0 RIUHE AR ERL, BK LU R
oK A 3, 4 T BRI RO PR ROBERE K 5 I M R
BEMK LAY, Hilt, X —RBHREEE LEK 5
FERWAUBEHRE, HE RO E,Grel 7EM
Kain-Fritsch 7 R i XK P #& f Kt 8738 5 33 B K
A K, ERGRRE K 0 B, LA R AR ROBERE K
X, 4L T4 59 5% B IR AR K A0, O P A ROBE RS
K B
4.2 MMBEXTAREENWETR

H4R4PFRES 1 hNERNFH . BE X
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B3 4MBAZNRSWMAT RN 24 h REREK R (LR mm) 7124 REREK R

K F 25 mm B B PR REK WA (FAEX)
(a. Grell 78, b. Anthes-Kuo 7 8, c. Kain-Fritsch #, d. Betts-Miller ¥ &)

Vit R 5 A hn B TR PR R K L M RBE RE K HY
NSEMNEENE(ARBALRP L), KEATU
REIMEERNOER. WERAVE, XP S H
R BEL M (RO K/min) RE— RBE, TTR®R
ERSERE— T REE, XFHE 3 ME 4,77
BEAEWMBBRERE, 4 A H REEK ST R HEREK
HEEARRF RO RS ST RESEHMMBX
BREERRKEEEFK., I Betts-Miller H R
Xt R ETE 19~24°'N K8, Kuo F R MEEE
21°N H1 24 ~27°N M X 8, M Grell #1 Kain-Fritsch
FROXMMEETE 25~26"N Bk, W MEE L W~
Hu ) 5 %f 3 M K XS X R . BPOE X FERE K R4
W—X i, I Grell 7 £ #1 Kain-Fritsch 8, &KX
MABRRBEERN,Grell FEHNBKMMBBRE o
=0.6 L, M Kain-Fritsch ¥ ®# ¢6=0.5 k., H
2T ROERIBHRSEEABRBN S E S
HHEEER MY TFTESEIP AT AR SR BE /D
Wah, BEE B4 BT (E] [ AT M, X AR KK

BHMERBEER,

BSEAINHRBSS h N2 EIRH B E . X
MBE G WP KR RE K. DR BERE K
I4EMEEN T, SETUEEDR BKELE
AR KT , G55 R K i A5, 948 R 70 K P s R 7K 48
W%, Grell 7R M Kain-Fritsch TR U P R F &
KK E,Grell I EaEK XA F 23~26°N, Kain-
Fritsch 77 R 89 B K X 84 F 22 ~26°N, 7@ Betts-
Miller R M Kuo FRPDUX WER KA E, B
K582 1 hWEREE, AFASHLG RO R
BARBEDERSHAETT LR A—-FX
BIX MK XBRBEM B BR SR RABET xR,
W Grell HFERA 1 hih , X MEK EEHHALE 25~
26°N, M 4> Sh &, B B 24°N . i Betts-
Miller 58,2 5h it , ZE26°'NHITHBR THBH
MWEKR, HERA——FIET , G40 4 HE
5, ] LA B, Bl E B4 0 8] 60 o] B #EE , Bh AN TR X 3
BKFEERNBREBABEER T ARMBRERS),
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BmEMRESXNRKRENEBRERS BMRA)S
GRSFAME NRENEEREER, EBN
R BRI R BB K S MR BT 2
FOHESHARBGE - S FEARSHE N E S5
HEER,

SR TT R E 3K 3h AR BR e s R B K
SEBENOR? B 6 £ T Kuo 7R M Betts-Miller
FREMRMAEABY 0=0.4 B2 LB /aTEE
BMEEMEEH 114°E HETEREIE, AE 6 ATLL
HEOER, B 1~-3h, HENERMNER EE
FHERKNOEN AF5S S hELAFE Ko FREM
Betts-Miller ¥ R 7 22 ~24°'N HHE& B AT — &
KRz, ERMEEMEEAHRE R T HKE,
HBXENR, IR P00 EE KRS HIEE
RUEFRKEN. Kuvo FREBMEEMEERHBR
sredE 4%, BHIEZR S M A3 EnEE M
YR o 5 Kuo HFRAR AR, Betts-Miller 7 REVIR

