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ABSTRACT

This study introduces processes to operate and improve the newly developed APEC
Climate Center (APCC) in-house model (Seamless Coupled Prediction System; SCoPS)
for the APCC multi-model ensemble (MME) system for predicting seasonal forecasts.
The SCoPS is a state—of-the—art global prediction system for seasonal time scales,
based on a fully coupled climate model with integrated initialization processes for the
atmosphere, ocean, and sea ice. The SCoPS initialized data for 10-member ensembles
was assimilated by NCEP CFS data and several observational subsurface profile data.
Real-time forecast runs are started at fixed calendar dates, the 1st and 5th of each
month, with five perturbed ensemble members by gaussian spread and integrated
for up to seven months. In previous study, there was evaluation of prediction skill
compared to the operation model (the APEC Climate Center Community Climate
System Model version 3; APCC CCSM3) using 32 year (1982-2013) ensemble hindcast
runs. As a result, we found that seasonal climate forecasts using SCoPS are useful
for simulating climate variability, especially in East Asian monsoon system.
Furthermore, prediction results from hindcasts and forecasts show perform well in
current MME participant models. Based on these studies, we have provided newly
developed SCoPS seasonal forecast data to the APCC multimodel ensemble (MME)
system as the APCC operational model every month since November 2017.

The SCoPS system has been updated and the initial processes have been improved.
In previous studies, we found that there were significant systematic biases in
subsurface ocean temperature and that these lead to excessive or weak ENSO

signals with long lead times. Now, some ocean initialization processes related to



subsurface temperature has been corrected. However, systematic biases in
subsurface ocean temperature are still significant, especially in terms of the
excessive positive anomaly below the thermocline in the eastern Pacific. This study
evaluates some variables related to the ocean temperature biases. The initial
condition of SCoPS tends to have cold biases in surface heat fluxes and deepens
the thermocline. To improve the ocean circulation feature in SCoPS, we have
suggested modification of vertical diffusivity profile in the ocean model to change
the thermal structure of the ocean. Increasing and decreasing the ocean diffusivity
coefficient leads to reductions in the sea surface temperature biases and
precipitation in seasonal forecasts even causes minor changes in the thermal
structure of the ocean. However, because the spin—up time of the equatorial ocean
is about 10-20 years and the timescale of subtropical—tropical exchange is about

20-30 years, the sensitivity experiment needs a longer integration time.

Meanwhile, because of the recent increase in the occurrence of extreme weather
and climate events, data on the prediction of extreme events in various time frames
is being requested. Therefore, by developing the SCoPS subseasonal forecast
processes, the predictability is being evaluated. It can expect to expand the
application for prediction data such as APCC BSISO. Discussions with APCC BSISO
working group determine the configuration of subseasonal predictions based on
information from the NMME group discussion, which is part of the S2S project. In
one case study (MJJAS 2014-2015), we found that the result of predictions with
a 1-3 week lead time shows a reasonable spatial distribution of large scale
circulations and precipitation related to the East Asian monsoon system, although
the TCC of the predicted variables is lower than those based on a lead time of
4-5 weeks. Furthermore, these subseasonal forecast data have been provided to
the APCC BSISO forecast system. A figure that validates the prediction skill of the
BSISO index is given in this study.
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1. M2

%

okA HHof| ot 7] AISARE AT = H71detdelA E 20008 ol &
ojA 7|FASR S 5, A5H W] o3t A7 ASARE BAtetelth FZol= g
= 7178 -7V 3T AT EOA Y B 7FAISAIAES Rkl AY
o= olg3pr] el Y= 7147 T sl 1 23 201095E F= 7147 AA
T t71-siF-oid AFEP(HadGEM3)Z 7|Hte® oF AddalE A|AH] Global
Seasonal Forecasting System version 4(GloSea4)E Edlal =51t ESE 7]
S FH AE AEE fIsl 20149 F¥ GloSeadolld B4l E2]3Hd3 B E5s
S WA FAAE 7132 ERA GloSea5(GloSea version 5)& @0l =dsH3ct

