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Executive Summary

Since its establishment in 2005, APCC (APEC Climate Center) has made great efforts to
develop and improve the long-term seasonal forecast technology using the Multi-Model
Ensemble (MME) and as a result, it has established a climate prediction system using various
global models of the world” s leading climate forecast operating and research institutes to
provide climate monitoring information and long-term forecast and verification information on
its website and platform every month.

The main Improvements in climate forecasts for the sixth phase (2022-2024) include early
provision of forecast information, improved climate outlooks, establishment of a
high-resolution MME seasonal forecast verification system, extension of the MME hindcast
period, enhancement of the BSISO (Boreal Summer Intraseasonal Oscillation) sub-seasonal
forecast system, expansion of the Southeast Asia FHEWS (Fire and Haze Early Warning
System) to include Malaysia, establishment of an East Asia MME temperature seasonal
forecast correction system, and dynamic web services through a new website.

e Since April 2022, the release date for forecast information has been moved forward by
five days, from the 20th of each month to the 15th.

e To improve the APCC climate outlook that is posted and distributed monthly, a survey
of the climate outlooks from other operational climate prediction institutions was
conducted. Additionally, feedback on satisfaction and preferences from APCC climate
outlook subscribers’ s survey was collected. Based on these findings, a newly designed
climate outlook with enhanced readability and visibility has been posted and distributed
since November 2023.

e A data preprocessing and verification system was established in September 2022 to
assess the predictability of high-resolution MME seasonal forecasts.

e The MME hindcast period has been extended from 1991-2010 to 1993-2020 for trial
production and analysis of forecast information, with plans to apply this extended
period in 2025. In relation to this, the hindcast period for APCC’s in-house climate
model, SCoPS, has been extended from 1982-2013 to 1982-2016 for the production of
hindcast.

e To enhance the usability of BSISO forecast information, the area of BSISO impact
anomaly has been expanded to include the Korean Peninsula within 10S-50N, 40E-160E,
and the provision period has been extended from three weeks to four weeks.

e The FHEWS has been expanded to include Malaysia, with information being provided



since 2023.

e A linear trend correction system for relatively high MME temperature forecasts in East
Asia has been established.

e Since February 2024, a new website has been providing dynamic web contents for
climate forecasts, climate monitoring, and climate indices.

The demand and international interest in sub-seasonal forecasting information have
surged, yet the development and predictive power of sub-seasonal forecasting technology
remain lacking compared to other time scales. As a specialized institution that has produced
and provided world-class seasonal forecast information, APCC aims to expand its scope to
include sub-seasonal forecasting. As a preparatory step, APCC has established a system and
conducted foundational research for operating the MME sub-seasonal forecasting system.
Initially, a comprehensive review was conducted based on the current status of domestic and
international MME sub-seasonal forecasting systems and internal research. This review helped
assess usability and establish criteria suitable for APCC’s operational MME sub-seasonal
forecast through various sensitivity experiments for processing daily data from individual
models. Additionally, the potential for utilizing MME on a sub-seasonal scale was diagnosed.
During the 5th APCC MME Model Providers’ Meeting, the possibility of securing sub-seasonal
forecast data was explored, and real-time forecast information from some models was
collected to develop a versatile and efficient pilot system consistent with the APCC MME
seasonal forecast system. Furthermore, the potential use and improvement direction of the
SCoPS model for sub-seasonal forecast were established through trial production of
sub-seasonal forecasts using APCC’s in-house model (SCoPS) and comparative evaluation of
predictive power with S2S project models. These results are intended to be utilized in future
operations of the APCC MME sub-seasonal forecast system and the development of core
technologies.

Since 2011, APCC has been operating the WMO (World Meteorological Organization) Lead
Center for Long Range Forecast Multi-Model Ensemble (LC-LRFMME) in collaboration with
the Korea Meteorological Administration (KMA), providing high-quality climate forecast
services that meet the needs of WMO member countries. The Lead Center collects and
standardizes long-range forecast data from 15 Global Producing Centers (GPCs) around the
world, applying deterministic and probabilistic MME methods to produce seasonal forecast
results and verification outcomes. These are consistently and reliably provided to WMO
member countries and general users through digital and graphical formats on its website. To
strengthen international collaboration, the center offers tailored MME forecast information for
various regional climate forums organized by the WMO. In 2024, to ensure more stable
services and data management, the center upgraded its computing equipment, enhancing
operational data processing capabilities and improving user convenience with an option



selection menu.

Additionally, APCC operated the WMO S2S (Subseasonal-to-Seasonal Prediction Project)
International Coordination Office (ICO) to establish international collaboration in climate
prediction. APCC actively engages with expert groups in the climate field by attending
international conferences such as those organized by the IPCC (Intergovernmental Panel on
Climate Change) and regional climate forums, continuously maintaining communication with
these experts.
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Table 2.1. Description of participating models in APCC MME (2024).
G3E Hindcast

7% (F7h =gy =T 7ﬂii§m N2 ALY

APCC (3+3) SCoPS T159L31 10/10  1982-2013 Hagofé) al.

BCC (%) CSMIL.1m T106L26 o424 19912015 W% (2Tdi St a.

BOM (5%) ACCESS-S2 N216L85 11/27  1981-2018 Weé%g .

CMCC (o2l o}) SPS3.5 0.5° x0.5°, L46  50/40  1993-2016 G“E?Zdézgf .

CWA (thgh) TCWAITv1.1 T119L40 30/30  1991-2020 Pafgofg) .

ECCC (lueh) CanSIPSv3 T63L49 40/40  1990-2020 Diro ef al. (2024)

HMC (2] Ao} SL-AV 072° x09° ,196 4111  1991-2015 Fadizeglg al

IMA (Y1) JMA/MRI-CPS3 T319L100 50/10  1991-2020 Hira}g‘ggSff a.

KMA (3+2) GloSeabGC3.2 N216L85 84/28  1993-2016 Kh(gofg)a]'

MetFR (3 22) Sys 8 3591127 51/25  1993-2016 Bat(tzéoz‘if) .

MGO (Ao MGOAM2.4 T63L25 1010 1991-2020 Melei?g‘f 4)€f .
NASA (M%)  GEOS-S25-2.1 0.5° x0.5°,L72  10/4  1981-2016 MOl(%%Z‘Si .
NCEP (v]3) CFSv2 T1261.64 2020 1982-2010 Sa}(lgofi)a]'

PNU/RDA (&=5***  CGCM v2.0 T42L18 35/35  1980-2022 Ah(gofé)ﬂ
UKMO (4 ) GloSea6 N216L.85 42/28  1993-2016 Wﬂhggslgff a.

*

20234 10 CWB(Central Weather Bureau)oll M CWB(Central Weather Administration)2 2
MGO+ hindcast 7|7t 2L x|l &2 o|®Z APCC MMEO| =2 Lb 20244 2@ JiM S

= Xtsll o

*x = R —

«+ 2023 68 PNU(Pusan National Un|ver3|ty) |~ PNU/RDA(Rural Development Administration)2 2

HAE

S5l MMEO &of gt
2
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Figure 2.1. Method and Schedule of prediction data collection by participating models in
APCC MME.
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Table 2.2. Methods of APCC MME.

71 B3 A
Simple average of individual model forecasts with
Deterministic SCM equal weighting (Doblas-Reyes et al 2000; Peng et al.

2002; Palmer et al 2004, Wang et al 2009)

Non-calibrated probabilistic MME with model weights
Probabilistic GAUS being inversely proportional to the random error in
the forecast probability (Min et al. 2009)
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Table 2.3. Defining the SST indices.

T 2|4 4
Nino 1+2 (0-10° S, 80° -90° W)

Nino 3 (5° S-5° N, 90° -150° W)

Nino 4 (5° S-5° N, 150° -160° W)

Nino 3.4 (5° S-5° N, 120° -170° W)

IOD = WIOD - EIOD
WIOD (10° S-10° N, 50° -70° E)

(I0D) ===
EIOD (10° S-0°, 90° -110° E)
EMI=A-05 x B+ C)
ENSO-Modoki A (10° S-10° N, 165° E-140° W)
A B (15° S-5° N, 110° W-70° W)

C (10° S-20° N, 125° E-145° E)
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Figure 2.2. The domain for the Nifio indices (Nino 1+2, Nino 3, Nino 3.4, and
Nino 4).

o]

Figure 2.3. The domain for the WIOD and EIOD index.
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Figure 2.4. The domain for the ENSO-Modoki index.
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Figure 2.5. Defining the APCC ENSO Alert information.
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Table 2.4. Lists of verification methods for APCC MME forecast and hindcast.

qdF FTF/ 7|& AF 71
WMOJICBS Mean Square Skill Score (MSSS)
A
AREH o=
APCC F7} Anomaly Correlation Coefficient (ACC)
WMO/CBS Reliability Diagram
Ha Relative Operating Characteristic (ROC)

d
]
rhu
A
2
A\

Brier Skill Score (BSS)
APCC 7} Heidke Skill Score (HSS)
Ranked Probability Skill Score (RPSS)

A = APCC 7} U5 AFwt 23 vl

et 22 AT HAEE AE3] A e AFE 52 #F 2 ABXAAEI 83T
oleh FAll Aol A& HAF BE AT AT BF B AZTHARS dulolE F7]
=3 Faslth o]y AMES 1Este APCC MME Add S A3 AR 4Fdd 85&=
#= 4 AEAAEE 33 ZoiTable 2.5~2.7). =3, A5 AKX = Table 2.8 419} o] 14
A Aol disl) Algsta lom, 2 x99 W= Figure 2.63 2.

Table 2.5. Information for NCEP/DOE Reanalysis 2.

W &
As E4 ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis2.derived/
. O (a7
A= o surface gauss : 2m ~7]<(air)
pressure : 850hPa 7]<(air), 500hPa =] ¢ 31 % (hgt)
25 7)1%¢ 1979. 1. ~ @A (vi€ ol E)

surface gauss: T62 Gaussian grid with 192x94 points

AR AR AR
pressure : 2.5 X 2.5 degree

o

% https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html




Table 2.6. Information for CAMS_OPIL

&

A5 E4 ftp://ftp.cpc.ncep.noaa.gov/precip/data-req/cams_opi_v0208

s W= Z=+(comb)

A=A 1979. 1 ~ &AA (g ol E)

A5 AR AR 2.5 X 2.5 degree
=z https://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cams_opi.html
Table 2.7. Information for OISSTv2 (NOAA)
W&

Am =4 ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2

s ¥ &l 7 H = = (sst)

25 7)1%F 1981. 12. ~ @A (vid 4ol E)

A5 A AR 0.25 % 0.25 degree (1440 x 720 longitude/latitude)

Zz https://psl.noaa.gov/data/gridded/data.noaa.oisst.v2.highres.html




Table 2.8. The domain for the verification region.

99 AA= ¥
Z A - 0° -360° E, 90° S - 90° N
g 20°S - 20° N
ERk 0° -360° E, > 20° N
Rk 0° -360° E, € 20° S
B oAl o}k 75° E-150° E, 15° N-60° N
ol Ao} 60° E-140° E, 10° S-35° N
Hold g7} 190° E-310° E, 10° N-75° N
wold 8l 7} 270° E-330° E, 60° S-10° N
o=y 110° E-180° E, 50° S-0° N
el % 110° E-260° E, 50° S-20° N
B 5gFAof 25° E-190° E, 40° N-80° N
=5 25° E-75° E, 10° N-45° N
-4 345° E-40° E, 30° N-75° N
o} g 7} 330° E-60° E, 40° S-40° N
| 1 J 1 \ 1. Globe
o 2. Tropics
e .n | 3. N. Extratropics
3 °n 13 i ! 5 } 7 4, S. Extratropics
3ONSD, Lo w - =i . 5. East Asia
12 ——————————— = 6. South Asia
2 o0 6 { - 7. North America
% 20 P 8. South America
s - 9 10 ~ 9. Australasia
4 8 10. Australasia + S.Pacific
608 11. Northern Eurasia
12. Middle East
90S ¥ T T T T T T T T T T T 13. Europe
30w 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 14. Africa

Figure 2.6. The domain map for the verification region.
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2.1.1.1 MME AZqSA 2" Fo =d 7j4d

2 d

= wd = 57)(CWB, ECCC, HMA, JMA, KMA)=
202213 )], 27R(ECCC, MGO)= 2024\ ol 7fA = 2023 @0 = 2w WA 174 (PNU-RDA),

SY9HEHA FAgSAR(hindcasH)E FF F AAHT ZZ IS s =HS By

APCC MME #of Hdde HAEIH. 29 AA A58 4, 7 WA 59 v, B &2
g dZ¥el vu, MME 3o A% MME 59 ¥3l 5& 2484 2 SEE4 d3 A

A4 she
2112 THYE MME AFA 29 73 2 A8

20239 T5¥ MME 13|45 ASA2EHS 53 A5 AR Qi AsHe #3F A=
+ ERA-5(Table 2.9), MERRA2(Table 2.10), CPC Global Unified Precipitation(Table 2.11), NOAA
OISST version 2(Table 2.7)°]™, 74 W42 H-$ ERA-5, MERRA2, CPC 7+ #A=A 5 3%
el HSws 43S vlastazt st

Table 2.9. Information for ERA-5 (ECMWF).

