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ABSTRACT

As the global climate changes, heat waves are likely to become more common,
further increasing the need for preparedness and early warning systems. In order
to provide early information about the probability of the heat wave occurrence from
short-term to seasonal time scale, we evaluated the probability of heat waves using
multi-time scale data.

First, this study investigated the interannual variation of heat wave frequency
(HWF) in South Korea during the past 42 years(1973-2014) and examined its
connection with large-scale atmospheric circulation changes. The regression of
the leading principal component(PC) time series of HWF with large-scale
atmospheric circulation identified a north-south dipole pattern between the South
China Sea and Northeast Asia. When this large-scale circulation mode facilitates
deep convection in South China Sea, it tends to weaken moisture transport from
the South China Sea to Northeast Asia. Enhanced deep convection in the South
China Sea triggers a source of Rossby wave train along southerly wind that generates

positive geopotential height anomalies around Korea.

Regarding the occurrence of Korean heat waves, two major centers of interannual
variability were identified in the regression pattern of the upper-level vorticity. We
designate the vorticity difference at 150 hPa level between the average over 25~30
°N, 110~130 °E and the average over 35~45 °N, 120~140 °E as a favorable condition
of Korean heat waves. The correlation between PC1 and the time series of vorticity

difference reached up to 0.81 with significance at the 95 % confidence level by



the Student’s t-test. As a result, we have made an effort to define new indices
to assist in real-time monitoring, medium-range forecasting of the heat waves

in Korean.

Second, we also assessed the predictability and probability of heat wave occurrence
over Korea by applying the Observing System Research and Predictability Experiment
Interactive Grand Global Ensemble(TIGGE) data for the Korean Heat wave Index
(KHI) associated with large scale circulation. Based on the TIGGE datasets, KHI
showed higher predictability of heat waves than those of maximum temperature
(TMAX] and Bias corrected TMAX. The verification of Percent Correct and Threat
Score and Equitable Threat Score(ETS) showed that the heat wave forecast using
KHI compared to others regardless of forecast lead time was successfully carried
out. KHI is able to provide an early warning forecast for heatwaves with 5 days
up to 9 days forecast lead time(Figure 1). It can be reliable information for decision
makers to provide efficacious and timely actions to prepare for imminent heatwaves.
The timing and duration of heatwaves are important factors in terms of forecasting
heatwaves because they have been shown to have an impact on health and well-being.
It is appropriate to determine the starting time and ending time of a heatwave
in Korea using KHI. Therefore, KHI will aid in monitoring and making reasonable

determinations about heatwave occurrence in routine operations.

Third, we assessed prediction skill for forecasting heat wave in association with
large scale patterns(GPH, OLR, T2M) out to 2-3 weeks lead time using pattern
correlation skill score. Overall, the 500hPa GPH anomalies is well forecasted in
GloSead at lead times of 2-3 weeks. GloSeab was able to predict GPH and OLR
anomalies similar to those observed over East Asia at lead time of 2-3 weeks
for 2014 heat waves. Heat waves forecasts over longer lead times can become

highly valuable resources for disaster risk reduction and adaptation planning.



Finally, we proposed a heat wave early warning system with response plan in
order to reduce the damage caused by heat wave. Heat wave early warning systems
involve forecasting of the heat wave occurrence, timely responses plans that target
vulnerable populations, and evaluation of systems. Heat wave early warning systems

will help improve public-health reponses to severe heat waves.
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Lee(2014)= PCLT} T5fa t)7] 43 Ws=ole] 5171248 o shule o1 o
e fEshe ofobe 7 USRS BAselth o] dufolq 2B vt HEle HE
rajlob A EjaF, 12 sl x]o-ﬂ,oﬂ e Buol 48 I e Wi

oz HuEe "oty pCldte] AHdE HW, dFE=dlel ss=sfolAl
J00hPa SHEL B¢ e clFEE} vl shete] ol 2ol 4
o) AL ZAH| 149 (Rossby wave—train) Q] o] o], M=o} dEFHo| 7)3t
F2] A= (Geopotential Height) of=T2]E WAIA|ZITE, ©
a3} 89lo] YFAIA Aeiele] Aelol ofs) ATk AL oo

O
1o
~
2
|
filo
HL
2
o

Y
Mo
fru
[>
=
i)
N
-3

r?'L'
i)
2 ol
<

Kof Hupel 2w ste] driozn, Wk o) sesol ofd v o
7 b, kel A HUS U T 5 Uck. old VAN AR Ay
2 A% g5l &t] FrolA Lojuie, dArRiele] Ao o) A 2

H] glo]ti(Wang et al,, 2001),

c) corr.= 0.81

1975 1980 1985 1990 1995 2000 2005 2010

JE' 2-3 ot ZQIEMM BI0] PC11t At ™ (a) 150hPa 2=, (b) 110-135 °EE Edtst XM
z2l{meridional-vertical circulation, vector) 2t HZ&E(vertical velocity), ZL%!S 95%0 & Felofst X1
2, (cJPC(F2A o KHI(TEA 2| AAES LIEF,
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=13 QA AoA eke Agfslelne] sheE
3} QAzrElojl). of AZL o

gdlel, 0 A, 78
A3 A 9] a1 71%4 57
1), T, S B WS Ea el R o] S Ao
o] ZS ool A yeths A=A i o2 i o Jloke As Wdskn et
= 2ol W ApE Aaekre] e o
Heat wave Index: KHDE A9t} (4] 1-1),

oo
Ol
ol
2
o
r )
H1
[
of
N
ﬁ.
=~
@]

