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Application of Ensemble Methodology to Heavy-Rain
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Abstract: Inability in correctly predicting heavy rain events is primarily due to two reasons: lack of full understanding its physical
mechanism and negligence of its predictability limit. How to deal with its predictability limit is the focus of this review paper,
which is especially important to enhance the value of numerical weather prediction products to better serve end-users. Based
mainly on authors' own or directly involved researches and experiences, many applications of ensemble methodology to heavy
rain research and prediction are briefly overviewed. Specifically speaking, the following four general areas are discussed: (1)
ensemble prediction system including initial condition and model/physics perturbations, optimal ensemble size, model resolution,
data assimilation, and various "virtual" ensembles; (2) forecast methods including ensemble anomaly forecasting, reforecasting
analog ensemble, and storm track clustering; (3) forecast post-processing and calibration including ensemble mean, performance
ranking and best member, weighted ensemble mean, probability-matched ensemble mean, and ensemble of dynamic factors; and (4)
weather system analysis and model initial condition improvement including perturbation difference analysis, ensemble sensitivity,
and targeted observation. It is expected that this review will inspire actions from both operation and research communities: many
proven-to-be effective methods described in this paper could be adopted in routine weather forecasting practice by operational
meteorologists to improve their forecast and service; research community could have a new starting point with new ideas and
a clearer direction for future science and technology development including the improvement of current existing operational
ensemble prediction systems in years to come.

Keywords: heavy rain, ensemble forecasting, forecast calibration, weather diagnosis, targeted observation, data assimilation

1 3% A R B A, T B S R
SRR B EARCEE R —, S B BRI TR LB (h
EORZBE R A F Ui NS A dnt, KREMEWT L& AR REW 00T, http://www.whihr.com.cn)
DL A PP R T A 6 TR R, e, BEOEES BRI, AT RS B AR R A, ik
R Bl 2 B 46 0 R JB BRI T A 1 A T

WMAZ B #2013 510 A 18 B ; =8 H]: 2014 51 A 68 SRR AR (L TR, ) e AN [
e A nOEYACOCOM g s, NS (A BT TR
B YR, DR A 2 B A P RS 1 S 05

6 | Advances in Meteorological Science and Technology S&EHE#R 4 (5) - 2014



P, SO CBAT RE T T T AT A R SRR ) 2 T
A B MRS AN AR BEIL TR ), 5B K
MR RAEMILE I T 2 RE R G AR LA AL
ER NI — MG g R, ST agE (K
A RIS L YR RS A L
R TS AL BE L FR 40 /) 22 0 A T g BUR 45
R ZE A, BT AR — AR e D0 R ik e,
FCTRHR AN AR O i TR I AN i o 12 ) A
SCAE: 24 P T S B o g 1 SR A AR A
FURA B TR A B (RIS Rl etk & Ly
{1 T2k 22 Ak T LIS AR S i pL

ST v A2 EEEE AP AR SR 5 T, BIAfo  AN
AL BRG] TR A 8, X ) RS G el 58 ey BT A
TR A (AU LS S5 C 2 A 8l
TR T3 PG TR E BN VT PR 3 22 B B it
AN PR )y 2Ty B Rk, AR BRI
PR R ZE AR K B PR B S R b RAT A o s 20
(2, A TR ZE H AR 5 iR R
GRS E B HUBLL I R G AT — AR B R B ]
2 (A AR R ARG AR P RE PR IRZE (701, JF
AN ZEAHH — AN SRR K G TR T, SR RIEE3
TUHEAH K “PHRIRZE TR 7 SR A TR LAY
TR WA, BRI, BRA TR 2R W
i ST DA KGR PR A 5 RO UERR P, X S R Y g
PRSI — RN A TR I 5 AR B, iR A-F
B9 7R Yt T SRR A R TR AR RRI LA 1 A
FHORSAIE 55 ¥ ok e B e P R AT BT 1055 (2
47950, A PR AN E PR AR R 0 S BBUR e A
CAEL i [F]$2 JH 8 v FOUA ) Ml A P, T 48 it
RS REM H ¥, e T4 45 FR i H AR st (585
T RIBERHEAEY (H52.375) o ASCTRIEM RS TR
T RE TR VAR MO FUR R P I, Rkt
WA T (1) RWEGHIRARSEMET: IMHE
AYESE) G B R BERHFEAT R
7 AR (2) WERTTE: R R,
FEPRAT SR VAR & KRR 82Kk (3D FETIHR
JEALERSATIE P RN T PR i HE R b R AR
W BERILEC T BRERE S S I ik (4) X
MR RGN B BB K ik AIEIRS)
ZEF O AR S BUR VL . HARWI . e %t b
AR B ETRTE

ARSI RS AE 2 A7 (W RIS 0R 98 B 22 56 DA R L
P — LN IL I B A, BAREW Ru R
J7 AHIEANGE, AN B DAY SR A v [
Mg, AEAEIIAEN: (D) RS

Cover Story # & d& &

ITREAE H k55 B FH AR 24T 2 A 30 7 1ok 3 e 2
MY TR AR 25 7K (2) R A S IR SE AR $ 4 —
ASHRR S AT, XA S B I — )
KA TR ARG I 583,
2 REEETERERS
2.1 ¥EHZH

TR P20 B, B K TR AR S AR AE AR
U, DRI T HIME (W AR A5 Tk R G 7E ot Bk gk b
ANH B8 SOk B — A A e TR, B BB % PR )
AT SE LR TR . BT e 20 & A R
Bl 3 1) 2 1) 45 K L AR B I BE (0 K/ CUARAS g 1A
Mk KD XA TR E S MER EEE, KoK
T A H R RFEE A K, N T AEYIMEIL ) 45
CARRE YA S S W £ e VA SE b B 1% SRR
(BGM) B2k 5= 28 i B v T AN EAT AN )6 3t
ST ERIRA TR 2 22 (fege EHPIAS B
AH IR B L R A TR 2 22 K= A yIE 803,
gt L W Hh L= 2 IR P ) &5 K i 2 e b e I 8 4% )
DX Tk — 2 Sk B A AR B P TR I 2R . ST AN
[7) 22 ) ]RUBE (R RTIAEL B Bl 3% %o B 7 B4 T 2 1550 53
MIRFoE AR, BARE K (B K64~90km) 4]
BT RN (K2 ~8km) IPLshn &
X AR A B TR IR S B ORI = S IR, R X
JOBE (K 8~32km) TR 5 2 IR SUALLF- DT R AR /)
BCCREN J15 TN R HI P 8l 3 EmT DU /N )R
B (PeK8~32km) PLEH RE (P K64~512km)
PP AR 22 o X — &5 RAEBA W B RARERGAER
T, BRGSO GIEIACT B SR A K Clins B KO
JUICH L, X IR P BN b A N RS I &5 R b R TR
By AR RASE RGeS B i
VOISO NN LU N R KSR R PRk S WA NS
TR Z I ZEA L, X PMEP S TN R )
SERPRAN AN T, i gk B ] DA R BAT
FE— T 5T P BT B 00 A4 B2 F 2 R 1 DX ek
LT AR B RIE $R B 3% JL AR & TR S R B T MK
O A EREE B TR ZR G0 R 1 SR A B
HT AR ADRESRBIN & AL, NCEPH
MG RS (SREF) R T K. MRERES
IRMEI B3 BIAE DX AR o A R 5/ RO 48 3%
(16km) FEAMt P31 i A EREE A TR R 4026 )
BORREREN (55km) , 45 R E WX AT LUA 2L
B S AR A B U I KR R S TR . AT
{EYMES S [FL S Eh AT AL, SRS % 510 X
ARG TR RGEMR T IX Rl ok [ A ERANIX 84

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014 | 7



y
= $ =‘-v

SER
dvances in Met S&T

BRI ANREERE MAME s 7, A8
B .

AU AN B 21 5 B B R DA A A i P T
0 AL X - S S (AR AU T J DRE TR T
A7 H I — A OB DA 35 2 A BE AT I B T 2
HEEE R s OK PR PR S W R RS, R B
B X BE I Sk 28 ke CRREEAR i #00 , TiiA
InFA A, AT RAS T 0 B b Tk S i
ghm M AR K Rz, NIRRT, Huin
TR AR S A B T s CRUR A D, A
AR b TR B R B 4 e T P AE R R K . B RS
H A5 B 1) - 8 B T A R AR B AN o i
TRR, T LIS - 3898 BE W EAT $.8)) i B A Pl vl LA
U MU SR T R R A 7K A R 3 T AL T A
iff 5 PR B R T BRI TR R 22

AT A s B B, FESEBR LSS
BT T RS R RER 2, A R 7 HE
2%, PIAE— @ v ENLBE IR T, AR A R BRI
KPR EA—ANEHMIE . FIPCT ARG A3
AR AN, ST BoKSE A T CF- 3 TR A g %
TR — Ml R BOR BN 10N e A AT “ B KT
AT TR ETS” o HEDuE ) 45 R LT84
HEAIOH (80km) FXIL S B 7 S A E R, TR
DR T3 T2 0] 3 R AR A0 1 i o H 5 = W B S
EETIHRARGNE? Sl Clark P RFFE 4 g, Rl
{FXF T IX PRI TR 0 HR (dkm) R RS Tildk
RGP B ARRER TR, 104 A2 A7 1 3 ATt e 1
L[] Bt i b 0 A R B 205 110 S A A X 2 ] 4
H3E N, AL “ SRR IRTS AR 5 P B R
BB . X458 A Richardson” " {458 —
e BI—ASEAR A PR M A, AR “HORn IR
TR TS P AR G R B & 2 . ik, X1
— IR AR, FEARIE— e A B E LR
104N a0 ) RS 3 i Ase =X [R] 3 4 2 F0 3. FH 8 e 38
(PP ER 7 26 I8 3 v TR KCF B — R R AR IE £ Clark
SEF PR SE TR e PR CRHRER R
ARG M, 5 (100 A En 4km w0 S P B
FELC R NG PR SR S8 () PR A 15 (30D AN i
20kmA i S HA P B U R B G TR R Ge . EGT
TR A B R P o e RN R (P TR R PR
PEARAR) B2 ARG 8 00 200 AT e 2 e 3 e 0
(1) 43 e o o A R0 A (10 T T4 R0 AR K TR
T AR KPS, (AT B N AR B i b B 1
ELr PRI & B O A FE AT R B R