W &

A5 E4 https://cds.climate.copernicus.eu

s ¥ 2m 7](air), 850hPa 7]-(air), 500hPa =] $] 3 %(hgt)
25 7%k 1979. 1. ~ A (g HJHlE)

g A= 0.25 x 0.25 (degree) (1440 x 721 longitude/latitude), 37 levels

- https://doi.org/10.5065/D63B5XW1

2= - Malardel, S., N. Wedi, W. Deconinck, M. Diamantakis, C. Kuhnlein, G.
Mozdzynski, M. Hamrud, and P. Smolarkiewicz, 2015: A new grid for
the IFS. Newsletter No. 146 - Winter 2015/16, ECMWF, 6 pp.
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Table 2.10. Information for MERRA2 (GMAO).

v &
A5 E4 https://disc.sci.gsfc.nasa.gov/datasets?page=1&keywords=MERRA -2
As W A
P A= 1980. 1. ~ @A (vi€ HElolE)

1/2 x 5/8 (degree), 72 model levels

(also interpolated to 42 pressure levels)

Global Modeling and Assimilation Office (GMAO) (2015), MERRA-2 [product
name(ex: MERRA-2 statD_2d_slv_Nx)l:[product summary(ex:

=z 2d,Daily,Aggregated Statistics,Single-Level,Assimilation,Single-Level
Diagnostics)] [product version(ex: V5.12.4)], Greenbelt, MD, USA, Goddard
Earth Sciences Data and Information Services Center (GES DISC)

Table 2.11. Information for CPC Global Unified Precipitation.

y &
A5 EA http://www.esrl.noaa.gov/psd/grided/data.cpc.globalprecip.html
e ¥ A
A= 7|13 1979. 1. ~ @A (Mg ol E)

g A= 0.5 X 0.5 (degree) (720 x 360), daily

- Including text such as CPC Global Unified Precipitation data provided by
the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at

- https://www.esrl.noaa.gov/psd/ in any documents or publications using these
data

L Table 2.8 HUstH, A= 7| £3 7]& MME A 3j
S A 2"l ol A /\]'03]"15 71 22 AFSSEAtHTable 2.4). o] A A4kE MME 23]
I AZ AR} 435 Hudoax sNE 7F d= HAFro xfo)

=
ol
oy
b
il
o|N
o
s
o 1o
fu)
oy
of
18

2.1.1.3 Hindcast 7]7t8 ¥17t%= #4 7]49k MME hindcast 713t &3 @ T2 M2 /JA

i

APCC MME AAdd¢ S AEE Astetr] 98] 71 $3dgte] 71zke® &85 hindcast 7]
F A e 20199 7o ®E WA 201999 o] APCC MME®] hindcast 7132 3

oJxd59] &% hindcast 71ZtS AdASk] ARGl itk SHARE AJZdo] AdFE oo

i
O

_12_



ANl o] FolHel wat MA//EEE 29 hindcast 7|7 BT HZo=E A H7]
AR ow, o)@A AA/AEE =Pl hindcast 717te] MME hindcast 712t3 @A 3] x}o]
7b 2 A9 MME o] FA AYHAT. o8 BdE0] 2AF soluyA MME o xd
&% hindcast 713+ HAl #obd 7hsAdo]l Eolxom, MME o FAol AQE= 2ol
Z7tatAr MME Ald oS dsdd A2 FaFo] zed 22 AdEHIA old wek APCCE
MME hindcast 71zt A7 WS FARDE9 FF hindcast 7]17FolA 1991-2010d .2 114
H 7|1te 2 HASH A, o]E W 3l= o md ol hindcast 7]7Fe A= AHEd=

How WMASIAY. Figure 2.7 2008-2023d 7|7+ &<+ APCC MME hindcast 7]%te] w3}
et I"olH, 2019939 12€(2020JFM d )< 7I+o 2 1991-2010d 71Zto2 ®HA=E A

[e) 2~
& o 5 gk

oL o

oo

Changes of Hindcast Period in APCC MME
2015

2010

N A F 4 |
i —W A d A A ~

2000

Hindcast year
[ R
b © o
® 8 8
o o o

—

1980
1975
1970

1965
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2023

— ] —E T

Figure 2.7. Changes of APCC MME hindcast period during 2008-2023.

HA®E MME hindcast 7]zt A% ®¥(1991-2010%3) 3ho] MME 2 Ztej =@ hindcast 7]
7ke] & 3K(Figure 2.8)% Ay xE W, CMCC, KMA, MetFR, UKMO =49¢] 7Z-¢ hindcast A& 3l
7} 1993 d o 24 MME hindcast A12} a1 1991'd tiy] 2de] Fujo] WAYstH, o]t A=
15 2=2E9] hindcast 1991, 1992\l sl AZzk(FillValue) o2 A st MME| &

5 o ok EZ, MME #o 7339 st 255 53 F{ =2 hindcast 713t 2
HZE X&EHo7 QA5 o, o33k =807 BoM, CWA, ECCC, MetFRo| A A
g9l hindcast 7|3t FA(EZA ARSI AFAEE AT F7] AFEIAH. OE
APCC in-house =<l SCoPS¢] 7% MME hindcast 717tell #&3t7l slx9r, =g 7jAS
3 hindcast £% 31F 2016d02 gatel 2025W0] A& algolth. AT LelA F&
vke} 7ro] MME hindcast(1991-20101)e] 200 717H& 7153 7]7ko 24 WMO ATAEHE
4 243)E WHEekA] Kb, 2010 o] %o HT 7F EAS wrYshA Xdte A ot

= F 7FA 717H1991-2014d, 1993-20161)S
gk ATEFR 9, 2023).

0

O

o

ot
off 2 o gt A

-

N

A Asle] Table 2.129} Zo] 7% AdS
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Year
I

199% 1992, 1993 1994 1995 1096 1997 1008 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 !

Institute 1979 1980 1981 1982 1983 1984 1983 1986 1987 1988 1989 1990 2015 20152017 2018 2018 2020
APCC

BCC

! [}
| 1 1 i
. |
]

e : . MME hindcast period (20 years) E :

Recommend minimum climatological period from WMO (24 years)

Figure 2.8. Distribution for hindcast period of individual models (bright green) and APCC MME
(dark green).

Table 2.12. Experimental design for extension of APCC MME hindcast period.

A Hindcast 7]%} AZ=3

_514_4’
i)
oL
ok
b
AN
-+

1991-2010

Control (CTR) (2013) AA A= Ay g
MME1 1991-20143 i o
A=
(SCM1, GAUSD) (24'3) A A= A 13
MME2 1991-2014'd o _
(SCM2, GAUS2) 99(24L04) A= 28] 2 NCEP forecast A8 & 9
MME3 1993-20162 o
— -] - éé
(SCM3, GAUS3) (2413) A7 2] 1
MME4 1993201613 .. _
(SCM4, GAUS4) 99(324Lﬂ)6 AZ g 9 NCEP forecast At5 && 5

M W7 T B Table 2.101419F 7o) AA] APCC MMEd] #Hojst= RE mdo] o
stdom, 2482 MME % SEE&2Z MME 7[HEE &4 & .3
d #FAs< Table 25-2.73% #Zom, 7|4 AgdE AF He Hrie 2ZAEH
MME<®] 7d-¢ ACC(anomaly correlation coefficient)®} RMSE(Root Mean Square Error), &&&
73-¢- ROC(Relative Operating Characteristics) scoreZ AF-&3F4 th.

#= dlgto 2 MME hindcast 717F 348 98] S 7}A hindcast 7]1%+
7170& AAste 71E AFS Al2Hl S &85 T2 A~ NAE FY3A
t}. w3, MME hindcast & 7]zl @& 2022-2023\d 9] =255 AlY Ao 24 MME
hindcast 713t &3 A/F d=F 5SS AHREUTH

J
ro mﬂ‘
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2.1.2. 71 ZAA 2" &9

T -4l - AEE 7R A AR, 7% A, Tk A ARE FHolAE S8l Alsst

e FE -G - AEE JF A ARE 2m 7, BEEAEAL A

10m ¥}&, 500hPa A 9]ai=ol tial]l NCEP A&4 A5, NOAA G3astEA #5, CPC

F A&, OISSTY AR E AM&stal T 71§ Ae s - th7] - <ol sl A3k
[}

2.13. FopA o} A FEALASAN2H &Y

20228 R - =" ForAol A9 FEAAASAZHL AAZZ7]FH(World
Meteorological Organization, WMO)oll A1 9] X 2 AA o= L gio] o]Fojxjo} It}
AILE T8t Folrlol A Ho| B Boh B84 2 AddSF HRE St Alxdo
ZA U ARV BA e SotAlol A RO 43 AR Ui AHAH 84S =
ola ATHA R/ <], 2022).

2 A"l ALk AA L 7HASE AAR FAEEC o, A4 AAE Folrlol Add S

of WA Aol A& ENSO AMeH Y ArHstt HdaAdS &8st 7Fd S 2l A
3 3 AHAAL Hole MME Fornde Xdste] 7]&3t o g &
oty ¥ 71FAAZ ENSO7F A EHE= 749 ENSO

wduitt Hriste] 2d 7+ AAA EZ(spread) o
As A Ha, 7FAARE AHES AU ABEHE A 5
Ef T 2dd AAALS Hrlsted 99 AR B2 S
T BE2S AEstA "ok AL AAe AHE 382 Figure 2.99F Zth

Step b Step 6

oS 2= 5|9 7|4t 7| 3513 3Z By

#a/Rg
e 22 9 POFOIS % | sz

My 2 Wz} HZA a] o 25
T} H|AF Hzar 54 | U 1 ks oy :

Figure 2.9. Process for calculation part of East Asian customized probabilistic forecast system
(from Kim et al, 2023).

SotAlof AGBEE FEALDAS BRE AE5H7] sl APCC MME o2l o S25
(Table 2.DE YExs2 AHwstan 9om, o714 HMC(EAop 2 MGO(EAloh) mde] A9
Y mdo] FAHA &2 WA Y RAES Adeda =3, Rdo| AAAS HIIEH]

1) Optimal Interpolation Sea Surface Temperature
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93 A= A5 7 CAMS-OPI 74 A=A (Janowiak er al, 1999)¢2} OISSTv2 sis+d &%= 3
Zz}8(Huang et al, 202)E Abg&sta ¢low, HSSHiedke Skill Score) HAZE 7|H<S AL-&3}o
Z} 249 hindcast(1991-20101) o1& BE=E ATt

7HA S A A f1e A AAAA FEE FolAol AEHEE FEALGS JRE T}
ANgsts Al2"o 24 APCC FElFo =2 AFHe HF solrol AdEEE GEALAS

s ARE A Ak

2.1.4. MME dSHE Z7|AF

=

71E 20900 ATHY ASHRE wek 27le] AT A Ul - 98A AR A
sk RHozE MME Fe] 2d AR £ 99 L AHY A28 TES A=
e Ae BEAGIL IRHOEE AR AF /1B Fx 4L B A AY Ane

W= 8 oAl SHNA AMsck & Fe setsta 7]
84, T SRelA zAsHT

i
92

=% SST (Sea Surface Temperature)2} ONI (Oceanic NINO index) A&
ggste] Awrte] FH4 siAS diAst AR AERRS &8st 2020d 11YF-E
APCC ENSO ARE A|Fsla o 7] APCC ENSO HH Al2H9 7]&& #H=9] 371¢
W+ NINO3.4 A2l ONI X EE EF3slar a1, ONIe] EA ENSO 7R dAE=E
Watche= 3704, Alerts 40€¥, Fo/HEE SALEIIRAY #= 713 2ol HasAh
mEba ENSO 39 Abd AReZ|Ets AAY Aol Z3r Adrt =&HIY. o]
2022 d APCC ENSO %7] AKX AHHO F8AES =9]7] 93] ENSO AR A xAHO 7]& %4
HAS ANEstat

_16_



2.2. BSISO AAW A28 &9 9 NA

2.2.1. BSISO AH W SA 28] 9

BSISO AldujaZA 2~8e] Exae AW OLR¥} 850hPa FHulgao] o] gdh 1zt
2023 99 RE] 712 AHE3tE NOAA OLR A& AF ZFdo wat 2023d71A+= NOAA
OLR #&, 2024 o]% =& CPC blended OLR$} NCEP 850hPa <% w}&AaS o] g3fe] EHuli
o5 5¥ollA 10d7kA wid A, S, AF BSISO ARE AAteta FH0AE Fa
Ao 2 AFE 1 ot Figure 2.10& APCC BSISO €494 2 Iy dAS #ﬁa} 3l
Jolth. WA FIP oF - i AEAAE 2 dSA5E FH3n 13 A5 FAEA S
A A dF Alzdlel fEEo] FEeHET. I8 AAZ dY ZUHPH ?;}vﬂ ke
A5 FAdstd] FY dY olrE 7IE AR A5 FLE AFIHAA T

T Ul EZA Y AlZE Aol AriwEel] A 71E ERE A @ VE W 3Ye
o] Qlom A IAE V|EUR 3t dF ¢ HF A5 ALkET

B
e

BSISO 2 HA % &H

v BSISO &8 7EALY 29

Data Quality BSISO Monitoring Operational
Collection Check & Forecast Note

FTP
<

.

Data quallty issue,
etc

(Forecast)
Observation

forecast

ISSUE OCCUR Impact Anomaly
Model data Dally schedule,
Impactanomaly field Previous forecast,

with model holders

ast Graphic @
BSISO Prob. forecast for
phase diagram, Heavy Rainfall

5-day mean OLR occur
Pre-processing
- CXC)

U U T T
08:00 08:30 09:40 13:20 17:00

o ZH0|X|, A=T7| ¥ HTLA00 HAZH Phase diagram, 7| 84 7|Z0Zat HAZ HIZBE ®S

Figure 2.10. APCC BSISO operating system.

A4 BSISO d@PAI2HE o= Fodwde Table 2.133% Zth 2z 7]#E =2 NCEPOA
270, &F 7143 DN, ECMWE 174, diwk 7134 Dl 2Edo] Foste] F 5709 Fond
o AEE o]&3ste] APCC BSISO 7B ®d oF& F3qsta Joh ﬂz—ﬁ 2d WA
At o 2= ECMWEFE 749 2023@RE GAEo] 101712 U= &5
4, F9dcA uld AFe2 WHAFHAYG. T divt Z1FAe A 71EE AUt
2023\ dH-E CWB (Central Weather Bureaw)olA CWA (Central Weather Administration)=
HA = A

ok
_l
N
b
=
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Table 2.13. Participant model description of APCC BSISO forecast system.

