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TEE S TRIR G B A Mk — HAE TR R 50 b )8R 69 A AT, M AT R R R ATR
MAOFTRERBELSTARKARACEH N E ARSI TN, FTERESTFAMRMZ, &
THRR M RRIA T S AT RIS 7 kAR B e x b, KA AR
P B NI R R A TRAR G BT S e, AATAE R B BE X A3 A B A R 3 = A 5 & it
ATTRERGR,FHRD T EFOELRLERITTAR, S TERD B EZRGF
EAHHNERE,ERAEGH A RES NI FTHAREMAVERARRES AW
B, ARENTHRRESE ORI Tk, L TEXLFEEAANE, BT TERD)
TEOARCETBEARASOERREADRERHEEZEGREL ST E, K
BESTMRBERKLGOFRAD BRI AL, BB T EAHA S HEIRES AR
MR, LT S WL AL TR A, A R W) ke R
EXR AWM, AR ARG LY, @it FEXASHATRXRHG T F TR
TS AREAR, BT & RFREATIRY T T RAR TR XE ST AR,
A RRFH G EARFT ERBRAREESTARD R AR RELSRERRGM AR, A
SR EFARAMARK T EMREHIT, LA TRIERELS TR KRR L E
BEFr IR HLT

K

F AL TR

EEEE ST
W F ik

TR T R 2E AR 28 LA ORI
TR BT 5 | B A4 B — B T4 1) AN A 1V TR AL
Leith (1974) 42 11 T £ & iRk B AE . £ 4 Bk m &
JBE 975 A6 Tff 5 P TR 1o ARE 3 T4 1) e 7, AT L ]
Frie i e e B R, IS B EER B 1E
2 BB R BRI 55 b R % T H EAE AT (Toth
and Kalney, 1993, 1997; Houtekamer et al., 1996;

Molteni et al., 1996 ;Bowler et al.,2008) ,

BT AR KRS, C A NRERRRE R
E Y 30 1 rp RS XSB (i R 4 a4 F X
e 5 & 79 4t ( regional ensemble forecast, REF) X}
Bt 9 TR 5 I T T AT o A R B R L,
KB AW 58 TF U 52 B BOR 8 £ 1 5 T (Du and
Tracton, 2001 ; Grimit and Mass, 2002; Du et al.,

SRS s, B P BRI, 45,2017, IXKIUE 5 BRI 2h 7 ik PSS R 20 [ ] R AUR 2 2441, 40(2) : 145-157.
Zhang H B,Zhi X F,Chen J,et al.,2017.Achievement of perturbation methods for regional ensemble forecast[ J].Trans Atmos Sci,40
(2):145-157.doi: 10. 13878/j.cnki.dqkxxb.20160405001. (in Chinese) .
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2003; Stensrud and Yussouf, 2007; Duan et al.,
2012) o A5 TR AT 70 I i B9 15 2 Bk o 1) el 2 e 5
o 24 B 30 7 vk R b T (R AR 5% 22 R RN O3 A
i, #8385 BE A 4 5 PR &R 48 (R 55, 20025 3
KRS, 2010) , % DX 5 P4 TS 2 Ak .
RO 95 R AU R B R A R TR BAT 9 R A AT
Yy B3 Sy L B S 2 R G T o a2 5 R R X
R AR B A BRI R B E M (A AR AR
2013) o AT A% DX 0 HS (L I 4 B AS 5 S 1 R e
A R XS AR S AR 3 J7 1%, 2 H A R 5T A
FIME & (Migliorini et al.,2011; Wang et al., 2014 ;2
R4 ,2015; Weidle et al.,2016) ,

AR SR X A XS AR 5 TR 3 7 14, 4]
Y3l B3 00 IR i A B A 47 B IX
BUAR G WHR LB 7 I I OFFE BUAR R R R #a H, O H
T AL 55 X I 4R 5 A1 2R 8 10 A At % DX I B 5 T
WA 7 ] P S

