ERAERRALAER * HESFBILIES

FER AS

PREEFEREEMPD

(PERBILHE/ A I HU  FERE—EFE=A L HERM)

wm R

FIETHIR AR THY H AR RS TR A TEE N - AR ATl A ZlRf AR A S
BERY S SRTHIRA S » DL RADATTHIR T IEL - ARHFEAIA WRF AR E 2 MES 0L  MYE 2 80% -
BESBUEL R IR > EAL 40 HLYES BB R A RSN S ETERERATIR T
WA S BU LB AR SR A AT, - DU A AV SR S R TR A4 -

AR A2 TR R - TR TIERET - T RE TR AR Z 5Pl - AR W (E
[EEHET > FB—H B R R R BIE S e #) - SRR AR R rTRERT SRR © B H A ERT
i SR TR ARSI TRERBE DRI AT (51 - WZEaiREUT (S BB AE L 40 ARG
BFHHREHAEE AR - BURIE—J77AM N R LR #5B 2 2 ERE - HFR TS A 2 - REER
ST E AN 2B B E A T T E BRS04 > DI R &l 2 2wk B a7 -
BRI 2 IETHEHAS - B
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BERRERAS T EELIRRIEEE - £
i/ NERE - B A A REEETHIGE R ELER
HYZEEL - IR TR AR T FAE ST S A e
BEVHEERHBRAEZSREN TR RS &
AT RE IS R A TR A SR A A HREE M - ARV EE

RRTH Ry B — (T - I R R B 1)
BERL - R EATRRER - SEAER
TR A e 2 E IR FHEUBIE T AV A EE Y - [
MR ASE AL ECEIE TRV e R EER - NIt
W IR TR AT AR R R B bR N

FE o

FEETHIHIR RIS Ry 1 e B — Uy
TR - FEHZERFERIRERETER » HE A5
FE LS THEAY A EE Y - I HR A e R
b - DERBEARRAY AR o (NI RE  EE T
ARG FEAANHEENARETRRKE - 31
KA - EEREHERENTNE - BEtE
A FE O E A R E) - BRI 2 RAE
8~ ARV ESEAELEE

BRSBIMES FEAVEE R THSR L AR
TR A BRI - TR TS S BT
28 WEONAES 0 (ECMWE) {ESEF0LE
HzEE S1ERCE ~ BT RE R T399 » 15 RFAFRMY
EIRZRETHMAE G % A ELE RS ETH
iRt HENTHHRAE Y - PR
THE PO EE TR RS FiEE AT - EE
BIREE A H0 (NCEP) Fy T190 it -
H 88 {E R 8 » $RAL 16 RIVTHRR « EaMNH
& HARSEE (JIMA) fJ Medium-Range
Ensemble Prediction Model #RFIAVTEHEAR 51
4H - FIF T319 HYRBREEATHEET 2 B THH -

2 F=+AEE =3k

EEITIA R 40 & - BEREE (KMA) RIF]H
T213 (YA THAE T RETHH EETA R
40 Jg - TEHEAEAS 32 2 -

IR AT ARG TH - BRTSEET L
HYE AT IEAFAE & - BR T SABIRERL ZAh -
NCEP #Jf % 5 XHYTHE - %2 SREF (Short
Range Ensemble Forecast ) Y 7E R il 1 T 15k £
B BRI R SR ET TR - BEAE AT RE By 32
INE o E—Z % FFH ETA 1 Regional Spectral
Model > i it & Breeding method( Toth et al., 1997 )
BUSYHESHRD) - EAE 10 HARERE - Wt
2001 FFFAAATEE_EAITHE - Du et al. (2004) £y
TR S BURE A AR BN S B TR A
SRR - B S BUE BB FTE AT
B IIAJRARH G I R BT A 4P A
15 $HA SRR A - WETTTREE AR T - b
FEAE RTINS S BUEAB 2 1%
REFEST SREF Z At T EE MRV ETR -
1% NCEP SREF £ 4§48 17 5 #( Du et al., 2006,
2009) » Z&EHFHIAH WRF-NMM f1 WRF-ARW
FrEEA Z 25 E - NIt BRTARS A 21 4%
BT -

