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ABSTRACT

This study introduces the newly developed APEC Climate Center (APCC)
in—house model (Seamless Coupled Prediction System; SCoPS) and its operation
process for APCC multi-model ensemble (MME) prediction system for 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 of atmosphere, ocean and sea ice. The SCoPS initialized data for
10-member ensembles is assimilated by the NCEP CFS data and several
subsurface profile data. Real-time forecast runs are started at the first and fifth
day of each month with five perturbed ensemble members by a Gaussian spread
function and are integrated up to 7 months. Having obtained the prediction data,
we analyzed the temperature and precipitation prediction maps based on predicted
the large—scale circulation patterns and an ENSO forecast on group discussion.

In a previous study, an evaluation of the prediction skill compared to the current
operational model (APEC Climate Center Community Climate System Model
version 3 = APCC CCSMB3) using 32-year (1982-2013) ensemble hindcast runs.
We found that SCoPS seasonal climate forecasts are useful for simulating climate
variability, especially the East Asian monsoon system. Moreover, prediction results
from hindcast and forecast show reasonable performance over current MME
individual models. Based on these studies, newly developed SCoPS seasonal
forecast data has been provided to the APCC MME system as APCC operational

model every month since November 2017.



Also, SCoPS has been updated with improved initial processes. We found that
there were significant systematic biases in subsurface ocean temperature, and
those biases lead to excessive or weak ENSO signals with long lead times.
Currently, some processes related to the subsurface temperature in the ocean
initialization have been fixed. The newly produced reforecast shows improved
temperature and precipitation forecast ability over the East Asia region. Additionally,
we suggest some processes for improving SCoPS.

Meanwhile, due to a recent increase in the occurrence of extreme weather and
climate events, the prediction information on extreme events in various time
frames is being requested. Therefore, through the development of SCoPS
subseasonal forecast, the predictability is being evaluated and its application to
prediction information. From discussions with the APCC Boreal Summer
Intraseasonal Oscillation (BSISO) working group, the configuration for subseasonal
prediction was set based on information provided by the NMME group discussion,
S2S project. In the MJJAS 2014 case study, we found that the results from 1-3
weeks prediction produce a reasonable spatial distribution of large—scale
circulation, as well as precipitation related to the East Asian monsoon system.
However, the temporal correlation coefficient of the predicted variables is lower
than those from the 4-5 weeks prediction. Based on the analysis of this case
study, we have expanded the reforecast periods from 2014 to 2016 and analyzed
the prediction skill for the operational subseasonal forecast system. Moreover,
real-time subseasonal forecast data will be provided to the APCC BSISO forecast

system after various validation processes are applied.
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2. 2 2 oS A|AH
2.1 Seamless Coupled Prediction System (SCoPS)

o}e}to] Y&k} International Pacific Research Center(IPRC)= 2012¢9] 7]
-3 AR EQl POEM= A 7dsiaL, o] P2 s 2%, 712, 7] gt
59| By, HEAHS dAF o7 ROEtAHXiang et al. 2012). WA POEM 29
= 7o s @2 FEZ JfA/F76ke] Alge 2dQl SCoPSE /NEsHAl U
POEM 2@} vjwsio] 7j4 2 7ide B2 o 2o

1) A AEE OASIS3.0014 OASIS-MCT(Model Coupling Toolkit; Larson et
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HEg FuEke £ 9lA 19k o] 9lo] OASIS3.0%th o &&29)
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4 7] 2] &9 HAd A8 9 = F7HT42L19 — T159131)
5) A 23g9] 7jA

71 2gS =Y MPI A-+4oA 7idE ECHAMS [t o] B3 £-F Hg} Foj&
ARESHH semi-implicit leapfrog AREREHS AMSRHH. oF%, WAL 7|2, A &7|Y
5°| spherical harmonics® truncation®| &3l +EHFO 2 HFAE M, triangular
truncation®] 159 wavenumbero|A] ARE-Et} A2 BIFO 2 10hPa7lA] A|HEA
ol A= sigma systemC.& A go| AFA]+= %O]Oﬂ’q A} pressure system©C.& 2%t
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5-layer E B4 QoA A4 A&E Aklstr| f1jt BA Am= AREE H7] =Y
I A 2FO] o ZAgH AE-2 Roeckner et al.(2003) 2 Hagemann et al.(2006)
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2.2 Hindcast and Forecast System