Ensemble Forecast

Institute Size e Update frequency Resolution
Climate Forecast T126
System 4 40 days Once a day L64
NCEP
Global Forecast T574,T190
System 1 16 days Once a day L64
Australian
. Community Climate N216
Australia and Earth-System 33 40 days Once a day L85
Simulator Seasonal 2
ECMWF Ensemble T319
ECMWF Prediction System 101 32 days Once a day 1137
Taiwan CWB 1-tier
Global Atmosphere- T119
CWA Ocean Coupled 3 40 days Every 5 days L40
Forecast System

2.2.2. BSISO A-WSA =" 744

APCC BSISO & Anlz=e AAl oE &8-S Fol7l fs Ad 39t vgst
SHAY M-S ikt WA 20223 = AAZZ7ITHWMO)S 712l whe} BSISO 7HA,
=, YAl 7% HAZzEe 19812010l A 1991~2020 0.2 FAPA|=®le] WA
A&t AeFE AX Y IS FHet B Yol LA, = FH oA
H= BSISO @9 Hdl=9 74 =017] fls GrADSet NCL2 EA=of 4| 1
£ NCLEZ d¥ststa da4d A= olmAE A4k 8 Anjzsigith 2023 9dl= BSISO9
IE AR F8AHE Folr] H3 2 Z= FAE I IFH Fd9Ss INEE
Fote AY (F9 =M 59 S50=7tA o) 74A S Algsta, 1RE o HeojlA 2
Z8&< H8l BSISO <& A AF7IS 71E 3FoNA 4F7HA IR AFsdv. 18
H ZFARAECMWEl thall A& A= 3 A BSISO AF A5 A4t AAES vhdshe
AA7EA R B &gskal Aot

R 2

a8a 20239 99 1795E BSISO AW o SA 2Hle] g Ao] == NOAA OLR A&
A Fo] =g whel 2023 BSISO AYPS 9¢ 1794 E %7] F2HUT o|F AAO R
3 7Fs3% OLR oAl &A8E A&3t7] Y8l 202435 E] CPC blended OLR A &2
g83tATt ol A WMAE OLR A5 AHA 3 AA 92 AAZY AAHES FH3)
20243 FPXE] CPC blended OLR AZE o] &3} APAu| 2~ s

Y ©F Agrel Aol mek el mul 4H L wWHol WAL oW =Y

BYEO 1P @ 2o nmel £ SR AFEA TR SR A
sASte] ARALE BEFGE. o2 As) ECMWFIA =8 BSISO

QAo R A4 AFAZ-2A BHA<Tl 27 A Fssl Helt
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2.3. APCC AA| ) ZEASCoPS) &9 2 dSAHE AF

2.3.1. SCoPS AdA=HE A-&(g, 3/671€) R AL di-&

Figure 2.112 APCC A}Al| Al o|& =21 SCoPS (Seamless Coupled Prediction system)<]
+9 AA 2 dY €S 248 g Jgelth SCoPSE wi€ 7¥74 7] d¥HAE<Q] NCEP
CFSR(Climate Forecast System Reanalysis) % Argo A2E 3o =7|ZE wWHeED
t7]-si g =7I1stE Bl 6/E ASAEE AT ALE d3Ase FAYE S
dHES A8E THEo] AW © W FFE st g AAE A5 &A7F itk #dEA
APCC MME #Hoind=x 2853 Qo

SCoPS 2% HH U AX

e h 1 Integrated h ( ) ( )
Data 2 Hindcast Grou
) Atmospheric-Ocean ' St ' e
Collection w St Forecast Experiment Meeting
L ) Initialization _ ) _ )
("« NCEP CFSR ) D ( ) ( == )
- i i il SCoPS seasonal forecast
| (STseR U u T, - Check the initial condition [ Serification for bindcast ey veta
(Tempe’:ature Salinity) (Horizontally & Vertically) forezast
\_* Pre-processing ) L ) L p 4 )

Every month e

)\ 4

MME Participation
7 £ 10"y 13

® APCC MME Zoj 2 &l

Figure 2.11. APCC in-house model (SCoPS) operating system.

2.3.2. 71473 w97 5&7]& &83 SCoPS AZAS £IAA +=

APCCE HPCO =33 3 A HAAHS Sl 1 oAl AL Adez2x 7|35

FHAFEE &3t Joh. 2 dY Fre AAH FHAFEHIE JadEel= 2w nit
TS gA 2o SCoPS FAAES rwiEsigton 20220 FHAFE 0 557
TESEAN2E(FF)o] AHE 7ol SCoPS &9 AAZ MEol F+=39d. FF A=
TZ3 SCoPSY =B IAMEAHL Table 2.149F 2t} APCC HPColl =3+ SCoPS =H
A48T F8 AoFHozes AHuLHEJAY A FHAFEH 457]FEHE PG
Agdei7t EYEA gotA Intel HAIIHE tiAStd ZEREATE ES 2 A|=H o
AZ3E TEH Agdy, MPIZ AAH 4T
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Table 2.14. Configuration of APCC HPC and KMA supercomputer.

APCC KMA
HPC (2015~&A}) 43 7] $-2)(2016~2021) 5%7] F7(2022~)
a2 PGI 11.0 Intel 14.0 Intel 21.0
e pgf90 ftn Ifort
MPI openMPI mpich Intel MPI

2023dol= 20220 =3 FHAFE 537] SCoPS *HAAES o] &3st SCoPS
Hindcast (1982~20139d) #A85= - A,
Lo 2 7144 ¥ AFH 537 E SAZHOE AHEE F = AAE vlHEH T

2.3.3. hindcast 717+ &%

@A) SCoPS Hindcast 717k 1982~2013Wdolt}. AAH S ERE oY 74]3::1141 of| Z-of) A
B3 =t wwds o A Hindcast 7132 ol 71F 5A4e wGsildd=

O
AU ez e Aol ot wEkA mdo] e A <oF 10do] A AHAA Bt} FHAl
7152 w93 7]3 3-8 AAEL] Y84 = hindcastE: H o2 AAsior B "L Aol 9l
=3 Ydo)] AEEH 9= APCC MME A& 4= hindcast 717F 44 2l SCoPS =2 EEf'?_P

missing value $lo] Fodat7] 9)siA &3 Hindcast A& Y-S A =3+¢th

HincdastE 7 A2+sl7]o] 24 SCoPSe| Hindcaste} Forecaste] 7Ha & Aolde 27|
& Ao thFigure 2.12). Hindcastd] 7-¢ sk Z7|Zo =z 47 zg3Y WOD (World Ocean
Database; MBT, XBT, PFL, OSD, CTD, DRB, MRB) A&Z A}&3tt}. wkH, Forecastd 7
AN AlFel 7Hsd Argo ABONA Fo&3 AR AEE AMEST. w4 Hindcast
AZS siM= 2014~2016A%Fe] A2 29U WOD A5E WA FHstz AAE &
AA 2717 AL AAE TS5l ok ot

O

N
to 2 o

O SCoPS Hindcast®f Forecast 444t 1% {0| ¥
Hindcast Forecast
- WOD (T, S) 2 not real-time ARGO (T, S) 2 real-time
Ao e CFSR (SST) CFSR (55T)

Figure 2.12. Difference of initial data for SCoPS hindcast and forecast data.
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2.4. AEASA|2H A&7

241 AEJEA2E 29 R dSAHARE AT

APCCE sdol il =729 Agd F4ld Hilfi} ofAJo} HTAHQ HEU e 47
A o (Barat, Selatan, Tengah, Timur)oll ™idt A = AF-o] %7]7Z KA ~E(FHEWS, Fire and

Haze Early Warning System)< 7Hdéte] 20173 %E BHEWQ Ao Ard sjdst= 8~10€
71zt et TR EE St wid 4~74d Aol AHEA S ZI|HAE BRE JE S0

AE T AlsstaL

Aoew. I 20239 FE = T olAloF AHe 2~4¢ 7)ol ths wid
10~1€ Abolo FYS JHE Av|2sta okFigure 2.13).

i = = o = i
 AMEOEAARI A YA YUY
Datr-.! ' Fire and Haze Information Production ‘ Service
Collection ’ :
APCC MME & Ind. Models [ Ind. Models (Hindcast / Forecast) ] [ GFED ] '
4 Every month

| |
l [ Observation

Indonesia (Apr- Jul)

Extract Model data

l

Malaysia (Oct - Jan)

[Ind. Models (Hindcast/Forecast)]
Observation

L

Bias Corrected Regional Data ]

[ Regional Precipitation Ref, ]

| Homepage

;

Obervation H Hindcast ]—[ Selection model set }—»[ Forecast ] I

|l

. . ; | -
Corecmssiorecast || tistorvortne &1®  fireand e EQQOf |[w=
Pre-processing : for monthly mean I probabilistic forest Early warning il | b i il note
| i fire forecastissued (probability) |
g = ¢ lo @ M
. 055“3"30?(4 74)9f Ellﬂékiﬂr(iﬂ 1) Z!C“‘Jﬂ Eﬁ“’" “’% 2L -ri"é'f‘ﬁ% BEAF
® APCC MMEO] #E5 = Hindcast 7 E 220 HAEE S0 A A 2 E MY Gi2HE AF
o 135 74 FEE 7 XA TAHT CO, BT 19 WA JNO2 8 YU SIO2 wEsio] 4D

Figure 2.13. APCC Fire and Haze Early Warning System (FHEWS).
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Figure 2.15. Functional requirements of dynamic web contents in APCC homepage request for
propsal (RFP).
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Table 2.15. Climate monitoring variables by the period of climatological standard normals.
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500hPa =] ¢ 11 %(500hPa Geopotential Height)
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Figure 2.16. Flow chart of the linear trend correction T2m automatic program
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27. THHE MME ARWASA 2 AL S 7 A4 75
271 AANAS = ¥ BEZAE

2 AFA AHg" AW dSAE= MAZIS7]I7+(World Meteorological Organization;
WMO)ol A +Fste= IgAEY AFZ2 A AAZIdATF=2=2 3 (World Weather Research
Programme, WWRP), AlA7]$AF+=Z 13 (World Climate Research Programme, WCRP), A7
#=3 2 13(The Observing System Research and Predictability Experiment, THORPEX)O| A &5 0.2
A A3l= S2S(Subseasonal-to- Seasonal) TEAEo] FoJdte= F 127 RdS A& Fon, 2
do] o FA5= A ECMWFE dHolE 2HAA AFstr e ARE FHAH =3 £
AFo= MMEE 918 35 IAANAZIZEE &435H7] 98 SubCEZHFH 2010-20161d NCEP
299 6AZF AAAEE F7F FHEIAT. ATl AHSE 12719 B 7] o F 2AE
I AR wep mde] EAo] wlg- AoldttiTable 2.16). <& E°], ECMWF, ECCC,
NCEP-& o S(forecast) st e} 5d3g kol A= (hindcast ®=+ reforecasts A 33}
I lom, UKMO, KMA, IMA+= i oA SAEE A4t AAANAAEE 2A-H ol g4t
kil Ut =, UKMO9F KMAS 3 2ol 43] uA" Gk, 9, 17, 25l AFstar Jom,
IMAE wi € 1543 wpA|e} dol AAQAARTE Aitsta
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o
oA AFst A= 1270 mdel JHE HA WA ¥ 3ﬂr74 A A2 5(2003-2015,
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GPCP(Global Precipitation Climatology Project; Yin et al., 2004), 3<%
OISSTv2(Reynolds et al, 2002)& A&stAth. 1 ¢ F8& W dsiis EraS(ECMWF
Reanalysis v5; Hersbach et al., 2020)& Ar&3tF o, ol 59 At € I3 = =
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24 A olele e Astel 9 FR(1-TY) ARE ST
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Table 2.16 . S2S model summary used in the study (as of Jan. 2024).

GPC Forecast Hindcast
name Time Ens. Ens. .
Model Frequency Range Size Model Frequency EXp. Size Period
on the
ECMWF/CY47R3(1-5¥) 2/week(Mon, Thu) 0-46 51 ECMWF/CY47R3(1-5¥) 2/week(Mon, Thu) 11 2003-2022
ECMWF fly
ECMWF/CY48R1(6-12) Daily 0-46 101 | ECMWF/CY48R1(6-12%) 2/week(Mon, Thu) O”ﬂ;he 11 2003-2022
on the
Exeter UKMO/GloSeab Daily 0-60 4 UKMO/GloSea6 4/month(1/9/17/25) i 7 1993-2016
y
Montreal ECCC/GEPS7 Weekly(Thu) 0-32 21 ECCC/GEPS7 Weekly(Thu) onﬂ}t/he 4 2001-2020
Seoul KMA/GloSeab-GC3.2 Daily 0-60 4(8)2 | KMA/GloSea6-GC3 4/month(1/9/17/25) onﬂ}t/he 3(7)  1993-2016
Washington | NCEP/CFSv2 Daily 0-44 16 NCEP/CFSv2 Daily fix 4 1999-2016
Tok JMA/GEPS2203 (1-2¥) Weekly(Wed) 0-34 50 JMA/GEPS2203 - - - -
okyo
Y JMA/CPS3®  (3-12%) Daily 0-34 5 JMA/CPS3® 2/month(fixed day)d fix 5 1991-2020
Melbourne | BoM/POAMA P24 2/week (Sun, Thu)  0-62 33 BoM/POAMA P24 6/month(1/6/11/16/21/26) fix 33  1981-2013
Moscow HMCR/RUMS5 Weekly(Thu) 0-46 41 | HMCR/RUMS5 Weekly(Thu) O”ﬂ;he 11 1991-2015
Toulouse MetFR/CNRM-CM 6.1 Weekly(Thu) 0-47 25 MetFR/CNRM-CM 6.1 Every 7 days¥ fix 10 1993-2017
Beijing CMA/BCC-CPS-S2Sv2 2/week(Mon, Thu) 0-60 4 CMA/BCC-CPS-S2Sv2 2/week(Mon, Thu) Oﬂﬂ}t/he 4 2008-2022
- IAP/CAS-FGOALS-f2-V1.3 Daily 0-65 16 IAP/CAS-FGOALS-f2-V1.3 Daily fix 4 1999-2018
- ISAC-CNR/GLOBO Weekly(Thu) 0-32 41 ISAC-CNR/GLOBO Every 5 days® fix 5 1981-2010

2) 20234 88 179 &
3 i o Fd2 =
4) 19934 18 1< 7|
5) ofd 128 1 7|1&
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e 932 MEERDY] FF AAAAZIZE] 2002~20161 8] 7] FgFholl thit A= #S
I wlwste] AFsA. 71$a B2 AAEZ MME oE AIJos Hdexa, PCC (Pattern

Correlation Coefficient), ACC (Anomaly pattern Correlation Coefficient), #3523} (Root
Mean Square Error, RMSE) A& 83193, Al-Y =2 durd A5 F7HE 93l 87
AFo =z o] EA 8 tHTable. 2.17).

