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Abstract The Northern Hemisphere extratropical prediction skill of the Korea Meteorological
Administration (KMA) Global Data Assimilation and Prediction System (GDAPS) is examined
for January 2019. The real-time prediction skill, evaluated with mean squared skill score
(MSSS) of 30-90°N geopotential height field at 500 hPa (Z500), is ~8 days in the troposphere.
The MSSS of Z500 considerably decreases after 3 days mainly due to the increasing eddy
errors. The eddy errors are largely explained by the eddy-phased errors with minor contribution
of amplitude errors. In particular, planetary-scale eddy errors are considered as a main reason of
rapidly increasing errors. It turns out that such errors are associated with the blocking highs over
North Pacific (NP) and Euro-Atlantic (EA) regions. The model overestimates the blocking highs
over NP and EA regions in time, showing dependence of blocking predictability on blocking
initializations. This result suggests that the extratropical prediction skill could be improved by
better representing blocking in the model.

Key words: Prediction skill, GDAPS, blocking

RO} UnkH
olyIel Aoz ®BIr o] Yth(Miyakoda et al.,

1. M

Aol oJ3] Rde] oAt= o5 FARY wdI A dF oAt AlS &
T e, ol 54 U Bde] AT S Eol7] A% B AlEEC] ©]
freted o ol ltk(Lorenz,  FolA ftth RYe| QA& NAddke W A 1)
|53 = gl weh tha 2ozt Rdle] x4 ol B 2) SHEE4 W54 (stochastic

variability)oll €3t Q5 Fo|AL Y}, 3) 2Y

o2 FAE 3Y ool dA=

*Corresponding Author: Seok-Woo Son, School of Earth and
Environmental Sciences, Seoul National University, 1 Gwanak-ro,
Gwanak-gu, Seoul 08826, Korea.

Phone: +82-2-880-8152, Fax: +82-2-880-4972

E-mail: seokwooson@snu.ac.kr

115

I3kS JPMsK= WhHo 2 Ae] & 4 JYrHBaumhether,
1996).

zde) 724 % HEEY WEHY 9T o
A wde) 273 MY % w9 R g3t A



._.
=
=N
N,
ox
oy
=

ste e TN E =Y F AT By 7|49
e BRAE AT 4 Aok B 27k o
o]o] ke HW3lE Fo] @Y EHY thE YHES
TtRo N SEEZX HEAdd o 2de oxE
A 4 Tt(Toth and Kalnay, 1993; Molteni et
al., 1996). Zde] F+x2 oxto] A¢ v d &
eSS Bdo] 7R Y= e +xF oA
E AE HIAFIeEN U 1A 4 Utk (Hagedorn

et al., 2005). Atger (1999), Ziehmann (2000) —Z2]3L
Ebert (2001)°14E poor-man’s Y5 WHES o|&
st thg Bl PEe] 9 RHE A" EE
Ht} o5 Aol Erhe HES w3tk ol 2Y A
de TFEAQ expe] A7)t ¢
HEAo] 93 expry A3, T wd JAFEoA

24 o Fo] 7hssliRaL, 715stet tEe] 3]

So] Z7ldgd wel(Rahmstorf and Coumou,
2011; Coumou et al., 2013) ¥t} F3slx AL3F &
71 B7F @ FFH AL Ak o]# A|UA ] S8 B
o] WMO (World Meteorological Organization) 2Fs}
WWRP (World Weather Research Programme)oll A=
WFE 7S o183 dS55EY Y, v 2Y &
BES T 72A A9 HAis), 2w 25 oW
o F3 7199 dF Fge P 55 FHSE The
Observing System Research and Predictability Experiment
(THORPEX) Z2HEZE 2]} tH(Richardson et al.,
2005). THORPEX ZEZAEoME F£X|dH R4S
Fg3 dE AHEE 98] THORPEX Interactive
Grand Global Ensemble (TIGGE) A]2=HS &8 F9
I THBougeault et al., 2010).