=

(¢}

5}

]

KHI = Vorticityy, p, (25 ~ 30 ° N, 110 ~ 130 ° E) (1-1)
— Vorticitysgo, pa (35 ~ 45° N, 120 ~ 140 ° E)
AAEoE AE o] 3 At Fhite ZHUAT o AT (0.8)F T, B
: A 3L olsfshs A Eelo
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oflzl ¢, A W Bk HieAl

whebA] 847 4l AE e E¢ oS 913,
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3. ZGAE oIS HE(TIGGE)

g, bR, AFES, 4 5 2L I N BHEL WANESE 5y
Z7Kta A A% A Fotloh A9 o Bat 7L 20134 Fok B
ghech Al B9k 20139 FHEES] 7122 19734 ofdl= 2WAR O B
2 718shddeh, 4 U7k A% Ehoz ols) Welmsro] FHo| SN, T
S AR HEeF RS WHSHECHMin et al,, 2014), Q] %9, Kochi 4|
oML o HI7)E 41°CE TZsen], 1437 B2 AMelNE B AAZLE
& Aom ABHgr. S 10059 oldE 1 4% Bde AsiAr. of
7I7E BF F3 B R E AGoA Z)Fgk Kok oF 3°C B2 g2 J1S 3
oleidt EGS A7, HY T3 ABAA] S 1A 5 ek

A 59 =X 9|2 (Numerical weather prediction: NWP) &2 x| Lo =36}
AL Q= of 7| (severe weather) = A 71449 dSA4S T B2 =
g ittt oF 712 719 w9 A2 e uAdP A AEAES EgRI

FEAEE AE exk=m QlE dlSTgolA & AolE B 4 7] wiiZel
d&dl= AL ul¢- ot o]yt Y-S F7]9S(medium-range prediction)o]]

2 ESHAS AAkehs A wf - fARSEAIRE, o712 SE7F A
A Hor o g2 AdPAIRHLead time)ollA oel &84S 7141l lth(Lorenz
|(Ensemble prediction systems: EPSs)2 &7F1+R2 9] 7
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5

S mEle] oAl AE7kEeR Aol7h YA Antaom olw|7io] Aojw
%

— =
I o2 ARS WE o v dAE dS52 el 288 W

BE o EAL 02 AT

fu
£
Ay
N
™
offl
[-'O
=2
=
ol
N
ox
filo
Jo
i3
st
4
s
rr
N
ox



3. 2B 054 HSI(TIGCE) |

o] A7 o= AEe] A= 7= A7 EA ol 7 gtAlol o
R dg o Jdrk aFAR AAF Y s ANk AT ALE
o] 87=7] Wiz EAlol = A i) Rie s sfolels FeEdASALHES =
ARl FHAFEHE Bastal A g 7l E *Fs] &

A AACNA 107] 718ERE AAF e RES dYer skl v
2012).

World Meteorological Organization(WMO)o4]~= THe Observing system
Research and Predictability EXperiment(THORPEX) A}dS &3] 1A 2F +F
Hg Ak 73] dsAdgE e ftt teikE e dSAEEs
7Nkt ar —/,‘—3“’6‘}% THORPEX Interactive Grand Global Ensemble(TIGGE) A&
Z8Y ZFof T}t Matsueda(2011)2 TIGGE AR E o|-g35lo], ofg] 7|42 7|4 =}
RBE 0|83 YEE A50] shte] 71 ARE o83 ASET S3t 7AdEA
WS 2 o] &6l AS KT Boer(1984)% AR HE19] o & 927} iyt
see] oz ot o we Z7kehs AL v,

wHebA] o] dtof A= Tt i@‘Ol WAYSHAE Wl SoFAloF Aol HEht=
7] <2 sfee FAekL, it et ke it ZHX|eE o]8sto] ghit
57 3}"%} EZH TIGGE Y& AH7E o|-8sto] gt

Z kA W8S A=51a1 23 0| A AVE KHIS
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126E 128E 130E

an %M{. \\ 45

0s a\i“‘*%? : ‘
3

30

35

e e *
20.5 36N i_; ° ) © o ® :
o g ° . .~ ° . 25
g o s X

35N

128E 130E =

a2 31 (o) SOMONIM BHIEO| QIR (b] EeY EMS s AT 607H 7 1AM URIIEM T,
(0 72, 82 71SBTE Y2|07I2(°C), 2|1 (d) 2Y LM YIeunit: day)o] 22 38 (a), (b)olIA]
AZIQ SIHT =2 LIEPHCHunit: m).