SCoPSE= Al A& AmE AlEst7] Sl th7]-sg-31 2 ZFolrt. AAIRE
Aof|& AAES Aol 94 3213(1982-2013)802] A A& A= (Hindcast)E
Skt Hindcast= Mg 19, 59 5719 dso= 4% 271402 7704 4
Bl o]FofXItt. 1009 free rune S0 A A=E 198249 149 199 27]
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299] 2712 A o]39] 271 kS flsiAe AR AR 5= =
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conservation< & 4 A&Htt. A4 i Z20AL 72 FAA= AE A=
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3147FA] NCEP CFS &4 A=29} ARE7Fs?t Mechanical bathythermograph
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Figure 1. Numbering distribution of used Argo data over Pacific Ocean in SCoPS data assimilation for
5" September 2015.
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Figure 2. Time schedule of SCoPS seasonal forecast system for every month
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Figure 3. Spatial distribution of temporal correlation of (a) 500 hPa geopotential height, (b) sea level
pressure, (c) 2m temperature and (d) precipitation for the SCoPS JJA hindcast for the period
of 1982-2013.
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Figure 4. Spatial distribution of Root mean square error of (a) 500 hPa geopotential height, (b) sea
level pressure, (c) 2m temperature and (d) precipitation for the SCoPS JJA hindcast for the
period of 1982-2013.
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Figure 5. Comparison between the averaged observed persistence and forecasted Nino 3.4 index and
its RMSE obtained from the SCoPS prediction for the period of JJASON (1982-2013).
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Figure 6. Time series of observed and forecasted Nino 3.4 index from OISST and SCoPS hindcast for
JJASON of each year
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Figure 7. Spatial distribution of deterministic and probabilistic forecasted SST anomaly for the JJA
(Tmonth lead) and SON (4month lead).
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Figure 8. Time series of forecasted Nino 3.4 index and its probability for El-nino/Normal/La—nina for
JJASON.
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Figure 9. Spatial distribution of forecasted SLP anomaly from SCoPS for JJA.
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Figure 10. Probability spatial distribution of forecasted SLP anomaly from SCoPS for JJA.
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Spatial distribution of forecasted 2m temperature anomaly over East Asia from SCoPS for
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Figure 13. Probability spatial distribution of forecasted 2m temperature anomaly over East Asia from

SCoPS for JJA.
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Spatial distribution of forecasted precipitation anomaly over East Asia from SCoPS for JJA.
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Probability spatial distribution of forecasted precipitation anomaly over East Asia from SCoPS
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Figure 16. Spatial distribution of observed 2m temperature anomaly over East Asia from NCEP
reanalysis data Il for JJA.
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Figure 17. Spatial distribution of observed precipitation anomaly over East Asia from CMAP for JJA.
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Figure 20. Spatial distribution of forecasted SST anomaly over Tropics from SCoPS for DJF (1Tmon
lead) and MAM (4mon lead) from (a) original version and (b) new version.
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Figure 21. Spatial distribution of forecasted 2m temperature anomaly over East Asia from SCoPS for
DJF from (a) original version and (b) new version.
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Figure 22. Spatial distribution of forecasted precipitation anomaly over East Asia from SCoPS for DJF
from (a) original version and (b) new version.
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WCRP/WWRP S2S Project
Time- Resol Ens. Freq Hests Hest Hest Freq Hest Size
range Size length
ECMWF DO0-32 T639/319L91 51 2iweek Onthefly Past20y  weekly

UKMO D O-60 N216L85 4 daily Onthe fly 1996-2009 4/month
NCEP D045 N126L64 4 4/daily Fix  1999-2010 4/daily

5
3
1
EC D0-35 0.6x06L40 21 weekly Onthefly Past15y  weekly 4
CAWCR D060 T4TLAT 33 2iweek Fix 1981-2013 6/month a3
5

3
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JMA D 0-34 T159L60 25 2iweek Fix 1979-2009 3/month
KMA D060  N216L85 4 daily Onthefly 1996-2009 4/month

CMA D045 T106L40 4 daily Fix  1992-now daily
MetFr DO0-60  T127L31 51 monthly  Fix  1981-2005 monthly 1
CNR D032 075056 40  weekly Fix 19812010 6/month 1
L54
HMCR D063 11x14128 20  weekly Fix 19812010 weekly 10

Figure 23. Framework of each subseasonal model system on WCRP/VWWRP S2S project.
(https://www.ecmwi.int/en/research/projects/s2s)
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EAL o2 AFo)A vSsHA UERdTE Liu et al.(2013)0f] W2, NCEP CFSv2
715 A5 HYe 7Hter At A, APAIREe] dojdeE AEE ARl A4
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=0 T A9 Bl e AFAH. © AARE 2£40] "asHIARE, SCoPSI
A Hols 5-64, 7-8¥€9] @A 27} FopAor 2 AE I e 8] et
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Figure 24. Difference between predictions and observation for precipitation (shadings) and 850 hPa
winds (vectors) in different periods of summer monsoon season for predicted ensemble
averages with 1 weeks lead time (7 to 13 days).
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Figure 25. Same as Fig. 24 but for the ensemble predictions with 3 weeks lead time (21 to 27 days).
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Figure 26. Same as Fig. 24 but for the ensemble predictions with 5 weeks lead time (35 to 41 days).
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(a) 1W lead tlme[SCoPS OBS)

60E 90E 120E 150E 180

(b) 3W lead time (SCoPS — OBS) (c) 5W lead time [SCoPS OBS}

40N

20N

1 ik 1
BOE 90E 120E 150E 180 60E 90E 120E 150E 180

Figure 27. Difference between predictions and observation for precipitation (shadings) and 850 hPa
winds (vectors) in averaged summer monsoon season periods (Same as Figs. 24-26) for
predicted ensemble averages with (a) 1 weeks 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).
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Figure 28. 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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Figure 29. Variations of the East Asian Summer monsoon index for reanalysis and SCoPS prediction
with different lead times
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Figure 30. 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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Figure 31. 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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Figure 32. Evolution of temporal correlation coefficient of 500 hPa geopotential height and precipitation
over EA (10°S-50°N, 60°E-180°) and KOR (20°N-50°N, 110°E-140°E) regions.