)= 7]AH(Natioanl Center for Environmental Prediction; NCEP)oA+
20049 o= H7]-s|F-*Ho] A Climate Forecast System(CFS)E &l A4
A& s 23 AtK(Saha et al. 2006). 2718 7141 At ALmE3t AlAES B
o A" AHEFY PHEY, CO.0d & M H A3 CES version
2(CFsv2)E 201210 =9dsto] oS4 Fe 7P vF 2k(Saha et al. 2014).
CFSv29] 4+ - A7) s ti7] Ego] oF 100km, 64501 siFEF] F 50km,
405t F= 71 AdASE AAHIQl GloSeadE 200999 A Z=YstaloH,
20139714 5L AlAHo] tisf 1) 85dxE, 2) d7]-sig-8i A 7] &5, 3)
=PI A, 4) W= A 59 S Sl TEAA ek 20118 R E = 2-652
AW AMFEE ERE AL 0= SR oH, 201358 AmEs ATl 2
HE s th7]-sid-si 2Rl M2 AlE/AEW ASAIAE GloSea5E &Y
sto] A& S 7HAL B AtHMacLlachlan et al. 2015).
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APCCE 71% JY 32 &9 U AAl 71825 E A o5 29 d3E
Alg 2L, R IAE 7S 7Ne R Stof wid ofEjX|9E diE EEe] A
A& JEE B4 2 HiESEAL It Min et al. 2014). 12y o549 F2 fIsto]
Ry 29 7180 AA Bl A Aol oEsfof stH, € AmTt AlEshe 59
data availability©l] T3t SHAI7} 2Rt 2, F=221 715 -5-8-Fofo AR&s}7]of o
2% Aol U} 2012¥HEH APCCE AAl 7RA8H Community Climate System
Model version 3(CCSM3)E °]&sto mjg A& JHE AJAlstal, APCC MME
A2EE A8 1 ARE AlFsiou, W2 2 sAE(SF 200km)Qt TR 27127

(@Y 2% nudging) 52 SHAR QIste] APCC MME AJAEIQ] o] el 2 ko g
2 71%3k1 ik 54 P Sl AN AeBe) /e B3 27 2} o mar

of= WA A HE A|lAH], Seamless Coupled Prediction System(SCoPS)<
steto] tigtu el F5 2= 7St v Sl

MEA W SCoPSe AZ/AEY dlSe SE= 7ol | di7]-siF-318 2%
mgol, oF 80km FE9 &2 FEIIEE 7ML At ERF A=sst 72 FH
1 "aAgdo] A=A Q= di7]-3ld 2 2719t S ARSIl 3tk SCoPSE 53
ke A G5 ArE o8 A5 s WS S0 AR 71 9 A=t ofy
2t SOoFAloF =< Bojof| o|277HA] A5 P2 Thsde RS vt Sl of=%t
ATE HIFLE 20179 11¥5¥ 71&9] CCSM3E tiAIslo] AlA /i< SCoPSE
3l WE A G5 A=E A= APCC MME Al2Fof AJE3kaL Itk (Ham et
al. 2018). SCoPS+= F 71 B o7gdo] AZHIL Sl ti7]-3ig 2 2718 P A
&3l 5 F4 7S ZAstaL YA, S Fe fsiie g 3= A0l
Zasit. kot 1FH] A-AS A=E fsiMe AT 24 BAe 7Iie R sk=
2717 Aol gepolEial o & Qo kA & AolAE 18 te] SCoPS
drAgo=ie 24dE FAE 7R Y 271780l 7L e ASA 241 99l
< uefsf HuA} gt mpebd EAHE2] HAlE E3 SCoPS dlEAo] ogA| Hsk=
A& FolEnt. ESF 27| YIE HHe] ol tigh wi= A B3 oS Aol old
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Z1Eal lom, @A AlEjo Ak AlAIE 7] #qA Alsshke AU ASA=E &85t
of AEY RAE(BSISO; boreal summer intraseasonal oscillation) A4 dl& JEE
AlEBtL Ut olofl, EARE 7|$7HA] o]ZA fl= A5 fs WL SCoPSE 63
TF=E AEY S AlA"e] AlHAS B35 BSISO A4 o5 e B ANl Ald

W d= dee AHEIA; g
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2. 2 2 OS5 AAH
2.1 Seamless Coupled Prediction System(SCoPS)

5le}to] thstw e} International Pacific Research Center(IPRC)= 201249 tf7]
POEM= AHA| 75, o] By s 2=, 7|2, H7] diegt
d

A0 7 woJstHtHXiang et al. 2012). WekA POEM 28
< 7|Hto g w2 RES A /F7tcte] A2 HEQl SCoPSE 7WEsHA =AU

i mlo
gl

—_

) AFAAEE OASIS3.0014 OASIS-MCT(Model Coupling Toolkit; Larson et
al. 2005)2 TAMCT= AR} Hjto] 5= HES} Hof o] MeES B4l
e FaE 5 QA EEo] Rlo] OASIS3.0EH H a&29).