2.72.1 B A}

Wi oA Mean Bias)s dlZA st BZAme] Wakel tld ArHFoln, ofzlsh ol
R o},

Mean Bias = %Z}(fZ —o,) [2.1]
i=1
2.7.2.2 ACC
PCCE F BUBEAN FAT ANl Y @ A9 AVAFE, F2 AZTAELLI} B
23} Avpt FARRIFE GERE AR 2olv, -1-19) Wele] BESL, 1] eSS F
selo] M%3g LEhATh ACCE PCCS| B8% A92 B33 d=gte Mgael Juas
 AA-A HEOE Qs =2 S ATE 7 Joru=E offf A o] dZF3 AZ BT
A 71%3E AASA A4S FBAFE dS3S A5
(f,_ f)o,_0)
ACC= ——= - [2.2]
\/ wz(fif})zzwz(0175)2
i=1 1=1
2.7.2.3 TCC
TCCE @ AWM AZe] FduEHo] BEF Avh} FABAE Gehfe A5z 2
ol -1~19] Wld Ex3t1, F()9 2 #=Fe Adw Aol H) AHBAE 71X

=
2.7.2.3 AF=2t

Ageeds wdo) d2d =
BE AEE AGHM, ofd) 43t Bo] dSgke] BEROER
BEAF LA AFLOR ANEL

[2.3]
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Table 2.17. Definition of geographic domain of 8 regions verified in this study.

Region Latitude Longitude
Globe 90°S-90°N 0°-360°E
Tropics 20°5-20°N 0°-360°E
East Asia 15°N-60°N 75°-150°E
South Asia 10°S-35°N 60°-140°E
North America 10°N-75°N 190°-310°E
South America 60°S-10°N 270°-330°E
Australia 50°5-0°N 110°-180°E
Northern Eurasia 40°N-80°N 25°-90°E

27.3. FokAo} G o /F 1SS % S AT

B AFoA FotAol AY o] dr|$E Aol 7] #18l ERAS A4l A= (Hersbach et
al., 2020) 7]->(2-m air temperature, 0.25° x 0.25° ) YATE o] &3Pt AAEZ 3d=g, &
@ old71F= 10, 90 HAEY S 7|FO 2 olBT} AUk, I8 wEd EE FofIgon,
Y= o] F dFE AESAT. 71Ee] He 71§73k 1991-20100] a1, 1979-2023 7)%t

AdAZARE md 21 Az A8 FHs|o] gl T850, USS0, V8508 AHeshslovd,
7130 201020234, 140l APl SRS LE o471 F U9 TCCE ALY W 1°
x1° 2 #23 wddZ ARE YA

SotAob o }7IFE 4%ty R AR TR dSAzE WMO A=AE ] KMA,
ECMWF A& A&tk 2023 AJ4kd hindcast AHEE AR&stdem, KMA =d&
hindcast 7]%to] 1993-2016, ECMWF =& 2003-2022=%, 3% 7]% 71Xk 2003-2016, 14\d<
2 AAste] ojol thet ofTEE BT
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2.8. 71FEoF ZAHEY B FHAY
281 WMO %78 A=AE &9

2006 11€ gyt 7174He] WMO A F ArldEats A4HAE(GPC,  Global
Producing Centre for Long-Range Forecast)Z A= 11, 20093 4¥ol= WMOZRHEH tFsrd

YEE A5 Teds AW vF71 AT A AATIET7IT 71FAS sREGEE A
SAlH (LC-LRFMME, WMO Lead Centre for Long-Range Forecast Multi-Model Ensemble)=
A7 = A T}

AAZ1E71F 71%d S dFsRAGSE AZAEHE ZF GPColA Aitsts A7|dE AR
£ 3%, MME 7S 7fdste AHlxstal, 72 GPCY oA 59 MME A SAEE 355
H FEHE AFst=  ‘one-stop shop’ o] HE AS TF3YU HIEE Sl YFHT S
(Graham et al., 2011). "i2 ‘one-stop shop’ 71T 71 A S deRAGEE
AEAY IS Fd3t7] 3l 2 GPCEERH 7|Fd3SA5E T332 MME d3A5E
Aikste] wid 15YAC AAZIETZIT Z1FdS gsEEGEE ARAE FEF
(www.wmolc.orgE 53l tAE Az I8 49 gFrdddE A2 E AT
o =3 MAZIEZITF 713d S GsEEGEE AEAHNA AdE A-dS Rs WMO
= 34 A-GSHRE ANt = WMO T3
(https://community.wmo.int/latest-global-seasonal-forecasts) Z} 7187 ek
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Figure 2.17. Forecast procedures at WMO LC-LRFMME.
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MAZ 71T 7154 S dsEdGdE AEAEHe 237]d= 1171¢] GPCERE AAd
S5 E FHFAT. 20103 69l B CPTEC (Centre for Weather Forecasts and
Climate Studies, GPC CPTEC)o] #d&t®d A 127] GPCe] dZaA g & thdit &95o ot}
20173 =< 71’37 (Deutsche Wetterdienst, GPC Offenbach)e] F7}% a1, 2021d<l= CMCC
(CenteroEuro-Mediterraneosui CambiamentiClimatici)”} GPC (Global Producing Centre)Z =A]4
HAom, 20239 = 1% 71443 (GPC Pune)o] GPCE &I HA dA= F 15714 GPCE
BE AdgZxagE AF¢a JtHTable 2.18). 157 GPCe forecaste} hindcast A}zol o3t
F2F3E 45T F, 9 WFCm 7R, A, ATHeE, W7, 850hPa 2%, 500hPa A
3%, 850hPa u, 850hPa v, all®. &, 3l+H%, 850hPa ulv, 3iWAES] A9+ AT
GPCell 3Fgholl diall 4719 ZAEZ MME 7] (Simple Composite Method, SCM; Simple
Linear Regression, SLR;Singular ValueDecomposition, SVD; Genetic Algorithm, GA)3} & 23]
MME 71¥ Min et al, 200902 wjg 37/1¥ AAg=A5E AY4eA] ©o}. Hindcast 7)13Fe
GPC 7te] &% hindcast 717kl 1993-2009 & 7]=o 2 sit}. Z; 7|Hol ok AAgE A A
AZVE717 7154 S dsEASEE ARAH FaHANA F2A & 5 o, £ HuAde= A
A gtk AAZIA7T 713dS deEREEGEE ARAH &9 3 A4kd 7 GPCe
MME?®] 4 & Aes etstr] f&l 671 " Cm 72, A, fiTH2%, l|r|sd, 850hPa
2%, 500hPa A= @, FHAEe A$E AFHE GPCol 33He hindcast
forecast o thdt HES<= WY FAsL JTh A3 HFS AHEZF d=54 &8
o Zo tial st JHAAHEH MMES 7% SCMel|l tigt AZFwt 43¥3h). hindcas 7
TS FE7IE7IZE 1993-2009' A0 il AAHETE AFel AMEEHE A4 #F AR
forecast9} hindcastell whel th=2w, Table 2.199} 2.209] AAS] YERN AT MAZ1E7+ 713
= gFrdIdE ATAEY AZSS WMO A7|dK & 73 A4 (WMO Long-Range
Forecast Standardised Verification System, WMO LRF-SVS)oll A3l 3= ot AAHE
2 o AZFoe ol A#ASE4(Anomaly Correlation Coefficient, ACC), BT A F =L
ZHRoot Mean Square Error, RMSE), MSSS¢} Gerrity Skill Score (GSS)7} Alg5 1 &E&E o =9
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dol A 2024 &<t FE MAZIE7IT 7SS g Ay g T A
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Table 2.18. Characteristics of seasonal forecast model from GPCs.

<2024 88 7|&>

GPC Beijing CcMcCC CPTEC ECMWF Exeter Melbourne Montreal Moscow Offenbach Pretoria Seoul Tokyo  Toulouse Washington
Institute BCC CMCC CPTEC ECMWF UKMO BoM MSC HMC DWD SAWS KMA JMA MetFrance  NCEP/CPC
C Chi Ital Brazil United United A li Canad Russi G South Afri K J F United

ountry ina aly razi Kingdom Kingdom ustralia anada ussia ermany  Sout rica orea apan rance States
SYSteM oM 1m cMCC-sPS3 5 SEAss  Cl9%€36- L\ CEss.s) CansIPSV30  SL-AV GCFS 2.1 Gloseas  MAMRI o rems CFSv2

Name GC3.2 CPS3
System Coupled Coupled 2-tier Coupled Coupled Coupled Coupled 2-tier Coupled Coupled Coupled Coupled Coupled Coupled

Digital data
o o o X X 0 0 o 0 o o o o o
download
Data format  NetCDF NetCDF GRIB1 GRIB1 GRIB2 NetCDF GRIB2 GRIB2 GRIB1 GRIB1 GRIB2 GRIB2 GRIB1 GRIB1
4= FTP FTP FTP Web FTP Web Web FTP FTP FTP FTP Web Web FTP
25°%X2.5° 1.0°X1.0° 25°X2.5° T.0°X1.0° T.0°X1.0° N216L85 R i i 25%2.5° 25°%X2.5° 25°%X2.5° 1.25°X1.25" T.0°X1.0° 25°X2.5°
SHALE T63L35, 110 09°lonx0.72°lat
(T106L26)  (05° x 0.5° L46) _ (T126L42) (Tco319191) (N216185) (N216185) X178 L6 (T127) (T42L19) (N216L85) (TL319L100) (T359L137) (T126L64)
U200 U500 U850 U500
U850 V850 U850 V200 U200 V850 U850 V850 U850 V850 U850 V850 U850 V850 U850 V850
ES =P U850 V850 U850 V850 U850 V850 U850 V850
ﬁggg x;gg V500 V850 V500 V200 U200 V200 U200 V200 U200 V200 U200 U300 icfrc U200 V200
etc. H850 H200
Forecast
Forecast 6month 6month Smonth Smonth Smonth Smonth 12month 3month 5month 3month 6month 6month Smonth 9month
period (13mon) (6mon) (6mon) (7mon) (6mon) (6mon) (12mon) (4mon) (6mon) (9mon) (6mon) (7mon) (7mon) (9mon)
Ensemble
size 24 50 15 51 42 11 40 41 50 40 82 50 51 40
Hindcast
Hindcast

Period 1991-2015 1993-2016 1981-2010 1993-2016 1993-2016 1981-2018 1991-2020 1991-2015 1993-2019 1982-2009 1993-2016 1991-2020 1993-2018 1982-2010
Ensemble

size 24 40 10 25 28 3 40 11 30 10 28 10 25 20

29 St=M-2Tier, 22 M-1Tier
BE: FTP - Xt2 AMH{(IP:210.9849.66)E Sl 4!, Web - di& GPCo| SHOIXE Sl +
Forecast Period, S{&E: £=ZE|= XI& HEO|H, 5= T GPCO| AR EZDE e
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Table 2.19. Reanalysis data used for verification of real-time forecast.

NCEP—-DOE Reanalysis—1 CAMS OPI OISST v2

Source NCEP/CPC NCEP/CPC NCEP/CPC

50hPa GPH (gpm),
Sea level pressure (hPa),

2m temperature (K),
850hPa temperature (K)

Variable Precipitation (mm/day) Sea surface temperature (K)

Table 2.20. Reanalysis data used for verification of hindcast.