3.1 Xfz ¥ Ak
3.1.1 BEX}2

£ ATAE 201135 201537119 BEAR F AZo) G /AR 6074 7]
e

Ay A (Automated Synoptic Observation System: ASOS)9] & X311 7], A Z|A]
N2, ABT 7L, 24 AR AHESIo] T Hele] WA SAS BT

2 k= Zojo] WA SkEE o, T8 9 B4 vl= s t7]% (Nataional
A

Ocean and Atmosphere Administration, NOAA)oJ| 4| A|&-5l= NCEP/NCAR #}&4
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ARE AT, AAIAS ot AR B 2 500]0], A% 115l vt

A& 83 2% A= ZH7)F 127}]%‘1000 925, 850, 700, 600, 500, 400, 300,

950, 150, 100hPa)< o] 23}9IT, H|SL 1000~300hPal] 8% RS o]8alt)

SSTAF=E= NOAA Optimum Interpolation(OI) SST V2& ARSIt OLR A=

NCEP CPC A=E ARESIGIH:, 24992 54 et 7] 2320t tf7] =g 9fed

= B2 0 HojF7] QfsiA =S S4 0= opAfol XS Akt 719k
= 1981FE] 2000714 9] Hatdte] AR=staint,

1% 3-1) & ohrlofe] APt ko] XS vhehd Holm, Sk Ee] by 54

SAP7] SfsA AR 607) TS AHOIEK I 3-1b), Pk ofEH AT 712 7
%,E Hx5 B t9t7}F 30, 7%, A30] 830,65k, U 30.5%, FHo] 30.4%, T 30.3%,
DT BRI 025 R S G BT Bdel B WY wmrl o Husle Bol
Aol A] go] WABIAHLH 3-1 c.d),

Jo o

3.1.2 TIGGE 2! XI=

2 Ao A ARE BEAtE = WMO 4FsHe] WWRF % 5FL+Ql THORPEX O A] <&
% ¢ TIGGE A=E °|-&3Irh. TIGGE= A AlA &A%Y 7]ollA ARE-sh=
Ex goto] 1hollA] 25 w50 919 71l gt AlSAde FdA1717] ¢
SR 2005?_1—‘7'—151 43 =0] Qlt}. ECMWF(European Center for Medium—Range
Weather Forecast), UKMO(United Kingdom Meteorological Office), JMA(Korea

al=
=8 =1

Meteorological Administration), NCEP, CMA(China Meteorological Administration),
MSC, BoM(Bureau of Meteorology), CPTEC(Centro de Previsao Tempo e Estudos
Climaticos), MF(Meteo—France)®] A A|A| 10o97] € G750 JAE 2d A&
£ ECMWF, NCAR, CMA op7to|H AIE| S FallA] grib2 WO = AlFgict & 5t
of| A= TIGGES] A] Xﬂl’fﬂ A AA dF71HE2] A=EFelA NCEP, CMC, KMA,
UK, Z18|al ECMWFO] P+ 2d 2tz S of&siqlty. 72 B39 = WH &,
we) sjawet 2] AEA W 6% 7|7k X -1} 2ok



16 | ok ARt 72 X2 0I88 St 2 ofEY Tt
¥ 3-1 TIGGE =g MH(NCEP, CMC, KMA, UKMO, ECMWF)
Country/ o Ensemble Forecast Initial Model
enter
Region Members length Perturbation Resolution
National
Centres for Ensemble
USA Environmental 20 15day Transform with T126
Prediction Rescaling
(NCEP)
Canadian e [
nsemle
Canada Meteorological 20 15day Kal Filt TL213
alman Filter
Centre (CMC)
Korea
Met logical Ensemble
eteorologica
Korea . g. 23 10day Transform N320
Administration Kal Filt
alman Filter
(KMA]
Met logical Ensemble
eteorologica
UK : 9 23 15day Transform N214
office (UKMQ) _
Kalman Filter
European
Centre for
Medium-Range Singular
E 50 10d TL399
drepe Weather Y Vectors
Forecasts
(ECMWF)

b 2 o5 A5-g vlmal] 9Is) TUI 89| TIGGE PAE wHl AR
o] &3FATE. & AFtollM= 9Y ATMA ASARTMA] AMESlo] 4 AlF A5
AZ3eh. WAl TIGGE Y] B WA olRg Besh] dsds B9 71E
2 oels] o Wast ok Hol id Bk POt oby gL, QukHom
71&0] o] 9lAH|7|2(Threshold temperature)2 YW= SHHH 7|7+ st

(Robinson, 2000). SHIFE Zolo] Hol 7|AFH o] Lo oW 7|Ze] o 2|71 7]
©o] 33°ColAF Q1 A7t 290 oA} M&El A4 TEAHo] & AH o
3 Wz gefskenh, o714 Hurle 33°Ck oJBA(TE8Y A Hiled 9o
percentile oItk Wb BHW E 24 AFL 51 BE U Hi7]e




3. ZHAE o5 AB(MGGE) | 17

90" percentile gt UA ZE= AO5tof, o] UAGC] 2 ol A&E WhE Z4
o] HrAISE Zl o2 ksl
eyt ZF2Ee] S systematic errorgd 7FA[AL Q7] wiiel He| HAo] I