SOMAloF B A oA APATHE 5852 F o AAoHA AHET] 9ot
19 303} 31914 HoFAlor B4 AY(110°-130°F)ol gsh= 35 A vt
B0 Bt Ae-ARE GHES UElth 515 B4 v AR ARl AaE
i HEA]dof|x] 50 29] iAol LA & 4 o FHobAlof Eof|A]
oMo} Ex(e.g. rhet TRAE Higbgo] Muprt 5YRE 7ol 27|74 20°N
TAONAFE 40°N o7 AZES & 5 Atk Iweeks®t 3weeks APAIE S
Ao Mz Forrof E3t BAHE Ealohs HeS gRIT 4= Lo, AgAzto]
AojdSE ALA Ao vighda} F9=9 vigbgo] E8=o] EZ£o g Hujsl= g
o] AlpAIth. o) 9] Ym-AlZE HHEoAE ERISH 4= 9tk TRMM 948 A=E
B Ar A5 Qo 6-790] A%l FoAof £ #ME9] oFo] F3lo] UEhfal
AL, Tweeks AP o]l & Ao A H R o]7} Hol X9t #Zof|4] Hol= Fof

Alot <= WiEZ & mojE|T Qlt. o]2fgt A= 3weeks AFAIZE oIS Aol A
3u|sHA] Y™ Sweeks ABARE cllE Aol A= of5 oA ot et APAIE
o] ZojdE FoA|of EZRHES] TAR O = FIGIAIRE A 740 Mol 11
g7 gir= Zo] FE5T uigt Eo|t}. 7Y 0|3 R 935]8 Ak o] Hino=

Ol



3. A OIE2 ffet SCoPS 23| o) 2% & &8

Sweeks APA|I7H] o= AIET} Iweeks AYAI7ES] S Aol o F=HZch
olggt EAL 1Y 24-26914% I 4 it

AqE, A7|EE Yehdes APATHE @25 46 271 5l ofrlokee A =
AEA)T} AA| Foprlol vt AHE ST FHAH(KOR) Atelo] AYAIZHE TCC
£ 500hPa A|9|31%=} ZFof sl YeEPWATHLE 32). 212 10719] & WHE
7HAE & 27709 ARG =R E ALTEATHE 270cases). HHFOZEE oS5
= 7] &89 d&58E Hrishs AR=E Bol AMSEE 500hPa A 91aL=9] AI5gA]
P8 TCCE 60Y APAIXZHA] 0.5 o] 2] JHBAE Holal QUth. Fobrlor AA| <]
BHAo2HE AL TCC7t SHRte T 0] Yo el ALE TCCHY thi
291 717l A oFtt A YERaL Qltk NWPO| AL 2217l 14days APAIZES.
45 A AlA] o] 27] wiKE|7F 4285 ] wlZe] TCCx 19141 0.5714] 543
Faettt, SHA|RL, ti7]-siF doatE 59 71FAIA 0] AHisE7] Al&Ssh= 1months
YA o] F= HHA] 0.8 oe] TCCE Holal Ut 3HH, 749 A9+ 11 ¥50°]
Al Uehu A o] wet B4 H=A UeRdth. SokAor HA| G99 A5 AFA]
o] Z4% TCCx= 0.9 BEoNAFE AAS] 445k, Imonths APAIE o] T2
54%9] TCCE RAIHAL Ut} W= X F9] TCC= <F 10days AJAII7HA] 4
St HAE ol 11 k2 07kK] "ojXItt. 10days AIPAIZE o]F-2 AA|5] ThA] S7}st
o] 1months AYPAIZHLE 0.4~0.5 FxolA HEAHS 7 At