2) CICE4.1 si=g A%

3) Y BP9 s HA(E° — 19

4) H7] 239 49 HAd AE 2 s S7HT42L19 — T159L31)
5) Aw mgo] AA

7152582 5 MPI d-4olA 7idE ECHAMS5O[t. o] B3 2 93 7o
A& semi-implicit leapfrog AIRPREHS ARGRITE ofe, WAL 712, A #71Y
5°] spherical harmonics®| truncation®l| 2o =HYFO 2 FAEH, triangular
truncation®] 159 wavenumbero]A] ARS-ETt, 2] ®3FO 2 10hPa7tA] A|ZZA 0
A= sigma system Q.2 A|go| ARFA]= E0]o|A HA} pressure system 22 K3tE]
= spolHZE AR} AlAHo] AEEHTE EJF RE water ¥ 38t Awof T
semi-Lagrangian ®W?HKLin and Rood 1996)0] AFE-EITt A|H 7|22 Z|H ofju]#] ¥
AL A3 ARESto] et B A H Y20 oJsf| FAH R ALlET, ol= 5-layer
EYG 2 QoA AZ] I&E Albsr] 13t A ARE ARGE oY) ZEat A
299 ¢ AAIeE AL Roeckner et al.(2003) ¥ Hagemann et al.(2006)S 115}

7] e,
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HUYEFL u|=+ Los Alamos National LaboratoryollAl 7% POP version
143 7I¥to 2 FAEUH. B s 320(541) x 384(H5) AA= /40| Foj
%o, 407119] A Fo& o]Fo|AH Ut Ak A HoA 9] e 478 0.3°7F ol
A0 == 100m 5= oF 10m2 sHdes 7ML Stk EB+t A& B34 4
& 2ok 9EAR Y A 23Eo] Qlth Z2 TFolA TE siYEFEA
CICE version 4.10] ZZ=3ict i) 232 1) A4 AL, BAL dF S92,
d 5o= Q3 =2t sfiije] AHES Aok st A&, 2) ice pack?] &H=E 9%
Sk I3t &, 3) ice volumed}t THE BIE9] o7& RO|dl= transport™d, 4)
ice?] o5 T Yol #F W4dt 55 EAokL Utk AARF W82 Hunk and

Lipscomb(2010)°14 &1 4= Ut

f7]-AH-afF-aH] 9] AHE-LS ul= Argonne National LaboratoryollAl 7H&s
OASIS3-MCT(Larson et al. 2005)E &3l 22tdr. MCT= v|&] ALt AAA 715
A9t RS Higo® BHE QAR A 9 A HeE2] B WixEE 2745k =9
oh BE T2 MPIE &8 HEsPF A-8Hrt SCoPSE t7]-3g-s% 2] mEAto]
oA SST, A|FE EH2, ice component & 36712] H4ES OASIS-MCTE 53l
Shof ePHA FHb=th heat flux HE& W0 482 &9 oHA] BEZF fEsty

A AE Y9 climate driftE Istal Utk

IEHY 7159& AmE Al HsiAE 715 2P| AR AR ofy g} 1Y
o] AMEEl= HEet 7)o ERsitt 2T A 27]5}0f tiet F84d0] AL Utk
Lea et al.(2015)°] W21, Z47He] & HdoA 271332 e 22 23 2 Qo
Ao ELAG 9 FEOE QI A7 A- 4= e G SCoPSE ot 271
S A Yl 3D W7] AEESH 2 Ensemble Adjustment Kalman
Filter(EAKF) s A& &3H& ol&sto] th7]-si 2 S 2851t 7] 27]
e AAREo g ARBRE 4= 9l NCEP CFS A4 AH=E 3D nudgings &30 5313t
T, FE 2T =S 8l 7RAIRE B2 Wt s o] 271 AR AHA

T 2 v oA Attt s A=EelE ASA Zhang et al(2007)9] W&
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2.2 Hindcast and Forecast System