2.2 HEMERKZ

LA G TR T 03 ) 2 A R AR AN
EVE . HJG KBrooksZ5PY . MullenZsP V& B AE & Bk
D B K TR P A T T AN (7] FR) [R) 4 28 G RTAS [+ ) 4 3
ZHA T EWAR UK. R — R EE R AR
Ja A B A h o0 (NCEP) g7 75 B3 —A
BT 2 e 22 A ONT 22 4 B A 300 IX A 5 Tt b
% 24 (SREF, http://www.emc.ncep.noaa.gov/mmb/
SREF/SREF.htmD) , ‘& F20004F JF4h46E Kigtr, If
T2001 4 EX AR L5 iR R4, SekiEw], £
L/FENEE 2 S Wi Rr S S B IR (U S Uk SN S
R FEAT AR A TR X R 2
2 A A G TR 7 v2o0 v ] R 7 28 W 11356 RI12008
AEAb R B 2 AT () S R B B R s e AT 2
AR T I HAIXR A A R R A A
1) 22 G0 P A 25 I R B35 STk B [ )
TH B A EER A5 B B AR oTik Kb, VEZ0EST
25 LA B EEAR ) (0 DTRRAL T 2 35 AL, X
X R AAR ) FoA R AR R il . e W KU B2
Wkt TR, A e AT AR T DA s )
TN REER SR K, PP ah 4 F L A ] DR R4
EIF) » KRB RS & U A AGE S Y E B
320, Py EAR SO XS T R X B U 1
S JEE G K RN AT KB S E- - 9TANEE
77, WMERBhE T8 B R ORERS I,
YIBLARB) W AT SN ) LUE AL B AEAR . F B RIRA
JURE IR i 22 19 A E N AR e 1t B BE K 20 5 1d A A R
), b F WK &, — M R A2 i 24h TR 47 22
P VE RO, T24h BAJS A RN AR 5 23
EEAE . HClarkZ R ITR I, B AT 24,
HIE A 2 P 2y ) B /K Pt v fig ke 3= R .
Stensrud 5 HE— B4R, FESRORE RIE TR T
Caneim bk , WP L WIME RS E D,
ARG IR R BRI 5 R CAnai#oe b K)  #)
PPN VA S B0 1 F B K s 2

AR 2 BN 22 W) B (R 4R 50 7 2 5 B RO LA
RS TAE— DN EUE TR O R SR T Y 2 MR 2
TR BT TEAY), BRI e AN, — R0 ) de AR ik
FTLL, JAEk,  BENLA RS 777 1) R R AR A B
BRI, AR SR T RT DU 3 1 T LR
(R “RHUE—PERE T ORR” e,
RAEFATT B CAEAERAT WU 20X — 7k H i A K
2, RS SRR I THHE S s sl 2 Yy 7
FEERAEAT LW BT (RENLE) AR5 n) BN

8 | Advances in Meteorological Science and Technology S&EHE##R 4 (5) - 2014



SKEBVE A RESEAMIIAN ), BUREAE SR X AT DA
R b AR B, (RO ABE A B 7K A i R AN M e 2 L
PICREN JT5 TR N R EE TR ZE L, B
YIEPR AN PE R AT SRHEIR AR GO KSR R 1) =)
HRPKIER EED , 54k, WREYIEISISER LS
INBENIAEEESN, WL A AR TR X B A BN T
AN 2 P PRSI AT BT i s

S 7B BN SO0 8 i = s s D W B2 el
WIE I A EL AR FH AR, e — MRS TR R
GRS R EE, ZEAREMA
AT HEAEAR Hb AR IO oy b P AR 5 (1) T A7 RS TR 2
O3 e WIDWE TSR ORI, LT AR A R
76, RMELE—MES Tk R G P WIHEIL B M R AR R
HERf, 5 TR (0 TR 2 2 5 1 0 A S e /D 4
— eI e A Y, T FLAR e T LR R A 4
MAEAT ATy, XS DR IERR N AR A .
BRI, AEF NS Ja H ik — DR AR BT AT
P B BN B Bl 770 (SKEBJT V2 A2 75 B
AR AR UEsD) 5 W AT s 7
LR, A SR IR TR E AR L, LA
i B R R 5h A b e L T AT
i B BE A LA B BB ) 5 02 5 I i — N R A
ST RETE A A S AT I 2 AR R 2 W B B K
R, BISEUIX — i AE H TR RLTIE LA R . 0 T4
KPR, AT A T i, ALEm 5
TE(EEA SEANRRIN ], a2 bt A7
IR ZESE, BT 6 28 S A5 A TR N %A
WA, X T,
2.3 #ERMEFLEL

T R AR VAL R G5 RN R M R A AT S s o A K
() B2 B TR, B o i TR X 28 36 3 R 4t DA & e AT
5 b (A BAE R AR Ph W R, TR
Y H E R (<Skm) AR KGR R E A TR
JEL T, X AE20094F8 6 il 5 7 1 9 5 KB
(Morakot) it 1) &5 UK K2’ F120124E7 F 21 H b
SRR R MO 28 [y 50 P PR (R A3 3 T AR 4 1)
PRI 2 AN Ay R, X e R R )
T A RE B HE B R 2 ok X EEF SR R, B
TN B PR o HER A LAAE, SRk R,
AL B, R EHBERESTHRREM S
FH AR A B 53 R BRI 5 AR DG 1 SR ZE M I I
HRRZUER (EnKF) BRI P=E 1 Wi e
AR I ol B U M TR 5 4y o 5 B RN, ez
R FH = 48 53 R 0T 7= A2 10 40 BT SV A A U AS

Cover Story # & d& &

ARG M TR K 5 XU i B KT

DX Ja A TR 2R 0 5 8 B K X S B4 1K 1)
A TR R GRS AL T 5, At Rt
WG 4 A o AR X BRI, Sk B 3 5L 5w
FERF I/ s A DS /N INE 0 4 5 TR 1) 28
R BT HUROR BRI, H AT R
(<5km) {23 2Py E A ) AT RS B & Tl IX 3
LN, DR S AR AR K . DR VR 2 B
TR0 B I EEISAT AN IXIREBOR ) “ i a) y
HERR” XIS TR, BT DA — AN S B ) 2 2 R i
REWHH R RJE (<5km) HEETHR R 4114
FEFNYIE 25 0T DL H B . CHAr— A
30~50km) )42 BRAE A TR 5 SR Bt 1 AN 52 wi 7l
Wi, UL T EARIX P (A — ANk o i B G
YERE T S E P B i) ROBE” X IlAR &
TR 2 G0 S04 BRORL 9 A% B8R 3EAT B U . Marsigli
AL OS5 3 0k 1 ) P — AN 2. 8k i 3 25 W BB S ) XL
BEA TR RGHAT TR — & H32kmBERA 1<
AR O AR A TR “ HEE” IREh (R AL
WRRYMESE) X2.8kmM RN EES RG, 2
FeA32km A BRG] — N Tkm S Bk 2= P HL ) X AR
B IR AT B ROBE TS “ )42 HIK A 1X 2. 8km XU 2 R
JEHEA RS SRR (1) X 500hPaiifE,
PR TR 22 e A B TR I B AR 2 T AN W A
(2) RFFFREARTR, P E12~45km ¥ 25 ] ]UBE |
HABEZ WS B 2 25 5, S ARIXONT Jmy b 1) 5t B 7K Pl
A BRI, (AT R I B K TR R 1
FENRA I E X Ik, AT 3 2km RS S
Tii ok H IR S 2. 8km i 38 = M) BEAR U AU R AR &
TR AT 298K, XA TAERIRYIE, A AN
A T R GRSl S5 SO UL B 7K 52 ) o
2.4 EMERETEN "B £ETH

TEHA 2 v LT IS AT AR AR P () B OE
B MRS RGN, AT R AT TRA
EME, VFZWFFRN A T & P& R AR Mk
Bl SO IX — A0 . ISR <o N7 SR AETY
ST B R ISRV PN . I TR S v
(time-lagged ensemble) il & L 4F i [H) AN ] {H 28 1
TR 7] 118 (7] — AN BT 7= AR 1) i A TR 4 15 bt ke
KTV (Y it pit S AN [ B I R ) Tl o B AN —HF,
DLAE SRS A 7 i I 06 A () e 52 R A ) R AL
A 2 N T 3 B AN [R) I 2 AR A S

“g5 N7 #E47 (poor-man ensemble) &K
ANBE Az AT AR A 1 7 B b R SR 15K A 22 SR UEAN [H] 17 31