AN

h

W o o

©

2-3weeks APAZINA EAH oS5 Hde 8 refsioF & ARJolARE, &
7t HE(E3] BotAlot B4 HiES] B A} gjdl) 9 oS W59 AAE miEofA]
Hol= 344 FESS AEY dSAIAEE 53l 80| AFE Q= & JEE
7T & Sl Aoletal AbgEh ol2fdt ATE v o R % 2014-2016199] &
717 <t AW S-S AL oE/AEE AdY dS 452 5T Aol
F3F APCC BSISO 95 Al&HEe] ofshal Qle the 71339 BlaE 53 SCoPS
BSISO 9|5 44529 9IAE ntefd dioltt. HFH == APCC AEY 9IS AIAH
< FgH o7 7=} FAlo] APCC BSISO Al2dof Fojmdz A 7]oigd 5= Q1S
Ao YZrEch



| A& OIES {18t APCC in—house 9| 81 2F & &8

Aeota AF|E =2 ARATH S22 94 37 AE S FE ATS A
AATF JF 22 o, A 713 9 oA A& 02 nyd//iA
4 S Yol ol ok APCCE i AAA f==7139] AE d& FE
A AT 5 23 WIEMME) dF AIAEE Pt 713 & FHE
Alzotal 9tk MME &4 FAoll 71945} A} in-house 2@l APCC CCSM3E
ol-gsto] A ol& FEE Ao, ok At FEzt s MR Y 2l
1l SCoPSE 7W&stqitt. E3t SCoPSE &l Ak IA A& A=E o8 A5
2 73t of g}, FobAjob B4 H.Olof| o] 27| 71A]
Oﬁ}‘ﬁt} olo] APCC CCSM3%} SCoPS9) A2 WAS
AR o= Pakslo] APCC MME A|AEl0] Algshk= HGA|

i
o

fo

ol
ol

N

{0 £
oL N off
o
Oolt N
oz i
©
N, of
& o
O_L: 208
= to
ok +
N
rlo
e

F—9

[>
o,
o
P
o,

APCC= HH%} TAA r=718e] A dlS JEE ol 8dte] AT Hsild =
(MME) 915 Al25E 295t 715 oI5 RS Algstal ot vid 15847H4] o=
4= MME *1 Ho=z AEor] f3iA SCoPSe i 132714 o272 AAkstal
IFESE &9 dlEd= Attt di71¥4E f18 NCEPOIAM HARRIe = Al5sh=
CFS A=A A2 ARESIth CFSe A4 A== AZ 2= 1000 - 10hPa 7H4]9]
A B, EE A, 25, G, SiE 719 ti7] ¥et s 27t ol
o o2 7] Aee2 ol B Wiak A2 Z1A netedf 2R daily THA=
g, ek Ahme vl S5A7MA 9 Aol 199 5YU0f sigshe Y 2l LE
E ytdo] WA, sjdRFS fet A i A=sete] Agole A e 2k,
OH A, 3 Zratd ISARTE F2 ofddrh AARIe R AT EE Argo A=
Z-gste] il 5A7HA 9] AAZE 229k A& HolHE thdor 2o S Wit
A2 AA netedf ZH O WA ARGE= HlolH e ST AA(EEY, A=
&, tAY) oF 70071 ZRJE AHrolH, HMehd w2 ENKF A=sst e &
mdo] AgHo. di7l/sig B sokd 2712 14/5¢ 4 570 AlER & 10719
FIE WHE HEH, 7B RRE TAYE A
A& A=7 AL,

ml

ol

Okﬂ

o W5 6L Forol A



4. 2= A HRA

SCoPSEHE Bikd AE oS Azme wiE 139 4 I5E2E &l 2oE 5-Rot
AL ek S B4 mefs] sl i Ade] dAAEARS] s Bt A
w2l B4 Heidie 24 A=E AEA /45t dig *“*}0}—’ Act. oiE SCoPS
o] AoEA RS Aol dmEH thE 3/ME (&2 o7l D)ol digh 8 ¥ H A
of digt dl& AdE 24 At S0l SM FAAE A= oﬂz 245 Temporal
Correlation Coefficient(TCC)2} Root Mean Square Error(RMSE) 52& HEZ
T WAL 20 o] 28 W2l 500hPa ASITE, S Z19T, 2m 712, ol
IAA@ARS] B7F 5 E4EA ditt A4S 2AVE Eud A4 digEs 717 9
S AvEA "o S 2= o2 371l digt di7] &8 W ENSO2] s}
A&l die 1ol et HFHomE d ASHl 7R3 FrE 2HE
[FEEH R ATt BY, A dS5k IS5 A 24519 SCoPS9 A= 4
5ol disll =9Jstal et d&0] &S HEA YeRd 9ol T1of oigt o]f7F 79l

AR A= DR EHstal .