1 EE6WREREN

TERE R © 28 2 B I 5 K A% 58 1) 1 &
PEBR R B T B JR BRI 9046 5 1 o
IR AL TF A 58 56, T LV 2 BR FIRIT T R T, K
SUFFAE N TE Y AT S5 1, B LA e AR A WL 2R 56
W H BB AR 2 JH Ze A B T . A 2 i 2K
VA W A2 o 1O D0, 0 2R 200 T4l £ 25 45 2] i
— W UGE T EAE X = AN D5 AT B R R 25 ) =

e A P
L

b e—

ASFE B Sk JFE—] {8 ( Rabier et al., 1996), f# =&,
(Buizza et al., 1999) F1 K X 19 1 7 4F ¥4 ( Lorenz,
1963) .

ST B — 1Y BB AR A7 7E A B € 1, Epstein
(1969) & e i 1 3h Jy BEAL B BRI, AATT8 2P0
TRBIXT T H00E i , 75 28 N 0 PR Y AR B A Oy
“BEALIE T, W 2 Ak RO IR 0 A R T ek
( Probability Density Function, PDF) 3 {5 B — 1 %k
(B i, I HLA7 2248 3] — A 3% 12 R 15 30 BUE F 4l 19 B
Al REME . TEMCEER | Leith(1974) 42 Hi T Monte-
Carlo il i) B &« 2498 3 B8 B Wi 1) R s B ME
w22, WI3E ok — 20 AR B 75 B 0 R A A RT DA T
AN TR, 3 e 22 M 1 A G TUACE AR . TR B
Ut , A P 27 A DA K W) 46 ) 28 o
ARG AT — 47 WU AR 9 5 vk (TR 1 A 8 o
#:,2010) .

— M EATMARGHE R, TEF BT IL
AR E S, NG EOR A A BB I Y TR
8 IO R B 30, BRIV AT R 1) G B8 o ) 22 I L %
X S AR R B ) S T, A R B O B R
ORI, A R AR B TR AT = 3o HOR SR 0L
% R, BB A0 & LI RAUIRBL . — D EFRYEE & T
R R G BAT 5 PR B HRE , A Dy 4 i S B B R 2T
R TR DR 22, B U i R S BUR IR R, )
MeSHE L. HilZBESTIRAGEYAHE
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Description of an ensemble forecast ( the ellipse on the left indicates the range of
initial state uncertainty,the ellipse on the right indicates the range of forecast state
uncertainty, and the lines represent the respective forecast trajectories of the

various members)
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I

S e SRR AT SR T, BE AN TE AN B E MR
DA, B G B BRORE R, S W IR A T A B TE A
0 7 /N B DI, B B IR 0N, B et 6 v Y
A {5 B (Molteni et al., 1996) . 4 & Fil4lt & 48 194
i AL E