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014 | 9



10

I
= ﬁ =‘-v

SRR
dvances in Met S&T

R TR AR A ek, IR AT A—,
JIT LA AN [7] o, 57 5 2R F A [ (R AL A 7 A 5 Tl
PR, KA T B AN G E (1) 58 22 U (1) R AR EE A 4
i, BUNEHEE TAFKYEM RS AR
MR B HELRSE, IR BHUE SRR, Jf
H& R RG2S A R, B GFAd HE
AT 2 FARHRI A 38 R A . KT
BRI YRS TR VMRS ISR “ITNT SR
FVEIM EXRE— A ST IE (2 e e
I HE R 5 7 o — AN B PR 18 R T T I A
SEMERTIR, BT DL L) ARG TR IFA I
ERIEE X EEG TR, SFRATER T, FIRERRZ
i “ZREAMGE " A
20044 AR AR T “ X R G A A TRk
% (dural-resolution hybrid ensembling) ” ", Ri&/&
AN o3 FR I B — PR —MIC 23 HE IR 4R 5 Tl
i, B A Y G5 AR R S IR e —— LAl R
RO HERSR AL CEUBOR A 10 PR AN A5 B e
G H AL G PRt T EENLBR IR SR VF) SRy —
A B m o HERES TR, HAROEZ, €
ARG P52 45 5 TR ABE AN 15 570 20 A A W 4 48l Tt A
AR s CRIHREN 0 SR HRI R 2 72, U TR
P8 B I B =R RE o — TR bR AR BT AR
590 A ) e K S8 PR A AR D AR 2 428 o TR P A It
MG TR 2 IIMERTH “Bak” , WEmN, X
FEORFE A BON U 85— T i “X06avk” , |
IR, IR AT 53 B LG SR AR S 3G I — £ o ik A
A H T 2 PR R A A ARt 22 W R LA
ACUERAD AT AR G PRV e bt v, RN LR T

ST

A 5 i
/ ' 1 1 OR:31? ’)’7\

(@)

\8 1 4 3 2
\\\ )

6km

MR (%)

B TR AN o PEAS S s 1T B8 Rl U PRA TR 1
B8 53 FHBE AL PR 8 23>k B AN [7] 53 3 2 (R AR X TR
AR RER RGBT E B ILHL . (AR
SRR G RN, HBL S, RN B Pl i FH A A
A, WHREEARK (n<3d) , X—AVCHEL ) &L
AN o 102k AR 5 ][R 5K BA5E TR 0 1 DX SR
PR T S HIZ T 240 R XU G il B3t
21/ 3 3 1 16km b 55 DX U I 4 4 Pl 2R 4 1 % 2
HF244km-WRF (NCEP NMMAINCAR ARW) ##
A DUA DRI s — Tl b, &5 &= —A R 440
B 2R PR I OR 22 X8 (SR AR SRVh . Bl i
e BRECERE Z R E) FXEREEEG T, X0
T S0 i A 7K R AT T XU TR A AR K ) 7 B s
FEAEREE A T b3S Skm ) A BREE & TR R G GEFS
[[27km 1) B — 4 ER TR R GLGFSHILZ &, H re 3 mks
J5E PR AR AR FEE TR P D0 3 A T o 2830 P S A T 3
W EWE 4A R N T —AMBCER S, EMN
TR AR 1.0 CHP ¢4 FH ks B GES A 4 JE At i)
T R YRR B TR PR KT R B, RS R IR0 (RIS
RIS EMIGEFS) « XM GHEAE, K
I SGE T 5T A R TR R

ANAHT, Schwartz Ve %) i 43 i 5 5 L AR A
7K B IR AL, AR AR FARAL B B AR K AN
GENE, TG T — R “48FE” (neighborhood
approach, BURBMUIHLNFR A “AHA0KS vk ” ) dlik
B8 RUPE SR AN T TR 1R AN 7 2 oK = AR R 7K R 2 T
B PG F i) « Bkt (B, 1
AN BE B T RS A A B0 /N Tk
JOBE R TR AT e MR T AN nT fEff e e I A X

40

35

30

(b)
25
20
15
10

5

5-10mm  10-20mm >20mm

no rain 0-5mm

B B K=7.38mm

Bl S HE (1km) &XpEkmfid, A “A8EaiE” BERE (a)
SRFFEARBEKBETRAEHHR (b) HREE

Advances in Meteorological Science and Technology S&EHE##R 4 (5) - 2014



S BT Rk i AL il — N E A T, R IX
WE k& PR AE A T B AR 2 P 1 1 B K R R AR 5T
Yo B1ah B 5 4R 43 3 0 Tkm,  AHCH B0
N T-6km ) 6 K BEA 1 E TR B BT LA, i —A
okm KIS (B 1a) SRk 5EA SR K 2 f 2 T
BIREK (El1b) o IXFE AT DA B — R P 5 10 ok MR
FAR, AU DR R I NE S TR AT A
B A TR . VR SR B 1 RS Gl
188 KR SRR PR A T SERE ) L S S T AR A S BR
) RS ITRAE 1) Sl iz — A B A 484 R p 2
% (WEE T 3km) « W, SR AMER D
T A ) B 1) R R 8 VR B A 18 R X IR T
TG, RS LA Gt 3 S TR, BTLh
T ISR TG 40 (R B 5 6 B T %5 VA S A, 54
A AR T I REW 2 1% R s 47 .
3 WkAE
3.1 £EEREWRZE

X 5 LR B e R R, R A A R
RIS, B TR 2 DA LR PR —
1 % AT R T TR A R SR W e R
PREEIT . . 8 S TR A E WD 7 fh Ayt
X 2012446 527 H 21 H R R & W FH A1 0 A B,
BT AL &MV E T RAR G B I “ 54 5 Tl
VL7 AT LB A Tl B — PR B T A R R M A A
JSORINTTE RS LK Y PN = PN LK =N
KRS TAREE S PRI A MBS, did
R M T X A 0 A /N W DR G CER W kA
AR GORME ELER (2D, T L W T TR ) A
TR TR S, — A X L3 RIS,
15 P45 2 L SR AR 22 =A%) AR i S

& m fn &

a variable’s value (L% % %)

forecast time (8 8])

prob (SA < -2 std)

B2 “bENREE" FEORERT: B HHRS0

MPSKER (ARL) REKENSEGETY (BFRL)

FirgEE (ELK) #ITHE, REEZEZHNREE, A
RREBESEEHES D MREERETT

Cover Story ¥ & d& &

RAL; JFE D RES TR &, HEES AR
ANECGL “RRAEAL SR g ) L A A A g
FE AR RN B TR K T A5 B . AR ]
5 SR I N B 55 TR 536 i AR A5 O, T K
HbA v R 2P LA e S R SRR R T S . S5
A R B ARG RN ) R 57 8 Pl
IR (ARRTER I AIE B b rf A 4 e &
MR ETER AR A o ELEEHET
R G AR TS B, B R R K
PER AT ] BEVE A AL 2 5 K/, XS L IAE
()5 —Aiff o PE TR SRR o AT R B, K
RPEETESARDE, dbat 7217 KEW I KR IR
BEAH A, T SRR A, BAE
H (A TARAR X O AT RE ) AR 6 R AR H DRSS P,
AEL I U AE AR AN 5 5 T B K DB R LA
1 LIS )1 J5 B T A AEAR R AN E M, L mT i
FRAEERAG, AL B 5 AN 7] I 200 4075
{87/ d L1 VA W BB S G0V B ¥ ¥ EE | E DN (9] 73R
PEERANIEZE Y, XA B R T 0 N (KA T 9
1, DR TR AN S e A o BRI, Al R IR T
LA TR 2R IE A TR, &1 AR
ESUE IR A E T U U RN U6 Y NP N
M PR 0 N TIANE s AME R, A& TRd il 4L
B R TR A I S B A SRR R R IR 2, A B o
“7:217 A rp bt X GE T 100mm K 5 R (¥ 52
B ] SRR AR IS AR T T 2K

2~ RAERM “Prfb W E” BSA
(Standardized Anomaly) HJ 5 U :
_FCST (x, t) —MEAN _clim(x,t)
B SD _clim(x,t)

LS A G, 2y i B B TR A FOST (e, ) 3o A T 52
B KA S5 E M MEAN _clim(x,t)ik LA S Ax bR e
728D _clim(x,t), FruEA T FESA R Hiu s I ()2 1) bR
o FRE, WARMBIRAMRBNRE W%, SAwA T
Ae2s Al A e BE Bt o BT LA, AETHELSATHT,
S5 6 JEUUE ) TR 08 R e AT e 22 1T IE . 8T “4R
G R TRE” WVEA RS 2 0 SCHER[74], % OCER
() B 30 ] S A 2 T —FP R, #KECMWEFXH 1)
“Weim TR FE#L”  (Extreme Forecast Index, EFI)
Tk
3.2 EFRELEETRZ

Hamill %577 R “ IR 7 (reforecasting) 1]
PORE A FRARRL, T3 T2 A TR (1 EARFI 04 5 vk
MR I PR . VAR B AP R R N, e

(D

SA(x,t)

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014 | 11



y
= $ =‘-v

SRR
dvances in Met S&T

PP, PSR Y S5 B 0 COAGRAIE P FiTi Al
S5 Pt 5380 R F 50 A R P Rl i
LB B (g 23046 ) (194 H AR Ik DA S —
At BRI ERE” (X E KRN IE
BLBEIED  IXFPR S A D — AR R &4 il Tl
O, —EIILNMESI S —& P, XEERT
BB AL 1S T WA A e s R
FRARL,  EFXF Ry AR Pl 7 B i A X R — A
A SR 2 TR R EE TR R ET E SR (304F X 11
RXNEA WA B=330NFEARL, NE/DSET 15 fEF
T “RAMI” R N=11) ZF AL Can ¥
IKEGARRL) 5 5=, TEPTA Pk B AL R
FH X RS0 SR A TRAE 8T I PR AT, 4k
BT ) H S LA R B TR CHLAR 5 il 03 bt AR AL
MBI 5 o, TR AL BY. 1) SEOL T
2RI BT A G B B R v SRR — A R R KR T —
B, W SOmm )M 26 DL R B 4 o 38 A5 TR 7 .
MERP UL, SV TR A SRR Y A
BRI L —EE S IR TR, DL
Joask Ze M wE kL . T TR AL AR A I b AT LR
PR o dE I S AR R TR 1 BT e TR
)R 22 iR R Ge v 22, P DA A58 X B SR A
fiK, BPAE A 58 0 PR BE ), AT nl Re 19 24T
FH B PR A S, L b vk Sk o 30 900 4 0 T 2L B
COLTR T R a5 1) a2 RO X
RFE U AR P PR PRI, R T TR A
T PEE T PR RS R RIS o IR RIA 2
ST TE AR R Ik A2 b WA L T I o 4 R 1 AR
BL, AREX — JULE S BRI A AL I 82 A A i)
AlREE N (1) FERFR BT RS SR B R
PN RSABA R T KRB Canvd BB K5
N REEAKD) 5 (2) fERARAEI TR, B TR
R SE AR 2 R) BB B B B A B R S E A S
&5, WME—F RKRFIFA LKL . F5b,
AR BRI B — € AT =