A

A

SHH, SCoPSE < 11 "o Aol AxHI U= di7]-a1F 2%

she 5 2 718e Eeka AT, i34 PHE A
Basisl, 2HYS| AIAS ARG AAGE ABY 0% 248 /102 o 2
A 9 Aikgo] Holeka & 4 SIEk SCoPS 271 shef A4 £ oheie]

M= AEEE 4359 warm o}lc‘?jfﬂsa} SHEYF 459 cold ok=dE7t & #EO|
=3 Qiet. sHAIRE EEE OF 50m HEolARE BEY AGY oF 200m 7HA] U
U B2 999 warm oRcH e S 9 AR A=A FolE 4= gl "ol
E3H A HAo] TESHA Yehhs warm oFeTE] A 53 B IEE 40
o} olEgt @Ab= 19829 271 ol 2 HEsHA UEhAL Q= Zlo] EAoltt. sk
o] 2=7F tf7]of| ¥kgs7]ole Alzte] " asy] wiiEol, side] subsurface &&=7F
TS WA FAET Qe AL Ze lead timedAe 2 o] PSAE 22
o} sHAIRE, AREAEERE SCoPSY HE 9 E4#AS B0l SCoPSe| ENSO
vh-8o] ks HojE 1 9188 15k, ENSO2Q] HFS-2 Jead-timeo] Zoj&S

2 ¢ 7Ede 8915k vp 9t

0

(0]

ol olfr® Y 2712 LA €4 + Sl WHEEe] A 19828 F

19
lo
i



HAE KES 2f6H APCC in-house 2&0] sif @Y 2l &2

20139714 @A AH87Fs 3 XBT, PFL 59 oY 220ty HolHES A3l
ARERITE SHAIRE 20143 5Bl = AARE 7|59S5S ) AAREC R o]& 7Hset Argo
glolErtS Ar-ssfo] ARgett. A% station AAFE O|F0lA Q= Argo HIO[HE
AA|7Eo 2 theHlo} SCoPSe] ARl gkl FHgolA] Yrot Ars sk Bk

of 277t EAet] St Al o] FofA|A] Xshe d4del AU, 77
H FE+= Argo HolE7} AA H8EE= 20134 149 1900 sidols 271357 E 28
5o} ThA] =340] ﬂobl 201349 1€5H AR 2717g0] A= BAE A A
A A 27102 RE HEd Y /1L d&Fo] AEA HEHAL. 5"
Argo HlolH = 18] A& se] FeHS At AR o8] g2 A 2
QA7 EAste] 5 el mot B JjA Ajjo]l o ERoY Aow HIIth

EG B ATOIAE SCoPSY A aFe] Ego] B uhek M2A|AS AQksterh
P W] B % S SR ofn] A
K AHE A0 St Tejstel 483 wekth E3 2 wo] YeA|L ATEY

2

i)
£
A
H
ofl
1o
=
r>~
=2
5.
el
S~
oo
1
&
%9,
rir

d

L=,

U= AW 7 27131 7S Bl AdUAS 2 AN d5 S 7HA
4> Q1S ot} dFA]9k, SCoPSY] A|H HFo] 24207 Fjxg|ojof & Ho|n, %7
slof] AR HFTo] £tk 1EsfoFd ARjteltt. A SCoPS+= shof| g tf7]|9}
3, AR Fo2RE ALlEls EYA 9 A} S S wgelal ok SST9 g5
71e 715 Badtole & 9% A gARE, MJOY 1SO 59 %2 7718 7=
71% Mo 2 92 £ 4 Ao gEA Aot wEkA AdY &9 a3kl
35 NS AoliME ARFVIE 43]/1Y9 522 ZA0HAY, i S5 H=d
HEE veote] sieHE] I57] WS A8l dE5E5S 7S 5= Atk o]
oo Te] gyt S TR AA0] AfA, Ansst 9 st 5o BE|7hy
Mg 5ol HAAS FE 5 ot
|

T ABYESL end-user?] 37t HEH ALS]- HAHCRE tfjQ Fa3 94
4= ek AEUolSy Bt Hoba] et AdF] 289 o avtAQl T
A8 WWRPLF WCRP= Sub-seasonal to Seasonal(S29) ol Z2AEE % 2
3t bl Qlok S28 & LEAE O] ML dya} 7]FoE Alo]S o]olF 4= Ql:
oA o= Q7] wiZol 85ttt & 4= Qlok. 2, oF 11719 A &2 A 7|

O

F

i



4. Z2 U HR |

2,

A 60¥ FE9] dESARE F52E Algstal Utk FA APCColA= 2013
A 7B A Alzsk= AZY d&AEE E-85to] BSISO A4 &S sk gle
T 5T 4 &8 JEE Auo|AE Bof AATICRE Algotal Stk waEA,
TollA= SCoPSE &3l AdY A& AA"S 150t 11 &S RAleHL
248 Bl gt

A

i

e

24 NMME 10014 A]Oﬁ& U8 9 o 71359 49 F=ste] SCoPS AEY
A& AAEE AT 35 SCoPS AEY &9 &8-S Esto] APCC W
O FFAe] o5 Hall 2= Ut ESF SCoPSe] AdUd=of tigt 71& o
A5 4 E8x H71E 9dl] sotAlot #<= E BSISOt ¢13to] Sl AE5Ee o
AESIHE X339 ASH al= B2 APATIIAE EAetg on, APA|zto]

o= dlS/do] HofA AR Z2 HHEJ—J l 2] QZPP ‘%E‘r"} A& # AR

18,

o] W3le} o] & o' AZH A9 ]7]&15 urg}urg HEA7RE QA=
S 271 Ash otAlokE HA X1‘9"%(EA)JJr *‘Xﬂ SOMAo Eat A E e S