PG WARDEFE EEAL R TWA T m, — 2%
BRI S Oy 2, — AR AR S PR S AL B (R
TIPRFEHE , 20025 Ty AR 25, 2015) o A 4R 45 B4
AR 3l 5 s 2 2 B IUAROBIE 50 A A% 0 T IR 5 55
2002) . [ Fr b5 W) & R T80 46 HE 3 19 77 4k (Toth
and Kalney, 1993 ;Buizza and Palmer, 1995 ;Zhang et
al.,20006) , i b X 4] bh 37 1% 25 HE AT B AL R R Ok Al 1
W bR 1R 25 1Y MK 3 00 A, i = Ah e W) & JE 1Y Monte-
Carlo [E#L 3 3 #: ( Hollingsworth, 1980 ; Mullen and
Buizza,1994) K i J5 S ) 1 (Lagged Average Fore-
casting , LAF) ( Hoffman and Kalnay, 1983 ) 1y & 3t
TR SR, 2R T AR AR — i W R BR 1, HE
TERHE AR E XA BE ™ AR HA AT E BE 1t 45 44 i 40
3, PR S B U XE LAY K (Palmer et al., 1990)
Wil 5 2 R B A0 3l J7 2 4 TR T AR A 4 [R] h R 22 1 K
I PRy T3 ), 459 2 — L BAT 3l ) 2E WK R AE 9 3R B
G, Un K A 5 1 (Breeding Growing Mode,
BGM) (Toth Kalnay,1993,1997) . % 5 [f] 32 % ( Sin-
gular Vectors, SVs) ( Buizza and Palmer, 1995;
Molteni et al., 1996) FI WL )t 5) % ( Perturbed Obser-
vation,PO) ( Houtekamer et al., 1996; Buizza et al.,
2005) . BEE PR M HE— L K, HETC &8 4
255 75 TR & TR Rt ) A — Sk 8 — A
EICBh J7 8, W4 4 745 #1 3 ( Ensemble Transform,
ET) . 1 R & 1k 4£ & 7% 4 3% ( Ensemble Transform
with Rescaling , ETR) ( Bishop and Toth,1999; Wei et
al.,2008) & &7 < /R & JE Ik % (Ensemble Trans-
form Kalman Filter, ETKF ) ( Bishop et al., 2001;
Wang and Bishop,2003; Wei et al.,2006; 2y Jli #k %,
2008) 2 |

A XA 1 M e T OB TR A A ) A
2 R i B R S B T R A 58 3 s fi
o 25 2R 7 A AN A Ve BCRE AL L PRt SR )M
P 7 T A 1 5 TR 3R A A TR B TE
AN, BE A S TR R BT IR A IR 1
K, B A TR R G2 T IR 2 I8 R SR AN B 8 Tk

( Houtekamer et al., 1996; Buizza et al., 1999;
Stensrud et al.,2000) . H i 5 & Hil i £ 2 A9
S5 AU JURR : 1) 8 i — AU [R] B B i
FEZ B 7 58 45 R R AR 50y B Ao AN Al
(Houtekamer et al.,1996) ., 2) fE#th 5| AL S
Bl I3 FERAR IR Sz 3 5 R B SR e ik A ob B A
T B8 AN B 52 1, 4 B AL I 3 2 %00 M6 1) 75 %€ ( Sto-
chastically Perturbed Parameterization Tendencies,
SPPT) ( Buizza et al., 1999; Lin and Neelin, 2000;
Palmer et al., 2009 ; Charron et al.,2010; £ & 754,
2011375, 2013) | BEHL 3 BB S5 1) 8O J7 ¥ (Sto-
chastic Kinetic Energy Backscatter, SKEB ) ( Shutts,
2005 ; Berner et al., 2009 ; Bowler and Mylne,2009) ,
b A NCEP 4 BRAE 4 Hildl & 48 P >R HI Y BE LI B A
2B BT T £ AR (Hou et al.,2008) o 3) R i 245X
B LI J7 ¥ ke R BAE B  R AN Bh 5 AR R S
sE M ( Krishnamurti et al., 1999, 2000, 2003 ; Kk & 5
&£ 2009 ;Zhi et al.,2012)