AR AL A TR AR 0 1 T TR TR A SR
(] ] 5 PR B AR O P 55 T P R A YT, (R
TN B E] CAdh, — B TR TR
PAp TR E Ve TN e s KON B AN IR IV R i
AR AT, WA TR X B A A M b = E T
Jo HINCEP “ KA+ Ly” (Weather Prediction
Center, WPC) EfF, TE20124EFFREM “ KM

(O TIGGE (the THORPEX Interactive Grand Global Ensemble) :

(Atmospheric River) R4 H6f « F Fld AH LS A T
ik M 2R GVE” AT T HARE, RS AR
A P TR AL & PR T P ISR AR (3~6K,
>75mm/24h) AR BAE, R TR T 2 RN
WITIGGEVAE A FR (o 26 [ [ 5 3R B F 00204
B GEFS . Il KA S 0204 B CMCE AR
A S TR PO STAS R ECENS, = /N AR5
EERFARO « FESWFRAMMIMGEA K. KA
7055 B P A KBRS (Pl 77—k
KA IEE]>T75mm/24hbrHER AR FHE) , iR
RIS T HEHT3.5 K (1) TR FF TR V5 AT 700 T 2 1
Avd, HAAEI— B FP RS LR
TR WERGAE KD A % W FHRETS.S R AT
i, P IHRIEAE 6 K F v bl 2 B XA o S
LRCEF OB F0) , kg 2. K3 (3.5
KRR FE4 (55K 4201141 517
HB+: B =K ppES i 240 (GEFS.
CMCEHRECENS) BLE EATA B 2 8 U4 A i
(ARENS) #MI—A~3.5 K TR I 211 7km X 35 4 &
iRk 24 (HMT-ENS) A4k T & AT A i i
AR 3y X G ) 6 Bk = R WY H R 5 I 297 Smm (1)
R X (RHEEREIXD) . HAE SRS E 00
A TR CMCEALES.5 K T ook e i M S b B iry —
AN R LIS A Sz, (H AR SR T AR XM
FUINA A JE AR RS AL ) — K B R ot ([&]4b)
10 3% T P T AL 46 & T4 (Reforecast) fE4K
CLEILAR B A TR T 280 2 - R TR o6 k64> 55 Y
HPLDEE R (HEE1%~15%, K3e) , FE6RTIIR
A LA S AN B LA O (Klde) , HRER
AT LT AR F M AHAZ AR (W L. RIS R
B B P R AT & PR I — N BB ] RE A2 2 L
ARG, AFNS T 0] TR P ARG P = A 2 o ) 22 W T
e, AWM GAERF 2 e n] CLE AR N L UL s AE
S, R F R R A R I I 5 T 0T R i i
KFA R FEIHRAUEE A5 AE X ARG b o BT
2 WA A 1 SR DA mT B H A 10 H5 (i SRR A )
T AR W PR R A @Y, R LU R 2B
ok, TR A TR R G P S Y TR KT A
FHR L o AR RIE B ASAS B, 3. 171 08 1 g
AN P ) AT R AT AR AE B A TR AR DR oK ik
T8 S TR N P 00 75 34 428 o Ak B X TR AN 4 o M )

THORPEX (The Observing System Research and Predictability Experiment) &
A RHRAL (WMOD AR TR (WWRP) H K — T H -

http://www.wmo.int/pages/prog/arep/wwrp/new/thorpex _new.html

12 | Advances in Meteorological Science and Technology S&EHE#R 4 (5) - 2014



3

Cover Story # & d& &

“HREMUESTIRE" 1 “SEXEEZE” BXFERE (46 20114F1816H00z-17H00zEEEFF KR

M), TR (RLHEEK) . 6EFEZMHERE75mm/24hH T = dd X Az F A B N FaE SR M FEER; $2513.5K 1

“TE#1E75mm/24h” BEEBIR (e ) . EEERMMEWMIRPOGEFS (a) . MEXKSEHOHLCMCE (b) . B

KEFIRAGECENS (c) . B#XGEFS/CMCE/ECENSE R EESTIIRARENS (d) . BRMEIIE G TR %Reforecast
($BAT4R, e) . 7TkmXiGEETHR RFEHMT-ENS (f)

TLTEAET 5 g R AR, A AR
RAHAE AT AR S I SR AR S, AT B
A3 25 A AR SR D TR oK <2 T EASR A K fE T
RAPBAMEE B2 AL R, FIHRA RS
WIEAEIE TYMEII AL, FINABSE THE A
A VLR A A8 BRI R PR A 350 HLgk— 2K
PRI AN RE VEAE S5 5 TR ™ it P E S RIA K
3.3 ARHERA,E

LR G TR 0 £ U AR EAT SR A ok
e 3 R R R PRI 55 K P 2  “ iR A LR
PP A5 FRAR ) — 0595 e T G0 By b ik
AAAE, HOIBIRTHHLED B s W2, G
IR AR PR D F 2 S iU S L K PR SR A AN — o BT 3 K
MM KR ZE R, BTEL, AT EE MR (d
BLARPTAT BESRAT 0 5 TR AR BRAR, 45
o) i HE 2% 0 A A ) B AR BR AR R BEAT SRR, AR AR
fadrie (LLED RMUKA CAVEIZ TR K 5K Tk

@ sl AASR

IR I3 AN TR ) 2% WY T DA AEAN A £ KU A
CRLED ST TR o BEoX 52 1 77 95 22 S0 ) 65 975
X £ KRR TG, Fangf5™gE— B4R th T WU %
(RIER 5 TR R GUR TR 6 BN, BRA B SEACHT 2
e AR HEARAE AR 5 TR B 51— B A AR A
TR, T LT SERLBORR R e 23 H R A5
S PR XA REA R Z G B, HE S ]S
B TR AR GERAG T G U R A AN B 7K [ 225 ) A ) i
AL 2 RGO, DA B 7 X0 R 1
FATRARLE: 36km K7 HF K M4 5 TR AT 327 1
B T4k 0 HER ARG TR AT 8N e B o IXFE
PRI AR IR AR 2 B B B R A VI B T RERR 5 KUt
e CRGD) UEMIFRSES P (hrE) AL
0 B AR A VI 2 T 0 A R 22 () kg, PR i 20 R 4R
ORI AR B R TR CRARI T8, 1152 1
AN o RBNIXLET ik, AR AR R G 1
R (RIBIF ORI AR N 32 A3

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014

13



SHE

SRR
dvances in Met S&T

E4 EES3, ERRES.5RNFRHEEE7TkMIXBESFIRHMT-ENS

4 RSKATIRMREWBIRAITIE

MR & PR A5 B, 38 mT DUT SR AT IE B —{E 1l
o —BmE, BTHEG TR RARL L R
S5 T PR A AR KD s 3 T DE 1 B 5 18 5
AIE R, DIILER&-P B TR AT A L A T S v
CIX L tAT -1 38 R R B DTk o 0 o) — TR
AN HECTE R A BV AN SR R0
SLUf, D /N G5 R AR 7 5 AR T A A VT LE A
Ao AHIRX—EHRAEAE A S 4l BRI, 1R
Du 5 RGBT 4 AR 8 )5 e K AL T g
AR LUBHER, (RAR A P I EAE ALK IX 5Kk K
TR DRI /Iy 30— il R 224 4 5 0 R S KIS
CIn iR I o KA 2 A A g™ E. ki
BB A T AN B i 2K TR E R 0 R i AR
55 P 3 KRR e 538 AR IE izt AR« 4R
A FPE TR AR G P S TR mT AR T 22 P — 1)
AL AN BE AR e iX — e b . DR T — R
AR 751 (BRZ ) “AE—J A" D
ORI It A 8 03 BEREAT BT 55 - TR I S B -
R AT R AR 22, B R B IR Y 1% [ ¢
FERAERI R, AL AT G efyiess, B4

@ N TR AR A 57 1A AR BN SR S B it — NI [ i S B A il i AT 2R,

e () e B £ DAy FARER i

MER R F R BEPT A B BB -1 2 12 i 5 1 LA
(K1, P DA AEIL AR &1 35 (Kl D3t Y 2% S e A . AR AT
X s Bt R R A L B Y L TR AT G B ok
JeRf— AR TR UL S 53 AR L 25 (Rl e i
A 22 B0 FFVH S 3% e 5 AR B R 8 O T
THECIBUER P B AT AR S R A A o R
R AR A B (R, XA DA REAE TR
AERATE AT LA iy, 3 WA T O B 4 /0 P 2 1) 5 g i
B T ARG R R IO AR IR B T A AR A
ST AR B A — IR [T A 5 v 1
RAZ AR EATEAIERFAD AL L (G 3
BL, T AR R B3 R DN FRAS B, PRI
Wt b SR AL I AR R HE B0 ) 2 I (TR B A
HOR7 R T RF P N (I o = S P DK £ R U PRy i)
B PRI AT 1), 55 S PR B AT I
A, PrULBMER 5 b7 Clndeflp ) fE
Hif Ja AN R TR 280 I 2 R I ) AR AT
XS AN [ (R4 e bt BRAE IR ) b AT 3 bk, I
(8] _ANTESEAE A SE s T R Cn SR SR Bl — AN
AR BRI 7R ) AT RSl RAME . A T IR $F
I IA) L AELEE, W AP L A R AN E) )

