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1 35%

A B B RS B K TR A RO E R . MEMAYE Rth, =
KPR S £ Rk, JRHRES R “AEsh” 7RIS, —k
NEAEREY . WY AESFKT R, 1z KPS AR RS HO 5 28
1A SRR 5B 5 1 B 2E i(Donner, 1988; FEHEAIXIZLT, 2009), X FifE « sk
(spin-up)” [ 2> G FHT AR 2 B /K BH 23 J5 T SEB I, 3 OB 22

AR, FIH DR K258 H S GRH I R E I = iR, g s =0« ik
B AL T ARG IR . BB i 2 B HR BT 4 2 W o 5,
BT E AN 6 R I R 51 S S R MO R, R
SERF G SRR A R BE U = KB, DA AR AUE A5 X 2 /K W0 i 1) e 2 1) A
AT SO AR 2 TR 45 SR i — Fh 77 (Albers et al., 1996; Zhang et al., 1998). EL1il:
Lin et al. (1993)F]H LAPS (Local Analysis and Prediction System) % 4t JT-Ji& %% il
E R o h, Sl T YIS BRI R T AR (0-6 /NI BR K TR 45 R
Zhang et al. (1998)F1 Zhang (1999)f % LAPS =70 HT 2%, KJE T ADAS (ARPS
(Advanced Regional Prediction System) Data Assimilation System) £ 8t (3L /1 1) = 43
WSS SRR ARPS S 2 7 %), H il i o Wi 7 ik O 2 8, et 7
AV R KEY) IR G . Xueetal. (2003)FH ADAS R4IE
7 B IS TR 5 N REAE A s A PR EE IS (Al . Hu et al. (2006)2803dF T ADAS
RO RS, R I SO R ORI T RIR I T I =K, JERE T A
IR, A 1RO et KR AR 154 . Weygandt etal. (2006) 52 H | B
T T A AR ERT oK, BIKEEMITR TR, JHE RUC &%
(Rapid Update Cycle, Benjamin et al., 2004, 2007; Alexander et al., 2010) 7531 |37 ]
(BN RUC |2 = 77 §) - 342K B A )12 1) GSI (Gridpoint Statistical Interpolation,
Huetal., 2015) RGN EE T ARPS XM= 7 M RUC Z = 7%, (HRFEEZ X0
FIHE, TG

EEN, WHEZS%ERH LAPS. ADAS. RUC 28 =70 H1 7 T 0T 5% (%
TR, 2006, JEAHE, 2010; HEAMEFR, 2013; FENEE, 2014; FUt%,
2015; BERIAE, 2017). k55 b, BAALROR B SRm AR IS5 St 1
F PR B IE IR A BUE TRk RS0 (FRELSE, 20115 BR 8545, 2012; PRAEFE4E,
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2013; R4 AR5, 2015), XK RGUE N AL I gL T m s i, (RERE R
e R b el 2 B HRAFAE— 2 M. R S74F(2012)F) I GRAPES(Global/Regional
Assimilation and Prediction System)# I I ix AR A R G A I &I, %R
i if) ADAS A BT HH S 7K ) 2 i be T AR R s« 2R EE S5 (2017)
£ B IE 28 R G0 N A AR ORI T SR IR, I 4 T IR AR /K B R o
AR T7 R, 2 51 AR S R AR B BB 2 U B il 20 37K s K PR AR AR
JEDH . 38 KSR o BT 48 R i 1) £ LR R 5 ARPS Wz 7 RV % 1%
T7 AR TIRRNR R G 1, FEAERHAS s LA Z T R S BT AT
BB & B . B, 283452017 HR i i 22 SR HART 785 S B 8 R
FEHFEVE MR, 7€ ADAS I T EA AR, WA FEZERAIRE 53R
PR 2 75 RAE =07 R 2K sk, B TG B =K =ikl
R, PEE T K TR EE . SR, %07 H AR MR T AR T
A 2O BN HAOE BB A