SCoPSe= AE A& AmS AlEsh] $13t ti7]-si -5 2 Zgolt. AARE AE
A& AlagE S A 3219(1982-2013)5<%t2] A AE Ak=(Hindcast)E AJ45HA
o Hindcast= g 1, 5¥0) 5719 d5oz 49 2714o= 7/ A= S3h
o]Foftt. 1009 free rung &f AAHE AEE 19824 14 199] 27] A= F0f
CFS AR =2} thefet sief 9] m=ubd HlolHE ARESH 19824 19 299 2713
= ARSI o]29] 271 LS fsiME AAte R AR 4 Qe AR AEE 9
= 425 831} tf7|HRE 95 NCEPOA AAIZEC 2 Algok= CFS AR A=
ARERIT. CFSO] AEA] A= A2 2% 1000-10hPa7tA| 9] &4 BIRPE, 95 Bi
L 25, Bl S 719k oY) ¥e} S 27} o 8T ti7] Hgee] A4 ;5]1”13-
& isobaric 1000-10hPac]H, $HaI T 0.5°, AFAEE 6AIZtolth Theke: o
7] AmEL o] A Ui 2AS AA netedf EHO] daily otz HSkeCH HIky
Ame Wi 5U7HA|9] Atmo|w 143} 5YUof| sigstis B HAEE nido] WA H.
YRGS P15 A Y Amsste] Boll= 24| s 2%, sieHils, sief Z2
o 5 Amrt F2 ol EH T 22 Ao B8 AU or g 7 AljEAo|d
o1}, 2000¥ =A]| Argo Z2AE(Roemmich and Owens 2000)0] A2 olafz X<
ofli= A FE= wid 35071 o] s mEutd HlolE7F =L itk FE USA]
A AS(Observing System Experiment) 5= ©]-83F thofst A4S 59l Argo &
o] AR 271 7St diSAde FHAIZIEEl 7105k= Aol AAEAL R
THHuang et al. 2008; Balmaseda and Anderson 2009). £3] Tt ko] sjfA =7}
AAZEo = AlFEAL Q7] wiizol thro] A7 HolA A|allE Fofofl Argo AHmE &
2513 ek http://argo.ucsd.edu). SCoPS E3t real-time forecastE s AAJ7EO.
£ AFE= Argo A=E E85t0] miE 5U7IRQ] AATE =0 AR HolHE thet
of melof] grA| Wit &S AA netedf ZHOE WHEHGITE AMEERE= HlolEE=
HAERBY, A=Y, A F 70078 ZRAE Aol 1 1904 20159 99 5%
EE G Aol AA| -85 wpdo] x5 eRIT 4=t} HekH w2 ENKF Al=s
o} WS Bo Hdo] AEHEch Eeh #SH S 7l Ak TS-balance

r_l

oX

it}
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conservation= & 578 2-8Hth. A% siF ZENUL ZE FAox= A S
7o) & JFE FA 7] Wl 400m7HA] AgEh $EAcR B AmEe
50°S-50°N7HA] AR&ETE ThA] QoFsbd, 19824 1€¥ 1Y 2710 =HE 2012 12€
31¥7A] NCEP CFS A&EA A=e} ARE7Fs3E Mechanical bathythermograph
data(MBT), expendable bathythermograph data(XBT), profiling float data(PFL),
ocean station data(OSD), conductivity-temperature-depth data(CTD), drifting
buoy data(DRB), Moored buoy data(MRB) 6= AF&slo] A T2 Ata 55} AJAH
= & 271 AAket, 20134 19 1958 dA7FAl= NCEP CFS A4 At=ot
ARGO profiles H|o|EHE AAJ7EoR tyealo} 27|23 ALl Q1 Qi A | =] o]
27 7194905 ARSSIT 5 AAIREC R 7R85 HlolBrt E S 271 A4t
S 7iAE A7 Sl

e 1548 A2 JAA f=7182] Al oS JHEE o]-8st] Y= APCC

MME o2 Al2glo SCoPSEE| AAHE 715 o5 4u2 AB3H] 918, SCoPS
w1371 o AAHeET RIS Bl g ASh 1R Bl
22 7% 20] el WY 2 ARA A ©

