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Abstract

In this study, we examined the new ensemble training approach to reduce the systematic error and improve prediction
skill of wind by using the Short-range Ensemble prediction system (SENSE), which is the mesoscale multi-model ensem-
ble prediction system. The SENSE has 16 ensemble members based on the MMS5, WRF ARW, and WRF NMM. We
evaluated the skill of surface wind prediction compared with AWS (Automatic Weather Station) observation during the
summer season (June - August, 2006). At first stage, the correction of initial state for each member was performed with
respect to the observed values, and the corrected members get the training stage to find out an adaptive weight function,
which is formulated by Root Mean Square Vector Error (RMSVE). It was found that the optimal training period was
1-day through the experiments of sensitivity to the training interval. We obtained the weighted ensemble average which
reveals smaller errors of the spatial and temporal pattern of wind speed than those of the simple ensemble average.
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dAT=olie 2E9] Eéfse] 8 m ~ 4= km=z A
qtEjo] MR HigkeSol A Fa%t 98-S 5= A
= 5= WMt MmNl Bl A4S A
sl ojzf=ol AU ol F FESA = m ~ 4=
A m8| Fé5S 7HA] = mAlE 29 (MUKLIMO)
= SR 2E (MMS)I dFste] side] v
AH27E 4HE3 B Utk (PS5, 2003). Z12]aL
ZE 29 (MM5)E 7|Hte &2 3 MOS (Model
Ouput Statistics) A|AH] 9] v}t o= A1}= 12 km, 4
km 2852 7= S 299 vig ASET T
U2 d& 52 Bt} (Hart ef al. 2003). E3} 3] 2]
AR A vigke AEsHA dSst7] 8 719
Holland 2&of BtfAFS F7ste] =22 HHHA
Holland =2 (new asymmetric Holland model)<& 7
Wstw stk O 2% B3 ukE oE =g
(symmetric wind forecast model) 2.t} & A3t 5]
A Q19 vigt A& oS HATH (Xie et al,, 2006). 1
2L} o|2jgt vigt diSoA = T 1] BEe 27
27, BAzA 2o YAiE] e ESddes
g 2215 FolaL, oS sES FATI7] sl o
F FHES AASIAe Y o5 R £5
AL EAstAL vk webA o]Hdt Ao E
gt A5 FolaA} vt FAA Y A W S0l
A =T, 25 A Bol EEHI 3= Ao
FAE HhH o]t} (Kalnay, 2003).

FEE i 2L AHsS Hol= 2 (best model)

T2 FAY EYIAEE 2ty v A E 4
staL, BhE JEE SRR A H AR EE Y 5§
ok 2ol 5830 27209 B es 4
H A= oE ST dSA8E 7HRE Y 2dE
2 PAE WL FHAAEL, 2] A ERE it
e dSEYE 25t A5 e EY =
of| Hof] TH4]o] Wolx| L Q)= FA|o]t} (Krishnamurti
et al., 2000). 12|l TRt 23] PAHE WHER
B X EE dlEE NE dEEY 5 SR
UL, FAIZE A S0 ¥ -85t} (Kalnay and Ham,
1989; Hamill and Colucci, 1997, Fritsch et al., 2000).
ol YAE BIE S A A dF=Ee=
Grimit and Mass (2002)7} 00 UTCE 27]A|zto 2 3
AZE 7HA 9 BAIZE HFE dSS SR,
Yussouf et al. (2004)-2 00 UTC, 12 UTCE 27|A1Z
o2 3N 229 48A17F PAHE 5E SBant.
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a2]al Jones ef al. (2007)2 00 UTCE =7|A|Zre.
2 AT 74 9] 48A7F e A5 s3stATE 1
A ME d5E PE el vlE A2 2AE
Uetio] HE o529 ol & yehydth. a2y
F2o Ay AtolAs viitE S38es e
S-S 3t Zo] ofl} o7 7HA] 714 aas 2

PEE AS50] s34 = o] vl S5 -3 1y
ST S-S skt A AU

uhA] & JTto)l A= MMS (Grell ef al., 1994), WRF
(Weather Research and Forecasting) ARW (Advanced
Research  WRF; Skamarock et al., 2005), WRF
NMM (Nonhydrostatic Mesoscale Model)2] 37]9]
A AR FAE F 16719 W 2 5 d JAE
dZ A AEL F2E4T, 00, 06, 12, 18 UTCE 27
AZFO.2 1 A\7F VA S] 24A17F AL B}t o] 22 2
AT (AFATA, 2006). B3 7|2 PA bt
o olZo] ZYeke 012 BT wAslel oS4
A=E #o|7] sl vig B4l 9= s 2d 3
IAE 719 FAFE S (ensemble training)S 7l
sl skgith E EHE U oS 2w
O} T SAFE XFFE Q1 AWS (automatic weather station)
75 ARESte] G138 RMSVE (Root Mean Square
Vector Error; Cox et al, 1998)E o] &3l d|&2 A &
4 7IzhEE HAg | 7SAE gHEE 485k
o|FojA|H, FPFE TH T dSH B> AWS Y] Bf
F8S A7 A5S Tds