ERA—interim GPCP OISST v2

Source ECMWF NASA NCEP/CPC

50hPa GPH (gpm),
Sea level pressure (hPa),

2m temperature (K),
850hPa temperature (K)

Variable Precipitation (mm/day) Sea surface temperature (K)

2.8.2. WMO 825 =A|2AAHF-4A(ICO) + 9

lN'

WMO= A A A A g &d= AXNE S0 Hest A-Y-AE =2 559 F
< H8 MAZIFATFZZ2O0 F AAVSATZEOY T2 g4 AT Z2AER

& AT olo SEyet 73R EI1 S A S &

slalz] 9l WMO<eF sl A€ AAdsta 20139 11€¢ = {7138t WMO S25 = A
ZAANFAICOE A - Fdth I F 7144, =971 38k 9@ APEC7] S48+ 2020
| A2z 713gH 3 o5 T3 WMO S2S ICO9] %95 APECY|SFAEZE o|fsr|2 AAst
WMOSLe] ket S AAC 20.12.703 224 APECY|EAIE 7} 2021 1€93E WMO S2S ICO
s FAHoz Y5 HATH

T ok =Al 714 E A

2.83. IPCC & 71&E°F A3 34 3 AEUEd EF

UN 7|&®Hstgdef 5 =4 7% @49 78 2AAEE &85+ IPCC A6x BI7HHE 1A
(AR6)e] TFE A7} A|582F [PCC F3](2023d 3€ 11¥€-19¢, JAEEF, 2 2)dA A
Atk FTFE A= [PCC A6xt Hr7tR A F7] T A9 MY SEEEIA 2 374 AF
O RyaAE TS AL, TFRIAL $Ae 9°FH 1 A(SPM, Summary for Policy
Maker)9} AR A (LR, Longer Report)E FACoE Z 24l AKline-by-line approvaDE 3l
o] FolFtt. APCColA & 29 Add7de] BRUzGY o= sty SPM 2 LR9
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3. 21

3.1. MME AHdFA 2" 9 % AHA

3.1.1. ANA=E/THHNE MME AZ-AgSA2H &9

o

APCCE= MME #a] 713 110= 15709 713 %S &3 24 mdo] o= »R5E &
dto] A4EH 9 524 MME 71He] AddZ ARES mY Yk, 2022-20241d Sk
% 3639 AA-GZ ARE APCC ¥ F 2L ABA v~ =8 2L 159
7)etAd ok =3, APCC MME AAd S ARE Ho kFH o= AYiks)
oA % olE Fg B sl 2 FelmAClwE A 9 =
A, AN /EES} AU FPY, MME AFelS P2 2 A, MME Fol B2 52
T YA (Figure 3.DE HH%J AR ste] v X s 9o, MME AlddZ= AR Ao of
S U A7 2R AE BHe AW A AT A AAR LG

Folma(WE &
Sol A, AR 43
> Relg 2

m&
=

APCCE MME Addl% Amel 284S Eol7] 9ol o A8x FazAs Adsia
ATk 20199 AeA4 FazA AReAE BY TR AddE Aug aTets gao
ool AT, ol wdaly] sl THAAE MME AdelZ A2HS TFEIYHAHFA 9,
2021). 6THAl AFF(2022-2024 Q) A= B A|2®HES F3] 14 =0.0° x1.0° )9t A=
(25° x25°)2] F 744 =] % ARE Asta 1or], AN ZRECLKs)O
A olg W Alge ok

o 7]44«] AL Wil Frod 7oA Zﬂ*O}% o & X} of gk AAl BUHH 30
B w¥E 7]gola Tk ES 2022-2024d 713 B¢ MME #Ho 7)o WS v Egh
Fodrd o] oaFet A - HAAN] AT FAbthstal(Pusan National University, PNU)2

il

CGCMv2.0 g2 =P H3}stARural Developement Administration, RDA)O| o] &gl u}z}
PNU/RDAZ 7|¥#Ho] HAFHAUCH, thetr| 42 2023\ 1095 7o) s4o =2 7|AH ol
CWB(Cental Weather Bureawol Al #|Z2] CWA(Central Weather Administration)2 7 = i},
Z1#He] WA WA R Atgxle] EES FHA3E] s APCC F8F 2 AsAMu~ ZH
Fol g WA e} A WA H/FE FES AFSES skt 2l AloF MGO 7]
#e] MGOAM =9l 79 37 715 Ajd(hindcast) 717+o] MMEe] #Hojsts Ef mdE9]
hindcast 7]zt3 o]z} # MME Zofoll Al=le] skAqh, 2024 99 MGOAM-29 A
MGOAM2.4 2= 7)d= WA hindcast 713t &H o] we} MME Fo47F 71H53tAl = Ao
ole} A Bf FARTY A - AAAN H Ui &3t #EE e 3111 dollA AdAlE
T&stazr g olH g WE AMSS HEYsie] 2022-2024d 713 < MME Al- S AR
g 713 2 2d A8 th33 ZthiTable 3.1~3.3).
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Table 3.1. Lists of participating in APCC MME for 2022.

92 A MME 3e7) B(29) el & AFY
woorwng W BB G R BT RCE o
R A
om0t O R ECCRMC Wy
womns W EE MU OCCOR ECMC Ty
w0 HE M OOV KO,
s WL B O GR KOOy
w0 CILORC GRECCAL o
I N
oo B B G N BT
ooy PN O T SO BE M,
e S
9022DJEMAM APCC, BCC, BoM, CMCC, CWB, ECCC, JMA, 13 11.15

KMA, MetFR, NASA, NCEP, PNU, UKMO
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Table 3.2. Lists of participating in APCC MME for 2023.

9% A MME 37128z d) Fel & AFY
WM elFR, NASK NCEP, PNLL UMD LT
WM s i, NASA, NCEP, PR, URMO. B e
WM v i, vetFR, NASK, NCE, PNU, Uk M 28
HAMIIAS "0l NtER, NAS, NCEP, U0 s
WEMINSO i R, NASK. NCEP, PNLL UMD L am
WZIASON "0k, NelFR, NASA, NCEP, UKMO n s
WEIMSOND s el NASA, NCEP, PXURDA, kMo 1L %5
WBNOND iy i, NASh, NCEP, PURDA, Ukvo_ 12 ™1
WHSONDIF  \oirw. NASA, NCEP, PNURDA. UKMO u s
WHONDIPM i, NASA, NCEP, PNUIRDA, URMO n e
WENDIPMA i ViieR, NASA, NCEP,PNURDA, ko 12 1016
9023DJEMAM APCC, BoM, CMCC, ECCC, HMC, IMA, 1 11.15

KMA, MetFR, NASA, NCEP, PNU/RDA
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Table 3.3. Lists of participating in APCC MME for 2024.

95 AA MME Foj7) 3 (=) Fod & AFTY
BoM, CMCC, ECCC, HMC, IMA, (2023)

2024JFMAM) KMA, MetFR, NASA, NCEP, PNU/RDA, UKMO 1 12.15
9024EMAMJJ APCC, BoM, CMCC, ECCC, HMC, JMA, 12 115

KMA, MetFR, NASA, NCEP, PNU/RDA, UKMO

APCC. BoM, CMCC. ECCC. HMC, JMA.
202AMAMIJA KMA, MetFR, NASA, NCEP, PNU/RDA, UKMO 12 2.15

APCC. BoM, CMCC, ECCC, HMC, JMA,
2024AMIIAS KMA, MetFR, NCEP, PNU/RDA, UKMO no3b

APCC, BoM, CMCC, ECCC, HMC, JMA,
2024MIJASO KMA, MetFR, NASA, NCEP, PNU/RDA, UKMO 12 415

APCC, BoM, CMCC, ECCC, HMC, JMA,
20241JASON KMA. MetFR, NASA, NCEP, PNU/RDA, UKMO e ol

APCC, BoM, CMCC, ECCC, HMC, JMA,
2024JASOND KMA, MetFR, NASA, NCEP, PNURDA, UKMO e e

APCC. BoM, CMCC, ECCC, HMC, JMA,
2024ASONDI KMA, MetFR, NASA, NCEP, PNURDA, UKMO e b

APCC, BoM, CMCC, ECCC, HMC, JMA,
202450NDJF KMA, MetFR, NASA, NCEP, PNU/RDA, UKMO 12 8.16

APCC, BoM, CMCC, ECCC, HMC, JMA, KMA,
20240NDJFM MGO, MetFR, NASA, NCEP, PNU/RDA, UKMO B 919

APCC, BoM, CMCC, ECCC, HMC, JMA, KMA,
202ANDIFMA MGO, MetFR, NASA, NCEP, PNU/RDA, UKMO B b

APCC, BoM, CMCC, ECCC, HMC, IMA, KMA,
2024DJEMAM MGO, MetFR, NASA, NCEP, PNU/RDA, UKMO B 1115

tHRE7] 3 H(CWA)Y] 735 2023JJASON AlFFE o =7k o] dA](outlien7t &AH ] wet
MME #o2dlo A AYstAtt. A/ 9(2023)0] W=, CWA oS HAH AolA 59 30
T ol e FH9 sk B2l o] A 7F et (Figure 3.2), Qb RZoll A AAZE o2
(forecast) @3 71FHdzto 2 &5 +E hindcast o =zke] ztol7F A vehyt o83 &
Fe AR 7] #4E ¥HE2m, AR bEigtor, 53] 549-11¥9 54 dF 74 1

P FEHAA vHEdS Fstdth e Aol g Al delES Fefetr) %’4811 CWA
°of F& AL FIsIA L, WrEDH sFRDe] HE AAHoA o DAY FARE FAHEHL
ATh CWAE &g —Erxﬂﬁ% siAastz] flal A HESs BAEt . flow, F =94(2025W)E
CWACFSv2 BRdeAe i EA7F 2715 7Idsta doh sid EA7F 2 =] d7A]
APCC MME d= 212]A4 9 EAZ CWA S MME #ogmdoix ALJstyg, dd =g o
S K= o|e} Fglo]l A&sA AlFstA

AN

.
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Surface Temperature for June 2023
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Figure 3.2. Examples for outlier near the coastal line in the CWA (CWB)
model” s forecast. (top) surface temperature, (bottom) 2-m temperature
(from Kim et al., 2023).
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2023-20241d 9] 79 vlwA gk dYnrt B Aﬂz‘s}t— =AM ENSO &Fo] &istd
ENSO 74X 2339] Halo] W 7|ztolgtal & & gtk A FE A= 32 ENSO A E
Aol olugl 37 5-69¢ ENSO AR ojd#e xﬂ—gs}z Qom, 2019-20243 7]7+e
ENSO ZE ojg& t33 ZokFigure 3.3).

APCC ENSO Alert History

2019

2020

2021
2022

YEAR

2023

2024

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Issued Month
© APEC Climate Center

E: EINino EA:ElINino Alert EW: El Nino Watch  N: Neutral L:LaNina LA:La Nina Alert LW: La Nina Watch
Figure 3.3. ENSO Alert status history for January 2019~November 2024.

FAFSE ENSO 27174 R AR E A Fst= B 7]#HBoM, NIWA, NOAA)S] ENSO 7HxH HRH
¢} APCC ENSO HXEE wlwslr] 9] PMC(The Pacific Meteorological CounciDol A A&
(WWw. pacificmet net/enso-tracker)dl= ENSO 7Z X AHHZ ¥ w3} tHFigure 3.4). ¥=9 Nino3.4
A% 20239 129744 2,00 77be e AUn Az wrgsitsl 1 o] ERE At 4 H
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st ZIZtol= %3] “El Nino” @AY o4& Zst FRE W3la, BoMel 790wk Nino3.4
77t FHAHE 2 A7]lel  “Neutral” @AIE AHE FFo] Yol s & 4 Ut W
APCC ENSO A E+= dYxrt dEste 20243 125 “El Nino Alert” 9AIZ g &@A ¢
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w2} “La Nina Watch” @AIE AA| #Zo Hla) o]2A o SFstdth B 7|HelA oS3
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74eS B oy, NIWASF BoMe] 75 APCCRY F+ & 20243 5¢ d=E
ok gkeh, 2023-2024 ENSO |59 A4 B2 7|FRES0] dF5S v X3
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Pacific Regional Climate Centre ENSO tracker
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Figure 3.4. ENSO tracker information for each institution (NIWA, APCC, BoM, and NOAA)
provided by PMC (www.pacificmet.net/enso-tracker).
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Figure 3.5. Changes of APCC MME hindcast prediction skill (ACC) during 2013 to 2024 for
2-m temperature (red) and precipitation (blue).
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Figure 3.6. Changes of APCC MME (Black dot and line) and individual models (Color dot)
real-time forecast prediction skill (ACC) during 2008JFM to 2023DJF for temperature at
850hPa (a) and precipitation (b). The sky blue line means the observed Nino3.4 index
amplitude and R means the temporal correlation between APCC MME real-time forecast ACC
and observed Nino3.4 index.
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Figure 3.7. Distribution of hit rate for APCC probabilistic MME forecast during (1) 2008-2023,
(2) 2008-2017, (3) 2014-2023, and (4) 2014-2023 minus 2008-2017: (a) temperature at 850hPa
and (b) precipitation.
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Figure 3.8. Changes of ROC score for APCC probabilistic MME forecast during 2013 to 2023.
The sky blue line means the observed Nino3.4 index amplitude and R means the temporal
correlation between ROC score for APCC probabilistic MME forecast and observed Nino3.4
index: (a) temperature at 850hPa and (b) precipitation.
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3.111 MME AdASAI 2 Ff =d 744

3.1.1.1.1 2022d 7} 2 w7 =9: CWB, ECCC HMC, JMA, KMA
CWB(EA CWAE 2022 6€FE M2 il Aikd TCWBITv11e dFAsE
APCCel| Al&star glem ECCC CanSIPSv2.1& 2021 12€ ¥ 20243 6¥€7tA &&FH AT

=3 HMC, JMA, KMA 3 3709 =mdo] 7R = A=t HMC SL-AV-072L96= 11<€el, JMA
MRI-CPS33 KMA GloSeabGC3.2+= 4€ol| &4 &&= cHTable 3.4).

Table 3.4. List of APCC MME participating models upgraded in 2022: ECCC, HMC, JMA, and KMA.

