13 4 Vol .13 ,No .4

2002 8 JOURNAL OF APPLIED METEOROLOGICAL SCIENCE August 2002
( , 100081)
( , 100081)
1992 12 NCEP ECMWF R
. . WMO
Epstein'' ! Leith'*] ,
20 70 ~ 80 , ; 90
> ,1992
( NCEP) ( ECM WF) ,
; 90 ,
[3-10]
1
* ( 40171653)

2000-12-27 ,2001-04-28



498

) .
b 1
ik
f I }-—-b{ Al ! y[nbmmﬁgj
AR B AR A ‘
wrpy pe-W R% | SEREA R
Bl
IR B | | B
‘ h} i i %‘ ‘
| I
T B R R (S, 7, BB AHUE G (R,
R KL, BT i)
1
1 b
ECM WF . , NCEP



4 : 499

1 ECMWF.
(d)
ECM WF
( TL255L40 T42140 S Vs 10 51
+
SEF:T95 SEF:T95
BGM 10 16
( ) GEM:l .875 GEM:l .875 + 10 d
PPM
T170 T62 BGM 14 24
( . ACC
ETA +
) T62 BGM 0~3 10
62 62 BGM + 16(0~7 d)
( ) LAG 43(8 ~ 14 d)
) T106 T21 SVs 10 32
T106L40 BGM 9 25
. (1)
b
- (2) ,
20 70 R
,  Monte Carlo LRI t12] . 90
9 9 b
(43
b )
”(BGM)[IS] (SVS)[14~15]

(1) ( MCF) : Monte Carlo ,

> N ° >



500 13

(2) (LAF) :
(3) (BGM) : Toth Kalnay . 6 h
0]
’® ( ) 6h s@
’@ (
), ® @ 6 h ,
1.5d ,
(4) (SVs):
Lorenz(1965)
, ,A(t - tg)  to—Hh
A* ,A* A A tO_tl
A" A ,
ECMWF
2
1. 1. 1.
(LAF) 2. , , 2. 2.
3. (
)
L. 1. 1 .ECMWF
(SVs) 2. 5
2. 3. 3.
3.
4. 4
5.
1 1 1. NCEP, 2.
2. 3. (
(BGM) 3. 2.
3 4.
5.
L. 1.
2. 2.
1 1
2 2

(5) : Monte Carlo



4 : 501

(6)
i (CMC) (el
, ( ) (
) ,
2 )
, ,ECMWF
30°N . ,ECMWF
0771812000 2 18 Eline ,ECMWF
2 , 5d
T T R }
—— R o5 Hg
—0— | xHilk :
—8— 1S M
[+]

2 2 13 2 13 ~18

Zhang“9] >

, 1) 3 2)
50 km , :3)



502 13

2.3
[20~21]
. CMC.ECMWF NCEP . CMC
. ECMWF , ,
. ECMWF 1998 10 21
. NCEP ,
BGM , 48 h ,

3
3.1

(1) (ense mble mean)

(2) (ense mble spread)

(RSM) )

(ACC) ° > s b

(3) : ,

(4 : ,

(5 : ( 500 hPa 5640 gpm ),
3.2
3.2.1

500 hPa
, , , NCEP

( ACO) .ECMWF ( Seeds clustering) ( Central



503

Ward

ACC

clusteing) ; , ECMWF Ward
( Tubing)
3.2.2
NCEP  ACC [22] ( ACC)
, (  ACC 0.6)
ECMWF NCEP
(RMS) , . ECMWF
T319 .UK DWD
. ECMWF
3.2.3
. ECMWF
500 hPa (RMS) , ,
, . ECMWF
( 6 )32
( <50 m)
(
50 %) ;3)
( ) ( 50%) :4)
, 17

(21 tubing)
1) i
2) 3 3)

1)

;2) ,

(177,



504

13

Wards

3.3
ECMWF

\NCEP

ACC
( monomodal) .

°

ECMWF
( multimodality) ,

p

“NEBULE MEDIA” , ECWMF
(241, 4

MOS , PPM . .

. Palmer!'®!

, . 1999 12 26

« 7 ,T319 T159
, 4

Derterrrunistic prodictions | Verifics tian
- -v k '/ IR /AR R iGN
f ML N Hetdr il e 1999 12 1) 24 10 LM % 42

1 | Fuieca

a =

Fd -\'
4 3
. S |

¥ raedan . Ecrncnul Formeanl 4 sl * Forblusl 6 Fordcast Fortcan | ¥ i
- .. . ol W e
- | | = | I L, 1 M=
3 A /| =~ A RS ) /1 s P e | I A
AL AN P A = | R
et 2 — I 1 NSRS 1 g

——
1

4 ECMWF TL255
(

Furpcan 3% Forgcant 36 Fosenast 37 Fostpcant 38 Az ait
| 2 .
{1 F==5 L -

Forecast 44

—

e’ e L)
et '
o/

1| bl N o

Fotecint 41

42 h

980 hPa, TL159,

[18],
TL319 , 2 5 50 )

.I gt . 2 1 iy -~ "“ 1§ n
S e A = N3P

Fodacayl 44




4 505
) ° )
. ECMWF
ECMWF
R 1999 12 12
ECMWF 1 ~10d s
4
4.1
. Buizza ! , T42
T63 s T63 T42 5
. ECMWF T319 T511 R s
s . NCEP
[26]
Buizza >
, 50
. 1% X’
,100 )
4.2
( MMAE : multi- model
and multranalysis) , R
1999 ,ECMWF (UM)
[27.281 36 ~ 240 h
ECMWF 5%~10%.
ECM WF . Richardson ,
ECMWF S N N WP