Q3 8= #Ho HASH| sl EE¥W climatological PDF(Probability
Density Function)S A5} 90 percentile 742 Z-85FtHDee et al,, 2011),

7 g9 PDFO| 7|FZHS 2011EHE 20134 E9) TIGGE AES ALS31AT)

2y Q] Z17]-22] 90th percentile 2 ZF 23 39 £¢1 7, 8Y ARE o]
sto] 7]152kS AYAs7 ol o] YR 7] wjio| 31 windowWolA ZFzf
Ay AHAZE ARE o] 83T 9 S0 ECMWFo| tigh 74 149] 2 4=
474370(31Y X 3dX 51opAFE wWiw)o|c} o] WIS o]fsle] mEH 90th
percentile gF-& AASIATHEE 3-2), By SHIE Bt F117]2 oA, KMA=
28,0°C& th2 mol| ul3l| o] HojE|glon, NCEP oF 25, 7°CZ 71 WA =
o5ttt 90th percentile ZFE KMAQ} UKMOZ} 30°C oJAto|H, theoz
ECMWF7} 29,9°CE UEhHlith KMA 232 o 2a17]29] 4, 90th percentile,
95th percentileol|A] T2 3o vla)] w=A 2o dx|ut, T=3t= 7P A5
LOJskar Qi

fr 1o oo

Z AF9 o2 Fu 7] ARE(TMAX), H BAH Z17]2x & (Bias
Corrected TMAX: BCT), 18]3 tfj7] &3 g€ o]&35}o] 7|kl £ x|4=(KHI)

5 olgelg, et 371 Aol delel dlaAe Az,
¥ 3-2 2t 25 WA 2107|2, 90" percentile, 95" percentile®| gt
Institute Mean(°C) 90" Percentile(°C) 95" Percentile(°C)
NCEP 25.6 28.8 29.7
CMC 25.7 28.8 29.8
KMA 28.0 31.8 33.6
UKMO 26.7 30.2 31.2
ECMWF 26.7 29.9 31.0
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7] wfZoll, A AAS ElskA st Fgteh B3 wE AR FFolu
Z0] oz 5o8 mulo] 27| o= %
A7) flste], W5 AR o] FAS AAskaL, BP9 2
sto] Bl 05 Y = YA, AR 27] 2719 EIAPYOR <
sHlE S5S] ofgoh 2 B, 9 A BEo] 27|24, H
WA= o] Qe BRI OR QIS 0AHE o)1, S 5 A
<9 shu=z wol &85 Q= e

olgk Tl A7t 7HxE AAZAQ] d& dHAE Bkt Ao g2A 272

= =

=2
ey A2 Fol T ol A9 BeE Sustel ABHOR ule
=R DY

o 8ot T, T oliof| Hlsf M= el dlETE H At AS5A4E Kol

L Egol glol, A WS AU/ P B Syt YrkBuizza
2008), YA o] A A0 T B Wule] S7h FHSE T 4ol
PHHE F0E A GO, PR W 25 5U4E AFY AR g
Z7h BAIS SusP Hek uebd] o|no] BEAAS wele B o), AR BE AR
Soppy, m9 Bonby, ASOAE /T YT s 7 AY/BL P4

Ag GO g o] AL HgoRE

= T o=
ATHE S, 2012). S 4 A|A”IC 2 HE O the] wEls 233 MME E
ZV7] o2 A Ao 2 HE O] oMAME HUlEL 235 7 AE 59 g
GAES o]8dl= Alo] E&F ot
2 Ao A= 4d 7H2011E ~ 2014F) TIGGE ALEES 0] 835to] X WlAlS o
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* TMAX(Daily maximum temperature): Z 7]Zoj|A] o|=% A Hi17]& as
o]-§sto] 33°C ol ¢l AE7E 2 ol A&E W EHer Ao

* BCT(Bias Corrected TMAX): Z}z} 7| = climatological PDFE ©]-8-5}0]
ASH L2 7]29] 90* percentile FH(3E 3—-2)0] 2 o] A|&E w] FHL
= XJQ
* KHI(Korean Heat wave Index): 3MtE ZHX|57} 0 B} I A 42 uf =
oz Ao o7|A e FHA= ti7] it efhol| 7] zske] ZE T

o2

Z} 713%9] TMAX, BCT, KHI®| dS5452 Ad5& Hlustr| SlshiA &3t
Z>(Pattern Correlation Coefficient, PCC)(Wilks, 1995)2} H+F A5 22 Root
Mean Square Error, RMSE)E A4} TH PCCw= W=1}f O] Frto] F7HA o=

Miseh HEE el el A B -1 1kjole] ghe ek, o2
A7t JBe A4S PCC Fre +1S YERATE ES RMSES #= 2129} B3 o] o

2 AR 2 A Bolo] Wdt BAAFLAS ATLOD Lald A0 of
Ho| AL Amnl Holth of go] Atk S WAL B oEze)
Hol7} Arke AL ok, o3 AT W A RMSEE 00]T), Z, 13 o
A& o] PCC7F =31 RMSEZ} Afthi, 71 ®E2 o&/do] Frpa w3 4= Qlot