BT T 2% B AN R ETHEREE R » Zhou
and Du (2010) $H¥FEHTHHETT SR EETHEATT
7% RETHHK B A EEE WRF-NMM /1
WRF-ARW > fifit& Breeding method 4 10 4H
A - THEGEREUN » (IS B R ETHE
SR HMCRTHE (S G B A
B ETRERASR © IS B R B -
HINER RS R EANE - HEH8RE
W% 2Bk B O A -

Fujita et al. (2007 ) $1¥R[E 2 2B EEE
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FAETEBOLE . BE TYHSEAE 28R RRABMYESEE -

B~ BIURMERIOIGSEE) - Ui & ffEL
ZEENER - ITERENR  EERYHESEAE
B > HIHH RS TR R E T ISR TREAE
J& - BORIMESE WGSBS 2 FRRERRUE © i
55 2 BERUZFE R NI R Eh 2 &52R - S
atTELEZZENE - EELRRHBEEE
[ > HAEES R AENTERER -

Toth et al. (2003 )~ Zhou et al. (2005 ) Kz Zhu
et al. (2008) FrédZ TR ATERER A a2
7 Root mean square error and ensemble spread ~
Histogram distribution - Continuous Ranked
Probability Skill Score and Ranked Probability Skill
Score Z > [fj Zhou et al. (2005) K] FH 72 LA B

ik o TR R SR PR A, -

RN - WA 2 EH BT R B TR
%% o Yang et al. (2004 ) I Chien and Jou (2004)
1/ MMS 1T 2000 -2 2002 FAFRRIZRAYRE K
THHEASE » FEEA FNEESEOENMYE S8
A E?‘?zﬁ?%fﬁﬁiﬁ?ﬁﬁ bR T R R E
BHVTEHRE 2SN - WA BRI > FIRTR
HeP 2B bR Lﬁﬂi’J\:Pﬁ FRETHE - KT
BB THEE Z REE A8 MDA RE SR AT R RS
THE 1 LA T ARE SRS R TR S -

A (2005) $H3f 2003 FEAFRISHRIHETT %
ERKTHE - ERAARBEY - MESE0E
MBS 8L - 195 17 HAERE - ETH
EEEN SBOEYISEE TS A e
BB — 2 UEME TR ABRENGER - H5E
FrAEN - GIEEEIFAVER - MHEHIERRK
b QURETHEGEREE - = (EERET > L
BEaR AN RERKTER > HIUERE

AWFefEH WRE SGE TSR EER > i
FEZEAYE S BUEELET) - BabEE
SHE - WYL EE - BRE2BUEBL T IEE
& HLEA 40 HARERE - WY S EA
@@JEEL%Z%A\%?E?E%\Z}EE’J?E%I%ﬁ*ﬂhfi*c » DA
TR R EEER ARG R G E I &
EHHKE -

Z - HRAE
(—) BEEnEs

AEREH WRF BEZUETEER - ACH#ENT
[ Ry 45 km > GEFSBEEREy 222128 » fHE
BN 1 Fos > BT RERE K 45 & #H=(]H
Ry 30 hPa- ]2 WPS 1 WRF JA Sy 3.1.1 i
BRI ETERENL - BRAZVIES R4S
A b2 NCEP 2RI A5 - thtis e
REIR G TE N B R RIS 14655 » 15
REFIANETATE P HEE > DL NCEP 255
FIiE% 2. WRE THER EA =AY THEGE ST -
NCEP BRI F 0.5° - THESHEH 2008
Fo6H1H=ZG6H?27HEX 00 UTC fl 12 UTC
HETT 72 /NEFTEE -