Zi B R AR A TR S T ¥R 10 9T 2 IS A
W RCR A B S A b i B U v
T2, Ry B i A S XA G TR Y B 5T B
TR B

2 XEBEAWMBMMETERARHER

2.1 REBEETMHTHMR

B Al 5570 1108 /N RUBE i R AT Ok 8
ML, LA g 2K 5 2K T o 8 3 Oy B A B DX AR
& AR ST B 2 W 8 4417 (Sindic-Rancic et
al., 1998 ;Du and Tracton,2001) , H #jt 76 {H: 5 &% H
f)— S0l 55 B 45 3] T & R AV (Marsigli et al.,
2005 ; Frogner et al.,2006; Bowler et al.,2008) , #
AR KA RIS 25 ROERUN, R R AN
RIRESR TG, 5P /NRERIRG VI
IR, X M2 R AT AN B 7 1 ) SRR B IR, 5
F B2 J7 T N R SRR AR AN E A X
T AL TR B RN BRI R P RUBE X i AR G A A
PR 2R 51 8 AN A P 5 Lo, A ) e R ) A 1
P P R SO T4 B9 52 e 5 R (GRS, 2008 )
HINRUBE R R GER K A R TR X 1 22 A1 2 3y 3 it
R o B A S A e e AR K PO R S R i R
Xf PR Bl R K PR S B R SR . BB R RE S
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P A 3R X 2 3 20 T B A R T v RUBE 5 KA A Tl
i B A Al 2 A 52 0 (R R S5, 2006 ; Posselt and
Vukicevic,2010) ; 55 4h, o ROEE X 38 018 750 4% #4 0
ISR AR R — T 53 AN 1 P ke R, DR O 3 B Ok
{23 25 5 o) DX ASE =0 AR 20 2k L AT 52 i o R
JE R R AU 4 T4 Y HE B 7 ( Saito et al., 2011; Vié
et al.,2011; 5K K55, 2014a) o £Fxf RL b RO IX
BOBUE TR A A 8 P A 3R, O i DX B & AR AL
I ERWTIE , & H ETH PR

2.2 XE&EEWMMAMERD

A5 TR B9 W) (B Bl a2 38 R IS Fh 7 145 3 —
HANE R GRS EMTER X PIE E L1538 —4H
LG LG BIRIE S, LA R 00 A A i E . X
£ B TR AT T Y B [ 82 T X0 ) L ) A i PR
Mg & H R W E R 3 O &R (R E MK SR,
2009) o X F— NG5 IX 8 A A B AR 0 (8 3 3 05 ik
&, AMURETE 7 R BBE 7 b R IRE R AFEAFRY
AN RE P 3 T2 SE N i R 9 A A A R b e R
FE I 3 B9 A1 %€ P ( Stensrud and Fritsch, 1994 ; [k
&5 ,2005)

N AMHEAT T — RIVBFFERAR K X IR 5 Pl di
WAL B I7 ¥, Forh B0 H Y 02 ik T 2 BRAE 5 T
HAAIF R AR L SR T A% G2 W B0 A8 41 20 A i o7 v,
BGM ( Toth and Kalnay, 1993,1997) ,SVs( Buizza et
al., 1995; Molteni et al., 1996 ), ETKF ( Wang and
Bishop,2003 ) % B #% 2 X 3 4 & il 4 7~ A 4 3
(Stensrud et al., 1999; Walser et al., 2006 ; Bojarova
et al.,2011) , My Fh J7 20 45 Ak 52 vl LA 58 20 A 42
BRAR G PR ZT P 19 R, IF RE O IX U4 45 Tl ™
A RS, i NCEP i 4 B9 4 & TR i %1
( Short-Range Ensemble Forecast, SREF) 3% f| BGM
J5 iR A HIME AL ) (Du et al.,2003) , 2858 B ik %
W] SREF 2 4¢ fE % i it 55 4 A A0 30 5 k[ /K Tl 3L
W Bishop et al. (2009) ¥ ET Jj ¥ ( Wei et al.,
2008) 1 JH T o0 BER X S AR A Wil . B T ET JF
B3 A P sh i A =X B 6 25 7 A D UG RE A6 2K 5 A
A HERN A RO B9 3l , 56 45 2R 3 W IX s 4R
B PR R G R A B B4 5 2 U, A& A TR
AR Ny R K A IO — B T R R BN A L
XF T X SVs J7 ik 19 #F 5% # W) 6 ( Stappers and
Barkmeijer,2011) , 8 g U4 Jay 1Y DX BB 45 Tl 3R 456
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o R T T B AR B AR SVs A EE T HIME
3l (Frogneret al.,2006) , Li et al. (2008 ) & F /i
ERARMS H 0 XEES TR AERAE 73T T
Py L AR AR ) B AR Y SVs R 5l 45 R R WITE R
FEVERGRM R G Y R R SVs g 45 R %
Fe Ty Bk FE R SVs IR B0 ROR A, B MR Ik
T A BRAE S U A R R 1A% G W (B AR 3l U7 i X
K HAE G Wk B — & ROR B WA/ BRI
Bowler et al.(2009) 224 3% Fl ETKF Jy i 0 X 3 ££
B WU AR GEAE A 3l 8 5 P BE i A 2 B X I
B A B B A 1 Al AR RE A8 3 /N R AT
FEPEAE B EE R S A& KR A B, Rt X K
FROBEEASHE PRl IR A 1 o