TCCE 500hPa A 9|3L%=e} ZF=ofl tisf A H okt
A0l H NWPe] sHAlztal &2l 14days APA|7EO 2 4= A AJAH9]
Z7] Wm2e7t AFopr] WEe] TCC= F40] #aditt. opA|ul, tf7]|-oiF Joatg
59 7|3A2H"o] ujslr| AlFSH= 1months APAIZE o]&2 ThA] 0.8 oAt
TCCE Holal Qlth. SHANE 7F4=9] 39, FotAlof A FGolA= Imonths AFA]
b olFRE 0.5 %9 TCCE fAISHL Uth e A H9] TCCx 10days ABAIE
o]Z =& A|A3] thA| Z7F5to] 1months AYAIZHEE 0.4~0.5 HollA] ¥EAHS 7H]

rE
D)
ﬁ%
~
O
=
>
o,
1o
2o
o
S~
)
mEE r

FEE 71T o U Aokl AaE. ol2fet 23E e F5 2014-2016
o] qH7|Zt FHY AW ASd=s BRI o5/ ALE AdY dS 452 45T



HAE KES 2f6H APCC in-house 2&0] sif @Y 2l &2

Zo|t}t. EZE APCC BSISO A& AlAH0] Zofstal Q= tE 7|13 H|WE &9

SCoPS BSISO 9|5 459 HAIE Tt ofoltt. HF2H 0 &2+= APCC AAY %

A2HS QP A o7 FE3 FAJo] APCC BSISO AlAE]0] Hojrdl@a 7]ofsh 4=
Qe Aoz AZHTL}

F APCC MME & AA" 23S Eoks AFAET] A5 B3l SCoPSY
A& ‘35 B7I7F olFolFit. olgt Axt 9 oF 14
SCoPS9] A sl thsf Al=F=E 7H & ql3leH
APCC HE =dglo] CCSM3°flA4 SCoPSE wAE ofgolct. mehA, ujd APCC 54
SFHo|A& &3l APCC MME ¥ SCoPS9] 6714 9IS HEE €R1T 4= Ut E3F
ASA A7t 56k Uehvhs s 27139 AAXRte] A4 AgE dlFoln, 1
Q]9] 7Fse AHEE A Ol$°1 A Aotk AE 5E AdY ASAAEE 2018
| ZpAISE ASo] AP Ao, 5 APCC BSISO A4 o] AlAH] 9 AFY o=
5ol &84 Zot.



REFERENCES |

REFERENCES

25, 2013: Construction of BSISO Forecast System and Application to Summer Monsoon
Prediction, APCC S 11/

Zalfe, 2017: GIEE AU Zis OIS AIAR! J1M (1) - BSISO OflE s 3 &2 710|HA OFA

Balmaseda, M., and D. Anderson, 2009: Impact of initialization strategies and observations
on seasonal forecast skill. Gegohys. Res. Lett., 36, L01701.

Charney, J.G., and A. Eliassen, 1964: On the growth of the hurricane depression. Journal
of Atmospheric Sciences, 21 (3), 68-75.

Anderson, J. L., 2001: An ensemble adjustment Kalman filter for data assimilation. AMon.
Wea. Rev., 129, 28384-2903.

Ding, Q., B. Wang, 2009: Predicting extreme phases of the Indian summer monsoon. J.
Climate, 18, 3483-3505.

Gottschalck, J., M. Whesgler, K. Weickmann, F. Viart, N. Savage, and Coauthors, 2010: A
framework for assessing operational Madden-Julian oscillation forecasts: a CLIVAR
MJO working group project. Bull. Am. Meteorol. Soc., 91, 1247-1258.

Hagemann, S., K. Arpe, and E. Roeckner, 2006: Evaluation of the hydrological cycle in the
ECHAMS model. J. Climate, 19, 3810-3827.

Ham, S., A-Y. Lim, and S. Kang, 2018: Seamless Coupled Prediction System (SCoPS):
Assessment of East Asia climate variability on the APCC model retrospective seasonal
prediction (1982-2013). Clim. dyn., in review.

Huang, J., K. Pegion, B. Kirtman, 2015, NMME Plans for subseasonal forecasts, 40th Climate
Diagnostic and Prediction Workshop, Denver, CO, USA.

Huang, Y.-P., LJ. Kao, and F.—E. Sandnes, 2008: Efficient mining of salinity and temperature
association rules from ARGO data. Expert Systems with Aoplications, 31 (1-2), 59-68.

Hung, M.P, J.L. Lin, W. Wang, and Coauthors, 2013: MJO and convectively coupled
equatorial waves simulated by CMIP5 climate models. J Climate, 26, 6185-6214.