WRF (R ISR S 80E - H&TTER
S EAFRAHE .Iﬂ:ﬁ% 7F 6 VB S RO AT HE
R AR EYEE T E - B A E)
B - %TE?&?E*E@@J AR E )
HSHUE - FEHAE I - i - BUE
FIFEESHUE B4 40 dAHRE XY S RURM
B HITHER B B o B RS = I 73 h Fy NOAH
Land-Surface Model (LSM ) ~ Rapid Update Cycle
Model LSM (RUC) ~ Pleim-Xiu LSM (PX) ; /g
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FEY 280 B 1 WSM3~ WSMS5 ~ Thompson
et al. ~ Goddard Cumulus Ensemble Model ( GCE ) ;
R S S 80k  BFE Yonsei University (YSU)
PBL #{1 Mellor-Yamada-Janjic (MYJ) PBL ; DL &%
U SE 2 80% > B Betts-Miller-Janjic

Grell-Devenyi ensemble (GD) ~ Grell-3 (G3) #1
Kain-Fritsch (KF) o DUT B/ M358 2 80A 2 7%=
o 2O EFER WRE T

( Skamarock et al. » 2008 )

TR B e BN T R 1 SR g B
A[E] » NOAH LSM 2 38880 Ry R ~ AKRDK
FHEE I 4 B RUC LSM 7 s s B -
KFIK > THEfEEUE 6 8 - PX LSM > iy
R RERURE - LB 2)E -

MY SBE Y RIS SWEE A 2 B
SR & R EBAE Y Hilt » BLrP L WSMB $0)

HISBUERTRE 2 BV (#H 3 T RoKR
EKEEK ~ TREE 5 WSMS i 28 0EE &
TKER TR B EKRIZE/KE 5 fE% 8 Thompson
MY SEOERE A » B 6 fHEE > ik
PRANEE 88 FRERIP AR E e X ¢ GCE i)
HSEAE S KB NIRE FI 7 fE8E -
TR R S BOAE AR E DT AR IE g -
YSU B G2 BUEEBEIERE T mE IR & K
HIE - AR EEF B ARE REIBE - MER
JETRRY B E AR E - SN EFUEIEIIA
BAJE  MY) B G S BUERE BB B
(TKE) ZEEF GRS 1BIEE -

MBS R A B BRI K s
FiRTE - Betts-Miller-Janjic F{EE2 LA RSN
ZHTIE > R SRR A E e
RAE S KF B SH0E Y BRI ALE B, b



—BFNA

BERATFAAIAEE (CAPE) ; GD FHESEIAR
—HEMES L > LB 28 DZEHAH
CAPE ~ R HENIREREEEE  G3 HE
2HUER GD MBESRUEZ WA » EHSEELE
1R BB AL T UBIERE R B B AP ATAY
18

R RYHEBEIERRGT - SRR - 8
— A Ry [ E %455 > (/] Noah Land-Surface
Model - Fii& HA =@ S BUERICGE - T
32 SR (PHOI~PH32) ; s¥{h T fE (0 - R
BHE A (2006) WFFEHEH - MYEESBUES £
TRy B B 1N - RIS —JH4H IS E )
HSH0E 5 BT8R EAFESUE » (A Goddard
Cumulus Ensemble Model scheme > fit& =f& 1%
A RHE B S EL - MEESBUEEE
Grell-3 1 Kain-Fritsch ZRifE (PH27 ~ PH28 ~
PH31 ~ PH32 » PH33~PH40 ) - 4815 40 2HE

B

(2) BERTIE

Ry T IRUEBENERETRRKE - BB
IR — 4R E B A G « EITRE
THHR RS S - o W (e A TS > F—
oy st R B TR & e 5 - IBLIR AR
JEE & P RE R 2 A A IEIRF PR A Talagrand Rank
Histogram -
likelihood ° 55 #53 EaFfili S T S Ay TR
fE T A A {Z & » £ A Continuous Ranked
Probability Skill Score ( CRPSS) #{THHHIAESIHY
B 3 AR EERTG_E PR Reliability diagram -

ensemble spread B member equal-

1. Talagrand Rank Histograms ( Hamill, 2001;
Toth et al., 2003 )

HE T A EEMES > Talagrand Rank

2E HEFRL 99

Histogram RERV(E A THH A SAHER 2 EED
BEBIZ S 2 S M - AR T R R R TRV (R 2

(Bias) 15/ - FERETRE ARG T » BaeA M {E
Ak - L&A M (ETREGER - PR TR E S
/INERHRF]  EEAE M1 EERE] (Rank) » 55—{E
&[] Ry NS B/ NFEERAEL > 55 M1 (B P R R i
RAERME - TSR EBE AT - CRREETS
RUMEER - BRIz &M B hn—K - FEt5ErA
I ] A1 4 A% BG RO EORHZ > (E 43 %] Rank
Histogram [&] °