F ) o A7 — 22 R AL e AW I 3l ik 25
A REHATFE T — R KB G BHROETT, 45 2R
F W I 28 T7 TR AR T 4 ) Al LA B BE LA 3 07 1%
Yo W R Bt A £ K B (2008 ) % T GRAPES-
Meso X I #0, PEAl T ETKF Fl BGM 7 fit [X 45 4
B PR WA 3 7 2 i R B Ry vk 22 RA K,
YRefe— R B LAtk v ROBE AW /2 Pk A B 4
(2010) A48 7 1 8 9 X Sl 4 A T4k 2 48 0T F0 A
Bl o, % R G T WRF 1 RUOE L, >R il BGM
WIME AL 3 07 A, RE % 4R A A 10 B /K B R T4l o
iR I 25 (2010) T WRF B 9EAT 7 KRR EZES
T, 45 % K W] BGM J5 % Lt Monte-Carlo J7 i
BABEMH, B EEMEHE (2011) 5T
AREM i, F| ] BGM J5 ¥& g 5r 1 X B4R 4 14l
ARG, Rt TESIR S MBI IE L i T A
[Fi) 248 7R A, 20y %o 5 o 7K T4 1 5 e, 5 2R SR W R S R
S AR RS i ROBE 2 1 P4l BA AR PEHT .
A F R T ARG BRI 3 s
25, WBR A (2005) $2 ) 1 55 W) BEASE S WA 4 3 U7
2B RRWIZ T R A P s B B 3 b RO
FRAE , A TURBOCR B AR TR 4l . UK &,
B IIFFE DA 0 B 25 R S A A AL, 38 E Y
[ia) Rt 2R AL, T A% 456 1) B0 3 O 12 07 D T X R 4
I, 7 A A B HUE O A R, R AR R 3
LT BE & — W 43 I R (A LR 5, 2008 5 g
P4 ,2010) o J34b, 2807 B AR RB 6 7 AE L 8
RN REE S 7 B RS RRE S E B A
B, DT 7E — 7 B B B BRI T 1R A8 e (5K
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Sit&E ,2014a)

73 Hh— R T XU & BRI 0 3l Uy vk 2
A BRI W) E 37 145 3 ) [ RO, 7 125 357
E 54T, UL AE B B b — 26k 55 o A3 8] TR 4o
ECMWF £ [ [X I % & # ) & 48 ( COSMO-LEPS)
IR KT, % ECMWF 4 5k 4 & Tl 4l & 48 18 it
HA RGN 53 7647 3h 0 R RUBE Sk byt X I 4 5
I 0I{E (Marsigli et al.,2005) . #ETLR /A R X
B4R 5 Wil A 4L (LAM-EPS) 12 7 ECMWF 42k
B4 SVs L3N, R T H He 3 Iy B RUBE Y 7 40 120
{E (Frogner et al.,2006) . % [H LR 5 4 & W4k &
4 MOGREPS >k [l 23K ETKF 4 31373l J) F R
XA A R W1 {E (Bowler et al.,2008) . FE[EH 4
W 3l Iy B ROBE 7 ke AT 1 — SE RIS, AN 20 Kk W] 45
(2011) F ] TIGGE 42 Bk 4 & Bl 4l ¥k, d 4 J& R
JEARTH GRAPES X (8 & 4l i) wI(E 4 3l , R W]tk
i A AR B NOR IR E R/ RsIR 77k P S Y N TR
) Jy RO 7 IR 0 TR A8 23 A7, A XA 5 TR R
) 00 SR B0 A2 1l T 52 30 23 B A 1 FR 1 B
ROBEHE 3 2RI 4 3R 4R & SR A 3 9 R AE , AN B
g3 A XS SR BE A BE R N ROE IR 3h 15 B
(Zhang et al.,2015a) ,