IR AERE )R AR Ik

14 | Advances in Meteorological Science and Technology S&EHE#R 4 (5) - 2014



BT, R AR R i R e R e A BRI
AL B N AW LB 5 ) B A AL B AE R (nudging
members toward ensemble mean) , 45k HAKE Afi
T BrilEe; ok, XHEP 4 R AT — e A B
1) T A B AR X — I TR AN P ) B (AR B R R
TESE P F X ol I A e — SIS IR AH ALL TR i DR I
] BRI SEE) o DuE N TR S AR
AR (KL M sy WD) I8 X B K BT i
GTo IR E 2K P RO A AR,
FERE— JE v .42 I H 21 B 7K TR 7 B3 ) 422 b H
B [A) 15 7K 25 DTAH DG R Hofl AR & B AN 2 B K AR &
AR TP AR R FH HE v 15
B REAS B0 AS R BCE N AR &~ 3 [l fif . (4%
BCED LA FHIATIE, KL (1D MES KR
B (), WBCFHACR AR E (ABFE)
(2) U—MEA PR R PRI Z8 K (M)
N, ACPFRR L () 5 (3) —fekud,
B3 T B~ 3 I G AR FE v RE AT IR (<10%)
R ARG R R BOE B8 ORI, RT3 mT BE [n) ]
B ZTCIL, BIEA R s, M B s S
SRR, DA AR B, WA — AN AN ]
PR o R AR B B0 AN (] AL A, ] 0 Pl A 2
I3, X AR LU BT R .

NS 2 S S B OE (N Y N ES NI TN
KRN 33X, Ebert”™ MR T “MER o iR
VERCYE” RATIESR AR RK TR, JR L RIE S
Y TR A AN [R] 5 2 1 K H IR R AR DR R [R] - Y i 1)

70
O ey
LR S

50
S
v 40
=
g 30
%
¥

20+

10

>100 >75 >50 >25 >10 >5 >1mm

E5 “BIRIPRXELEESTHNE TEE: ARAEEH

RESRERS M (KL ) KITERBES TR KRR
o7 (EZ) : TENEKERER, EREMRKRIRZE

Cover Story # & d& &

JRGR A TR H BRI — 2, B /N B 7K H AL
A%, KB B AECA > (ES) o B
TR HH PN O s BRI TR 25 TR) 29 A ok F AR HE AR T 42
B, T R K R B T ke [ A ) R A AR
EA A TR, BAAPRWESH R, B8, WPET
ARG S B K TURARL, 23 N GE v H AR A 138 Tl A st
IREEA TR CEISITAEEA R 7R K EH I
PR AT )5, R AT, R 2 0
GHARKREAFWREMITIERE (R, FHFFE LN
HREA PN & b, fEEE TIHHR & KR
IR 3 A Y AL B JEUAR AR G AR ) 40 A (St 1R 4%
R ET R85 o GEREH, X—JvEn T
TH % R A 1180 /1 I 7K DX R 358 T AL Ay 1) Bk X
T B M ROR AR

Nk 2 U FE V2 e v PR A A DA D e 255 TN
PRI P A A BIAE A P Y TR AE B KA B AR
AR, 1 AR AR G B DR A R K R B A R P K HH I
I oA AR HERf, R P 3 &5 Al ok 15 21—
MNGUFRITR; R, WREAA TIEWAILE, A
ZEA TR TR AN BEAL . B, 2 B Hh R 50 205 0
JETEHLX S KR A X RS . — T, R
X INES B RS E ST EER A, M2s
VS e L KR 5 A AN (] 5 XGRS A2 BT 7 A 1) 2% WY T
AHZE B, DR I T b A 4 P A S 5 A T e AR T
VIR B KA B A S35, RS R T
B 7K 8 20t BRI A X 20 2R AN B 1 A /) B3 AT 5 24 1 b
TEAER T RGP W O, R b SRR 4R A Tl S AL (1 Y
= IR A A AR FRAR . I, ] B b Y A T
BC VL FT = A B B B - S8 PR B R FEAN L o B R I
FEREAE W, Fang 2Nl ol ig 17— % XU HE R 1 4 &
TR RS C AR PR R G TR L “ o P
LA, 3.3, fEN MR ICEAE ST
V22 W ST B K A3 A R B K S R A T S AT IE O
AR AR . BAPERIT: (1) MRS & 5 4G
KREA i T BERE3h RS T H WA E, BRI
7w (B %, DB HER; R 2R B & XU A2 Tl
TR H R IFEA RO 5 (2) X[l
V38 6 A B, IR B JE s B A Pl A 0k o oy
A [FX -3 & AL E AT IR AR CANEE JE S I 250
B MRS (MR EIES) » JIFHX
IR BB A & 77 AR AR N 1 2 U 1) ] B A 65 138 %
KT CRA RG22, D FE R OK I B 0] o A iR

O MG G AT A BT 14 Bk f AR [ U /R S AR LA, bkt vl I 380 ARk SO T i 2637 TE e 2R ke
R W) BRIFNS FOURE R 7K BRI K DX B 22 U7 IE A AR G (R8RS (ELEIAAT RE D) ST IE PR B K IR i 22

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014

15



y
= $ =‘-v

SRR
dvances in Met S&T

B 5 (3) MBI, X BIREIRRS R AR A B Y
BRALE, A EORE LI /N & R Pk BT A R E AT
AL EARL I PAT IR O S IR 20t H08r 4 A
—ABEES RAENEERES) » PR R B
SR VDR P 28 65 RURE B2 P ] B AR 15 B K
CHEET R B, LR K 22 8] 3 AT B A IO 8D
(4) ARIGATKG BEBr 4R & 1K1 32 B, R R v T
A PR K R 7 1) 37 23 A R S 54T B (B UK
PLETER:  (5) X s BOB R B B (K PR /K &
BEAT 22 0T IEAS BRI 1) B K B R AR AR (R Al v
AN BEK R G AR B AL, (HE0 I 5
Wi T 8 4 e A (KD B K 7 8 2237 1B 5 (6) &K
25 [ 3 A R o 1) i g BT AR P K S A
HEAT Il 22 1T X (10 vRoRs BT AR 5 % I8 P R DL PR
PP E SRS (BRI A RES)
(7D S s WX R BE BT 5 e 45 w] L™ 2B K 1
] B A 1 28 RO DG E A 5~ 28 DA S A TR 4%
HoAT A e i S AR PRI B 5 B 15, MR VL E T
L) Bk K R R] FP R K I PR B 7 22 A 2 (UL i SY)
TS0 T R B KR 22 LT A D JF HAE
Y 3 I8 T A P 0 P RN 2 £ 5 R0 1 v
TR .

N DA N P IR Y s DR D EE S
E B RS WORE VAR BV D — FhT k. 2T
FEIRT IS I REA AR 74, VP2 Hid T
M ELIA -, W) SGRALR . K U
X s B SR e T L M R TR S AN I AE
ZE N XA AR S o EL5 RS B AR AS [R) 2 7R 5 W R
XL T K S AT REAT 225, B LA
BRI TR IR B N DO AN R A 2 AN T
TR SRS H (0 251 45 R ) o AR vl 5
A T2 W RUE VE R B VR D, WS R
RG22 WA S5 AR B O R0 b2 1
P EAE TP AR, B I TR B A BER A N i
AL SR AT RERIRE ). e, BRI AN R
SRR kR B R AR (AR
WA RALRE s BHRTHEEL . HUEES
Writ—HE) , BT DS R RO TR s 28
s URVE R SE PR 5% WY AT BE V] B A K v X
S, MFANREE MR B BB =, O T AhIX
T I I B IR, it AT A 20 A R LS B D R
(A G B , WELEY) B 7o [N (it pl

P DLCEAT DT S (BERT2ERT) (RN RR,
EIUT TG Rk, I8 A B AT ok i I g T L
FE, AHILTUR AT RERAT IR, 1f0 I8 28 3 Rl 2 79 14 4 2
D7 H R A T e 5K, BT BLA 2 Mlid I
LB TR s SRPY, ST H A B E R K
CHE FAR TR R, I HAEAERXIE LR LA
FZMRETT, P AAE 28 R ¥ DX TR B R e ft LE A4
B AR LT 2l SR BT S
T S MM ™ BeE, WA AT
{E 2% N TR, SRR 75 AT DURI AT IE R U TR 2 2
B H A R 0 S s B R R A VR 2 R A
P /I8 DI X o /K s — 28 Jm P PR iR K, I 4
PEVERE T PUGHR AU R T 2 AL s IR 3 B A%
TSR OO RO B A, VR ] T AT AR 2 W TR 2
IAT SR SN, NAZAEE BRI T AR . AR
fRih, AR AR RIA T AR RS T A
FE 2T P iR I R R SRR A TR

5 MAKEMEMARRSRZELXBENEM

IESHERA

B TR 53 (1) B HARE AN(R AT DL ik Ttk 1)
AN € BE AR I TS Bk m g Ik 45 i, i H
WA T KRR GE MRS A KRR 3) ) R
DR, 30E— 20 ) FH 4 OBk P4 T L ] 35 ) TR
T TR A R RGEA LR B B R, FF
AR S R0 H AR, Aok ™ — i %0 5
A5 2 WAL T SR v 02 R R R 46 I S TR (1) AT i
FRPEM . 5 — AN I FH AR TR 2 B £ SR B X
WHEM RS W RS TR RGE S TR R RE T H
RS, XOFEF23NITR, ERAHER,