EHETEEREUR > [EIP 231 U B3R - R
HEHGHRARE A - B EEEENRASER
IMEHVE ] - THERR A EFTA T RE 3 A B4
SRR 25 A BN FORBERE AR
ZEANAEEE RN ERFR - EEE AV
H o FRIEASEREE HEHEAE -

2. Ensemble spread (SPRD) (Toth et al., 2003;
Zhu et al., 2008)

Rank Histogram ¥R EEAE & HYEF(EEL Ry iE
PEHET > [NHiE 78 ensemble spread $2 (& E &
B E 3B HIE  ensemble spread FIFEAEZZFT{
RAVEFMHE - B3Rk S SR EN S P9E
HyZ BEIT-PIETR - TR RER Rt
& - Asanh -

1 &= ,
SPRD:\/EWZ_;(f—f(H)) (D

ot £ (m) R 25 B R FHEE -

{E7& SPRD (IR AMIEEMEITELEE - HERES
FUEERE - EfASAEEE A aH > it
FEETAE P IEMNEEER - Ei# Root Mean
Square Error (RMSE) 55 A[{GHAITHEF-9{E
FIE{HHYZ252 - 35 RMSE A1 SPRD M » F/R
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* 1 EAYHESE(LESAERRS

S8

g | BB | E2Ek BRESEE | HE2REL
PHO1 NOAH WSM3 YSU Betts-Miller
PHO02 NOAH WSM3 YSU GD
PHO03 NOAH WSM3 YSU G3
PHO04 NOAH WSM3 YSU New KF
PHO05 NOAH WSM3 MYIJ Betts-Miller
PHO06 NOAH WSM3 MYIJ GD
PHO7 NOAH WSM3 MYIJ G3
PHOS8 NOAH WSM3 MY]J New KF
PHO09 NOAH WSM5 YSU Betts-Miller
PH10 NOAH WSMS5 YSU GD
PH 11 NOAH WSMS5 YSU G3
PH 12 NOAH WSMS5 YSU New KF
PH 13 NOAH WSMS5 MY]J Betts-Miller
PH 14 NOAH WSMS5 MYJ GD
PH 15 NOAH WSMS MYIJ G3
PH 16 NOAH WSM5 MY]J New KF
PH 17 NOAH Thompson YSU Betts-Miller
PH 18 NOAH Thompson YSU GD
PH 19 NOAH Thompson YSU G3
PH 20 NOAH Thompson YSU New KF
PH 21 NOAH Thompson MY]J Betts-Miller
PH 22 NOAH Thompson MYJ GD
PH 23 NOAH Thompson MY]J G3
PH 24 NOAH Thompson MY]J New KF
PH 25 NOAH GCE YSU Betts-Miller
PH 26 NOAH GCE YSU GD
PH 27 NOAH GCE YSU G3
PH 28 NOAH GCE YSU New KF
PH 29 NOAH GCE MY]J Betts-Miller
PH 30 NOAH GCE MY]J GD
PH 31 NOAH GCE MYIJ G3
PH 32 NOAH GCE MYJ New KF
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# 1 HEAYESECEESEESSNET ()
S
HRem | TEE | BYESR0L BRESBE | MESEE
PH 33 PX GCE YSU New KF
PH 34 PX GCE YSU G3
PH 35 PX GCE MYJ New KF
PH 36 PX GCE MY G3
PH 37 RUC GCE YSU New KF
PH 38 RUC GCE YSU G3
PH 39 RUC GCE MY New KF
PH 40 RUC GCE MYJ G3

ensemble spread BECFEESHE 5 & RMSE KR
SPRD H% » FREEHCAE 5 & RMSE /A SPRD
B - FORIBEEERL -