KT R MGG ) J5 2 IR & AR I (E 4h
Bl R Zl I K REE W R T Beh i s gy, B T TCE 8 .
2R 55 (2010a) 2L T AREM #5230 47 X4 & Tl 4l
WA S5, & Bk BGM Jr i 77 A4 990 4 41
IR T 2 ERE G 3 S B R 3, 1 Bowler
and Mylne (2009) .Saito et al. (2011 ) f B} 75 25 W %
WY, 3l J B RUBE J7 s B W i PR3 8005 . AT
NS R AL G4 3 7 vk o IX AR & A R 00 (6
Pah & KRR B A B, R RO 7 3 iy
INRESE B AR AT, HERR IR
RIRGsh Iy, Wang et al. (2011,2014) X F g
P A& 34 5 5 N BGM. $ 3l v 52 O RUBE I 5
I ECMWF 4x BRAE 5 T4l 42 OR ROEE S 3, 4%
PIE IR BRI 7, 2 R RIIZIR S M S ae s
PR B 5803 B9 R R A/ ROBE B 3l 15 B, I BE A 2R
o B M AU R R X A S TR AR G R PR T .
Ono et al. (2010) & & T —Fils £ Bk SVs 3 F1 X
B SVs Wi G B WIMEL 30 7 2, WE 52 45 R R WX
SR A AR I 8 B K T, % 07 R R B U R B, Caron

(2013) kA7 kBRI IR & sl 5, R W%y ik
AT LA R DR R N 320 SR 3l A DX A 5 1 00 1 7E A
PR 30 5 B A P 5] @, Zhang et al. (2015b) #|
JH T639 423K £ & Pl ik K RUEE 41 3l Fl ETKF 3l , T
BT 2 R EIR G 31k 56 ( Multi-Scale Blending,
MSB) , 45 R & W] 2 REZIR G 4 3 Al %t T ETKF fig
% W 2 1 N R RUBE 4 3l 43 B 0 MR B T .
ST IR AP B I 2 AT LA R RUEE AN RUBE
AN PEAT R, PR MG O 1 6 AN 4 0 DR R 9 38 AL
SR S R R iR E AL 5 (BRI AR ) R B EA
Ar I, & W 51 A SCBEIE N BB OCTE
(JETRARSE,2016)
2.3 XEESETMEX M

B BN I v 2 XS B S AR B 0 1) T
AT, %of T 2 o R T o AR B S O B
YER o [ B b — o g R 3% X el 42 45 41 2R & 5 0l T
XA ) 3 Aok AR AT B0 B, Hrh DURE AL B A AR
SPPT ( Buizza et al., 1999) I SKEB J5 ¥ ( Shutts,
2005) 4 ¥, HE[ES 4" MOGREPS £ ¢ fiz #] % H]
Bl AL P Bk AR Bl o XS AR A R AR B
(Bowler et al.,2008) , fifi 5 £ =X ¥ Bl 5 72 T+ 6
SKEB J5 % ( Bowler et al.,2009) , 7+ 2% 5 B 342 =
T A S TR B RO N R H T, Li et al
(2008) 7£ Lin and Neelin ( 2000) T /E g4 3L 4 E, X
BT —Br A mE (SRR R AR ) B AL R TR
2% 8] b #EAT BROE e BUR I (OKF) FE S i e o (2
BT ) (A T AL 3 ) B AL R AN S B A 1] A2 A (AR
K, HEA 2 M AR FRAE , I ) 3 i bl A1 2 F 47
TR B AR S B T R EUR S B iR,
B Uk 7 A 5 2 A B T AR R R K AR AR SR .
Berner et al.(2009) X% T SKEB 4k, 352 Y
WG T7 ¥ #EAT T X [ (Berner et al.,2011) , 45
RAHW] SKEB Jrik Gk Bt T2 WM R G T
fi th [F] 2% J& SKEB H1 22 9 L i FE 40 A ok AR R A X
ANH M) T B B fl . Bouttier et al. (2012) 3%
FH SPPT J7 i A8 1 [ vl 45 %) 3 RUBE DX 348 5 Tl 4t
RGPt AT Vil SRR INZ T IE R B E R R X
ARG PR .