2. GFDY YYE WU ATYHY
21 YuyE B

WA vl o 5S 919 L YA W F 16
Aolw, 2 wuie =Yl 2723 Belagos
e g EEolt), TR S T8k Sl MMS,
WRF ARW, WRF NMM =299 J&A| 4= ok
2t MM5= HIEA B]A<A (non-compressible
non-hydrostatic) R 2 H A= Arakawa B A=}
AAE A3, FAAA = ABS wEke Alamt
Z3#A (0 coordinate) S AREFITH WRF ARWA= NCAR
oA it =R REZ A A H| A (fully
compressible non-hydrostatic) ZEo|t}. $HAR|=
Arakawa C ZAAAIS AR5, 92 A A= Eulerian
Z5F ;A (mass-based terrain following coordinate)
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£ A3t WRF NMM-2 NCEPojA] 7kt 4=%]
22 WRF ARWE 7R 2 ¢H b4 w4
A Bdo|t}. $=HZAR= Arakawa E ARA A S AME
3kal, AR A= to|BE|= Z7 A (pressure-sigma
coordinate) & AME-3IC},

ol2|gt 371x] 9 HAIAR F 16719 P& HH
£ A5, TR E E ASALEE 53
o} 7} WS MMS 718k 67] (M1 ~M6), WRF
ARW 7]5F0] 77] (W1 ~W?7), WRE NMM 7]5ke] 3
N (NI~N3)= Z4ZF AR 4 A EY 5 =
2l I, A diF 2t B, 3 AAS 2t
et et SRR 73Rt R E4 A7 (Korea
Local Analysis and Prediction System, KLAPS)<] ©|
Sojsio] cfsAlE Table 10] ZHAI3HA LreRRSic
I3 S WY F M52 W5 Lee et al. (2006)
o] ¢ b whe} 7122 Kain-Fritsch 11 9] g7}

o183 - 0|8} -

315 - 0|3l - 329

il

B R| 22ES 4% WHolth

WAL W) % Maok M62 7)41ei 0] ThAZE 3
A 9 o] ZA]AH] (Short Range Analysis and Prediction
System, SRAPS)S Z7to 2 A&E3HT (71T
2, 2003), SRAPS®] B4 A ABlo A} KLAPSE o]
3] AR 37} o] Rol ATk KLAPS: u]3 NOAAY]
FSL (Forecast Systems Laboratory)of|A] 7idgt =%
BA A 2E) (Albers ef al., 1996)& 7|¥ko 2 7|AATE
a0l A AP T2 24 AlAge s 3 9 8|S A}

£ olg3to] A4 B 3 v, &, §5, 75
T, BEY 59 24 e Sk 33 71 B4
AlEsHA €t old 714 240 AgHE AEe
GTS (Global Telecommunication System)E F3l 4=
AR 75 20 BEAac 37 A BEAR, 117
57 T=A7<Q ACARS (Aircraft Communications,
Addressing, and Reporting System) A& 50| AME-EH

Table 1. Configuration of 16 ensemble members in the Short-range Multi-Model Ensemble (SMME).

MicroPhysics Convechve
Member Core Yy Parameterization PBL KLAPS
Scheme
Scheme

M1 Schultz KF2 YSU
M2 WSM5 BMJ MY]J
M3 WSM5 KF2 YSU

MM5
M4 WSM5 KF2 YSU O
M5 WSM5 KF2* YSU
M6 Schultz KF2 YSU (@)
Wl WSM3 BMIJ MY]J
W2 WSM3 KF2 YSU
W3 WSM5 KF2 YSU
W4 WRF WSM5 BMIJ MY]J

ARW
W5 WSM5 KF2* YSU
W6 WSM5 NOC YSU
W7 Ferrier BMJ MY]J
N1 Ferrier BMJ MYJ

WRF .
N2 NMM Ferrier KF2 MY]
N3 Ferrier SAS MY]J

WSM3 : WRF single moment 3 class
WSMS : WRF single moment 5 class
KF?2 : Kain-Fritsch II