F AR

r
N

321 Z¥EN AT 7Y

of a4 Qavof Thgk 2] o i rdlo] ol S3EA] 2 ASFHA] ESFA=AI2}
o] EA QA IZH(Threshold Value)S 7]+2.2 5o X (Dichotomous Forecast) &
Wel= 497 Bt ojdx| ol Fo] U=A] -7 o7 o] ofjof] st o
A FEjo] X o HE HS5H] sl RS #EaE A4 ol HeE YERd
=83 (Contingency Table)E ©]83tH, o] RS 7|EO2 U oG 7R
Solslel Bk



20, oks ARt 12 XI2E 0|88 Shite ZH o & Hot

 3-3 OFl i HE . H (hit: 58] SH0] LSt o2 0251 arfeteo] Lot 22,
M (miss: O] Ofl=): Stej0] LSIX| piE A= Of=otnl X Sel0] Eet B2, F (false: 0] Ll $1l0]
LSt Zo= 0f|25k x| ol LA : SHYO[ Lot |

i5HK] 42 A, N (correct negative: O He”é'i ats

0.

42 Ao OlEot AKX S440| LMGHK| o2 ER
Event observed
Yes No

Event Yes Hit (H) False (F) Yes fcsts (H+F)
forecast No Miss (M) Correct Negative (N) No fests (M+N)

Total

Yes obs (H+M] No obs (F+N) o

(H+F+M+N)

o Ao digt A 24 HSS F 3-39F o oS3kt BSe] vl E S
7Hale] o) A= =2 WYl Percent Correct, Equitable Threat Score,
Critical Success IndeX(Threat Score?}il%® $hH ARESIGTEH 9 WHHES TMAX,
BCT, KHI7} #H& A&l wf, W5olA Zdo] WSS 49+ Hit(H), &
S 09 A Ralse®ed B ML} 242 S B4 Aok, el
& TMAX, BCT, KHI7} F92 ol E5HA] 9ok wl, o] WSH™ Miss(M), W=
%] 9o Correct Negatice(N) ] 73-9-2] =7} S71Rtth. 3 3-39] A olE 0|83
XA, Percent Correct, Equitable Threat Score, Threat Score(TS)+= o}gfje} o]
]4_ W /\ oh;].

e Percent Correct(PC)

B H+ N _
pPe= H+F+M+N (3-1)

PC= 2] (3-D)} Zo], oudt ARdo] WA J o2 oA S3te] Bk o[HlE 0}
SR ke A dl5sto] B oMIE 429 k5 A oJHIEFR tiro] o EY
=S UEhdle Aoz, g ¥le 078 7HA 9 MelE 7L, 19 o o
T A EE ofuldte},

e Threat Score(TS)
TS TFolH A|H7}F AAIZ-S Z3et o|HIES} o K7L A 53t o] HIE Afo]Q] H]
£ YUehH, I8 ETEE o]8sto] 2] (3-2)9F Zo| ALk TS+ 05E 174
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o HelE 7HAAL, 1Y o et RS Sfu|eit,

H
TS= i rear (3-2)

* Equitable Threat Score(ETS)
RTSE B W] S8 ASe] gat 29Ed due dEd F2 AgHd,

T 1
Gilbert Skill Score”} TsoﬂH S5 wd = Q= A9

Aol tgt &t o Z0] ulofek, ETSEES —1/3004] 1 Afo]e] 7k 7hA]nd,
olel olnrl&o] ¢S, 1o S s Lhehuiry,

ETSE TSOA] oirt $15] A58 B8 Aot dlrleg tehic, $elof 9

T AFSR(,, )& (O OMIE)XSE oIE)/ (A o)=L HIDUTEE)
olmz BTSE the Aoz AN,
H—H,
ETS=—2 . - et (3-3)

H+F+M—H,,,

322 EEEH O HS

up

oA Gre e FREL WE | dolno] tafe] Ao Y B o8
o] 70%0lty HeEjQl BELE ABhL Uk, Murphy(1993)0] ojshyl SR
U5 Bz oIz oS8 2 WAV ol BB ehdozA ool Hail
& 3 ol ek 4 w% ol 7T Q7] TEolt, Zelo] ojEgte A
3, 2% o|Zo] izt 2814 (uncertainty) 2] Aol et o Egtel Tiat Alg]
Wb AR, b ol gt b B2l T A B o5
WE AREeHs ARGl 9T 83 YRS AT 5 A o), ol &

S sy HsliA, HE dSS dEer Holqlo

SRR o5 B PPE WASS /15 BFY LI ol 48 LE o)



Yo AR |EFoR FRY Aol BES Holshe Zoltk, of u) mu o4
2 yHSe] 38 RS As] AHgsHE Aol wle Fasith webd B Aoy
A = A=o

SEEA o= =S 93} Brier skill score(BSS)2} Ranked Probability Skill
Score(RPSS) W& o839t

« 2 Y FEP)

o RO oAl WSO dlSgRT BES Aolsh 37hA) HES T
e Wo] FES AYH R AAlsto] ShE ExE Uetd Fx2Eo|t, EE(P) Y
A4S A& = WHSE Meoletar & of, ool 2ol yehd 4= Qlot,