HAT, B8 FRR 2 - R 2 R 43 — A% R& M T % 7K 5 2 (Churchill and
Houze, 1984; Caniaux et al., 1994), _F7}i# & (Tao and Simpson, 1989; Tao et al., 1993,
2000; Xu, 1995; Houze, 1997), AHXI{E % (Tao et al., 1993; Chin, 1994; Alexander and
Cotton, 1998), 5% 25t (Steiner et al., 1995)25 K %, Horb b i B/ 58 B2 A 1A
S AN 5 T AN 3K B . Lang Z5(2003)%F EL T /SR ER) o ZEiEH, A
[Fi) 77 ZE I P 5 PRI 8 SR — 0D o R AR SCHDLRE Pt T 28 7K i P58 R R 08 i 6
TERFINE T, R — R TR KR = - B IR = R 5y T, IR R A
T GSI =i &4, £ 2019 SRR 0 — OR G = FKIE R, 4350k A
A E 7 JTRST FTH) AR AT R(CU J5 ) FET H 2 B ATE B B e
TR T B A A S PRI TR A5 7 SR (CSW 7 58) LU A ST 16 35 i
TR FE AN TR IK SR ZR RN R 2R R AR AR IR & 75 R(CUST %), #HAT
TEIR A e, B ISR s A . =K o UK AR R K B b,
T R R K TR . AN E LW T: H2 AT =
S W TV SO KA, B 3 TRRIA T I A A E RS Y T R SO R
ZAT TR BOAIE S FORHAN 25 SR S TE S 4 ATHET T 04T 36 S R &S
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2 =TT B A A 1 B
2.1 GSI =T R4

ZOI AT RAE LI BRI W a6 4 i 37, il B E A R R, 1
i H A REE IR UR 2K B, DA RSO B 2 2 /K P o (L 2 1) B, A =X
FH B FLHA 45 B S B3 T Sl (Allbers et al., 1996; Zhang et al., 1998). HiAs K2 .
E R AT 28 5 X, RN T S B (S K = K) B s R
PSS 2 B TSRS (R, SR & & sEmif iR AR % . Hl, GSI
vh ] i A B T AN R T %R ARPS W7 E M RUC JZ 5% T
TRV 2 K) S BN, ARPS S &7 R EAE SN, Bz M
IR = A2 R, BZEITHRIRE . SR RATZKIR F SRAF AN KT
EL s SRS THEAR AR 2 A K IR IR A L 2 1 R SRR 1 25 /KR 25 DK (1 18 B B
B, BEKIEASHRE B s KRz K &' i RUC 2= 7 Wi a2
b Sy B SR AR T A UK TR AR K YRR A b, R AR R 1 S A SR U
MR G LR INBCTY S AR FERUE R B KR = vk b T
IKYIFR (N, 5 RIE) S BRI, ARPS Wiz 7 M RUC J2 =5 R 2 7 S
FE KRG, FARYE AR M 7 2 (0 KRY (Kessler, 1969)5% Lin(Ferrier,
1994)8% Thompson(Thompson, et al., 2004)) it 5.2 A« S FE RTS8, 6T
ZNIREE T, ARPS X & 4 R ARAHGIRE, 2N DIRE =T 5
%2, FIA Smith-Feddes 77 (Albers et al., 1996)it 515242 = N iw &
i, R H AR R T S 2 AR TR B A TE MM B T RUC B
JTERAT ot i, U2 B E B EALR AT R . T KR AT,
ARPS Xt 25 77 Z [ B ARG A fU TR IA S R MM = =% 17 RUC JZ o TR
WARYE = AT IR . SRR, ARPS MRz RS RUC 2= £ KX
BET: RUC BRI EASEESNEES W EE T MR, NHE#
DA Z A% s B KA T R B S B AR B = IR S ;. ARPS SR &= %
g B TR RS, 1 RUC R EIEH T EREHKRS.
2.2 BT XRE/BRERIG BI85 R