Organization ECCC HMC
System name CanSIPSv2 CanSIPSv2.1 SL-AV SL-AV-0721.9%
- T63L35 (1hPa) - T63L35 (1hPa) 1.125lat
. . 0.721at*0.9lon
Spatial resolution - ~14x1.4 - ~Ix1 *1.40625lon 196 O )
deg(L79X0.075hPa)  deg(1.85)(0.1hPa) 1.28 (10mb) -
Ensemble size (F/H) 20/20 20/20 20/10 41/11
Lead time 12 months 12 months 3 months 3 months
Hindcast period 1981-2010 1991-2020 1990-2015 1991-2015
- CanAM4 - CanAM4
Atmospheric model - -
- GEM 4.8-I'TS13 - GEM 501
- CanOM4 - CanOM4
Ocean model - -
- NEMO 36 - NEMO 3.6
- CLASS 2.7 - CLASS 2.7
Land surface model - -
- ISBA - ISBA
- Cavitating fluid - Cavitating fluid
Sea-Ice model approach approach - -
- CICE 4 - CICE4
Organization IMA KMA
System name MRI-CPS2 MRI-CPS3 (QoSeabGC2 (JoSeabGC3.2
i . TL159L60 TL319L100
Spatial resolution N2161.85 N2161.85
(0.1hPa) (0.01hPa)
Ensemble size (F/H) 52/10 50/10 42012 84/28
Lead time 5 months 6 months 6 months 6 months
Hindcast period 1979-2014 1991-2020 1991-2010 1993-2016
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Atmospheric model IMA-GSM IMA-GSM UM 8.6 WM 115
Ocean model MRLCOMV3 MRLCOMVA.6 NEMO 34 NEMO 3.6
Land surface model JMA SB JMA SIB JULES 8.6 JULES 5.6
Interactive sea Interactive sea
Sea-Ice model ) . CICE 41 CICE 5.1.2
ice model ice model
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Figure 3.9. ACC of individual models (symbols), mean ACC of them (black solid
line), and ACC of MME (bar) of global temperature (left) and precipitation (right).
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Figure 3.10. ACC of individual models and MME.
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TCC: Nino3.4 (1991-2010)
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Figure 3.11. Nifio3.4 forecast skill of MRI-CPS3 (solid line) and MRI-CPS2
(dashesd line).
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Figure 3.12. Difference between ACC of MME including MRI-CPS3 and MRI-CPS2. Positive
values indicate that the skill of MME including MRI-CPS3 is better than that of MRI-CPSZ2.
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Figure 3.13. ACC of individual models and MME.
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Table 3.5. List of APCC MME participating models upgraded in 2024: ECCC and MGO.

Organization ECCC MGO
System name CanSIPSv2.1 CanSIPSv3 MGOAM-2 MGOAM2.4
- T63L35 (1hPa) | - T63LA49 (1hPa)
. . B ~1x 1 deg
Spatial resolution Ix1 Yin-Yang grid T421.14 T63L25
deg(L85X0.1hPa) | (1.85) (0.1hPa)
Ensemble size (F/H) 20/20 40/40 10/6 10710
Lead time 12 months 12 months 3 months 3 months
Hindcast period 1991-2020 1990-2020 1979-2004 1991-2020
- CanAM4 _
Atmospheric model CanESMS. Ipl MGOAM-2 MGOAM2.4
- GEM 501 - GEM 5.2
- CanOM4 - CarNEMO 34 | SMIP-2/HFP SMIP-2/HFP
Ocean model - NEMO 36 - NEMO 3.6 type simulation  type simulation
— CLASS 2.7 - CLASS 36.2
Land surface model and CTEM MGOAM2.4 MGOAM2.4
- 1SBA - ISBA
- Cavitating fluid
- LIM 2 SMIP-2/HFP SMIP-2/HFP
Sea-lce model approach - CICE 6 type simulation  type simulation
- (ICF4
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Figure 3.14. Difference between ACC of CanSIPSv3 and CanSIPSv2.1. Positive values indicate
that the skill of CanSIPSv3 is better than that of CanSIPSvZ2.1.
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TCC: Nifio3.4 (1991-2010)
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Figure 3.16. Nifio3.4 forecast skill of CanSIPSv3 (solid line) and CanSIPSv2.1 (dashesd line).
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Figure 3.17. ACC of individual models (symbols), mean ACC of them (black solid line), and
ACC of MME (bar) of global temperature (left) and precipitation (right).
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Figure 3.18. Difference between ACC of MME including CanSIPSv3 and CanSIPSv2.1. Positive
values indicate that the skill of MME including CanSIPSv3 is better than that of CanSIPSvZ2.1.
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Figure 3.19. Nino3.4 forecast skill of MME including
CanSIPSv3 (solid line) and CanSIPSv2.1 (dashed line).
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Figure 3.20. Mean bias distribution of MGOAM2.4.
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Figure 3.21. Timeseries of Nifio3.4 forecast of MGOAM2.4.
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Figure 3.22. Nifio3.4 forecast skill of MGOAM2.4.
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Figure 3.23. ACC of individual models (symbols), mean ACC of them (black solid line),
and ACC of MME (bar) of global temperature (left) and precipitation (right).
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Figure 3.24. Difference between ACC of MME including MGOAM2.4 and MME excluding
MGOAMZ2.4. Positive values indicate that the skill of MME including MGOAMZ2.4 is better than
that of MME excluding MGOAM?2.4.

MGOAM2.4¢] hindcast 7]Zto] APCC MMEe°] Zofstrlo F&siH ot o3| 2-Tier 24
oJm2 APCC MME| #od3ts] ENSO o Soll= #Hod3tA] e A= AAS AT 20249 9€
o Z(2024ONDJFM)*-E] 37§12 MME o= Z&(ENSO olZ A9 2 Fsol o] Fu AFE A
2b3k Ao

T3 APCC= MME Fodrde] ggd drE 98] dugdsd =9& 7
20243 $ouEt FHR7Aostw(Pukyong National Unniversity, PKNU)e| ~
CGCMv1.0& APCC MMEd] =92 FZI3Ath ol <98l PKNU CGCMv1.0 2= H AHA
hindcast AHES 338t o= A7 Ha Z2ad ALy 2 wdo =g 2 APCC MME
dZgo] mX= IFS EA439 T PKNU CGCMv1.0 2deo] AME AR ZtH(Table
3.6).
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Table 3.6. Description of PKNU CGCMv1.0 model.

3 = i &
7199 2 2dw = @574 o) & w2 (Pukyong National University, PKNU), CGCMv1.0
7] € =244 CAMS6 / CLMb5

7] @ &4 249 g% f19_gl6 (~1.9° x2.5°)
g E s 2y POP2 | CICE5
oF 2 sy 2d 4= gxlve (~1.0° x1.0°)

GSE A(FCST/HCST)  31/31

X3y AIZE 4714
Hindcast 7]7F 1993-2016
A5 AHo|E F7) w2 10

PKNU CGCMv1.0 249 A o= AL aAuHry] Y4 APCC MMES} o mdE 9]
A ZF A< 4 vlu BA4sAT WA 2 o i4E=E PKNU CGCMv1.0 293 MME %
o md o] o= A5(Anomaly Correlation Coefficient, ACC)S A AM=Z n|wdt¢ thFigure 3.
25). PKNU CGCMv1.0¢] ACC+= "2 APCC MME #Hondl=o] I ACCe+ FAFSHAl YE}
U, 4ol A$ ASO-DIF A9 o= A, siar|dslp) 2 500hPa A 9] a2 =(2500)2] 7
-+ SON Al 9] ACC7F i @2 &5 BT 53] siaH25(sshHE A2 gk Mol 4 SON
Aol ACC7F ¥ F54-S B uet g Aol PKNU CGCMv1.0e] d &= EA &
A3 EAsor & Fart Yok Ao E BFEa sste] A9 APCC MME FomdlEo] 3
o ACCET fARIAY 27 H &2 FF22 Ueyt.
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ACC: prec, Globe (1991-2010) ACC: slp, Globe (1991-2010) ACC: sst, Globe (1991-2010)
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Figure 3.25. Seasonal Anomaly Correlation Coefficients (ACC) of PKNU CGCMv1.0 (colored
circle), APCC MME participating models (gray circle), and APCC MME (bar). Average skill of
individual APCC MME participating models is shown by lines.

<252 PKNU CGCMv1.0 EdolA & =3+ Nino3.4 X4+ APCC MME ¥ #Hof mdZ9
A & =3k Nino3.4 A2 A|7+A o= A 5(Temporal Correlation Coefficients, TCC)S W] a3}
AthFigure 3.26). PKNU CGCMv1.0 =EdoA &3+ Nino3.4 A= AAZto] Aojd4=
APCC MME Nino3.4#|<+ o &3] TCC ztol7t HolAl& EA & Holzl AN dF AdS
ALt RE APAIZHLEADI~3)o| A APCC MME FolrndEo] Hi TCCe FAR A<
HAY. E3] 4R AIAZ-AFELEADI-JAN, LEAD1-FEB, LEADI-MAY, LEAD2-JAN,
LEAD2-FEB, LEAD2-JUN, LEAD3-FEB, LEAD3-JUL)oll A<= APCC MME¢| F3s}= o= MHe=
Hol7|= s}ith

- TCC: Nifio3.4 (1991-2010) LEAD1 - TCC: Nifio3.4 (1991-2010) LEAD2 5 TCC: Nifio3.4 (1991-2010) LEAD3
. = — . — . - - d - -

9 w AN 0.9
0.8 08 e 8
0.7 0.7 ' o
0.6 0.6 o.

5 0.5

a 0.4 .

—*— PKNU_CGCMV1.0(0.922) === MME (0.960) === MEAN (0.931) —*— PKNU_CGCMV1.0 (0.884) === MME (0.937) === MEAN (0.900) —*— PKNU_CGCMV1.0 (0.853) === MME (0.910) === MEAN (0.864)
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Figure 3.26. Monthly Temporal Correlation Coefficients (TCC) of Nino3.4 for PKNU
CGCMv1.0 (black solid line), APCC MME participating models (gray solid line), and APCC
MME (red solid line). Average skill of individual APCC MME participating models is shown in
red dashed lines.
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PKNU CGCMv1.0 =do] MMEe] #oj3l= 9 MME o2 Aol vjxes 9 AR
71 3l 20249 7o 2 7]E 147 ME R Fog MMESF 71E 147) 7iE = delA PKNU
CGCMv1.00] o33k MMES] &= 452 vln 4340 WA 2422 MME(DMME)] o]
PKNU CGCMv1.0 o] ZA(DMME_woPKNU)# 3o (DMME_wPKNU)®| &3t 5 A 5(ACO)
o] Aol HI&(%)= EA% A(Figure 3.27), Ha 2 AAHE=EZ Ao]3tA T+ DMME_wPKNUZ}
DMME_woPKNUe®|| H]3] 7] 2(t2m)& Al ejsties A+ ACCTF =& AS HolH, 53] sst
o] A A A-A ACCO Fo] Yetutth 7129 ZA-golx PKNU CGCMv1.0 o /%
ACC #po] mlEo] AH -0.05% FA= HWet sANE ol FAIHCE & Zo|7} givt
g & ot kAN A<3 PKNU CGCMv1.0 2] zA o= A% 7t Ao} §ASHA sst
= A3 SON A-e nE W4 DMME_woPKNUS ACC7} DMME_woPKNUe®| Hl&j &}t
ste ASE YetuiA, 5 s Al dig F7 45 £33 a7k ler, MME 9
AN zBdo A S48 34 T /M ks BT o]

O

e

7 ACC diff(%): prec, Globe (1991-2010) 7 ACC diff(%): slp, Globe (1991-2010) . ACC diff(%): sst, Globe (1991-2010)
| +0a2% | +0.a3% | +0.57%
| DMME_WPKNU {0.480) vs DMME_woPKNU (0,490) | DMME_wPKNU {0.322) vs DMME_woPKNU (0.321) | DMME_wPKNU (0.598) vs DMME_woPKNU (0.594)
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s ACC diff(%): t2m, Globe (1991-2010) s ACC diff(%); t850, Globe (1991-2010) 5 ACC diff(%): 2500, Globe (1991-2010)
!' -0.05% , +0.15% , +0.07%
| DMME_wPKNU {0.400) vs DMME_woPKNU (0.400) | DMME_wPKNU {0.371) vs DMME_woPKNU (0.371) | DMME_wPKNU (0.361) vs DMME_woPKNU (0.361)
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Figure 3.27. Seasonal Anomaly Correlation Coefficients (ACC) difference (%) between MME
with PKNU CGCMv1.0 (DMME_wPKNU) and MME without PKNU CGCMv1.0 (DMME_woPKNU)
with respect to DMME_wePKNU.