3. Member equal-likelihood (Zhou et al., 2005)

—fRIME » FHIRETR#R RS - BEEE A
TRk B HIN EERY Ty 2R FI9HY » 1 Rank
Histogram f&;A1G A1 AR > AL ZE member
equal-likelihood #E{THER - AR AT - DLEE
FOE R B TREEHEITELES » 5 A B TR (E A
HAEERT > QI RSB BI—K g5t
HEFEIMGEI B &R 2 1% - RIS ELLE (40
5) - P Rl B B BRI TR th R
—2 - NILEEEEEE - B ERER -

4. Continuous Ranked Probability Score
(CRPS) #0 Continuous Ranked Probability
Skill Score (CRPSS) (Hersbach, 2000; Toth
et al., 2003)
CRPS ZH Brier score JEEZM2KE » GEETEM%
IRTHEREAZE © Brier score HYETHSLETE — M
{H - STEFHERERN P IS E IR EE AR T

FIE(E IR 2 2 1H - T CRPS {HEHEATA ATRE
AP (B O HETT TR MR A AR 2 2= (B 7
7 HAFAT ¢

CRPS = j”; [P(x)— O(x) dx 2)
P(x)=[" p(y)dy (3)

0 »x<x,
O(x)={1 ’x>x} “)

Hh O(x) T8 RENIHEE > P(x) By BFEHER
3t 0 p(v) PSR x, REUHIE -

# HK CRPS fH » A REIFAIH THEGE
HEERIEIRTHEGERAS - HACHITHEREE ST Al
B REHLLEYEUE » & Reference Continuous
Ranked Probability Score ( CRPS,.) » [P FHETH
Rf{EHY CRPS {HIFF] » 75 A] {5 P A ERYHEE M
FE#R (deterministic forecast ) o £&KiBELEE > 124 0]
H1 78 i g 77 By fa] > % B Continuous Ranked
Probability Skill Score (CRPSS) -



102 R A
crpss — CRPS. ~CRPS 5)
CRPS,

& CRPSSE R ORFFRR I 24 B THEGE
77 % CRPSS Z={H 1 R EHIE -

5. Reliability diagram (Hamill, 1997; Toth et
al., 2003; Brocker, 2007)

Reliability diagram FEFE HTHE AR50 {(E
& o eTER—EFERIERET - R ERA S
Fat AP IR ZERp S (E% - Wt R AL
R AL EEBT - PR THERER - FEHEA THE THH
PERAYBEAT > Gea B E AP I (E R (E L -
T ECAE B A AR A B Z LB - B R B R -
Reliability 2 T8 MR LR BRI M e e
SETAIE L o P R TR R o HEEh R BT
EEMBREN TR - orit— SRS R
HHMERE - AEPIE AR AR -

(=) EREH

AR FERTE VR EAE £ ECMWF 42K
AT E R (TR 0.25 &) » iEHS WRF
BARWAL - REERIARE R AR - DU &R
TTHRCEG ST = BLAI 8 2007 % 2009 42 ECMWF
TIGGE (the THORPEX Interactive Grand Global
Ensemble - . THORPEX /% The Observing
System Research and Predictability Experiment ) &
B (ATRE Ry 0.5 &) BYF(E - FIFEEIIITA
fifiiZ (bicubic) FFERIATHERET 45 km 4GRS EL
Hr o 3 DAL E R R fEE{E #ETT Reference Continuous
Ranked Probability Score 7 {5 ©

=~ REED TR

2 Fs ECMWF S5 A T 5 40 dHA5E
FREFETHERSE 72 /NP H PR P R B

0]

A

g F=+ABE =R

5o (e e USRI HE TR R g AR
WIEER PHOL ~ PHO2 Fll PHO4 ~ FHEAFIAIH >
EAEHRE Y SR T EUN > E
B PHO2 F1 PHO3 2 TE¥ » R HETERS
FEHEBREE RS B NILFEEERE 4
GRHETTSIHT -