GSI =i RAAEST G H S MM GER SR =4 = 7 i iE 5 (Vi€ =
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K s S Mg S E), BT 2 R R SR A T BT s XA
JFIE RGAETH S K SR E R, HEEEFE ARPS Xt =7 8 RUC E BT R
Hff—Fh, X RRGEBRERA B K ER . ZEZ2017)HR 5 Hh R BRI i
BB 7 AR 3 (convective-scale velocity) Xt A4E , SRI40 01 2 802
Wz (FEIFRCA CSW 5 ), (HH TR Ak 1 TR, R 45 RAF
B, 5O — e B . Ik, AR =i ZreGl, FEAT
SIN—AN T W SE SR =/ 2R = HU R, DCHTE R — = 0 B s R
I AETE— ERER IR =B R =, 8 4000 BN A] A B AN IR o Hp & o0
M/ ERZ MR (LA FIRR &7 LA, 6 AN [l 5 (6 25 B2 MR 2 40 301 R
ARPS M a 7 REL RUC B =7 K0, m&H S HMFIMBEEI =K. =
UKINEA . XAT CSW 77 & LA4ast BIE R oy i = fUE R =, B Rl T
KB R AR B SR S AER B 5 L, PIULFTRIB I =K. =K
TR LA S 8] B AR CSW 7 R FE—2. Fii &, Wi s/ER s
F) o5 LM T SR A D, T EEL SR % B UL U AFE S B P4t T o4 7K 5 1k S
FENE IR BT R FASOR 1 B2 R SIS X 2 AR = B R (fRTFR 9 CUST
Ti&). AMBTRIT:

(DA S IR E T 55247, X L HUE K S 545 B RO il
() R [ 2 R B K Rl A R 4L 2.1 FA(CMPAS, CMA multisource precipitation analysis
system, AS-Hourly V2.1)F1 ] =l & B K (75, 2015; 2018)F1 4 E SR /A
GARD A CORIF ] 4 B 1 S 2R B AR A 9 0 R 7. CMPAS B/K Rl G 1
CMORPH(CPC MORPHing technique) 122 F&/K Ml 75 kL. F71A8 QPE Ff/K ZERLF
HTH S B BORE, SRR Thy Skm M HFRAIFEKE M. FIE I R BRI
A8 K B R A R T e bR RIS R A R SR A A I I B
ATIREAL . S X, B AR RCAE 10 AR, Tkm 20 HE56 00 S S 2 0 D
Ao

OGRS E G RFIE ISR I o b T [7) 60 B ARG R RHAS [ P 7K T B
B, XHitz AEAR 2 % L % 2 S0 (B (CMPAS - B 7K R R H5 1K S5 S 2R 45) (R /S
XA BB GHRIENZOR B KEFEA, XHEER 2019 £ 5 H-7 A%
PEREAT ST B SR BT BT IR) B P (R /0N B S SRR A UL 3ty pit /N R 3K T
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20 mm h'), FLA 11493 Dk H IR CMPAS FIER 5 St Zaig s th L
FH St 7 F 4 7 AR AN B S 2848 s 3 I IX 8 CMIPASS [ 7K R E I S S 2 REAR 1) 4
AT AR 5 T R HORD BT AR 2 R A (B 1 TR s RS de B 90% 1 50% 1) AR
AR50 7 B S U AR i R AE K R I . AN 1 23477l LA £, CMPAS
B /K R BRE 4 59 8 mm b A 16 mm b, ik AR _E R BIME A 26 dBz
#1 38dBz. Churchill and Houze(1984)F5 Hi, Kl 73X i = A2 IR 2= B9 B 7K B4 Pl A
ANAEEBLA 10 mm h-1 £ 25 mm h-1 "%5; Steiner et al. (1995) I\ J 5 15 & %
it 40dBz (1 L E N AZ XA MK . 5 OA AR, A0 TR BRIk iE S5
BB L% A2 1 24 1
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and accumulated probability density function of (b) CMPAS precipitation and (d) Radar