Hunk, E. C., and W. H. Lipscomb, 2010: CICE: The Los Alamos Sea lce Model Documentation
and Software User's Manual Version 4.1. LA-CC-06-012, T-3 Fluid Dynamics Group,
Los Alamos National Laboratory, Los Alamos N.M.

Hsu, P.C., T. Li, L. You, J. Gao, and H. Ren, 2015: A spatial-temporal projection model for
10-30 day rainfall forecast in South China. Clim. Dyn., 26, 6185-6214.



| AE GIES st APCC in—house 0| oI 2F 2 &2

Jiang, X., D.E. Waliser, P.K. Xavier, and Coauthors, 2015: Vertical structure and physical
processes of the Madden-Julian oscillation: exploring dey model physics in climate
simulation. J. Geophys. Res. Atmos., 120, 4718-4748.

Kang, I.S., and H.M. Kim, 2010: Assessment of MJO predictability for boreal winter with
various statistical and dynamical models. J Climate, 23, 2368-2378.

Kim, D., K. Sperber, W. Stern, and Coauthers, 2009: Application of MJO simulation
diagnostics to climate models. J. Ciimate, 22, 6413-6436.

Kikuchi, K., and B. Wang, 2010: Formation of tropical cyclones in the northern Indian Ocean
associated with two types of tropical intraseasonal oscillation modes. J. Meteorol. Soc.
Jon., 88, 475-496.

Koster, R. D., and Coauthors, 2010: Contribution of land surface initialization to subseasonal
forecast skill: First results from a multi-model experiment. Gegohys. Res. Lett, 37,
L02402.

Larson, J., R. Jacob, and E. Ong, 2005: The Model Coupling Toolkit: A new fortran90 toolkit
for building Multiphysics parallel coupled models. /nt. J High Fert. Comp. Aoo., 19,
277-292.

Lea, D.J., MJ. Martin, and P.R. Oke, 2014: Demonstrating the complementarity of
observations in an operational ocean forecasting system. Quart. J. Roy. Meteor. Soc.,
140, 2037-2049.

Lea, D.J., I. Mirouze, M. J. Martin, R.R. King, A. Hines, D. Walters, and M. Thurlow, 2015:
Assessing a new coupled data assimilation system based on the Met Office coupled
atmosphere-land-sea ice model. Mon. Wea. Rev., 143, 4678-46%4.

Lee, E., and S.-Y. Hong, 2017: Impact of sea surface salinity on numerical weather
prediction, poster presentation in 5™ WGNE workshop on systematic errors in weather
and climate models, Canada.

Lee, J.-Y., B. Wang, |.-S. Kang, J. Shukla, and Coauthors, 2010: How are seasonal prediction
skills related to models™ performance on mean state and annual cycle? Clim. Dyn.,
35, 267-283.

Lee, J.-Y., B. Wang, M.C. Wheeler, X. Fu, D. E. Waliser, and |.-S. Kang, 2013: Real-time
multivariate indices for the boreal summer intraseasonal oscillation over the Asian
summer monsoon region. Clim. Dyn., 40, 493-509.

Lee, M-I, H. S. Kang, D. Dim, D. Kim, H. Kim, and D. Kang, 2014: Validation of the
experimental hindcasts produced by the GloSead seasonal prediction system.
Asla—Fac. J. Atmos. Sci, 50 (3), 307-326.



REFERENCES |

Lee, S.-S., J.-Y. Moon, B. Wang, Kim,H.—J., 2017, Sub-seasonal prediction of extreme
precipitation over Asia: Boreal summer intraseasonal oscillation perspective. J. Climate,
30 (8), DOI: 10.1175/JCLI-D-16-0206.1

Liu, X, S. Yang, A. Kumar, S. Weaver, and X. Jiang, 2013: Diagnostics of subseaonal
prediction biases of the Asian summer monsoon by the NCEP climate forecast system.
Clim. Dyn., 41, 1453-1474.

Liu, X, T. Wu, S. Yang, and Coauthors, 2017: MJO prediction using the sub-seasonal to
seasonal forecast model of Beijing Climate Center. Ciim. Dyn., 48, 3283-3307.

MacLachlan, C., and Coauthors, 2015: Global Seasonal forecast system version 5 (GloSeab):
a high-resolution seasonal forecast system. Q. J. R Meteor. Soc., 141, 1072-1084.
doi:10.1002/q).2396.

Madden, R.A., and P.R. Julian, 1971: Detection of a 40-50 day oscillation in the zonal wind
in the tropical Pacific. J Atmos. Sci., 28, 702-709.

Min, Y.-M., V. N. Kryjov, and S. M. Oh, 2014: Assessment of APCC multimodel ensemble
prediction in seasonal climate forecasting: Retrospective (1983-2003) and real-time
forecasts  (2008-2013), J  Geophys. Res. Atmos., 119, 12,132-12,150,
doi:10.1002/2014JD022230.

Rashid, HA., HH. Hendon, M.C. Wheeler, and O. Alves, 2011: Prediction of the
Madden-Julian oscillation with the POAMA dynamical prediction system. Clim. Dyn.,
36, 649-661.