YRR v S 5 R D SRS BT (K X Sk 4
BIRAL 2, X R B R X
REZBW W EERARGE MM AT 7RG, il
HT CRB” R R PR R BB R
G, B BRBAA LRI RT3 )
AR EINRG 2R, IR R TV R i AR RFAE
SERIATL A G 547« H(E e S HoA T B
PR IRFIE A — 30 o XU B AR 5 T TERMifh S T LLBE
FERIERh T NMRARG RS EYIE. X
R A TR 2 AN [ R IR R A R G A LB
S T — AN 5T CArRRZ A “ BRI Hi
%", real-time research) , PKCA'EANTAESERT “ Wl
BT RT3 A2 HLLAM B PR R L 00 )

O (I LEA ] FOE RBARUL C, e AT AL R REERR T S SOR A IRR R 2200, ESKRH AR 4 2 ok i R A S Rl L CRERA

Sedr— BUN K REZARTT 5D

16 | Advances in Meteorological Science and Technology S&EHE#R 4 (5) - 2014



FOCHAEBRE R (RER TR A AT 904 B
YVE ORI RIS S, EATE R LT TRAR &
T R R R ] SR A B IR Rl 45 4 5 U Tk
BRI R RIS AR I R (1) AN 53 BT Ry A AT 2L il
AT “ur” , MHIN LRI AN ] AR
ENERE SN S T ECPNAD Y it S RE S i)
e ARG E SIS, TATBE TR A A A
THIKRE T “ELSBUERE” THP GnA—x
TR RMTB, WERREE o] R4 5 i
A EECERE B “ B AR 75 b X A 80
CTUR R ZBURIX T, IR SO U X
PR A2 B K Y3 R S0 T DR K b et VY g 3o 1) 30
BUE TR . %10k, BN 1% DU ) et 7Y e v Tl
O H B, JF R b ROBE X A & Pl 45 46 & U PE
JNERIG SIS “ HbRI 7 B AR, RIS RS
B A W0 00T 175 g ik 39 5 Ttk et ) R R A 1R
SR — R . WO, TCEERE N el AR S P e i
T S I 2% RN TR B ORI S B 3 SO mT A SE Bl 25 vh
MNH

e I EE PR b, T B b s e R R
Py AR e, A A TR A kTR S B bW I B AE B
AT A BEAT I S S I 2 9 B ARG Rk 45 SUE
TR — 5B 0% X R A TR (o 36 [ AR
IR R MR AUE D PR R 2 UK X (R i
(MHA B2 2 X [ Rossby i 045 Y (B F
WY o B AR R IR 2 SR X
Rossby 3 [l 1 (1) 1y 52 M R A2 b il 2wy sl
FERBENEAEVIFLR. XFOCRAEHH 4
BR A A (B A PR R EOT B a1 A B A S
) 2 TR ke, LM Ak 2 L1 Wi ™ A 1) /e o B
P E WA AR RAH T (LS 1~ 3K B 40 1
AR B2 k) o BT A B 0 o b 5 A ou il
T B b it B0 DX R AT 2 00 0 ke IR 1 9 D A5 )
{H H T Rossby ¥ A 1 4 34 158 25 MM $i8 i 5 482 0 i 26
ANE A 5 5 RTASE R ) M A A — T 32 B AT
RN T-Br . et i, 6 R J7 5 A 5 Ak
YE R TR TS AT LA A 34 2D, Zheng PR
ARG PRk Bk, i ik vk 5 4R A BBk 3 T
P — AN TR 03K TR A R R R TR AN A
PSRRI T H .
6 m&EMITiE

ASCHAEAEE A Q2 F MR RSLR 2K DA H
FEREAR I — LSRR vk, TSR 25 T B AR & Tk
DTEAEZR TR TR P N A, XS BLR LA TS

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014 | 17

Cover Story # & d& &

Ifi: BRWEGTURARSE. HURTIA. Pka e 51T
1, PLRER R ARG NI S B A et

(1) PRSP AR GRSy, 57 i 73 %
(1~3km) FHAT R AP KR REZ AR & TR &
HHAELAT. NWHETERE, RNETHRAG K2
¥ (EnKF)  (HES—RNRE) BARE TR IFENL
ARG BT IR A R KB B 5 TR R AT
Btk (HAE B R N I I WIME S 8 7 ik e A5 G H
LA e ok B 1T — AN BTN R, T
A BN T LR R ATE R TRE RS, W
1A R P SRR E B /N RO R G M R 5
H AT RSN 5 o0 TR (<24h) [ TR BCR LT
WAL, 3 Y B A PR AR AT BT I PR s i
TR e Pish R I T R A
5 T L 30 TR IR AT B (AR s AE R B
Peshorimm, ZREAMZ Y EI S TERAIE S RAT A
Ry, BNV B R sh H AT IE AN A, B
ARG U RN (MYFSKEBE A4, A
PO EHE— RN RCB 0 BT A 2K BE LA B
ik, 2R A PEBA W5 AR B
Fe, R E YIRS T R E R =P &
FOREABINUA AR, DLLOA B B Qi [
WHESRSAN EAR A, XEEHFTHE— L0, S5h,
P 15 SE PR HUEATAR R AN, 6 5% T4 £ Tl
Hh 2% R8T B P R AR AU 1 SR BRI TR 22 4y
ATHRFAE . B AR 3 0 4 BR A & TR 3K 5 2 35X
A X SR & oS & a AT R it — 2
TRUE, R R N RBEXHARL K RO . AEAT BRI
THEHLBIETS, T — AR AR, FEORIE—E
TS OLE CAn10AN ) SR A o )
I3 HPE AR RN 56 ¥ OO B 75 58 I i vt TR 2K
—PALPEERE s ERT TR I R TR e AN
A TR CRIPERPEARAG)  RIVELZ A i
HOuwr e s e i XS Al R L. AETHSL
PHEA VR OLR, VEZ “ BN A& TRt ]
FHRAT R e S A T PR AN E R, SCh 4 T
W fEiky “HIN” VL M HERIRG S Tk
TEMAH RS R

(2) AEERGIRITVETT IR, S R A S
FAFR TR T AL SR 5 TR m] W) B v
R D e 20 DAL PR K W AR A P St T
FHAUAR & TR VA2 80 s N Ge vk Tk v b i 44, 42 H
HIARE TR K 1 38 AN 88 B (0 195 00T 2 6F m 390 % W9 93
RACHRE R AR RRCR I — R T7E: & R ERIGE



RESEE WLV

dvances in Met S&T
A A B2 LT 5 B S MR 1) 65 DX 1 TR A A
P, AL VAT T Ll 2 T A TR

(3) FETR G AL BEAT IE T 0, X oK ik 22
iR RS INIGE S OP S =X MITENIE SER SOV TE S )
DEFIR A, FERFERIGTE T (s R 5ik 245 Wi
6 R T D A1 ] LR UG IC - 2925 i 0 I ar AR &
B R PR BEAT — LB Ab B 538k, K138 TN % B 1
TGS NAZ AT A W 22 1T 1E . SCRIE A4 T — i
A AR 1) “FE— R ki MU A%
B BT I35 . ARG B IR SR TAT
TEAR 0 W TR AT R A7 S b 3L, AR —
o BR TITIEPFEME M ZE SORBERK) , B
BATIER G BEUE A ORMEESHARTIIKE
U B HURE BE IE A M S R TR KR 22 B HARE- Tl
WELTS” KFRD FIMEAR TR G AT 55 1 S WP i) B S
A B, BRI A A RE PR TR FH P SR A IE
(i S

(4) {EWHFUTTETT I, AT T — M E R
FH A5 AR % 53 A [F) R BIRWF R SR e ML (1)
“CHNISRIEGT” BT, RN ORME S TR Bk
— MR TFB . B, o0 sk 45 S B
81, IS SR A S R

(5) {EEE PR SAR RGTT 1, RE TR %
FRAR P REAT HARRLIN, 300 I e A ) k4 v
BB E R R AR GG PR A mT Wk T
R b S WOULI A TR AN E M, RS TR R GEE
i L RHA ARG E A DAL A X2
BAE IR R G ORI — A —TR—IRk 5D M “H—
B B PPRER RGN “ 2. LR KR
W ARG AL ) 55 1,

WIS, AEAREIW IHAMEM: %
M55 EB T TREAE H HL S5 T N A SN AR AT Z A
B TR s AR TR ANIR 5 7K1 4 R ST
TAES BB B L Ty Ak, XSRS
LA TR RS A E i — D oe.
BARWIHE T2 71, HEEHMKAA A, Hidm
FH P A AH T BT 4R 4 1T RO TR AT AN [R] 1 FH
A LLFE 3 4T i CAN S H AT I M il 52 1tk 58— 1B
(. PGV RRR . AAI)) AR TR Bokik
FEPE L B0l A B e T sk 2 KUK 7K 32 BE ) 1) 4
PRI . ARSCA SRR AR “ 1 M —{E 1
ATERTER” 1) “ 2R PR AL T AN E I 1 58 4 T
7 H A VR B .

. BEtThomas Workoff4E 4 47 B 22 4| E 3Fn & 4,

SEUM

(1] = EM. AR AR KE. A%, 2006,32(3): 3-5.
(2] F#=, % P EZFW. A B L, 1980.
[3] FRzU%, Bk J204 REA K REFKGWL 2. AL, 2010,
36(2): 76-80.

[4] FRAM. AM ot R ¢ REEX FOER. KRARF,
1998, 22(4): 548-561.

[5] Lorenz E N. iR ey A . x| R 3&, x| K&, =i bl A%
i pAE, 1997.

(6] HAJE. KAFHE P M IStk 52 4t dbom: AR AL, 2002.

(7] A4y, Rdf. 3 — 0 TR M TaRas 2 o 25 al: R & TR

kiR E. K%, 2010,36(11):1-11.