reflectivity for the stratiform cloud and convective cloud

GVRMITE. HTEESHAEAE BAS XG5, 1R E—2H [ & S50 [ A e
EH T SO 2RSSRz W, Bk, X 5%k S 5 (Fuzzy
Logic Method, B & IR%F, 2005; H il FXIZLF, 2007) K528 . B2 HEEAE
KRB BRI SEEAE, T2 NS RSP, YR58 153
GG, RAFEAGIERIER, RARERMY e, X BRAEAEA
N T BREL SRR B R X PSR S AT I . 5, R T 223k
W RS F N BIME, ) R AR xR 2 AT 5 e (B 2), AR X A
AR AT A MK s, CMPAS BE/K/NT 8 mm b (FF 1A 4 2%/ T 26dBz)
I, ZALE T AR = N 0% (RPN ER =) CMPAS FF7K KT 16 mm b
(FRIE S 3 KT 38dBz)I) , 1Z AL J& TR = AR 2R 9 100% (RI4= & 9 0Hm ==)s
WoT W RIS, AR TR = e B 2 At . HAR s U F

0, x < xq
Tij =102 —x)/(x2 —x1), X1 <x<x3 , (1)
1, X 2 X,

oy, 0 WIEIESHN LR BIE, TR % DS ES 1 B R 1TTHR.
w4, AR BER ) G R A
P = Yisw; Ty, (2)
Horr, PONZALS 1 BRI EUE R ) 5 EEREZE, wi v j MRS HHIAL
5, HYL,w; =1, XH CMPAS FE/KFIEE L& SR PR S H 0 BCE A

B 0.5,
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Fig. 2 Fuzzy setting based on T function for the separation parameters
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2.3 M E

HEHL 2019 4E 6 19 HB)— g A1 lse 9. 6 H 17 HE 21 H%
IR VIAR L o, WL IR PR R, SRR BN E, EEEP R
b X, A 2R B KB R o WYL A DR BT A A 5% 3R G (B 4 o 5
2015)42HT 6 /NI TR T MR B AL RE , X6 7R 16 1] N 7 119 434 43 S5 11 T
5, 6 /N R THREIKTE 30-60 mm, BN T SEL, ARG TR P B K 2 0 K
RERITERCHRG 0-1 /NPT PG AL S A T IX, A SRRV X (EIHE), X5
ROTIB(2012)FIZAEZE(2017) 45 H A n) e — 30 o

3 BUERK T Rt

3.1 RREE
R0 AT s S [ Al 55 2R 4 (BB <8 5%, 2015) 9 R GEHE SN A, 32k
H WRF-ARW  V3.7.1(http://www2.mmm.ucar.edu/wrf/users ~ [2020-05-07],
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Skamarock et al., 2008){F A1, GSI-3DVAR V3.4(Hu et al., 2015){F N % K}
Ff 245, DXL A(11TE, 32N O, BEHREM, 70 #7378 9km
A1 3km, PIREEL 39 265 X265 F1 205X 187, M Z4r 5\b 55 kA< #H [H] (4] 3),
PR 77 % KB Thompson J7 Z&(Thompson et al., 2008), & & 4% & 5 %€ X
RRTMG 7% (lacono et al., 2008), 3*KJZ77ZKHMEIEMN Monin-Obukhov 755
(Jiménez et al., 2012), HFZE T Z KA YSU /7% (Hong et al., 2006), i 5 %K
F Noah 77 %(Chen and Dudhia, 2001), ARHM ST . WM 2019 4
6 J1 19 H 08 B (BIT)#JE3h, WM 570k H NCEP 24 Global Forecast
System  (GFS) #i = 3h 18] B ORI 0.5°%x0.5° £ BF TR ¥R
(www.nco.ncep.noaa.gov/pmb/products/gfs [2020-05-07])if i WPS ¥4 1B e (i
SREL, HAl ZI ALY S AR R 45— IR Th BRI IRat, iia A4
#ll 1 NCEP GFS 24, BARGRAIE 4 fhos.
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Fig.3 Study area of Zhejiang WRF-ADAS Rapid Refresh System
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Fig.4 The flowchart of cycling assimilation system