WA WA NS TE KA G Bk R 5l
AR 3o Wi AF (2003a,2006 ) F) ] o ROEE S
# ) MMS B3, 73 B TR R B & X i S B O &
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X T B X T 50D T AT 1) AN A S PR R, e T
AR 3 J7 12 1 i v I 2% R AR 5 B B9 AT AT
P4 T 22 W B R A0 R O R AR TR AT
S AL U (8 /Y AR A5 B, BE Sz AR 2 7E [ K BT v
FEAER AN 5 P (R 55, 2003b ) o 351 38 1 R 1%
(2007) |iFFHEAIPRALTE (2014) (F KB (2008) | 5K i
N4 (2014a,2014b) £ F GRAPES-Meso #5550 g 17
T IXHAE S BRI, R 5l A 2 W) B RS
75 G40 5 RE B B2 i DXIAR 5 R AOCR . it 5
(2015) 3T WRF #:UFE AT 1 XA & 4l il 5
F W] — BRI (B B 7 A= 10 B HORE A BR , i 22 ) B
R AR 8 S W) E I Sh AR 4G & AT AA AL =
BB BB JF X R OK Bl A W] s . RN T
DXIAE 5 TR BE AL ) BH 5 R AR 3l 7 B i D
FRE TR 0 IE7E £ T GRAPES-Meso # T Ji
R TAE (2 H %,2016) , 3f A B A i Wl 55 1k o
Z A 3y, A SCA R B K (2012) R
TIGGE ( THORPEX Interactive Grand Global Ensem-
ble ) BEAFAN [vi) 45 2 41 245 2R 0 7Y oK~ A FA U ik
11 2 B AR LR, 3R W1 22 B AR R4 1 R B 2
ZART e dr 9 B U PR R SR 5 2 B RS
(2015) 3T WRF B HE 7 1 5 XU A2 5 1Y 46
& BRI K 2 498 (WRF-EPS) |, Jf5f I 4R 45 Tl 4l 45
5 TIGGE & Wil Bk b 4 A0 iy A 215 2
B AR, %) 2009 4R 8 1 1—31 H Y JEKR-Fi# G K
AR R ik B E AT 24 ~ 72 h AR L AR, 25 OOR R W]
WRF-EPS Y TIGGE Z 458 3 i 4z 45 2R k47 4R )l 4 T
RAPOCRBAF . FE2E B (2015) BT ARPS FI WRF
B P44 & Bk R G, BT T ARPS 44
WREF fE 45 fl ARPS-WRF Z #5104k 4 3 415, )
BEXT 2013 4F 5 8 H 48 b DX 5 B K 1L 72, X B 43
Br T 24800 R IE 15 8 52 05 Tk B0 R K LA 3%
R H R K W] ARPS-WRF 2 KA 1R R /K 7% XM
R BT R g R U A B Ok