Roeckner, E., G. Buml, L. Bonaventura, and Coauthors, 2003: The atmospheric general
circulation model ECHAMB. Part |1 Model description. MPI Reprot 349, Max Planck
Institute for Meteorology, Hamburg, Germany, 127pp.

Roemmich, D. and W. B. Owens, 2000: The Argo Project: global ocean observations for
the understanding and prediction of climate variability. Oceanography, 13, 45-50.

Saha, S., and Coauthors, 2006: The NCEP climate forecast system. J Climate, 19,
3483-3517.

, and Coauthors, 2014: The NCEP climate forecast system version 2. J. Climate, 27,
2186-2208.

Seo, KH, W. Wang, J. Gottschalck, and Coauthors, 2009: Evaluation of MJO forecast skill
from several statistical and dynamical forecast models. J. Climate, 22, 2372-2388.

Viart, F., 2014: Evolution of ECMWF sub-seasonal forecast skill scores. O. J. R. Meteorol.
Soc., 140, 1889-1899.



| AE GIES st APCC in—house 0| oI 2F 2 &2

Viart, F., and F. Molteni, 2010: Simulation of the Madden-Julian oscillation and its
teleconnections in the ECMWF forecast system. O J A Meteorol Soc., 136,
842-855.

Wang, B., M.P. Hung, S.J. Weaver, A. Kumar, and X. Fu, 2014: MJO prediction in the NCEP
climate forecast system version 2. Clim. Dyn., 42, 2509-2520.

Wang, B., P.J. Webster, and H. Teng, 2005: Antecedents and self-induction of the
active—break Indian summer monsoon. Geophys. Res. Lett, 32, L04704.

Wang, H., B. Wang, F. Huang, Q. Ding, and J.-Y. Lee, 2012: Interdecadal change of the
boreal summer circumglobal teleconnection (1958-2010). Geophys. Res. Lett, 39,
L12704.

Webster, P.J., and Coauthors, 1998: Monsoon: processes, predictability and the prospects
for prediction. J Geophys. Res., 103, 14451-14510.

Wheeler, M.C., and H.H. Henden, 2004: An all-season real-time multivariate MJO index:
development of an index for monitoring and prediction. Mon. Wea. Rev., 132,
1917-1932.

Wheeler, M.C., H.H. Henden, S. Cleland, H. Meinke, and A. Donald, 2009: Impacts of the
Madden-Julian oscillation on Australian rainfall and circulation. J. Climate, 22,
1482-1498.

Wheeler, M.C., Kim,H.-J., J.=Y. Lee, and J.C. Gottschalck, 2017, Real-time forecasting of
modes of tropical intraseasonal variability: The Madden-Julian and boreal summer
intraseasonal oscillations In: C.—P. Chang, Y.H. Ding, N.-C. Lau, R. Johnson, B. Wang,
and T. Yasunari (eds), The Global Monsoon System: Research and Forecast (3rd
edition). World Scientific Series on Asia-Pacific \Weather and Climate, Vol. 7,
pp.131-138, DOI: 10.1142/9789813200913_0010

Xiang, B., B. Wang, Q. Ding, F.=F. Jin, and Coauthors, 2012: Reduction of the thermocline
feedback associated with mean SST bias in ENSO simulation. Cim. Dyn., 39,
1413-1430.

, M. Zhao, X. Jiang, and Coauthors, 2015: The 3-4 week MJO prediction skill in a
GFDL coupled model. J. Climate, 28, 5351-5364.
Yun, K.S., KJ. Ha, B. Ren., J.C.L. Chan, and J.G. Jhun, 2009: The 30-60 day oscillation

in the East Asian summer monsoon and its time—dependent association with the
ENSO. Tellus A., 61A, 565-578.

Zhang, C. J. Gottschalck, E.D. Maloney, and Coauthors, 2013: Cracking the MJO nut.
Geophys. Res. Lett., 40, 1223-1230.



REFERENCES |

Zhang, S., M. J. Harrison, A. Rosati, and A. Wittenberg, 2007: System design and evaluation
of coupled ensemble data assimilation for global oceanic climate studies. Mon. Wea.
Rev., 135, 3541-3664.



,,

2
-
>

—_

22 M7
M Meieined

0¥ me oN oo
2

2

ox
&I_l
e rg of
e e re
4 4
o rdo rio

HRETA 2017-01
HE =2 <5t APCC in—house 232 3y 2 o &2

I'S B N 979-11-5698-191-6

rou

£ # 20184 39

g @ FEH

o

OlO‘I

2 @ X APECY|SAlE
FAA sl AlE7= 12

RIEL- QI8 A ESHL

o] Hilx= APEC7|AE] EHo]A|(http://www.apcc2l.org/)olA]l ©]85HA 4= QlHU T
ESE BuA0] A 82 24E BAHH AREA I8 = UsUch o, ok A 2
EAE ST