AWIFEETE 40 HABNEHMBRE
L EERIER TR T - AU E R R
ETHH AL GBI 2 SRR RASHITHEGRE
71 FE A R R R R R &
RIE A A TR B B E filE (Z0fE 1 2/
HE) HEATRERIMT - AWIFEREHAIE 1 PIHE
EHEFTRIRORES » 500 hPa =155 ~ -1 1 SR
GBI - NI R SR R E SR TR AR AT
BIR S TR -

3 BRI EESS 500 hPa = AL E S E
RS2 Rank Histogram 73 Af7(E] - [ &R » %
BT FTHERIF R R B2 U By
1 R AETHRERRRIZEE R E - 5
—434 > 500 hPa 55T Rank Histogram 77
MR - 55— EEA R ARRRRE - HIE5E
W& AR S RRE » BRI AR E S
o BEE RV NEREERSERR A 2
EEFrA FEERE /N » 22 500 hPa (= FETHERE MR A -
M E R BES B # R » fESEARY &R
BHRGSERE - HAER R &R A R AR
FE » ROREAEEEEON TE A & R AV Rl
& HEEFATHHRER - R E AR TH
HE R/ o R > B @IS E] Al > 500 hPa 5fE
TEHA RIS » R EBEA TR R/ -
IEA1 > ST SR > Bl AR B T I 32
{BEfTR R B 3 & BEEGHEIY 311 - BETH
R EEEER A > A Rank Histogram f#AE{(
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2 40 HHARSERE © THERES 72 /N Z H Y E SRS - 55—51 K ECMWF JFEi PR » 5551
FIA R BB THRE » B2 AR RERENR > | ForAES PHOL 2 72 /NEFTHERAY H PP

I SRUBESS; > fRIELSSHE -

BARETEER MR (20U 2~ A RISEEIE Sy
ffii) TEME EHET AR THRATEEAE S - AR
TE B HTERNAHEHET -

Ry B Rl R SRR - (R
Z(E FEHEEFRE 2 RMSE F1 SPRD {H - W4 A [E—
sl b > I 4 - [& 4(A) 2 (C) 7 A R RRR S
500 hPa ZE {1 &[5 « JBFiHFAMEHT RMSE
1 SPRD FYEh sl - &l H SR & S B EE TH
fEikg 0 - SPRD f& &\ RMSE B - FoREE(ETH
BRI A BN 2 AR - BE—%&5 5] Rank

Histogram HY/3AT&ER—2 - [B 4(A)ZRPRIRE
By B8R - RMSE I SPRD {5 [F] FHRF H
BRI EERS  RERPRRRES  #E2R
RBERUREA R » (EEEREREA & Z B
B - [ 4(B)2 500 hPa &5 Syt -
AR 24 /NRf.Z 1% » SPRD {ELFE TR FET8E i3
I R B SER AR SR 2 S AR FERE TR
IRFFETRE DTN > SEHH SR TR BRI 2
HEBhHY - [EFEE TREERF I A0 RMSE 870 -
EEWE RS I E B R EE R TR R TR 0
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(C)

L

L

3 Rank Histogram 73#fr(El > &l &0 (Rank) 4R5% - dEEHRIHRE - (A)Z(C) 2B ARG SE TR
24~ 48~ 72 /NFFHY Rank Histogram 734f[& - (D) %(F)73 31 5 500 hPa 5L 51 E THHEES 24 ~ 48 ~ 72 /NI Rank
Histogram 73Afrl&El » (G)ZE(1) 7351 Ko/ V- RERSIETHERES 24 ~ 48 ~ 72 /N Rank Histogram 7347 (i -
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M SR AN R ETHER ARV RUEE -
FHE 4(B)H ST » #fEZR SPRD B a2 FH R H 3
ho o 1 RMSE SENEYEE % » R R EE TR &
ZAHEENE (BERUSE ) BERSHO > (EREIG hOfE AT
FEAR S THEGR RS - RS AR 2 21BN
HOE - HE—HERR SR e T 2R RPN EHE
HIZRATELE M52 REAREAREERE
B - w7 i aE 2 R Xy B 2 B b A
12 ~ PHERRA IS SRR EE MRS R - Tt
—4%EEA] 500 hPa =& 854 Rank Histogram (Y
IrATESE R 2 (& 3(D)E(F) ) - [EH 4(C0)ZE
RIERGHUT  BEE THEIRF RIS 1 RMSE A1 SPRD
Z ARSI EE LB AL 500 hPa 5
FES 2 i Bist S HARE - RMSE AU £ 88584 KR
SPRD - A]REHAZ FRAZ PTG -