& EE2 MMEPMME)] thd PKNU CGCMv1.09] 3o H(PMME_woPKNU)3} 3o
Z(PMME_wPKNU)2] <= A& x(Relative Operating Characteristic,c, ROC score)E 389 &
ZH 28] (3++ ©]4:; Above Normal, AN, %+ Hls; Near Normal, NN, %+ ©]3}; Below
Normal, BN)E & ®AX3l1 1 xto|S H|&2H A|A 3 cHFigure 3.28). 71 ZA3}, PMMES
PKNU %o /% 247 ROC score= AR 2 ZF & 7HEH|2gEE AolstA UESET
PMME_wPKNU “Z<~(prec)®] 74-%- SON A-d % NN 7lH 28] E A &stals PMME_woPKNU
Bl o= Ao o] Yelton, PMME_wPKNU ~7]2(t2m)e] 7% PMME_woPKNUel| H]
I A8 BF=7t A& stEtete Ao ®E YetUA|NL ol dlg A2 XpolEH FAZCOE

ot
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o o)z HHAE o]l Ao YUAL BE TYH FEolth o] 99 WiEe] o2 A
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Figure 3.28. Seasonal Relative Operating Characteristics (ROC) scores difference (%) between
PMME with PKNU CGCMv1.0 (PMME_wPKNU) and PMME without PKNU CGCMv1.0
(PMME_woPKNU) with respect to PMME_woPKNU.

mpAEto 2 PKNU CGCMvL.0¢] MME #e] ZI(DMME_woPKNU)Z} 76l $(DMME_wPKNU)
o] Nino34 A% o2 AH(TCOLS AFAIHLEADE 2 BAsAT, ®F PKNU o] #/%
DMME TCC =Fo] Hl&(%)& A 2w B gbch(Figure 3.29). DMME_wPKNU9} DMME_woPKNU
747b =% Nino34d AFE A #AE o3 $F< Holn, Myrzlo] Aojd+2 AWT
TCCO| #ole Zoj=t 542 Wtk 53 LEAD29 JUN, LEAD39] MAYS} JULOJA PKNU
CGCMvL.09] MME #el7} tha 342 9k mAs Aoz vehgoh

AEA o2, PKNU CGCMV1L.09] d& As& thAlZ MME o Rd =9 Hit 534 FA
StAY =A YEUA T slFHEE A9 9 dis] 54 AFGSON)S o =8| e}
wdo] ns) & EAo] yehdo] wel oo tid S} 8ol "asit) olzg PKNU
CGCMv1.0¢] MMEd] #Hoste= 49 tiAl= 7]E MME Hl8] oS Adsol fFAREAY G
o, 53], PKNU CGCMv1.00] #oi3k &&E2 MMES 3|73 500hPa A Y=o o=

59 gkatol FEskAl vebdel wel PKNU CGCMv1.07F APCC MMEo] Al #oddto g4
A A= FAH BT e AR VS

o %
w2
o
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TCC: Nino3.4 (1991-2010) TCC diff (%): Nifo3.4 (1991-2010)
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Figure 3.29. (Left) Monthly Temporal Correlation Coefficients (TCC) of Nino3.4 for MME
with PKNU CGCMv1.0 (orange solid line) and MME without PKNU CGCMv1.0 (orange dashed
line) with respect to lead times. (Right) Monthly TCCs difference (%) between
DMME_wPKNU with respect to DMME_woPKNU.

PKNU CGCMv1.09] MME 45+ 3o 2 25 AFS 98] 71 MME Fomdl s 2o
LA 4 B FHoE kst AR AP ZEA27F E8stth wEks #H3 PKNU
CGCMv1.09] hindcast A5 7|HkC.2 ofgfjo} Zo] A7 A2 ZRA XS 533

O #Ax Ay 2= 7/
1 A AR EA Tt
1-1. ¥4 A& (hindcast) =3 3+
- ¥A A7 =2 [data02/OPER/PERM/PKNU_CGCMv1.0
- 9A AR =27 B 4 oF 871Gb (NetCDF)

1-2. ¥ A] A= (hindcast) A 54
- YA A=
(AZ) daily, 141 (F3H) 58 144X 96, oF 2.5° X 1.8947°
- 9A A8 W (Y ELR):
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"5y | CdsaE | o rEEIEEEEEEEE
SE | FLuT Wm? 200nPa U_200 m/s
24 PRECT m/s goonka V_200 ms
sieiz| et PSL Pa 2yonka U_200 mis
ssues SST K aoonka V_200 m/s
ol TREFHT K Janre 73 850 gpm
Spnea T_850 K SxhRe 73 500 gpm
goonha U_850 m/s 2ohre 73 200 gpm
2\3/5%% V_850 m/s

- oI A SEASON {21 = Kinitial & Kinitial 2Je{et&E} (K2 E£2/ %) nc
1-3. ¥A] AE 13 HE (€—9)
- 9A ARE 4 ASEN AdE3 AYE s 4 AR5E WHEo] Hadtol wet of
et 2o Z=ad A4 g sy
. /data02/OPER/PERM/PKNU_CGCMv1.0/monmean.sh
-9 == 3 A olfe] FEol E Hd A= A
. /0ata01/OPER/Hres PRE/PKNU_CGCMv1.0/DATAINNHINDCAST

2. A5 Ag Zz=O% AL 2 75
2-1. A5 A7 Z2I3 N 8%
- X2 ZARE: /0ata0l/OPER/Hres PRE/PKNU CGCMvI.0/RUN
- 2% FHF: python ¥ 374 Y2l yaml FI=Z FA
. Hindcast: (W]¢] =& 12 PKNU_HCST.py (37 %)) PKNU_HCST.yaml
- Forecast: (wW]el 2 13) PKNU_FCST.py (87 1) PKNU_FCST.yaml
sz 9 e gY

. /data01/OPER/Hres_PRE/PKNU_CGCMv1.0/RUN/my _package

aA =Z203 ¥ J|E Tty W &
esmf_regrid.py grid A & (regrid)
nc_out_1_0_deg.py D ME(T) AR EHE
nc_out 2 5 deg.py Mol at=25k) At EHE
land_NCEP2.nc land-sea mask A2 (M3l AHE)
Ismask_1deg.nc land-sea mask AlZ (D3 AHE)
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2-2. A= Ay Tz 1YW S8 9 9 Ay}
- 374 Fd(yam) 7

c A EstaAl sk W, oS €, hindcast 713, 3T A
DatalList:
- Institution_name @ PKNU
Model_name : CGCMv1.0
Variable_name > slp olr prec sst t2m t850
u850 u200 v850 v200 z850 z500 z200

Forecast_month : DEC

Start_year 1 1993

End_year 1 2016

Resolution 1.0
# JAN, FEB: 1994-2017
# Other Seasons: 1993-2016

- Z20% 73
cZF W]l 2= 3

$:> python PKNU_HCST.py

- A8 Ay 4EE AR
- AE (15)
/aata01/OPER/Hres AFSDATANME INHINDCAST/PKING CGOMI1.0
/aata0 1 OPERHes AFSDATAMMIE INFORECAST/PKNL. CGCMV1.0
- A= (2.5%)
/a0 OPER/Hes AFSLres DATANMME INHINDGAST/PKNU CGOMV1.0
/aata01/OPER/Hres AFSLres DATAMME INFORECAST/PKINU CGOMY1.0

3.112 AAF - FopA o} - HHIFEAT 7]FAE AA - HlE

MME Alde= 51 A5 AE Aito] g5 wjd 1547 FoolA 3 ojvds T3 o

o
SHEE A - Ed 9 A Hell dis) ot Mo EE Bl AR ASAHREE Y
o2 At o ]gqmg 2okd gF AH, = 3l HF ARE Tl = F A= ¥
Ao A= FE FHOIA M ATt Atk 71F A, ENSO 9=, 712 2 B o5, A5

AEo} A HAWES XIS 7|FHAYE = a2 Atk(Figure 3.30). 2024
9 114 71 AT 713 1o Be FEATE HEHSEEATE 1009 "o F=27}
T Solth. §3] ENSO o|& AH+= APCC &3 o]A AlFol IXA ¥l 7|34 7|FBHE
Hol| 9 23] AFFoEN ALEAS FLAS TR3Fa ¢lew Pacific Meteorological Desk &
Partnership &3 o|X| oA T+E 7]#E3} &7 ENSO Tracker AR o= 7]odstar St
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& npcc  Climate Outlook A

Isswed: Ocl 14, 2023 fer Dcammiber 2022 Febraary 20}
APCE Manthly Climate Outlook for Pacific islands

for December 2022 - May 2023
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Figure 3.30. APCC Climate Outlooks for the Globe and the Pacific Islands Countries.

3113 71F49S3E &8 44 A

2020358 APCCe] 71% AR &85 & #str] st #d A7, =, 7|1/ & &
< A 2 sk Tk 20249 11€¥ 7]+ APCCY 7|3ARE &83F =& 20229 FH
20243, 33z F 5xo] EdEHILH =y JAE 161, =29 Z|Abe 2773 0] 2 ¢ tH(Figure 3.
31). oj¥ut oy} x| ¥r]FEY(Regional Climate Outlook Forum, RCOF) SolA %= APCCe
oS ARV AHZAOZ AMEHI AT

30 90
Paper = News

rr
Ho
9r
2

ke

=
N

Figure 3.31. Yearly number of papers and news articles using APCC’ s seasonal
climate information.
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3114 IFE MME AFA 2" 75 R AIFLE9F

134 E MME ASA2HS F3to] s = forecast & hindcast MME ool tigk 1
29 WINE AZAEE AY AASHL 16]] % hindcast ¢l&9 A5 7IE ANI=
MME AEA 283 593 AEAUFM-DIF)S tid o= st AE ARE A4, 13 =
forecast oo 7% 1adE #= X}L(ERA—S)«] %‘Fﬂ olE F7|E sty 2023MIJE-E

= o] :

3 T 4AE A3 A Ay A
T MME #A% AR i3t 54 ‘;‘ 7‘325 TFEe Hotstr] fa 71E A E HS R
A% vlusldt. WA AAHEZH MMEDMME) hindcast o (1991-2010%3)9| ﬂk‘ﬂoi Al =
(2.5°) % 1Y =1.0°) MME AEE o= HF=ACOE Hlw3IH oA, =2l ACC
T =2 ACCY #< 3M &9 AgstitiTable 3.7). 7L A¥, 1i(t2m)«l 3-%- SON, OND
AAdE A9sta asfidE ACC7F o A YUekstal, Z5(prec), 850hPa 7]-2(t850), 500hPa =
A1 =(z50002] A5 A= A4 = MME o= tisk ACC7l o] =& 53& HYth

Table 3.7. ACCs of low resolution (2.5° ) and high resolution (1.0° ) DMME hindcast for 2m
temperature (t2m), precipitation (prec), temperature at 850hPa (t850), and geopotential
height at 500hPa (z500).

olN

]@_}—

AA t2m prec t850 2500

(V2024) o o o 1.00 1-00 1.00 o o o o
2.5 1.0 2.5 CERAS - MERRA? - CPC 2.5 1.0 2.5 1.0

JFM 0.428 0.448 | 0.559 0.539  0.520  0.261 | 0.411 0.389 | 0.409 0.393
4FM 0.399 0.417 | 0.485 0458 0.440 0.174 | 0.357 0.332 | 0.342 0.323
MAM 0.413 0.442 | 0.465 0452 0.424  0.189 | 0.367 0.350 [ 0.343 0.326
AMJ 0.369 0.404 | 0.426 0421 0.398 0.192 | 0.315 0.301 [ 0.310 0.296
MJJ 0.340  0.400 | 0.409 0414 0.389 0.174 | 0.313 0.301 | 0.301 0.287
JJIA 0.348 0.402 | 0.429 0.417 0.404  0.190 | 0.339 0.310 | 0.330 0.302
JAS 0.375 0.408 | 0.445 0.417 0.404 0.198 | 0.359 0.320 | 0.347 0.317
ASO 0.434 0.465 | 0.467 0.428 0.423  0.205 | 0.395 0.358 | 0.393 0.368
SON 0.443 0.442 | 0.516 0.464  0.455  0.232 | 0.392 0.341 | 0.394 0.378
OND 0.455 0.452 | 0.567 0.509  0.506  0.242 | 0.402 0.361 [ 0.382 0.365
NDJ 0.425 0.431 | 0.556 0.523  0.516  0.238 | 0.389 0.353 | 0.361 0.344
DJF 0.420 0.426 | 0.585 0.551  0.545 0.254 | 0.412 0.381 | 0.402 0.388

_70_



MME hindcast < &¥3F ofye} forecast o) Z(2023MJJ-2024AMD)ol T 3] A
A5 ACCE vlwstytiTable 3.8). 1 A3, 7](t2m)3} Z<+(prec)e] 7
3l ERA-5 AE&HAEE AHET L= AT AEZF Aol vls| = C
850hPa 7123} 500hPa A H1=2] 5 Al d=e} 184 ACCe] ;<]—o]7]- aq]z;_ AdE=
o] &tA LEFSETE

10 o

Table 3.8. ACCs of low resolution (2.5° ) and high resolution (1.0° ) DMME forecast for 2m
temperature (t2m), precipitation (prec), temperature at 850hPa (t850), and geopotential
height at 500hPa (z500).

s W
A% t2m prec t850 z500

A4 10°  10°  10°
. ERAS . MERRA2 . CPC
2023MJ7 | 0517 0713 | 0.364 0531 0095 0.079 | 0.496 0.624 | 0.632 0.631

2023JJA | 0.588 0.783 | 0.338 0.451 0.131  0.104 | 0.589 0.738 | 0.701  0.713
2023JAS | 0.618 0.807 | 0.294 0.539 0.186 0.259 | 0.679 0.794 | 0.738 0.753
2023ASO | 0.636 0.842 | 0.335 0.580 0.187  0.353 | 0.717 0.822 | 0.799  0.823
2023SON | 0.737 0.865 | 0.498 0.692 0.692 0.532 | 0.758 0.799 | 0.738  0.758
20230ND | 0.743 0.841 | 0.641 0.743  0.258  0.568 | 0.749 0.742 | 0.695 0.681
2023NDJ | 0.698 0.792 | 0.586 0.672  0.284  0.506 [ 0.750 0.734 | 0.767 0.746
2023DJF | 0.657 0.779 | 0.495 0.551 0.200  0.434 | 0.760 0.749 | 0.803 0.766
2024JFM | 0.638 0.784 | 0.289 0.461 0.173  0.266 | 0.737 0.750 | 0.779  0.769
2024FM | 0.626 0.753 | 0.153 0.337 0.106  0.172 | 0.678 0.670 | 0.714 0.685
2024MAM | 0.579  0.713 | 0.034 0.318 0.103  0.135 | 0.697 0.683 | 0.694 0.670
2024AMJ | 0.595 0.738 | 0.222 0.462 0.139  0.201 | 0.727 0.751 | 0.738 0.696

ol\

2.5° 1.0° 2.5° 2.5° 1.0° 2.5° 1.0°

et w34 & 22 MME(PMME)e| thsiA = ROC scores &3+ o= A
A= 2 3% hindcaste} forecast Z+ztel] tisl] d&E vlwstH ™. WA MME hindcast
ROC score®] 749 = ERA-5 ABZAAEE AR A3 =E HF 7“1%7} Al g =ol Bls)
T2 FXE HOoH, 500hPa A $1=+= HHE NCEP2 A 8E AME3 Add= HF: HRE
7F B =2 FAE EAHTable 3.9). =3 7] 2 850hPa 7|29 AS AFAEE A=
2 134 = ROC score®] xpo]7} ZdolstAl eyt
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Table 3.9. ROC scores of low resolution (2.5° ) and high resolution (1.0° ) PMME hindcast
for 2m temperature (t2m), precipitation (prec), temperature at 850hPa (t850), and
geopotential height at 500hPa (z500).