P = ]Wf) 100
=(—)X 3—4
07 (3—4)

* Brier skill score(BSS)
HA Brier score(BS)+«= ofgfje] Aoz LTt

,

/(pk—ok)Q + ;(ok—5)2+5(1—5) (3-5)

BS =

M-
2|3

Il
—

k

$1e] ZoflA] S 3
2 uncertaintyS ZHZF YERATE o 7|4 N7W 9] o RARES T7HY 7HH| a8 &2

=l 4 ZHE|aEE o E A= o] = ny, otk py, = 4 ZHEALEE ol E 2E0

A &2 reliability, & WA 2 resolution, A H#| &

T o 7 Tl nelolMe] BEUES YeRle, ok A ERFUoIA I
= 9ujgitt BS= 0¥ 7S perfect forecasto]al o2 Q] AEHAo] FE&4-= BS

< 7.

BSS+= perfect reliable probability forecast® climatology= 7439 o o
e gE R AZ-E Yelf= gholt) mebA BSS+= 1Y off perfect forecast©]
a1 0 Hop 22 AL oRAME FE o|E 7} climatology XU o &A]o] ¢l2-2 9u|3t
o} ThA] WA, BSSE: @lE9] EEo| tjst RMSZH, 7|3 HiA el d&S 1=




752} uaste] olmr} e 24

o
0, ot B e of54E 7Y 3

BS,
BSS=1— : (3-6)

* Ranked Probability Skill Score(RPSS)

2ol Bl Aol et o cjAne] Hekes Bolel] Sa) RPSS F1HS
025} tH(Epstein, 1969; Murphy 1969, 1971; Hersbach, 2000), RPSS+ &-&9|
H A4S 4557 Y8l ARgEeE ez 4 (3-7)9F &2 d<%5% RPS(Ranked
Probability Score)S 7|¥to. &2 AAt=t}

1 ncat

B o Y _
RPS = Py mg; I(Pcumfctwat Pcumobs,,,; ) (3-17)

7|4 icat> ZFZ+e] 7hE|ae]E YA for 0.1, 2 for 0.2, -+, 10 for 1,0),
ncat> AA| 7HE|aL2]o] 4=(10)o]t}, Peumfet= 59| F+2 EE(Cumulative
forecast probability)©]|™, Pcumobst #=9] F=2&-E(Cumulative observation
probability)& WAL #SE £ S Yol s, FH {7E5 wkst
7] tEo] BETEE 00]7)L} 10] W} RPSE Eold|Zo}RT EelpEaige] 3}
ot 42 lZ 0t ZAHA T

RPSE 7|¥LOE RPSSE 4] 3-87} o] Fo| 7tk RPSSE 7]Zo] wi ofm
Holl tigt W59 7Heaze] SHe 959 ghE Ato] +A Al 2xHCumulative
squared error)E FAdt= Aotk A7A RPS,, St RPS,= FEE A5
climatology ¢|&Z2%= Uehlth RPS,, 9 RPS,°] Zo™ RPSSE 00]il,
RPS;,7} 04 ©] RPSSE 1] Hr},

RPS;.,

RPSS = 1= g

(3-8)
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3.3.1 20134 =4

20134 oJ23 3lE 712 EAL ool y] o4, 607 2|H B o H17]e
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4. GloSeab TEo| ZH o|SM HS
4.1 N2

Z2go] A7 FE(1FE oXHE HolA ZF dR w9 a3l Ad Ay
Hoh gL 1539 o] 9] AlgkFRoA Helet Q) Thssitd, 7]E0] 71954
Bo| f2& SRS Fo4e 5 qlom, & o TAIH £ BT HHL
Hok=t Esol 8 Aol

i

Miyakoda et al,(1983)-2 GCM X2 9] 3} & QAHE o= ATE o] &84, 1977
| E57& dubt & BOst=AlE RASIITE ol AR Is) T oS0
o3t Alo] AJZFE| QL) Miyakoda et al, (1986)2 10 o]Ato] dHoA E27S
AERe R ASFPTkaL RSkt whebA], 2 A7) HE B HYE &
Al8S SFTtHMolteni et al,, 1986; Owen and Palmer, 1987; Tracton

., 1989; Deque and Royer, 1992).