e Eojalo] tQle] 2714 BRI AATE 2L ThA
5710] 02 FAHH. o] ZoA tig 19/5% 7 57) AER % 10719] P2
sl 74s] 7Y ARe B9 B 69 B9tel AF o3 xurt B
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Figure 1. Numbering distribution of used Argo data over Pacific Ocean in SCoPS data assimilation for
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Figure 2. Time schedule of SCoPS seasonal forecast system for every month.
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SE=E S| ARt dlE 9, 9IS 7179 10719 A& HH7E 2 below 371,
normal 17}, above 67]= A= IS o g dlE= above 60%= A4t 712
9 A0 AHE/AEEA AT AAE 18 3-600 AR AA| BLHE AHE 9]
YRRl oS4 & FoMA o} 715 Kojof tfgt 7= Ham et al.(2018), ¥=~=(2016,
2017)°f AAI= A it
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Figure 3. Spatial distribution of forecasted 2m temperature anomaly for May to July 2018, initialized
April 2018.
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2m Temperature Anomaly 2018MJJASO (Prob.)
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Figure 4. Probability spatial distribution of forecasted 2m temperature anomaly for May to July 2018,
initialized April 2018.
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Figure 5. Spatial distribution of forecasted precipitation anomaly for May to July 2018, initialized April 2018.
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Precipitation Anomaly 2018MJJASO (Prob.)
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Figure 6. Probability spatial distribution of forecasted precipitation anomaly for May to July 2018,
initialized April 2018.
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3. SCoPS 29 AZU & ds Tt

AdYdEL F71EA 9= (medium-range weather forecasting)dt A&
(seasonal forecasting)®] Ato]2] AIZHHS0] sfFstm, th7] 27]17442] WiH 2o SHA
&3t sge] WEdE RS ]ole S55] AA F5h] el AE5g9] A7 L
o Wol A2A ek AL AFWA|S2 end-userd] 272} W= AR FA|F 2
2 Ul 8% 848 BAEY Qo AFUASY] iS4y S 5% 942 o
212l Madden-Julian Oscillation(MJO, Madden and Julian 1971)& &3l 952 ¥
=9 AdYeS9 A5 % THo] o]folX gor, o= ofr|o} E=t WS
Boreal Summer Intra-Seasonal oscillation(BSISO)Z} Bl &0 AZEY o So] s
o3 ok AFY 715}t IHH Fa% 8452 MJO, BSISO #4t opdzt, 435d
9 AH/HE 271 5= & & Utk AEY dlSy) T Bekd At dgF
Ago © aFQl WAS Yol World Weather Research Program(WWRP)x}
World Climate Research Program(WCRP)< Sub-seasonal to Seasonal(S2S) 9=
L2AES T AIARE B QI §28 A& ZRAES] Y2 YA 7|59E AlRlE
oloj& &= Q= AVIE Y & 7] "ol 83kl & 4= Quek. <, oF 11719

Y 2 A 7oA 60Y HEY dISARE T52E ATl U

7% olZAst BT T8 A0 BehElo] Yk olo] B AT 71 L AY 71Tl
293 ARE oAA Yot ol olFE ALY ZS MO 7 MR § WE ATE
ol olol A Sitt. B EARFOIE 23014 LA 3027HKI0] AT M)

O
<)
A

g MO9S Ak, &, Ax 59 F8 E4S AR 5 S wEel
state-of-the-art climate modelo] MJO 9&0] €8] AREEHI QJUtHKim et al
2009; Hung et al. 2013; Jiang et al. 2015). Z|Zol= e HstH o]
HEZAS 7[HE0 2 2-35 APAI7HA] 783t 542 EAthal B tHVitart and

Molteni 2010; Wang et al. 2014; Xiang et al. 2015; Liu et al. 2017). tF5EE

>
offt
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ot
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ol
rlu
H1
2

=
g
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El
[
>
30
v}

Aot FS 53l o]FofA = AFWASS BP9 /A S5l oA THEs A urk
£ =°] NCEPOJAl& Climate Forecast System(CFS) version 1914 10-154 A=
9] &4 EAATKSeo et al. 2009), version 22 WA & 20-21¥¢9] o&/d& Hof
F11 Ut Wang et al. 2014). 35 711339 715 dl& 2F<Q1 POAMAE 219 A3A]
oA MJOE 8342 = Rool= A o2 AN v} QlthRashid et al. 2011). &
=] ECMWEF & AlA”loA= 200295 Aoz 14 o 194 =9 of
S LS Holgon, dA 279 AGPAIRE HollA MJOE & ST o= Stk ¥
vt IEK(Vitart 2014). #Zoll= GFDL 2% 23 HA] 272 APARIeA 74
2olE HOoltty ¥rEtHXiang et al. 2015).
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o,

Aed Wsog wo] &#HA MJOL} Hlwslo], ISO= HAZofA] 10-20°NoE &
A Asok= 54 Hsolth ALFoA HAsto] 5&0 7 o]FolH U EjHYS