(8] EA&i, A4, M 4. E# AR Fxd fF R A TR T 72 0. A

%2011, 37(4): 385-392.
[9] #4, Wi RATIMA AN G LAH A LE. AL, 2010,
36(1): 1-6.

[10] #49, FEW. KA £ 9 2 0 Ry HE 7. A RBH
# &, 2014, 4(1): 58-67.

[11] US National Research Council. Completing the Forecast:
Characterizing and Communicating Uncertainty for Better
Decision Using Weather and Climate Forecasts. Washington D C:
The National Academy Press, 2006.

[12] 49, ABE. B —(E FAR AR A TR A A B9 00 (8 BRBRBE 3 Fal
g Ko o b . A %, 2010, 36(12): 10-18.

[13] #4. &6 T IR R, LAILF R, 2002, 13(1):
16-28.

[14] Du ], Yu R C, Cui C G, et al. Using a mesoscale ensemble to
predict forecast error and perform targeted observation. Acta
Oceanologica Sinica, 2014, 33(1): 83-91.

[15] Du J, Mullen S L, Sanders F. Short-range ensemble forecasting of
quantitative precipitation. Mon Wea Rev, 1997, 125: 2427-2459.

[16] Du J, Zhou B B. A dynamical performance-ranking method for
predicting individual ensemble member’s performance and its
application to ensemble averaging. Mon Wea Rev, 2011, 129(10):
3284-3303.

[17] Li ], Du ], Zhang D L, et al. Ensemble-based analysis and
sensitivity of mesoscale forecasts of a vortex over southwest China.
QJ R Meteorol Soc, 2014, 140: 766-782.

[18] Zhang F, Weng Y, Kuo Y H, et al. Predicting typhoon Morakot’s
catastrophic rainfall with a convection-permitting mesoscale
ensemble system. Weather and Forecasting, 2010, 25: 1816-1825.

[19] Stensrud D J, Brooks H E, Du J, et al. Using ensembles for short-
range forecasting. Mon Wea Rev, 1999, 127: 433-446.

[20] Yuan H, Mullen S L, Gao X, et al. Verification of probabilistic
quantitative precipitation forecasts over the southwest United
States during winter 2002/03 by the RSM ensemble system. Mon
Wea Rev, 2005, 133: 279-294.

[21] 2R, H4, THER, . FREZTESHRAGHL + HHE
ok . B R A4, 2009, 28(6): 1365-1375.

[22] VRi, B4, . — A AN S RERTEE TRV ESR
7 AR 5. KAFHE, 2005, 29(5): 717-726.

[23] Toth Z, Kalnay E. Ensemble forecasting at NMC: The generation
of perturbations. Bul Amer Meteor Soc, 1993, 74: 2317-2330.

[24] Toth Z, Kalnay E. Ensemble forecasting at NCEP and the
breeding method. Mon Wea Rev, 1997, 125: 3297-3319.

[25] Johnson A, Wang X G, Xue M, et al. Multiscale characteristics and
evolution of perturbations for warm season convection-allowing
precipitation forecast: Dependence on background flow and
method of perturbation. Mon Wea Rev, 2014, 142(3): 1053-1073.

[26] ZEtk, 49, T K, & AREMEE R FHEihsh 7 £ & &%
AT 5o Bt B 4 R R % 48, 2010, 26(6): 217-228.

[27] Du J, Gayno G, Mitchell K E, et al. Sensitivity study of T2m
and precipitation forecasts to soil moisture initial condition using
NCEP WRF ensemble system. 22nd Conf on Weather Analysis
and Forecasting/18th Conf on Numerical Weather Prediction,
2007, Park City, UT. American Meteor Soc.

[28] Aligo E A, Gallus Jr W A, Segal M. Summer rainfall forecast
spread in an ensemble initialized with different soil moisture

18 | Advances in Meteorological Science and Technology &% R 4 (5) - 2014



[29]

[30]

(31]

(32]

(33]

[34]

[35]

[36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

analyses. Weather and Forecasting, 2007, 22: 2,299-314.

Sutton C, Hamill T M, Warner T T. Will perturbing soil moisture
improve warm-season ensemble forecasts? A proof of concept.
Mon Wea Rev, 2006, 134: 3174-3189.

Clark A J, Kain J S, Stensrud D J, et al. Probabilistic precipitation
forecast skill as a function of ensemble size and spatial scale
in a convection-allowing ensemble. Mon Wea Rev, 2011, 139:
1410-1418.

Richardson D S. Measures of skill and value of ensemble prediction
systems, their interrelationship and the effect of ensemble size.
Quart ] Roy Meteor Soc, 2001, 127: 2473-2489.

Clark A ], Gallus Jr W A, Xue M, et al. A comparison of
precipitation forecast skill between small convection-permitting
and large convection-parameterizing ensembles. Wea and
Forecasting, 2009, 24: 1121-1140.

Clark A J, Gallus Jr W A, Xue M, et al. Convection-allowing
and convection-parameterizing ensemble forecasts of a mesoscale
convective vortex and associated severe weather. Wea Forecasting,
2010, 25: 1052-1081.

Ma ] H, Zhu Y ], Wobus R, et al. An effective configuration of
ensemble size and horizontal resolution for the NCEP GEFS. Adv
Atmos Sci, 2012, 29(4): 782-794.

Aligo E A, Gallus Jr W A, Segal M. On the impact of WRF model
vertical grid resolution on Midwest summer rainfall forecasts.
Weather and Forecasting, 2009, 24: 2, 575-594.

Brooks H E, Tracton M S, Stensrud D ], et al. Short- range
ensemble forecasting: Report from a workshop, 25-27 July 1994.
Bull Amer Meteorol Soc, 1995, 74: 2317-2330.

Mullen S L, Du J, Sanders F. The Dependence of ensemble
dispersion on analysis—forecast systems: Implications to short-
range ensemble forecasting of precipitation. Mon Wea Rev, 1999,
127:1674-1686.

Du J, Tracton M S. Implementation of a real-time short-range
ensemble forecasting system at NCEP: An update. 9th Conference
on Mesoscale Processes, 2001, Ft Lauderdale, Florida. Amer
Meteor Soc, 355-356. http://www.emc.ncep.noaa.gov/mmb/
SREF/reference.html

DuJ, DiMego G, Tracton M S, et al. NCEP short-range ensemble
forecasting (SREF) system: multi-IC, multi-model and multi-
physics approach. Research Activities in Atmospheric and Oceanic
Modelling (edited by J. Cote), Report 33, CAS/JSC Working
Group Numerical Experimentation (WGNE), WMO/TD, 2003,
No. 1161, 5.09-5.10. http://www.emc.ncep.noaa.gov/mmb/SREF/
reference.html

Zhou B B, Du ]. Fog prediction from a multimodel mesoscale
ensemble prediction system. Wea and Forecasting, 2010, 25:
303-322.

R, RIE Y, TRE, F. P REZHEAMERE S FTHA2010
F6H19—208 P EI M A ARWARE G, HFLRFH,
2012(5): 653-663.

Duan Y H, Gong J D, Du J, et al. An overview of the Beijing 2008
Olympics Research and Development Project (BOSRDP). Bull
Amer Meteor Soc, 2012, 93: 381-403.

Du J, et al. The NOAA/NWS/NCEP Short Range Ensemble
Forecast (SREF) system: Evaluation of an initial condition
vs multiple model physics ensemble approach. 16™ Conf on
Numerical Weather Prediction/20th Conf on Weather Analysis
and Forecasting, Seattle, WA. Amer Meteor Soc, 2004. http://ams.
confex.com/ams/pdfpapers/71107.pdf

Kong F'Y, et al. Preliminary analysis on the real-time storm-scale
ensemble forecasts produced as a part of the NOAA Hazardous
Weather Testbed 2007 Spring Experiment. 22nd Conf on Weather
Analysis and Forecasting/18th Conf on Numerical Weather
Prediction, Park City, UT. Amer Meteor Soc, 2007. http://ams.
confex.com/ams/pdfpapers/124667.pdf

Gilmour I, Smith L A, Buizza R. Linear Regime Duration: Is 24
Hours a Long Time in Synoptic Weather Forecasting? ] Atmos
Sci, 2001, 58: 3525-3539.

Clark A J, Gallus Jr W A, Chen T C. Contributions of mixed

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

(57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]
[66]

[67]

Cover Story # & d& &

physics versus perturbed initial/lateral boundary conditions to
ensemble-based precipitation forecast skill. Monthly Weather
Review, 2008, 136: 6,2140-2156.

Stensrud D ], Bao ] W, Warner T T. Using initial condition and
model physics perturbations in short-range ensemble simulations
of mesoscale convective systems. Mon Wea Rev, 2000, 128:
2077-2107.

Buizza R, Palmer T. Stochastic representation of model
uncertainties in the ECMWF ensemble prediction system. Quart J
Roy Meteor Soc.,1999, 125: 2887-2908.

EH, . LT w20 00 RE & & TR
I BLE A% F AR, 2007, 18(3): 396-406.

Teixeira J, Reynolds C. Stochastic nature of physical
parameterizations in ensemble prediction: A stochastic convection
approach. Mon Wea Rev, 2008, 136: 483-496.

Li X, Charron M, Spacek L, et al. A regional ensemble prediction
system based on moist targeted singular vectors and stochastic
parameter perturbations. Mon Wea Rev, 2008, 136: 443-462.
Berner J, Shutts G ], Leutbecher M, et al. a spectral stochastic
kinetic energy backscatter scheme and its impact on flow-
dependent predictability in the ECMWFEF ensemble prediction
system. ] Atmos Sci, 2009, 66: 603-626.

Charron M, Pellerin G, Spacek L, et al. Toward random sampling
of model error in the Canadian ensemble prediction system. Mon
Wea Rev, 2010, 138: 1877-1901.