S(A)FEN(C)73 A Fs iR ~ 500 hPa B
D@ S ~ B VEREES - TS 72 /NS
member equal-likelihood 43#T[E] > PASH#I£5H & %
EEATHSE S T RIETHRET - FH R ST - I
ER KBRS PR HETERSIE
HNEER TSR PR —5 > A AR
HUGE - ARG T 2 RENEBHEEE R
G -

6 Fs$tHIRRIRESGM 500 hPa =850
TTTHH A E ERIRER AT - BRI Z HEBRr
MEEEY 293K 1 298K > [ 500 hPa 5 5355~ #c ks
FIRE(EHEL 5820 AR = [ 6(A) ~ (B)73 Al By Wi -K
J&£35 ~ 500 hPa S fir = 55 2 AOBREE R - x Bl %y
THEER >y BABIR B TEEREIE R
—HARETY - FRTHERER BRI
BIFHER A S RofiE - B8 6 TR - fEsmmik
S EGE 500 hPa &S EIP B A ER AR
- HEER A —EEEE - BURILE R THE

2EH HEEWL 107

AEREATE - RIBTREMSRIEDE - THE R
&E » RARZEHAER B HRERMIEE
&> P AP A E ) - FRE R
DIARPARCRE Rl > THERIEREYEE > DAFTEE R
A AR R THEERORE ¢ I THEREAREL
1= R THEER =08, [ 6(A)EUR » RiKIRES
TETHEE R RS BRI TR
B DFMEE A - HEERaE A R
HmZBIE © misseRE S - BN
TSR - I HTREREERE - IR THEA R
VS o A THEE RO & A RS - 7]
R E A fRErIEES - LS RAE 3(C)
i U BUSTARHISE R 2 - [8 6(B)E/R » 500 hPa
e SR TBUIIGR B/ N TR > 0 500 hPa
T S T (E R A 0 A1 Rank Histogram 43 H74% 5
HHEFES -

T(A)E(C)53 B B ES ~ 500 hPa &
T =SS - B ERBS AR E R
CRPSS [&] - FH DA 55 S TR AE 7 - (8]
BUR - fE=KTH#$ CRPSS A 0 FoRib
TR RN R TR R 2 NA R E YRR 2 » I
— TR E B RS S TR R A
HAES] o 1] NCEP £IRAETHH Z41 CRPSS
ST HE(R(E B NCEP 2 ERTEHR 24 T ErE
T6F 40 £ 27 S5 SRS F 2 BORIRIRC B o T s 45
FAHE » B NCEP Z S 4 RA Al i R S5 {E -
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The Study of Regional Ensemble Forecast:

Physical Perturbations

Jhih-Sin Li and Jing-Shan Hong

Central Weather Bureau

(manuscript received 25 August 2010 ; in final form 25 March 2011)

ABSTRACT

In order to represent the forecast uncertainties, the spread-enough ensemble products from a robust
ensemble forecast system (EFS) became more and more important in the numerical weather prediction centers.
The goal of this paper is to evaluate the forecast spread based on the physical perturbations from WRF model.
One-month regional forecast experiment from 40 members was conducted in this paper, including the

cumulus, microphysics, planetary boundary layer parameterization schemes, and land-surface models.

Verification techniques were applied to evaluate the ensemble spread qualitatively and quantitatively.
The results show that there exist systematic bias in the ensemble system and therefore result in the not enough
forecast spread from the physical perturbation based on WRF model. To further apply a bias correction and
perturbed the ensembles from the other technique is under assessment to implement an effective EFS in

Central Weather Bureau.

Key Words: ensemble forecast system, spread
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