3.2 BB R

AH T T AR SR 45 1 R BTk, 25 ) A R = PR 4
P . H TR ER H T NCEP #2441 Global Data Assimilation System
(GDAS, www.emc.ncep.noaa.gov/gmb/gdas [2020-05-07) I K 4k, @ HEHE LS
U R (SYNOP). Ml i (METAR) A AAATE B3 W (SHIP+BUOY). 4= ER
GTS R % ¥%(Rawinsonde) EHLIRSCMIM(AMDAR). £ = 5 X (SATWND)
SEH R Bk o IS HE B BORL 3 R B T UL AR UGB SRS L SR A 1
LA NI 8 H 2 4) SA/SB B A W Ed, AIEMH. Ik, &%E. b
MW TR B AR, HOINE RO E I RO R AR A . A
PEHERE TER PESKZHOAE DEBEEERSMN, AN 4A T2
M=k ZTEE . IR = TR TR, A4k, Wi E &I X R
4000 2 SHTHT E 203 /N B KORE P T 30U BADLBCR,  FLl pi o35 23 ) 4y 2R
N 6-Tkm. CABIFARM, TER T MR R, A FHE x4 R A
PR (Ikeda et al., 2010; ¥F45%%,2017). KUk, 7€ BmiTAG KRS, AT 70K
AT 1A 52 P AR B 7 v N sl o B A B AR A A
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3.3 AW

TR SOR IR & 25 43 W 7 A AR VG FE TR 520, B S8 T 4 A
FERL, 4y 2 HoHr(EE 1):

(D2 = ZRE(ST): WPS M GFS FRHEE A E] 2019 426 H 19 H 08
I AR A VE AVIAG TS 563, JRAE 08 I th GSI-3DVAR [Alft GDAS ‘i Hi ¥ R} Al
THIEEINIEE, KA RUC BT RHAT =0T, AR5 DS 210 9 M in e s
%, WETBTR 6 /NN E 14 . BLERIEER, ¥ILLRT Th B iE N 5
%, i GSI-3DVAR [FML & AR A IR RUC |2 75 BT =00, 285
LIS I 0T A E WG, I HTAR S TR 6 /NES

QX = 7 A (CU): [\ ST 5, 1ERA 2 ARPS M =77 S = o)
BT

(VT IR A 2 200 7 R (CUST) « [ ST Wi, ERMMELET
CMPAS B 7K FIE 8 S5t 22 AR S TR & 5 0 W 7 Rl T

(DFETF XL H L 2= 5B 77 ZARIE(CSW) 7] ST 3R 5, (R )2
b T 6 AR VB AT R 1 I B I B VR R A T T B E i

¥ ST. CU M1 CUST 5 AE 5 —Hik5, HTx ol 5 iR & =0 i
590 2 775 SR 2 75 5 1 22 7 B S 45 L 520 o K CSW 15 CUST
IR AE R AR, T B R =/ R 0 75 Rkt 2 4 i 4 S S d
TAZE B RE

22 1 BE R E 7 %

R RBLFE SR Sk B &I
ST RUC E= & " KEE=ATTER, i
o CU RS AR x S IR 2 T
- ST CWPAS MOKREIARAT TN BLGE A
CUST RE =S ES e
RESIVR  sepmmsts i
= T R B I \
oSi Gzt T CHEIRRERE e,
o SO 2 P SO
] S ams Bk L e
CUST  BEZHMHIHE il 0 ZE 2
N T i Detos R
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4 BRI