2 o]Edl7] Mol Adst= MJORk= €, 1SO+= A1t E4o| o& Exsitt. SO+
Indian o1& 223 BE A QoAM= BEX/E5H08 HAuE Ho|u, EAEH gL
BOHAo} A FofA= BE/EAZCE] Myt SRt (Wang et al. 2005; Yun
et al. 2009). MJO&= A Aol 28 7FsSHA|eE, o548 MEAo] oFstA yehdth
Hhd, BSISO= o158 AxA|99] 1S0Y 4 Hew Aigd = qlrh w2k, Aed
(12€-49)2 MJOZ}, 915838(62-10%)2 BSISOZt $AlshH 5¥93} 1182 & HE7}
HE Uehde B4 A7)t g 4 Qloh

53], BSISO= &0t oiF =t ¥E 42 F719] 7|15 ¥s4o 8% e
2 A Ui Webster et al. 1998; Wheeler et al. 2017; Lee et al. 2013). ES,
7 2 FHE di7] <ol digt AE7E 549 8 aA% dEA SlthLee et
al. 2010; Wang et al. 2012; Lee et al. 2017). 10-20¥(Kikuchi and Wang 2010)
I 30-602(Wang et al. 2005)2] F 7H4] th& BSISO2] F7]/d0] L&A it BSISO
o] 841 A, ARt index7t 9IS & Ao E-8Eo] 21 Utk MJO 4=
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7Ivto 2 JiE%E Real-time Multivariate MJO(RMM) index+ Wheeler and
Hendon(2004)°] 9Ja] 7Ht=|lon, 1 3-8 EopofAx 71 wo] ARG E| ot
(Wheeler et al. 2009; Gottschalck et al. 2010; Rashid et al. 2011). RMM index*=
outgoing longwave radiation(OLR), 850hPa} 200hPacllAe] &4 vFEAe] A
Z]H(15°S-15°N)9] HAro 2 o)X= multivariate FEOF 2E9] A3 F HE=9] PC
time series®]| 2Js] F2lH Tt RMM index= MJO2] 8 EAIQl AL A|H9| & Zu}t
= e F AR o AL gl AA] MJO B2 7IREe R ALRE7] hiizof IS0
A B4 & BdsV]ole AT 9leH, 53] BSISO2 4+ 1 &&°] =i
B S=E SE7| gizo] RAEA] = Faio] Wolkitt. o]of Lee et al.(2013)°]
A= BotAote]] FRFE £ = U= BSISO2] EA4S & 3 = Y= MEF indexs

7prstol BSISOS| AXIZE o1& 9 7o £go] HuA shait.

@A APCCOllA= 201395E AlAA 71#ollA Al5-she AEU OﬂzZP = &8s}
o] Lee et al.(2013)°ll4] 7H¥tE BSISO indexE &3t BSISO A4~ Skl 9lom,
T 53 9 2] FHEE duoAE S5 ARz AlEskl 011'4@6 % 2013;
http://www.apcc2l.org). FZolli= ARWRE A4 ASolA st AF=RE 7
a3 7] Mo HuE Adshl AFU e BE di7] &8 2495t 1
84S =ola ATHASNE 2017). & AFolAls EHRE 719714 o|ZAglE dIS
= FI8ll 7= SCoPSE B3l AU A5 AlLEE 75510 11 dISAde RARIE AL
2t A& AARS] S84 =017] Y8l APCC AdURE A5 dlE AlAg] 3o
Hdg ok o Qe 7HedS DA B} §ith ol ¢
o] 7|& S AAskL, o}8E AlolA o gt Al F

3.1 AELY G AJAE AJEHH 1=

A-Y oS AAEE 5] sl -4 S2S ZRAE| ko] = AlA 717
9| AAEE AHEQITHILE 7). 22 of=] 718l AdW 59 Bo4de 7L
AEdEa} 34 A di& AEE AJABEL 9tk Huang et al.(ZOIS)% North-American
Multi-Model Ensemble(NMME) 9A] 2015E%E 85 oI5 B3t 3-45F 2= 2 7|29
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713 2015974K9] 2714 Arstsict,

WCRP/WWRP S2S Project
Time- Resol. Ens. Freq. Hcsts Hcst Hcst Freq Hcst Size
range Size length