17 19 21 23 25 27 29°N

.08 BB R A9, TR B R 2 e ) [ b f5
BOEHEMEF WA BRRNEMSEEX &%,
Ao, ZATUAERD, BT RERNEZB T EHE
R, AMURRGEIE, BRIMHARGATBR
ERBREMINEERENERSEIRNEESR
KUZRKABHOKRSKBEG T (ER), H
114°E, LA 24 ~25"N M R4y R &, i L R0 A2 1R
B 0 WEMBR—R 24N UEHBE P RERA
BERSG Ut X FREZREMPHEBENRE
5 24°N B L % ) B9 Brunt-Vaisala SI %4 5 # X,
EMEAENEERTEARART . Z—-1TT8BHIE
HEAFMRS BT RO HMELBA—#,
Kuo FRE KR EKRE A M AR, Betts-Miller &
Bt RAEA, XEH, Kuwo FREMMKRELEMNRE
RAEFZH L FHiE 30, M Betts-Miller M) 1 # #£ KX <A
B, UEEANRENFRERER T XSRS
#.

17 19 21 23 25 27 29°N

B 6 Kuo M Betts-Miller TR ¢=0.4 2 L&A (8. KMA)
122 B h0 3K BE (BB :m/et) IR 114°E 9 55 /b Bef S8
(a. Kuo FRMER, b. Kuo FRMBEMABE, c. Betrs-Miller FRIHEHE,
d. Betis-Miller FRHEHMAE. HEEFRKXT0)

B 7 & Kuo 1 Betts-Miller 584 11 h i
EMAFO1Im/sHMEERENR LISEMNEER

o HETR,WAHTRESL 11h MEERSHEH
HETHEXER. Kuo & E £ 31 1 Bl B Betts-
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Miller R K, B# 17°N M ,Kuvo R RV BHE,
T Betts-Miller FRYPRM LHBNER, £
BRI AN REHELAEZHHRXBHNEXRBEH

0.451\
0.501
0.551
0.601
0.65
0.70

0.751

290

0.90 \/\2:\\\
RN AN

15 17 19 21 23 25 27 29°N

0.1 0.5 1.0 1.5

BHEN Koo FRFPEH FAXBES, M Betts-
Miller FRHWEH EARXNMF 23~25°N,
g E AR, 2Bk 7 R E XTI 8k G5

0.1 0.5 1.0 1.5

7 B4 11 hHEEERKOMKFO.1 m/sNERAEE(RER)
W 14EMEEHE(6:0.4~0.95)
(a. Kuo %%, b. Betts-Miller R)

MIIRBMBERS . WEHRMELETEREOKE
SIRMERBACEKNRLESER RREH
REMNER BIRSABORAHILE, BHFN
e RBE AU PR ROBE [ K i 8] e RFIBRE . JE 4
RAKFEIRSGEARBREATNRBHR, B TS
BATROER RAFRBRERTBAR, RE
ERURSH IR NENEER

5 BMANFHRESTRAR

5.1 MM MiE
5.1.1 ARAYEIBRSEATROASE
RARASTMBRKAM T ERIIXRENS
BB 2 % B4 T B3R AR BB B T1%), Stensrend!'* ¥
ARWELHRYBETIRASREMTRARE, 5 R
W, ERRERAZFHH, EAR B S BREN
HRSHIREFRERAR. MWPHXIBHRB L
(ECMWF) 9 75 8 R Xt 3E 4 #4 % 28 22 66 m #5330
ABEHLMR A, {548 % 3 o B 70 X b 1 B v R BE AL
Mo XPRT—RAOoWHAREXA, AR RS EAT
FALSIERAXBNEEEENER, LWERW
REMMLE, B FXEAR,EXRB TR
BRI &, - —RERANR RS BT R

MAREFRMUAES, F—1TERRHINHS L
TRV EESHIRE,

Duun! 48 i , 88 & F 39 °T £ B 48 3R 18 Bt , 8
AMEERRARTIKBH 90% HFR, Bk, RIT&E
B4R RASEUFTRABNARE T RELT
BEHLAE WET 7 M RBER, BT RSHEL
77 B £ : Anthes-Kuo 7 R . Grell 77 £ . Kain-Fritsch
77 R A Betts-Miller R, BWAAREHTERE Hong
#1 Pan'®) % & 89 MRF % 2 ¥ % 5 R #15K K #
L2 LRK HRIRBABREFT R, TSHRER
KHBHTEESREHNIRESER, 7 M R3E
KANSERELE LB I MRARAREHBARSHK,
BREMNHROBBREIEERN,