RIS E] 2 43 W1 757 RATBAULE R 5, AR S FE BN T 45 R % R
ANTE) 2 53 AT 7 T ek 7KDL 225 SR 4 5 M ik 7 A7 THI T EE 43 AT
4.1 R =/BR BRI TTER S

FEBUE =T, MR s FMZER A MR ER TR CEZEMEM. K
54507 2019 4 6 H 19 H 09:00BJT I Z, 735l 4H5 CMPAS FE/K . Bk s %
T B 28 B 7 o RSB  4R1  45 B B R 2= o U RR A o SR 2 R T =
Pl 73 7 1 5 SR TR 2 (SR /N BE K KT 20 mm ! (19938 20 20 A5 1 8 B STt
ghI, AT LA BR A BB 48 T IR MERR R B (0.95), IUARYE CMPAS Pk &I
G52 Z.(0.94), AR B A S S F ) o3 1) U7 1 1K(0.92) . BORIZ AR VAR
RUSAG T AR T8 1K S 2 ] B s SR B S IR R (B E M 0.52 TR 0.09),
[F] IR A1 B 7 (AR 4 CMPAS B4 7K Kl 43 Bt 5 SR B TR R (Al R AN 0.73 B ]
0.56), 55O N—F. I E 2, BR=FRI0I7ES R T # b X 2R
P[] ) SR DX 33, HR KR CMPAS B#7K il 73 B 2= 20 A BH 2 /), T4
PR TR IE S 2R o I 2= A A B AR O, ARAE ORI B o i =, BE
AET FEWRRXIE, WER 7SR EAXE, XHR s AN A
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267  Fig.5 The proportion of convective region from three different separation techniques:
268 (a) CMPAS precipitation method; (b) Radar reflectivity method; (c) Fuzzy logical

269  method. Black points refer the observation stations whose precipitation larger than 20
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2 MRa/ R R TTER RS
XI55 752 HER Eak &S Vo ES
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4.2 XK KGRI
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Improvement of Cloud Analysis Method based on

Convective-Stratiform Cloud Partition

Chen Feng*, Dong Meiyin, Ji Chunxiao

(Zhejiang Institute of Meteorological Sciences)

Abstract

A new convective-stratiform separation technique, which is based on the CMPAS
(CMA multisource precipitation analysis system) hourly precipitation and radar
reflectivity mosaics data, by using the fuzzy logic method, is developed to improve the
cloud analysis scheme in GSI (Gridpoint Statistical Interpolation) assimilation system
(referred to as CUST scheme). The improved scheme was tested in a severe Mei-yu rain
occurred on 19 June 2019 in Zhejiang Province. Several hourly-cycle assimilation
experiments were carried out using with the WRF(Weather and Forecast Research)
model and GSI assimilation system, to analyze the impact of the new scheme on the
precipitation simulation by comparing the new scheme to other schemes. The results
show that: (1) The new convective-stratiform separation technique divided the
convective / stratiform cloud accurately, and can be used as the discriminating factor to
improve the cloud analysis scheme in the GSI assimilation system. (2) The CUST
scheme adopt the convective cloud analysis scheme in the convective region, and the
stratiform cloud analysis scheme in the non-convective region, which reduced the false
alarm rate in the simple convective cloud scheme and the underestimate in the simple
stratiform cloud scheme, effectively improved the simulation ability of short-term
precipitation. (3) The CUST scheme shown obvious improvement on the initial stage
of the model (within 6 hours or even 3 hours), and the improvement of small rain level
is greater than that of the heavy rain. (4) Compared with the hybrid cloud analysis
scheme (referred to as CSW scheme) based on the convective scale velocity determined
by the surface sensible heat and latent heat flux, the CUST scheme shown more
reasonable result on the convective / stratiform cloud partition and precipitation

simulation, which indicated a good application prospect.
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