ECMWF DO0-32 T639/319L91 51 2/week Onthefly Past20y  weekly 5
UKMO D050 N216L85 4 daily Onthe fly 1996-2009 4/month 3
NCEP D045 N126L64 4 4/daily Fix  1999-2010 4/daily 1
EC D0-35 0.6x0.6L40 21 weekly Onthefly Past15y  weekly 4
CAWCR D060 TATLAT 33 2fweek Fix 1981-2013 6/month 3
JMA D 0-34 T159L60 25 2iweek Fix 1979-2009 3/month 5
KMA D 0-60 N216L85 4 daily  Onthe fly 1996-2009 4/month 3
CMA D 0-45 T106L40 4 daily Fix 1992-now  daily 4

Met.Fr DO0-60 T127L31 51 monthly Fix 1981-2005 monthly n

CNR D0-32  0.75x0.56 40 weekly Fix 1981-2010 6/month 1
L54

HMCR D063 11x14128 20  weekly Fix 19812010 weekly 10

Figure 7. Framework of each subseasonal model system on WCRP/MMRP S2S project
(https://www.ecmwi.int/en/research/projects/s2s).
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(a) 1W lead time (SCoPS— OBS)

40N -

60E 90E 120E 150E 180

(c) 5W lead time (SCoPS — OBS)

60E 90E 120E 150E 180

Figure 8. Difference between predictions and observation for precipitation (shadings) and 850 hPa winds
(vectors) in averaged summer monsoon season periods (same as Figs. 8 - 10) for predicted
ensemble averages with (a) 1 week lead time (7 to 13 days), (b) 3 weeks laed time (21 to
27 days), and (c) 5 weeks lead time (35 to 41 days).

19 894z ofAlor AF wedt BE et ol BEY] &S TR A9
AIZE 4 AE7ge] Ho g UEhgich AgAlzto] AojdSE d&/do] WolA ARt
a10] EAE o 4= 9t} 3 weeks, 5 weeks APAIZIS] A& ANk T2
R ASH A7 ehe A2 & o At 53], A=golA EAHEI7HA o=
= 359 wet biases= &3] TR AS & & Aok EoF FEE T 9 HE,
APAIZEo] AojdaE QAP AL S7I5HA] il 2318 Eol=e A9® k= ol
o 7IZPEE A5 AEEe e APAT WE QA7 Hashs Ak EAPA]
gk AA 7170 Beto g AuiEH APAPER AP S5 53] 1 weekollA]
3 weeks APAIIOZ Holdh wf 11 oapt A F7KRe & 4 Atk

HeAIZro] F745teA BopAloh B Mo 7% Hlololart A% F7FIA]
=42 T2 A7olA ul5alA tebdet. Liu et al(2013)0] THE®, NCEP CFSv2 7]
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T S HP2 7|Hte® Agt Ay}, AgAgto] AojdaE AleA AR T4 v
9] oFdh= AlSiRIAIRE AA| F40] AX A= ASHAIA] g3 HelHF Qirk. of2gt
Qx}9] EAJL Western Pacific Subtropical High(WPSH)2] 9]x]2} ofAJo} of & K-
o] e Al719F o] SZE AGHH o ARt E40] BRSHIAIRE, SCoPSAlA]
Holz @3 £3271 FotAlo} E¢ ey} ATk o] #iske} Aito| S AeE
Yz},

U850 over EA PRCP over EA
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Figure 9. Variation of 850 hPa zonal wind (left) and precipitation (right) averaged over the East Asia
region (10°S-50°N, 60°E-180°) for observation and SCoPS with different lead time.
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nit} ol&elo] Wolxink. 79 209 9] 5 FAuNE AWAL BE MRS At
oA UEht v EAI7|0] o] WELS BE ARAZHE o2 ATolA HohE 4
Q. 53] 5 weeks AWAF &AL Ao W 440] W7t A9 WA

o,

2ol A2 HEaTE 7H AL Q22 & o SltE ABEAE 1 week AYPAIZE oS A
oA 0.3529] A2 7ES Hol|1 Qlow, 5 weeks APAIE & Ao A 9] AT
AE B ]1 AUt
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Figure 10. Latitude-time cross sections of 850 hPa zonal wind along 110°-130°E for reanalysis and
ensemble averaged predictions with different leads of time.
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TRMM OBS. PREC (ave. 110-130) 1W Lead PREC (ave. 110-130)