5.1.2 MRSEIREE L

FB2MEARHHEREL AR Grell FEF
REBESBERKB T IMEEBRR. &2 £ Grell
R FfEZREN 7T~ FEESHEM T MR R
HZ2ERFE. F1ITRABREBHBEARNO SR
B HMRANEHBEROSEEHRT T SEN
wWaH MBI BB T HRAAGTHEREMR/ME
ZE, MEARERNIREEEHN 50 ~250 hPa, ¥
XESHHTHIA S, HFBREEHA BB
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1 B1HARARHHTREE

RERRA B RSB R HREBBALTR BABRKHTE BHETR
1 Grell MRF Dudhia f) 82k 1§ Dudhiz =¥ R
2 Anthes-Kuo MRF HE AL
3 Kain-Fritsch MRF il Rt
4 Betts-Miller MRF MLt HE
S Grell HRIR Bt HLE
6 Anthes-Kuo HRIR L il
7 Kain-Fritsch HRIR ML Rt
MR MARSHIERE , B Grell FRITENBEENBE

BRI0 3T Grell FRF N EEX R XS ¥, F
AEES T RAESIEHBEMSEBEME, 3]
HEREERASEATENEN O WERDH
BEVLE,BESAR-0.5~0.5,BEAHMAL-0.1
~0.1, ¥V B S EE M EELEHERE, BBHE

ZAGE 540 3h B AR o0, 7 S B X B X B B4k O R
FIRMBEMBERE, XA KR RAREXH

W ED . BEVLEAE ROV RE A LM U R

e, XERRIET B BNER TARFES,
68 BF 38 B AR AU 1 R A BEHLIL B 4% 4E o

#2 BW2HRARSIY Grell HRSBHENRFHRR

MEBR Prcus(hPs) P cpmin(hPa) Eprmin~ EpToam

Eprsan~ Eprms H, Ppx Qe ™ Qunax

50 150
25 75

50 225
50 150
65 200
40 100
75 75

0.2~0.8
0.1~0.9
0.1~0.9
0.1~0.9
0.3~0.7
0.2~0.8
0.3~0.7

NN s W N =

0.3~0.9 0.4 75
0.2~0.9 0.3 50
0.2~0.9 0.5 100
0.1~0.9 0.3 50
0.2~0.8 0.4 50
0.5~0.5 0.5 75
0.5~0.5 0.3 100

- 250~ 500
-250~450
—250~3550
-250~450
- 250~500
—250~550
—-250~450

B Pocou: A RARES AIN AW R ZHFAFHBABERGEEE; Pooin: BUAMN RS M/NKE ; Eproin~ Eprme: /0 (X)) B
ABE WMEHFRRRABEELHRAZARNREARITE Eprsan ~ Epre. : BARK) ZHSRBHEE W EHFRR
BUHBEER LA ZDEBHNH,: SHAEEEBRMETEN o BIRE; Pox: TR THAMNBKEE; Quin~ Qo A (BK)

X H (04 R (A2 K/d)o

5.2 MAFRER

EPRGE, BEGAETRTURERE
Bt Rossby B A % B 584, — A 7] A 500 hPa M ¥
BRI E D PESTROAEERF. X TREX
—RBRERS RS, b FEATR AL BN
YR, TR B R B ob R 5 O 4 # FUAGE , T BL o
REXSHRERBERSTHEABENRENE
BRI X T, B4 B 30 G 4E — AR L iR B, Il
RS RER, B R RAN a2
WRBRBRARAREHENDER, RITAN,. &
AENRMBERFE L HERKTEERBRIR
BEH MRS R, B, AT RITE HRRKRRR
RBEATRER.
5.2.1 REATHEEF®

ALRABARGER X REBEATR, &
AR BB WE 5 A B, B0 5 B4 B AR 1998

#£6 A8 H 208,385 48 he REGHH T HHAHK
ARFHFEEARANFARKE KT 50 mm B
Rk BESE K BUHR B 13 (LARE K B r 2 %R ) (B
FIHHS TSTBS, TSMBS WA AT ER:H
W KFRBANEUEBETE HEKREE
HAEFRWRRAHT T MERW K 129 ¥
E.HE S 6 h WHE 1.0,10.0 F25.0 mm K
TSHM BS{H, TSH BSHEXMT :
N,

Ts= N+ N, + N, )
N, + Ny
Bs = N, 7N, 2)