Berner J, Ha S'Y, Hacker J P, et al. Model uncertainty in a
mesoscale ensemble prediction system: Stochastic versus
multiphysics representations. Mon Wea Rev, 2011, 139: 1972-1995.
Bouttier F, Vié B, Nuissier O, et al. Impact of stochastic physics in
a convection-permitting ensemble. Mon Wea Rev, 2012, 140: 11,
3706-3721.

R, 4, X AT 7217 HAREWAEEETRAT W
AR A F o 2014, FFRK.

Jankov I, Gallus Jr W A, Segal M, et al. The impact of different
WREF model physical parameterizations and their interactions on
warm season MCS rainfall. Wea Forecasting, 2005, 20: 1048-1060.
Jankov I, Schultz P J, Anderson C J, et al. The impact of different
physical parameterizations and their interactions on cold season
QPF in the American river basin. Journal of Hydrometeorology ,
2007, 8(5): 1141-1151.

Jankov I, Gallus Jr W A, Segal M, et al. Influence of initial
conditions on the WRF-ARW model QPF response to physical
parameterization changes. Weather and Forecasting, 2007, 22(3):
501-519.

Du J. Impact of model error and imperfect initial condition
perturbations on ensemble-based probabilistic forecasts:
Unpredictable spots. 17th Conference on Numerical Weather
Prediction/21st Conference on Weather Analysis and Forecasting,
Washington DC, Aug 1-5, 2005, Amer Meteor Soc, 2005. http://
www.emc.ncep.noaa.gov/mmb/SREF/reference.html

Leoncini G, Plant R S, Gray S L, et al. Ensemble forecasts of a
flood-producing storm: Comparison of the influence of model-
state perturbations and parameter modifications. Quarterly Journal
of the Royal Meteorological Society, 2013, 139 (670): 198-211.
Zhang D L, Lin Y, Zhao P, et al. The Beijing extreme rainfall of 21
July 2012:  “Right results” but for wrong reasons. Geophys Res
Lett, 2013, 40: 1426-1431.

Houtekamer P L, Mitchell H L. Data assimilation using an
ensemble Kalman filter technique. Mon Wea Rev, 1998, 126:
796-811.

Houtekamer P L, Mitchell H L. A sequential ensemble Kalman
filter for atmospheric data assimilation. Mon Wea Rev, 2001, 129:
123-137.

Anderson ] L. An ensemble adjustment Kalman filter for data
assimilation. Mon Wea Rev, 2001, 129: 2884-2903.

Evensen G. The ensemble Kalman filter: Theoretical formulation
and practical implementation. Ocean Dyn, 2003, 53: 343-367.

Du ], Tracton M S. Impact of lateral boundary conditions on
regional-model ensemble predicion. In: Ritchie H. Research

Advances in Meteorological Science and Technology S&EH&#R 4 (5) - 2014

19



SRR

H
dvances in Met S&T

Activities in Atmospheric and Oceanic Modelling. Report 28,
CAS/JSC Working Group Numerical Experimentation (WGNE),
WMO/TD-No. 942, 6.7-6.8,1999.

[68] Marsigli C A, Montani A, Paccagnella T. Provision of boundary
conditions to convection-permitting ensemble: Comparison of two
different approaches. Nonlinear Processes in Geophysics, 2014, 21:
393-403.

[69] Hoffman R N, Kalney E. Lagged average forecasting, an alternative

to Monte Carlo forecasting. Tellus A, 1983, 35A(2): 100-118.

Ebert E E. Ability of a poor man’s ensemble to predict the

probability and distribution of precipitation. Mon Wea Rev, 2001,

129: 2461-2479.

[71] Krishnamurti T N, Kishtawal C M, LaRow T, et al. Improved
weather and seasonal climate forecasts from multimodel
superensemble. Science, 1999, 285(5433): 1548-1550.

[72] Du J. Hybrid ensemble prediction system: A new ensembling
approach. Symposium on the 50th Anniversary of Operational
Numerical Weather Prediction, University of Maryland, College
Park, Maryland, June 14-17, 2004. Amer Meteor Soc, http://www.
emc.ncep.noaa.gov/mmb/SREF/reference.html

[73] Schwartz C S, et al. Toward improved convection-allowing
ensembles: Model physics sensitivities and optimizing probabilistic
guidance with small ensemble membership. Wea Forecasting, 2010,
25:263-280.

[74] #:49, Grumm R H, X E. FRFERmmPmRAH Kb
FHFHRE” - UAR2012.7. 218 R EF Al KEH#, 2014,
38(4): 685-699.

[75] Hamill T M, Whitaker ] S, Mullen S L. Reforecasts: An important
dataset for improving weather predictions. Bull Amer Meteor Soc,
2006, 87: 33-46.

[76] Hamill T M, Whitaker J S. Probabilistic quantitative precipitation
forecasts based on reforecast analogs: Theory and application. Mon
Wea Rev, 2006, 134: 3209-3229.

[77] Hamill T M, Bates G T, Whitaker J S, et al. NOAA's second-
generation global medium-range ensemble reforecast dataset. Bull
Amer Meteor Soc, 2013, 94: 1553-1565.

[78] Qian W H, Li J, Shan X L. Application of synoptic-scale
anomalous winds predicted by medium-range weather forecast
models on the regional heavy rainfall in China in 2010. Science
China: Earth Sciences, 2013, doi: 10.1007/s11430-013-4586-5.

[79] B, HAER A FAR AL H 2 Fr— AAE PR R AL A
% %4}, 2007, 65(5): 673-682.

[80] #£EF, HA. Jiit-2h 4 &0y MR ZIT E k. AR F )
2005, 63(6): 988-993.

(81] ZzAAK, HAM. kit £ IORERMER T+ A 2oy
*. B R AR, 1999,18(3): 392-399.

(82] Hf %% gk, AL, RATMIMMANL-30 7 I7 . KAFHF, 1989,

[70

=

[83]

[84]
[85]
[86]
(87]

[88]

[89]
[90]

[91]

[92]
[93]
[94]

[95]

[96]

[97]

[98]

[99]

Fang X Q, Kuo Y H. Improving ensemble-based quantitative
precipitation forecast for topography-enhanced typhoon heavy
rainfall over Taiwan with a modified probability-matching
technique. Mon Wea Rev, 2013, 141: 3908-3932.

Ebert E E. Probability-matched ensemble mean. 2001.  http://
www.cawcr.gov.au/stafl/eee/etrap/probmatch.html

R, A, AR BAREITERRE (RER) CE *
M Ao AT A%, 2014, 40(5): 580-588.

T E. KA T REZ S0 2 1 F 2R R THI % AL AR
i B, 2007.

TRE, BT T, RA, % 20 AT BT oy W) R %
R 6  BE AT . K AR, 2013, 37(5): 1099-1110.

W, ek, BT, £ REHINATHEBERA K
57 (0908)% 1 & X #9955 FURAF 7. KAMF, 2013, 37(1):
23-35.

A G B, MAEE. <7217 BWuAENHET R
AR K AR, 2014, 38(1): 83-100.

Torn R D, Hakim G J. Ensemble-based sensitivity analysis. Mon
Wea Rev, 2008, 136, 663-677.

Zheng M H, Chang E K M, Colle B A. Ensemble sensitivity tools
for assessing extratropical cyclone intensity and track predictability.
Wea and Forecasting, 2013, 28(5): 1133-1156.

Emanuel K, Langland R. FASTEX adaptive observations
workshop. Bull Amer Meteor Soc, 1998, 79: 1915-1919.

Langland R H. Issues in targeted observing. Quart ] Roy Meteor
Soc, 2005, 131: 3409-3425.

R, LYK, MR, 5. AREMA N & & T4 & 5 53 A F R
b, &1 K E,2010,29(1): 30-37.

Toth Z, Szunyogh I, Majumdar S, et al. Targeted observations
at NCEP: Toward an operational implementation. 4th Sym
Integrated Obs Sys, Amer Meteo Soc, 2000.

Szunyogh I, Toth Z, Morss R C, et al. The effect of targeted
dropsonde observations during the 1999 Winter Storm
Reconnaissance Program. Mon Wea Rev, 2000, 128: 3520-3537.
Chang E K M, Yu D B. Characteristics of wave packets in the
upper troposphere. Part I: Northern Hemisphere winter. ] Atmos
Sci, 1999, 56: 1708-1728.

Chang E K M. Characteristics of wave packets in the upper
troposphere. Part II: Seasonal and hemispheric variations. ] Atmos
Sci, 1999, 56: 1729-1747.

Yeh T C. On energy dispersion in the atmosphere. ] Atmos Sci,
1949, 6: 1-16.

[100] M35, T#, 3 +,%. Rossby i Tl AN 51 & 5 E B % K

AT, A%, 2010, 36(7): 81-93.

[101] A, ek, ME %, T HRARXREETHRAZHLI0ME

bR 5. B R A & 1), 2010, 21(5): 513-523.

Ay
&

13(1): 20-28.
/ @mm«m# \
CEMBLFEHAZR ) HAR
W &am

TR KA E KT B IUEAR T 1000mE R A
P, A3t FiE R B AR F 6 RA Y L R300TE
BRIEGREFHM, ATFAHRIZAMNRERE. T A
WL F A TR RE, B mae) (F
WIAF Y —F T8 k.

ZHRNRBT EHA R R FHEAT T2 EN.
WALFF AL TR . AT R FI AN
¥y R E . PAREAFASH G EIFAE; Hi

F Al B AL, R F Ao R
R AR, A e
AR, XEAFA AT 2%, BARANATEE
Y I F A2 BAR T WAL F A, AP EEE K
Fo TR = AR FIRERAL T A A ah,

O F

(1EEBRALSKEARY )

/

20 | Advances in Meteorological Science and Technology S&EHE##R 4 (5) - 2014