31MAY  19JUN 9JuUL 29JUL 15AUG 31MAY  19JUN 9JUL 29JUL 15AUG

3W Lead PREC (ave. 110-130)

r"' vc

Y"l‘

20N

31IMAY  19JUN 9JuUL 29JUL 15AUG 31MAY  19JUN 9JuUL 29JUL 15AUG

1 2 3 4 6 8 10 12 14 16

Figure 11. Latitude—time cross sections of precipitation along 110°-130°E for TRMM observation and
ensemble averaged predictions with different leads of time.
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o}%:2 Follo} Eeize] Mamol EesE 4 ﬂu JMEAL :zew
Qrhe Ao] 2B W S4olt. 79 olFRE 08 Ar 4ol Fmol
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Figure 12. Correlation and RMSE of BSISO 1 and BSISO 2 prediction from SCoPS and other participant
model in APCC BSISO forecast system.
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Figure 13. Difference distribution of sea surface temperature between (a), (0), (c) each experiment and
OISST observation, and (d), (e) each experiment. Right top score indicates their pattern

correlation coefficient.
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Figure 14. Difference distribution of precipitation between (a), (b), (c) each experiment and GPCP
observation, and (d), (e) each experiment. Right top score indicates their pattern correlation
coefficient.
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Figure 15. Vertical anomaly distribution of ocean subsurface temperature averaged 5°S - 5°N for (a)
GODAS reference, (b) SCoPS assimilated initial data, and (c) Its difference. Climatology
period is from 1982 to 2013.
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Figure 16. Vertical distribution of ocean subsurface temperature averaged 5°S - 5°N for (a) GODAS
reference, (b) SCoPS assimilated initial data, and (c) Its difference for January 1982.
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Figure 17. Difference vertical ocean subsurface temperature distribution averaged 5°S - 5°N between
for JAN1982 and FEB1982 from (a) SCoPS and (b) GODAS reference.
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Figure 18. Difference vertical ocean subsurface temperature distribution averaged 5°S - 5°N for JAN1982
between SCoPS and GODAS reference.
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(@) SCoPS (JUN2017) (b) SCoPS - GODAS (JUN2017)
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Figure 19. Same as Fig. 15, but climatology period is from 1987 to 2013.
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Figure 20. Vertical distribution of ocean subsurface temperature averaged 5°S - 5°N for (a) GODAS,
(b) SCoPS initial data, () SCoPS 2 months lead time forecast data and (d), (e) Its biases.
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Figure 21. Difference distribution of 20 degree Isotherm depth between SCoPS and GODAS for
climatology period (1987-2013).
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Figure 22. Difference distribution of (a), (b) ocean surface current and (c), (d) 10 m zonal wind between
(a), (c) SCoPS initial data, (b), (d) SCoPS 2 months lead time forecast data and GODAS.
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Figure 23. Difference distribution of (a), (b) total cloud amount and (c), (d) net surface heat flux between
(a), (c) SCoPS initial data, (b), (d) SCoPS 2 months lead time forecast data and observation
(ISCCP cloud, OAFLUX).
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Figure 24. Difference distribution of (a), (b) sea surface temperature and (c), (d) precipitation between

(a), (c) SCoPS initial data, (b), (d) SCoPS 2 months lead time forecast data and observation
(OISST, GPCP).
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Figure 25. Difference distribution of 20 degree Isotherm depth between SCoPS initial data and 2—-month
lead forecast data.
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Figure 26. Vertical distribution of ocean subsurface temperature averaged 5°S - 5°N for (a) GODAS,
(b) SCoPS 2-month lead time forecast for January 2016.
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Figure 27. Difference distribution of ocean subsurface temperature averaged 5°S - 5°N between original
SCoPS and (a) SDIFF, (b) LDIFF 2-month lead time forecast.
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Figure 28. Difference distribution of 20 degree Isotherm depth between original SCoPS and (a) GODAS,
(b) SDIFF, (c) LDIFF 2-month lead time forecast.
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Figure 29. Difference distribution of (a), (b), (c) sea surface temperature and (d), (e), (f) precipitation
between (a), (d) SCoPS initial data and observation, between (b), (e) SDIFF 2-month lead
time forecast data, (c), (f) LDIFF 2-month lead time forecast data and SCoPS.
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Figure 30. Difference distribution of ocean subsurface temperature averaged 5°S - 5°N between VMIX
experiment and original SCoPS for January 2016.
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Figure 31. Difference distribution of 20 degree Isotherm depth between VMIX experiment and original
SCoPS for January 2016.
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