KX N, REREFAOE, NEZHREWE, N,

MM EH

5.2.2 B|EHWHMER
SERF—-FMEALIFTENRSMA 24 h
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REREKHRE, B 8a BHH R 24 h RAEK
Bk, HEARTR, EHRREM S TRKAR-KIL
mEERFE, AR RBEKEL 150 mm AR
REAKHL, BIRREK S LOALF 24°N,114°E M22°N,
116°E M, 58 1 A, S H A RN F

27°N

BT HSREEK, FURBREKP LS LA NBAEEKX
ER. EALUED,7 MEXBBM T KA -
AL 3R KR AE , B A AR B B0 R K ORISR
B A LR

HIRFIMBEAMB TENTIES AR

27°N

27°N

26
25
24
23
22

‘E 110 112 114 116 118 120°E

27°N )

: ; [
25 : 3 50 PO o0

23 - W om om

¥

' 4

112 114 116

110 112 114 116 118 120°E

25 50 100 150 200

24 h REE KBTI KT 50 mm BKHERME
AHMBBE(IEATRYFE)E, LEHE 8
MBI, LUEFINERSHREHE L, FHHLH
BT —FHEHHBKT S0 mm MR, AT S0

) 17 = T T
118 120°E 110 112 114

; ; 17 . S N
116 118 120°E 110 112 114 116 118 120°E

B8 B—MBEAMFFTENTTRA 24 h W RBEKR
(a. BHEER b~hAHRE2E7 M HERA  AH :mm)

mm FOKBERE L FEMELA T HRIER L,
BRPOEKRT0.7, REPTRE R A, HEHE
BUHRBA XLEFESEHARERRE R,
MREFRTSEEAGARER, W BREALEE
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REHBE. WHFENRKNERTEASRANMER
B, REARAGEEN M. BBERKX, RAH
WAERERK. X 8a FE 9, WLAE B EH B
BYBKEKPLEREELBRAEKRPL.KTF
SOmm MEKXKBEENBERXPOR—BH, BT
24°N,114.5°E (i, {HR, &% X RBREKBR K
H#WEGRK,FOMEKXTF 50 mm(B 9c FHEEHA
EHX), REX - XEAKERNAR S HERMR
K, BT {5 B MK, 3C 00 R 0% 3t X 0 S 1 R i K
KL T 8 B IR B R BRE K BAR A B R
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THE UNCERTAINTY OF MESOSCALE NUMERICAL PREDICTION OF SOUTH
CHINA HEAVY RAIN AND THE ENSEMBLE SIMULATIONS

Chen Jing

( Chinese Academy of Meteorological Sciences, Beijing 100081 ;
Chengdu Institute of Plateau Meteorology, Chengdu 610071)

Xue Jishan
( Chinese Academy of Meteorological Sciences, Beijing 100081)

Yan Hong

( World Meteorological Organization , Geneva , Switzerland )
Abstract

In the context of non-hydrostatic MMS version we explore the impact of convective parameterization
schemes on the uncertainty in mesoscale numerical prediction of South China heavy rain and mesoscale heavy
rainfall short-range ensemble simulation by using two kinds of physics perturbation methods through a heavy rain
case occurring in 8 June 1998 in Guangdong and Fujian Provinces. The results show the physical process of im-
pacts of convective shcemes on heavy rainfall is that different latent heat of convective condensation produced by
different convective schemes can make local temperature perturbation, leading to the differences of local vertical
speed by the intrinsic dynamic and thermodynamic processes of atmosphere, and therefore, making difference of
the timing, locations and strength of mesh scale and subgrid scale precipitation later. New precipitations become
the new source of latent heat and temperature perturbation, which finally makes the dynamic and thermodynam-
ic structures different in the simulations. Two kinds of methods were used to construct different model version
stochastically, the first one is by using different convective parameterization and planetary boundary layer
schemes, the second is by adjusting different parameters of convective trigger function in Grell scheme. The re-
sults indicate that the first ensemble simulations can provide more uncertainty information of location and
strength of heavy rainfall and than the second. The single determinate predictions of heavy rain are unstable,
physics ensemble predictions can reflect the uncertainty of heavy rain, providing more useful guidance and have
higher application value.

Physics ensembles suggest that model error should be under consideration in the heavy rainfall ensembles.
Although the method of using different parameters in Grell scheme could not produce good results and how to
construct the perturbation model or adjust the parameter in one scheme according to the physical meaning of the
parameter needs further investigation. A limitation of the current study is the restriction to a single case and
more cases will be addressed in the future researches.

Key words: South China heavy rain, Convective parameterization schemes, Uncertainties, Ensemble simu-

lations.