4.3

50 % ~80 % >

,ECMWF



506
; NCEP
o 5
( )
(End To End) .
NCEP « 7 R
° 5
ECMWF , « 7
5
5 P
° b
5
9 9 9
? ?
5 B
1 Epstein E S. Stochastic dynamic prediction. Tellus, 1969, 21: 739 ~759.
2 Leith C S. Theoretical skill of Monte Carlo forecasts. Mon. Wea. Rev., 1974, 102 :409 ~ 418 .
3 s , 2000 ,26(6) :24 ~29 .
4 s ,2002,13(1) :1 ~15.
5 ,2002 ,13(1) :16 ~28.
6 ,2002,13(1) :29 ~36.
7 ,Nicolau J, Girardot N. ECM WF .2002,13(1) :37 ~46.
8 s s .2002 ,13(1) :47 ~55.
9 s s .2002,13(1) :56 ~61 .
10 , , , .2002 ,13(1) :62 ~ 66.
11 Hollingsworth A. An experiment in Monte Carlo forecasting procedure . ECMWF Workshop on Stochastic Dynamic
Forecasting. ECM WF , 1980 .
12 Hoffman R N,Kalnay E. Lagged average forecasting , an alternative to Monte Carlo forecasting . Tellus, 1983 ,35A:
100 ~118.
13 Tothl Z, Kalany Y. Ense mble forecasting at NMC: The generation of perturbations . Bull Amer. Meteor Soc.,1993 ,
74: 2317 ~2330.
14  Mureau F, Molteni F. Ensemble prediction using dynamically conditioned perturbations. Q.].R. Meteorol. Soc.,
1993, 119: 269 ~ 323 .
15 Molteni F, Buizza R, Palmer T N, et al. The ECM WF ense mble prediction system : methodology and validation. Q.
J.R. Meteor. Soc., 1996, 122: 73 ~119.
16 Laurence J W. Canadian meteorological center ense mble prediction system. WMO Workshop on the Use of Ense mble

Prediction . Beijing , 2000 .



4 : 507

17

20

21

22

23

24

25

26

27

28

Puri K, Barkmeijer J, Palmer T N. Ensemble prediction of tropical cyclones using targeted diabatic singular vectors .
ECMWF Technical Me morandum. 1999 . 298 .

Palmer T N, Barkmeijer R, Buizza R, et al . The future of ense mble prediction. ECM WF Newsletter No. 88, Summer
/~ Autumn 2000 .

Zhang Z, Krishnamurti T N. Ense mble forecasting of hurricane tracks . Bull. Amer. Meteor. Soc.,1997,78:2785
~2795.

Buizza R, Barkmeijer J, Palmer T N. Current status and future developments of the ECM WF ense mble prediction sys-
tem. Meteorol. Appl., 2000, 7:163 ~175.

Stensrud D J, Jian- wen Bao, Thomas T W. Using initial condition and model physics perturbation in short-range en-
se mble simulations of mesoscale convective systems. Mon. Wea. Rev., 2000, 128:2077 ~ 2107 .

Tracton M S, Kalany E. Operational ense mble prediction at the National Meteorological Center. Weather and Forecast-
ing, 1993, 8:379 ~398.

Atger F. Tubing: A alternative to clustering for the classification of ensemble forecast. Weather and Forecasting,
1999, 14(5) : 741 ~757.

Nicolau J. Use of ense mble forecasting at Meteo France . WMO Workshop on the Use of Ense mble Prediction. Beijing ,
2000 .

Buizza R, Petroliagis T, Palmer T N, et al. Impact of ense mble resolution and size on the performance of an ense mble
prediction system . Quart. . Royal Meteor. Soc., 1998 ,124: 1935 ~1960 .

Szunyogh I. The impact of model resolution on the performance of the NCEP global ense mble forecast syste m . Contri-
bution to the 13the ANS Conference on Numerical Weather Prediction, 13- 17 Sep.,1999.

Evans R E, Harrison M S J, Graham R J, et al. Joint medium range ense mbles from the UKMO and ECM WF sys-
tems. Mon. Wea. Rev., 2000, 128:3104 ~3127.

Mylne K R. Quast operational mult model multi-analysis ense mbles on mediumrrange time scales . WMO Workshop on

the Use of Ensemble Prediction. Beijing, 2000 .

A BRIEF REVIEW ON THE DEVELOP MENT OF
ENSEMBLE PREDICTION SYSTEM

Chen Jingl) Chen Dehui® Yan Hongz)
V' ( Chinese Acade my of Meteorological Sciences , Beijing 100081)
D ( China Meteorological Administration, Beijing 100081)

Abstract

The main issues of the Ense mble Prediction System ( EPS) are presented, such as en-

se mble prediction concepts , the structure of an EPS, approaches for generating initial pertur

bation, interpretation and application sche mes of EPS outputs. The recent advance ments and

progresses of the operational imple mentation and research results of EPS are syste matically

summarized , as well as the projects of EPS development in the developed countries .

Key words : Ense mble prediction system Initial perturbation Interpretation and applica-

tion