~ J

=

QL
2
)
rlo

2 5ol G7IE, SV A5, L AE ASTHA Y BE AIRE SRR gk
o]M = 5 (seamless prediction)o] A= ATE ©7| dISA| LA 7]
2712719 FEFE A 15U R AT, 3t s 2=9F 22 X3
BAZRALY FEFE UIEE Aok F2sR]7] wiiZoll, AW A& AS5Ado] A
Aoz

O 2 o Wrk(Vitart, 2004), 12U |t o] FAEG Q] &4, HHE A=
I 2713} 714, 29a A-Y A5 FFeE s AE =2 A A &
L= ok

Burequ of Meteorology(BoM)oj| A= 3softf7] ZA3H &l Predictive Ocean

Atmosphere Model for Australia(POAMA)S o|-&3[j4 AHFAOo 2 oA a7s A
AVl SIk, ZTIO1 POAMAS o}831o] A W, 45 ous Akl lom)
(Marshall et al,, 2011; Rashid et al., 2011), ©]& ©]-&3}4 20094 & 55+ =
do| 2574 AdE2AS -lj7]-“8]-9§13}(Hudson et al,, 2011), o]t A= 7|4l = et
A Aole] o2 depg ARE Aolch

3 gkt 712 G 714 (UL K. Met Office) ¥} 3522 i3t 7]

A6
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2 Q] Global Seasonal Forecast System Version 5(GloSeab5)& 7|HFCo.&2 ufjg 3F
< 3704, LEaL v % 4500f ik ASAHEE Akl Qi o] dAtollA &
2l GloSease] 2% o|EARE ol§stol, A|9ITwet A H37]29] 20144 £
A ot (15 Bah 9] diSAdE B7HE Aot

B Aol GloSeas®] £ o34 B7HE 915 19 Boko] o|RARS 283
of lead-timeo] THE E10| o] S4S HrIstelT) wof F@TEET 71 AAARE
Pz

of gt ZHe| A54e ST 4 Artd, F FFEoplMe A8 =9 A

7178788 20109 649 F= 7138 AEASAILEH S 55 B ol Wt
= % HE Y8 7] o& mHQl GloSea5S E=¢I5ke] FAAY
Zol Qi) o] mEle 9=t 7|Ag o] Al A" EA| g0 AREE L glom],

719 2dlQl HadGEM3(Hadley Centre GlobalEnvironment Model
version 3)°o] 7]Z|A F=E ST

F_Ei

HadGEM3:= 7], 3¢k, av, AW meEo] shua 3hx 2l A7 23 nd
(Coupled GeneralCirculation Model, CGCM)Z4 UM tfj7] ZElg ALgshal,
MOSES(Met Office Surface ExchangeScheme)”’} X3 HEZ Z3tE|o] QItHEssery

et al,, 2003).
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Major characteristics and informations (Forecast)

Atrosphere UM(v8.0)

C ition of

ormPOsTON %1 0cean NEMON3 2)-CICE(va. 1
model

Coupler OASIS3
Atmosphere N216(0.83°x0.56°)

Spatial resolution
Ocean ORCA tri-polar gird at 0.25°
Atmosphere KMA numerical analysis field

Initial input data
Ocean NEMO VAR

Production period of data and ensemble

member

2 members run each day
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B42  Closess YNE XRI0IAE), SIS 2121 YNE TIOID, BME X2t gl 29 U3
3 Pme 7152/0] A= Dol
ENSEMBLE ENSEMBLE ENSEMBLE ENSEMBLE ENSEMBLE
DATE DATE DATE DATE DATE
0 01 0 | 01 00 | 01 00 01 00 | 01
70
20140501 20140401 o 20140701 20140801 20140901 /A/ 7
20140502 20140602 //A A 20140702 20140802 20140902
20140503 20140603 20140703 20140803 20140903
A
20140504 s 20140604 20140704 20140804 /é /A 20140904
20140505 (/7 /A 20140605 20140705 20140805 20140905
20140506 20140606 20140706 20140806 20140906
s,
20140507 20140607 20140707 ¥ A/A 20140807 20140907 -
20140508 20140608 20140708 20140808 20140908 /A 7
20140509 20140609 20140709 20140809 20140909
20140510 20140610 20140710 20140810 20140910
7
20140511 I 20140611 20140711 20140811 /A% 20140911
20140512 VA/A 20140612 20140712 20140812 20140912
20140513 20140613 20140713 20140813 20140913
I
20140514 20140614 20140714 ///A 20140814 20140914 -y
20140515 20140615 . 20140715 20140815 20140915 /A/A
20140516 20140616 /A/A 20140716 20140816 20140916
20140517 20140617 20140717 20140817 20140917
s
20140518 - 20140618 20140718 20140818 /A/é 20140918
20140519 /A 7 0140619 20140719 20140819 20140919
20140520 20140620 20140720 20140820 20140920
7
20140521 20140621 20140721 /A% 20140821 20140921 o
20140522 20140622 . 20140722 20140822 20140922 A//A
20140523 20140623 A/A 20140723 20140823 20140923
20140524 20140624 20140724 20140824 20140924
e
20140525 i 20140625 20140725 20140825 /A// 20140925
20140526 /A//A 20140626 20140726 20140826 20140926
20140527 20140627 20140727 20140827 20140927
A,
20140528 20140628 20140728 /A/A 20140828 20140928 o
20140529 20140629 s 20140729 20140829 20140929 1/ %
20140530 20140630 /A 20140730 20140830 20140930
20140531 20140731 20140831
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sofa} SR ®dle ZFZF NEMO(Nucleus forEuropean Modelling of the Ocean)
@} CICE(Los Alamossea ice model) HEo] AR&EthMadec, 2008; Hunkeand
Lipscomb, 2008), 18|11 ZF RAEL tj7|-dofZg A w3k 935 Valcke(2011)
o] 7Nt OASISHZE ol olall A= o] ek, ti7] =dlo] #Haj e 0.83° X
0.56°, sl|%F O] =% s =+= tripolarZ Aol A 0.25°(2F 25 km)o]|al, HAZ©S
= L7659 =5 7Hint,