Hagedorn et al. (2012)= TIGGE t}5 Y FE
I 927} WA % European Centre for Medium-range
Weather Forecasts (ECMWF) 2d 2] o 2455 H|w
sl A ol 7139 2l FollA A, ml=,
%= 9 ECMWFe| U2 FAH tF 2Y s
o] 545 ECMWFS] o545 HT =9t o]

71E AT At duiHEsitt. 28y ECMWF
dE ALe gl 710 REE FAEE v 2Y
e o595 238 ECMWF @ 599 o
% Bt Yt ol 9A AMedE os BY G
TR A NE BHES] AF8% /o] Ri=
Al o] Fojzfof 3hE AJALEHAL Ut ol& flEiA= RE
EA] Adgk s e 2] o] A ofof
3t olet tEo Bd Qxke] tigh g gl o] F
ojZ ot it
717847 A 2dol AR F of| SA) 28 (Global Data

o

e v ol b rlr

a=7148ks t7] A307 2% (2020)

AT el FAIEF oA €] 2019 19 Bub 9% A A58 A5

Assimilation and Prediction System; GDAPS)ell t st
a4 H7VE 733 AYHUT) Park et al. (2017)
£ GDAPS 500hPa A $]i% o &2A& o] &3lo]
Anomaly Correlation Coefficient 0.6 342 7|22 &
g ARl A oF 8, Fobrlof A oA = oF 7Y
Al FdsS Hole AE st Lee et
al. 2016y 201432] GDAPS ALH5E o] &3l o=
Aes ERIF A ASAbe] Hojd4E Ax Y
= Aol vls] T = A4 2] Root Mean Square
Error (RMSE)7} 57} Fo] & A& ERlsiiitt. o]
vko] gre ArzlEo] GDAPSY A AS5S 9
=E3kal AT S5 oxfe] ARle gk o 8hA<l
ATe AdH e P55 dAolrh

b B ApelME 20199 12 53] GDAPS
o & A8E o] §st] Fyty 9% A e T4
o2 A9AE e dF4S A 719 A
T4 A& B F shil MSSS (Mean Square
Skill Score)E HET} o WHAAH ERE FI9E A
oAollMe] mule] FxA QAE Wt JRER
thro] o] A0S AN = e HTHHQl 24
< TSk g S g/ A9 E et
E2A T AF Holds F A AL 2 A=
Aol disA A3 27X = ARE Bd 3 A
4 50 g Ay 9 o3 HS YHE, B2
el Aol A @A E el Med ZlolaL, 3%
Ae A HES EUE GDAPSY 54 Wt
st 4goM e 48 2 8ok &Skt

=

2. X2 W =AY

2.1 Xtz

B AfoA AL8¥ GDAPSE 2018 6¥HE &
JeAA AMEE &l 7] AAF F7] dESRYE &
% NI1280(%F 10kme] % A=}p 714), A7 7052
=S AFESt) mde 439 §3AEF3E 3
I e, & 28 1247 7149 27)3tE AR
£ HIRO R 84AIZF 7R = 3AIZF 7HH, 1 o] 5 288
AR = 6A7F 24 A 2] &8 Aiksle] F 129
A L] & ARE AFSal ok B AflAe
20193 1€ 19 0000 UTCHE 20199 19 31
1200 UTC7HA] 12A17F b4 02 %7)3ksle] o =3
AEE dSAZE 10874 AHE-Fom, 0.25° x 0.25°
o] FH =R AE WAste 58S ket
2 AfdAE dE3Y 4SS 98 43 1l F
(1000/925/850/700/600/500/400/300/250/200/150/100/
70/50/30/20/10 hPa)e] A% &3S 6A17F 7+
o2 AgatHTh

=4 Ak Q8 AgE AEA 2AE= ECMWF

4

ol



ot

oA A|F3H= ECMWF Reanalysis Interim (ERAI)}S
o] &3l tHDee et al, 2011). 29| &4 HFS
A8l 0.25° x 0.25°9] FHI Y=L} 17719 AF =&
=daA Ao, 20199 1€ 1€ 0000 UTC
HE 20199 29 109 1200 UTC7HA 9] A EE o] &
skt

2.2 EMuHy
221 723 9%
FAARREYES 272074 2
o dZe] MNPEFE QA7 U3 o= jq
Fejo] Uehd 4 glewn, o] 734 —JJ]'E}
ek U%/] T2H g dsh] fs ‘lg
7}%2& 22X (Mean Bias; MB)S} A5 3}
(Mean Square Error; MSE)7} ARE-E™ ofgjel 7ol

lo,

ge 474 o

0 ol
o

-

XLO"“ F-lﬂ
ar
r

FHL = 9

N

MB(G, 9= 3% (My(i, 9 = O, ) M
A=1

. 1Y : .2

MSEG, 9= 5 % (My(i, 9 = O, 9) e)
A=1

714 sz 2713kste] ST 7 1SS oJisha,

N& &S 743 F SIFE ndt) = 7 4%
A, 7= dlE AR EZREH Y g STHASAR S Y
Rt M2 alF AR, alF oS Al Y] B
deo] AxE oujdtl. o #=S vlsiy o34
Aol sdst= ERAI A4 A8 s AR
21(H)e] MB AXLS SalM = B9 oF 97t 7t
A} AZFolA o Ao R Yeht=A] g
T 9lor, 4(2)9] MSEE °]&3t] mde] = &
27} A= B3 dAAdS AT 5 Qi)

o= A=

222 934 A

2 AFoM e 2o oSS AFHOE HSst
7] 181 HaAlF = (Mean Squared Skill Score;
MSSS)S AH8-3FTHGoddard et al., 2013). MSSSE=
EFE MSEE ©]83 SAFSRE olge] 2(3)=
7ol yepd = 9l
MSSS(i, 7)