KF2* : revised Kain-Fritsch Il

YSU : Yonsei university

BMJ : Betts-Miller-Janjic

NOC : No Convective Scheme

SAS : Simplified Awakawa-Shubert
MY] : Meller-Yamada-Janjic
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of a3 A 71 EAS AR 7S A
(Geostationary Satellite)?] 3] =% X}Fof HEHS
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Fig. 1. (a) The model domain and topography. The inner box indicates the verification area. (b) The location of the 610 AWS

sites.
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Foigt tha2d o] thigt A7 thFstA 434 =
o] gt} (Kharin and Zwiers, 2002; Stefanova and
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-1 Aot =7 &
2} Exé% u, V% 01%3}01 d5 A 14,24, 3¢, 5¢
104, 20, &t g St e S 5L, 24 &
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A& A Fa oA ) 3t Dolug T T
B g 29 A2 7172 2006 7€ 1Y 0000 UTC ~
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Fig. 20| x= 27] &2 B4 29| 7/id WsE (M1
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Fig. 2. RMSVE of each members and ensemble average (AVG) from July to August 2006.
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Fig. 3. The average of weight percentile of each member with initial correction from 1 June to 30 August 2006.
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Fig. 4. RMSVE of ensemble average (AVG), ensemble average with initial correction (CAVG), and ensemble weighted

average (WAVG) from July to August 2006.
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A ARG o] HlmH 2 AL & 5 9k (FF
3] 5, 2005). 7] o3} BY F YA FAL 5
OFAME. u}E of| 0] A= WAVG-012] RMSVE~Z} 3.08
m s 2 Ueht Z A WH, AVG, CAVGE} ]t
AL o 7P e e dehion, 53] AVGS
RMSVE9| H3|A % 0.35 m s 9k 723kt 12
U} WAVG-029] RMSVEX: thA] Z718t) CAVGS}
H]3F 72HS UER 913, WAVG-03, WAVG-05 5 1
ol EH 7|7t SAFE dEE & W3 glo]
WAVG-029} H]:3t A3e Yehf it mebs o
e obE TG B PR vl dlSAHE o
Z A EH7|7] 1981 9o SAHE &9 FHo]
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& g 49l
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Fig. 5. BIAS and RMSE of ensemble average (AVG) and ensemble weighted average (WAVG-01) of wind speed from 2

June to 31 August 2006.
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Fig. 6. Same as in Fig. 5 except for wind direction.
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Fig. 7. The spatial distributions of RMSVE of experiments a) AVG and b) WAVG-01 from 2 June to 31 August 2006.
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Fig. 8. Same as in Fig. 7 except for BIAS of wind speed.
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Fig. 9. Same as in Fig. 7 except for RMSE of wind speed.
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RMSVEE AHEH AVGE H|SA|7ho| 2 2217}
A EAFolA] ¢l AH o= 7 gho| 2 Moyt
WAVG-012 o ZA7t0] ZojA4E 227} A3l
Z7kske A e gl whekA, oZAzte]
BL4E WAVG-01 AVGo] vl Ao 2o
RMSVES Uehfjglon], 1347k dRIEE v 2
WAVG-017} AVGo] v]3] A|Zd oz & RMSVEE
e 2 9T} (Fig. 10a). BIASY] %90 = RMSVE
o} v|53t S UER9lo ], B3] 1747 o ry
Bl= WAVG-010] AVG]| 8]} i o2 2 BIAS
€ YERf9it (Fig. 10b). RMSEE Zbe o2 s
3 S Yehlla 9lon], RMSVES} mEix| 2
137} o] HEEl = WAVG-017} AVGo] H]8) A4

o2 25 ¢ & RMSEE Y itk (Fig. 10c). w2}
A GE T ASoA HEE THE T E
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&Itk & 4= Stk o= HE THS ol v
Zr W o] 71F X7 T F 2447t o Hoj = A3
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£ Z ol& A1z (FO1 ~F24)0] Fofgh ¥Ho] 12A17F
o[ &] ATt A5 583t ATHE U= AR
A E T 283 2 de s 00, 06, 12, 18 UTC
£ Z7NZL & 120 4 ¥, 1AZF 7HE 02 24 X3F
A Go] Y|P e B R, 7k 27| X Zof| A 124]7F o]
O] TGAIZE FFE v dlE ZAIE ol&5HA "ot
FAE TS B8 A5 F848S T8 o 7
5= ok whEbA] GAIZE S v diSellA 27] 12
ANZA] ] &L HFE THE Sl 35t 12
A7t o] 29| A Fof| e T FAE BHS At
59 EWNG S B3l ASHE AT 5 A A=

A2,

F‘l)‘ r-lo|:
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5 3FHE

o ATOINL 27 7 FRAE F 22l
S FA90] Zsto] Yo AEE 1} ofete
vl dfstel R PR o5 SAse
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