AT LA, AT DO A R I, 0 52

B R HUE LSRR WU £ 2 A 2 2 A R, i

SEEHURE TN BT B BRI B I S
T AR SN BB 1z, T N 42 1 i 2
Z Y AL BEALY) B A AR B B R A Rl
— BRI,
2.4 REBEETHRMDFARE

301 5 2 A 25 Y 355 5 Wil DX = ) AR 0 i 7
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AT 5 Wi RUE 58 R 0B 4TI 10 o At 4, DR e IXC
SR A 5 TR A0 05T 53 75 P S 2R A R A E
(Anthes et al., 1989 ; Hamill and Colucci, 1997 ; Hou
et al.,2001) ,
FI R XS D AR 50 321 B4 3l >R F 9 J7 25 A8 J2 K
Z A PR R 2R RREEE N IX
AR G AR AL R AT I8 200 2 SR S H R
AR 5 AP 5T 32 B2 TR M3 S0 sh Xt X AR &
g2, Nutter et al. (2004a,2004b) {56 7 #L 4> ¥
RGN DX A G WU BB B R, X 100
A BIBIEFE ) GE V25 R W 301 5 5% 1R 30 3 RE A6 $i
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The ensemble forecast technique is a practical solution to the uncertainty problem of numerical weather pre-
diction.At present,researchers around the world tend to focus on the Regional Ensemble Forecast( REF) , which
aims at the improvement of regional high impact weather forecast.As various uncertainty resources exist for meso-
scale and small-scale weather phenomena,regional model simulation is a very complicated issue,thus how to gen-
erate effective perturbations for REF is a hot topic involving many technical difficulties.In the present paper, the
progress of REF research is reviewed in terms of initial condition perturbation, model perturbation and lateral
boundary condition perturbation,and the trends of methods related to these aspects are also presented.The results
presented show the following ;for initial condition perturbation,the mainstream methods include dynamical down-
scaling , using traditional methods developed from Global Ensemble to generate perturbations for REF,as well as
some methods specifically designed for REF.All of these methods are characterized by some advantages and some
shortcomings, as downscaling a lack of small scale and other components leads to the generation of insufficient
large-scale uncertainty information.In addition,research on the REF initial condition perturbation has only begun
to explore more effective methods such as blending, which consider not only sufficiently small-scale uncertainty,
but also sufficiently large-scale uncertainty. Finally, the inconsistency problem between initial state and lateral
boundary can also be ameliorated.Model perturbation is another important aspect for REF.This technique mostly
perturbs model physics, such as multi-physics combination and stochastically perturb model physics.It has been re-
ported that the multi-physics combination is quite simple and can effectively improve the ensemble spread of
REF, while using the stochastic method to perturb model physics has greater scientific significance, thus this type
of perturbation method has become the trend of model physics perturbations. Furthermore, multi-model
combination is another practical method of model perturbation.Related studies have been carried out, the results of
which show that this method possesses stronger skill than a single model ensemble, especially when a multi-model
ensemble is applied to meso-scale severe weather forecast,such as with a Tropical Cyclone. As REF systems are

constructed based on the regional models, the uncertainties originating from lateral boundary conditions cannot be
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ignored.Lateral boundary condition perturbation schemes mainly use large-scale ensembles, such as Global En-
semble Forecast Products,to provide different lateral boundary conditions for REF.Studies have proven that this
method can achieve the goal of perturbing the lateral boundary condition of REF,and lateral boundary condition
perturbation is found to aid in amplifying the ensemble spread of REF for long-range forecast lead times.In addi-
tion,the ensemble forecast skill can also benefit from lateral boundary perturbation. Although the perturbation
techniques for REF have already led to some fruitful achievements, much work is still needed, and all of the meth-
ods related to initial condition perturbations, model perturbations and lateral boundary condition perturbations are
still under development.It can be predicted that,as the REF perturbation methods continue to improve, the REF
will become increasingly more effective, and will play a more important role in operational numerical weather

prediction centers.
Numerical Weather Prediction; regional ensemble forecast; perturbation method
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