(00, 1)~ (i, )’ = 1 (MG, 9 - G, )’

(0, 1) - C(i, D)
=1-MSE, (i, 7) 3)
A3 A4 N, i, , M, 02 2()% T3, =
271700 199] ZF o S3A1 -9 AR A 7155
(1981dFE 2010d)S oJu|stt}y. MSE, 2 MSES &

EERES FRUEIS IS

A - AAS - A 117

=3 7155ke] Ael(@S ohwdE])e] AFoR by
o Fslet gholth, wEbA] Rdle] #ES $h s
o =8 MSE, MSE;= 0013 MSSSe= 10] Ht}
AMA o2 FAHEHES] LA QA= o So] 3]
PEAF2 ZrleleE MSSSe 10 7Phe 3ol A
&2 07 gty B AolMe MSESH #5 ob:
2o Alge] Z717F ZobAl MSSS Fkel 00] HE
A&7 Bmdlo] o|&Ao] Ut A elskth.

OFA A<¥l MSSSSF MSE, & HAR|e] JARHH
S T3l ok Aok 2ol x8E F A

MSE, (1)

MSSS(1) =1 = MSE,(1) = 1 = yrepts
O

C))

A71M MSEy2 1=l 2 99 7152 (cosh)E
aste] X9 HFdh mde] MSEE ov|shH, DM
7= MSEO” A Fgt A5 olmdE o] Al
oju] gt} 9] MSE\SF MSEy S #-& 242} ofefj o] 2 A
(5), (6)2= veRd = Sl

11\72]/\1/:121'(]\/1/1(1', 7) - O(i, T))Zcosé’i

MSE, (1) = Sosd ®)
. NN
2A0(, 1) - C(i, 1))"cos b,
MSEo = X .cosb, ©
Bl ohjeh, MSE,S EAMFOR Haw sz

o} o) QBN MSE") TEE %Oﬂ% MSE"&

2ol M-S o] 83 FAZQAHMSE,,, )9 AL }
(MSE,;,, )= YEPd 4= ¢ltk(Stan and Straus, 2009; Son
et al,, 2020). 92 WHEL E3lo] MSE'S TR
wit PR T (EAEET 753 oleh) e F
HTFE oJske] FE(EA YT Sr4 o))l eJd L
22 FHEete] o5 xpe] Rl tha Bl o5t
ol AeS & 4= YoH(Kim et al.,, 2018a, 2018b).

223 E27 434 39

500 hPa A= Yehts ko] W1 vdl
o Bkt B2 Rojske e #AE Aun
32 2 Ao A= Tibaldi and Molteni (1990)°14]

AHEE B2 AFE 78k AL
GHGN - Z500(dy) — Z500( ) @
v — 9o
GHGS — Z500(4,) — Z500(4g) ®
Po— 95
A7IM, dy=dy+17.5°N, ¢s=dp—20°N°| L, @t

Aoz AYsac A

7HA] 718 BF WESe

40°NFE] 70°N7HA] 2.5° %
oA ol 7led F

Atmosphere, Vol. 30, No. 2. (2020)



118 71’374

Table 1. Contingency table for blocking prediction.

Observation
Blocked No event
Prediction Blocked Hit False
No event Miss Normal
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Fig. 1. (Top) MB and (bottom) MSE of zonal-mean
geopotential height in GDAPS at lead time of 5 days (left)
and 10 days (right) in January 2019.
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Table 2. Skill scores used for skill verification. Here, H, F, M, and N denote the number of ‘Hit’, ‘False’, ‘Miss’, and ‘Normal’

events, respectively.

Definition

POD H

(Probability of Detection) H+M
FAR F

(False Alarm Rate) F+N

BS H+F

(Bias Score) H+M

HSS 2(HN — MF)

(Heidke Skill Score)

MM+ N) + (0 +F)(F +N)

a=7148ks t7] A307 2% (2020)
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Fig. 5. Hovmoller diagram of blocking over 120°E-120°W in ERAI (orange contour) and GDAPS forecasts (shading)

initialized in 00Z 19 January to 127 16 January 2019.
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