¥ 4-12 GloSeabo] tigt F+QEAS YephHl Zlojt}, GloSea5%] Hindcast
(HCST) AR mjgh 19, 99 179, 25 ujch 27|32 Ql2lste] AYAtE| Y, 7k Zuf
doll= Ed9 Eide geske WHer FEH EEouA Y A
(Stochastic Kinetic Energy Backscatter 2, SKEB 2)(Bowler et al,, 2009)2 ©]-&
sto] o] s sioFe el 271 e e shel Qe Wuls At A
BEAPAL 7]17F 1996 A EE] 2009W (& 14d)o|H, ZF ofAE Wi 7/ mElE
Ho| Z3PF ) Forecast(FCST)+= HCSTLF U3 WAl o2 nfel 2 Ho| Z3)%|m
ol 2714gmtct 27he] QbAE Wik Al

& Aol A= GloSeab] £ IS4 Ve sl o5& Feke] FCST #Af=qt
& o833 & 42+ /\}QQ Az o] 7|17} e WHE Uehd el &
4-20] 4] RIFZhe 227} Qe AS Uehe], PdeBdS T 35 PFE W7t
shpel A= shuhe] Amuke ARSI,

£ Aol GloSeas AlARIY] o5 AHEAS ASSHATE GloSeasd] 7
AY WHEAL AZ=3517] 95te], NOAA interpolated OLR Y A}E, NCEP-NCAR
o] 9|71 (500hPa GPH), 200hPa EA8lE, 181 A E L% AHEE ARSI}
E3F HadISSTY] 85H &% (R3S AR

ShhE Zoluel BAjo] ARE A WAl Thewt 2,

S,y
= 4-1
' Sez XV Syy (4=

n (iw),zlyz)

A7|A, 8, = Day——

i=1

(4-2),
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Spp = Dal =~ (4-2-1),

o}, ThA] ) 8, T W4 Afolo] FEAE Uehyn|, 5, | S, & Z17he] Bk
& tpepditt,

4.3 GloSead =Y G|l A=

B0l 29 BAL GloSeab AEARE AFRSI], ZHR|4(KHI) S} Shte Z
ATE F8 B(200hPa HE, 500hPa AYJIE, 2m Z|3HE7]L) 9] MYz

|24S AFL, 2-350) Edel=4S el s ol
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filo
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4.3.1 TIGGEX|=2} GloSea5 H|u!

ek 7173478 A-ASAIAE] GloSeab+ 2014 1€7E F} AlH oS0 Z-859
Qlt} GloSeas+= tf7|-sfjof—3lH] Zgtwdz 7|22 Unified Model(UM)2 AR
3ol Qlow A== N216 o], sljofy} s HElS ORCA 0.257F4 0% 3D—Var®
AmE FERRtTt ofof vl =71 @57 AlSAIAE UM S =w 25km=
GloSea5 XU} Ao x| ut, ti7|mdz ok} sfAtef7) v R] b=t} uwhet
A 7|2l 7] s s R dlo A F dlSAsE KHIE $3l 5kl vl

o2 st s o] AE7E FHe diSshetl ViR = dohdaiA} g,

WollA KMAS] £ oS4 7&%-8— ol &5 KHI®H & A o A=rE

o] g5}t KMAS] o &4-2 9Y 9B 7FA] BSSEES 0,80)ARS S-X|51H, =& 4

S B F AL T-F7] 4 d54d52 KHIE o835t A%

o}, KHIF S-S correlation skilld} 27| A8 A =5 ARSI A Al A=
il

S8l AMgE W32 NCEP-NCARS] A% vlg-2 0|43}
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Forecast days

a3 4-2 KHI ClI=4 (IR TIGCE, a:GloSeab)

011

2%l TIGGE Xt} o F/do] ol 4= qlt}, whehA KHIE ©]&
Ho o= TIGGE RS o]83sl= Zo] Hjlal},

10 ©

o,
2
1o
N[

.

A7V AIG=(Autocorrelation) = AlAE A& 2] AZFARF #gtol| whet AadAl4
7} @A W= U= %ﬁl%ﬁ"]ﬁk wheka] A7 A SRR A
%/ (persistence) & A5 B7F & 4= = WOtk KHIS X|&/4dE B7Fsh7] 24l
A, #Z3t GloSeab9] XV\%%ﬁlTE TR eH (1™ 4-3), $52] KHIE= 390 A
UFHA] A3Al4=7E 0.5 w|ke & zfopx] il 7dell= Age] KHICE dtdo] A €
t}, GloSea5®] 7%, A7 AI= TY7HA] oF 0.59] k= F-AISHAIRE 109] 0.3
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(USA) (MOM4) al.(2003)
Predicted
NCEP CFS data assimilation system 20 (GDFL rl\e/lollc\/li lobal Saha et al.
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