ofN

]i‘ﬂ/'\

AA t2m prec t850 2500

(v2024) o 0 - 10° 1.0° 1.0° o 0 o .
2.5 1.0 2.5 CERAS MERRAZ - CPC 2.5 1.0 2.5 1.0

JFM 0.725 0.737 | 0.602 0.623 0.611  0.581 | 0.694 0.698 | 0.768 0.761
4FM 0.721 0.728 | 0.586 0.603  0.594  0.559 | 0.677 0.685 | 0.754 0.745
MAM 0.712 0.723 | 0.593 0.605 0.598  0.554 | 0.667 0.676 | 0.731 0.715
AMJ 0.696 0.705 | 0.588 0.998 0.593  0.552 | 0.638 0.648 | 0.709 0.681
MJJ 0.694 0.702 | 0.586 0.604  0.595  0.555 | 0.633 0.643 | 0.679 0.672
JJA 0.699 0.704 | 0.581 0.599 0.592  0.569 | 0.644 0.649 | 0.712 0.688
JAS 0.707 0.705 | 0.584 0.601  0.595  0.565 | 0.657 0.653 [ 0.727 0.698
ASO 0.722 0.719 | 0.593 0.607 0.603  0.564 | 0.671 0.666 | 0.726  0.706
SON 0.718 0.715 | 0.600 0.615 0.610  0.566 | 0.676 0.663 | 0.728 0.719
OND 0.717 0.716 | 0.613 0.626  0.618 0.574 | 0.678 0.666 | 0.727 0.714
NDJ 0.713  0.715 | 0.608 0.623  0.614 0.584 | 0.682 0.672 | 0.733 0.721
DJF 0.721 0.729 | 0.608 0.628 0.617  0.582 | 0.696 0.692 | 0.770 0.755

MME forecast ROC scored] ¢ 7123 Z4E BE o =0 ths] ERA-5 A
AHERE Bl E S AE7F NCEP R2 AEXAEE AHE3E Asid=e w8 &2
Fom, 850hPa 7129 9% 2024AM] oSS AgF YR oS4 ERA-5 H
AHEgE 34 = ROCZF B &A1 YEFStHTable 3.10). ¥FH 500hPa A $l1x=9] 4
T %= ROCO xpol7} o|2E & AboldtAl UElytth ol23k AR Z_GLOHE_
0 AT A= x%ioﬂ gore B= 9 ARSI B3 Ao T‘:XHOV“Z]”}
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Table 3.10. ROC scores of low resolution (2.5° ) and high resolution (1.0° ) PMME forecast
for 2m temperature (t2m), precipitation (prec), temperature at 850hPa (t850), and
geopotential height at 500hPa (z500).

A% W5
A% t2m prec t850 z500

A4 10°  L0°  10°
. ERAS : MERRA2 . CPC

2023MJJ | 0.661 0.753 | 0.556 0.607  0.522  0.546 | 0.657 0.682 | 0.812 0.809
2023JJA | 0.684 0.789 | 0.571 0.609  0.539  0.545 | 0.680 0.760 | 0.858 0.871
2023JAS | 0.700 0.831 | 0.580 0.625  0.542  0.572 | 0.738 0.811 | 0.865 0.891
2023ASO | 0.742 0.873 | 0.606 0.632 0.563  0.585 | 0.750 0.821 [ 0.841 0.869
2023SON | 0.758 0.849 | 0.626 ~0.641  0.589  0.605 | 0.757 0.782 | 0.842  0.855
20230ND | 0.760 0.817 | 0.674 0.657 0.605 0.644 | 0.746  0.757 | 0.862 0.860
2023NDJ | 0.748 0.790 | 0.650 0.654 0.610  0.620 | 0.743 0.756 | 0.880 0.871
2023DJF | 0.765 0.812 | 0.623 0.639 0.593 0.616 | 0.732 0.742 | 0.894 0.885
2024JFM | 0.769 0.821 | 0.589 0.639  0.581  0.602 | 0.708 0.736 | 0.856 0.856
2024FM | 0.752 0.785 | 0.555 0.605  0.557  0.572 | 0.708 0.708 | 0.827 0.817
2024MAM | 0.761 0.802 | 0.552 0.590  0.556  0.575 | 0.727 0.733 | 0.831 0.837
2024AMJ | 0.783 0.809 | 0.569 0.602  0.549  0.563 | 0.765 0.752 | 0.851 0.848

ofN

25°  10° | 2.5° 25°  1.0° | 25° 10°

3.1.1.5 Hindcast 7]17t8 W1z = £4] 7|9 MME hindcast 717F & 9 242 A

APCC MME hindcast 717} &3< AR
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Figure 3.32. Seasonal distribution (a) of RMSE for 2-m temperature (top) and precipitation
(bottom) in each experiment and the ratio of RMSE difference (b) from CTR (from Kim et
al., 2023).
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Figure 3.33. Trends of predicted temperature for each experiment during hindcast period and
observed temperature during 1991-2020 (from kim et al., 2023).
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ZEOly % MY m

Heol =23 J MY o

FCST_SCM_MME_3month.py Forecast SCM 37H€ o & MA =z 72
FCST_SCM_MME_6month.py Forecast SCM 6708 o= MA =202y
FCST_GAUS_MME_3month.py Forecast GAUS 371 € o & & =23
FCST_GAUS_MME_6month.py Forecast GAUS 670 € oS MA =23
HCST_SCM_MME_3month.py Hindcast SCM 370 ¥ of & MM =z
HCST_SCM_MME_6month.py Hindcast SCM 670 ¥ o & MA =z
HCST_GAUS_MME_3month.py Hindcast GAUS 370 & o & Mo =233
HCST_GAUS_MME_6month.py Hindcast GAUS 671 & of& Mo =2 33
FCST_SCM_MME_3month.yaml Forecast SCM 370 & o & A& &td MY ol
FCST_SCM_MME_6month.yaml Forecast SCM 671 of & A& &td MY mi
FCST_GAUS_MME_3month.yam| Forecast GAUS 37H € o & MM 24 MY nad
FCST_GAUS_MME_6month.yaml Forecast GAUS 671 & o & MM 2td MAF nhed
HCST_SCM_MME_3month.yaml Hindcast SCM 370 & ol & MM &4 A3 ned
HCST_SCM_MME_6month.yaml Hindcast SCM 670 ¥ o & MM &4 A nhad
HCST_GAUS_MME_3month.yaml Hindcast GAUS 370 € o= MAH &3td MA mped
HCST_GAUS_MME_6month.yaml Hindcast GAUS 670 & o & A& &4 MY mbed
E o2 st =EB 12 (so_package)
PMME.F / PMME.so 2E o F das Ho M| =20
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(forecast®) 7| FHHA7|ZHhindcast) EE2Z 2 e
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(AHH chA) line 157-184

ti model list:
]

if iyear =
if

1f
insti model_list.rem
n insti
insti model 1

model =
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FCST_SCM_MME_6month.py Forecast SCM 670 & o= MA == 2y
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# JAN: 1994-2017

- Model_name

Variable_name
Forecast_month
Forecast_year

Resolution
Issued_date

# JAN: 1994-2017

Hindcast_syear :
Hindcast_eyear :

# Other Seasons: 1993-2016

: APCC_SCOPS (MME #tod Zdl M)
.. Bef
UKMO_GLOSEA6
: sst
: MAY (B}l ol & &)
1 2024 (EtZl o= 3alf)
1993 (hindcast Al Zf3H)
2016 (hindcast E=3f)
125 (B AHE)
: 15 Feb 2020 sl ol MH)

# Other Seasons: 1993-2016

- Z2ag 5
7 Q) mRaY 59
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$:> python +ol el =2 I8 py

» Mol 2 724
FCST_SCM_MME_3month.py = FCST_SCM_MME_6month.py
FCST_GAUS_MME_3month.py FCST_GAUS_MME_6month.py
HCST_SCM_MME_3month.py = HCST_SCM_MME_6month.py
HCST_GAUS_MME_3month.py HCST_GAUS_MME_6month.py
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wE F3P3g ) Figure 3.34= 7] hindcast 7]17H1991-20101d) MME(Recent_ MME, 7 -&41)2}
3= hindcast 7]ZFNew_MME, 1993-201611) MME(s}g&+4)e] forecast 7]1(t2m, a) ¥ <
(prec, b) ¢13(2021-2023'd)ol thdk ACCe| W3} 11 Ao(LEF =, 595 U IHo=
W 71 A AurERlog (oA -0.1 WHE ACCY 3tgte] YehUAIw, 7o A F
MME®] ACC =to]7b thAlZ 0.05 wlwhe] xpol2X & Aol7b gle Ao ® yehygth APCC
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Figure 3.34. Changes of ACC for real-time forecast of MME based on
1991-2010 hindcast period (Recent_MME, black line) and 1993-2016 hindcast
period (New_MME, blue line) during 2021-2023. The right y-axis and shaded
area(red: positive, blue: negative) indicate ACC difference between
Recent MME and New_MME: (a) 2-m temperature and (b) precipitation.
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ACCe frAbetAl @ xHRMSE)oll tigt &4 %= Figure 3.35¢F #o] s=3s}3itt.
MMEe®] ®]3}] hindcast 713t &7¢¥ MME®| RMSE7} 712 %2 5 25 A=
A AFA 2atel lolA hindcast 71%te] gHd MMEZF Hoh v AiE Yellla, &

el A 2E d-FolA New_MME®] RMSEZE ©f WAl vyt oirt, 71 ztol= ¢ A
HozH s o7t ot

rlo
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Figure 3.35. Changes of RMSE for real-time forecast of MME based on
1991-2010 hindcast period (Recent_ MME, black line) and 1993-2016 hindcast
period (New_MME, blue line) during 2021-2023. The right y-axis and shaded
area(red: positive, blue: negative) indicate RMSE difference between
Recent MME and New_MME: (a) 2-m temperature and (b) precipitation.
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Regrassion botwean the fiest two PCs of ENSO and
precpitation anomaly over East Asi in MAM

1E
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Fegrossion totwean tha fiest two PCs of ENSO and
procitation anomaly ovar East Asiain JA
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Regrossion batweon the finst two PGs of ENSO and
preciptation anomaly over East Asia in SON

Regressan betwoen the flirst twa PCs of ENSO and Ragrosson the first two PCs of ENSO and
precipitation anomaly over East Asia in JAS. anomaly over East Asia in ASO

1E

Regressan between the trst two PCs of ENSO and Regrossion totweoen the first two PCs of ENSO and
precipnton gomaky over East Asia in OND peecipitation anomaly over East Asia i NDU
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Figure 3.36. Regression between the first two PCs of ENSO and precipitation anomaly over
East Asia in (a) JFM to () DJF (from Kim et al., 2023).
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Figure 3.37. Regression between area-averaged tropical Western Pacific precipitation anomaly
and precipitation anomaly over East Asia in (a) JFM to () DJF (from Kim et al., 2023).
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o} e AW y|EFo R 2022-2024' 3 717+ FoF 1ZelApE AEE 2d o %%% [=ass
7 Zti(Table 3.11~3.13). AldE=E AdE md 74L& JoldhA| T, 2022-2024d &<t ENSO<}
Zolajo} ¢ BEAgdor AWy wde APCC, BoM, CMCC, JMA, MetFR, UKMO«] zdo]
718 Hol AEEAeH, MEEG Ao FolAet e #AHo=z MEE mHe APCC,
BoM, CMCC, JMA, KMA, UKMO<] mde] 7} o] MMt o714 3% =+ APCC, BoM,
CMCC, JMA, UKMO<9] md2 g} mdo] Hlg)] 7|02 AAL S & Adste W=7} 52
Eﬂ‘ibﬂ EOM o} =y & oﬂ—i—oﬂ TAAA ¥ = 2d= UrE}k& . Eowo}

=

Table 3.11. Lists of selected models for customized probabilistic MME over East Asia for
2022 by two criteria.

ENSO$} FopA|o} = #EA MEjBF Bt FoAoh Ao BAA

qz A2 e oS

2022JFM CMCC, CWB, JMA, KMA, CMCC, CWB, JMA, KMA, MetFR,
MetFR, NASA, UKMO ECCC, NASA, UKMO

2022FEMA APCC, CMCC, CWB, APCC, CMCC, CWB, JMA,
JMA, NASA, UKMO KMA, NASA, UKMO

BCC, BoM, CMCC, CWB,

2022MAM BoM, CMCC, JMA, MetFR, UKMO JMA, MetFR, UKMO

2022AMJ APCC, CMCC CMCC, CWB, JMA, KMA, PNU

APCC, BCC, BoM, CMCC, JMA, KMA,

2022MJJ APCC, BCC, CMCC, JMA, MetFR NASA. NCEP. PNU, UKMO
20221JA CMCC, JMA, MetFR APCC, BCC, CMCC, JMA, NCEP, PNU
2022JAS JMA, MetFR, ECCC, PNU APCC, JMA, ECCC, NCEP, PNU
APCC, BoM, CWB, JMA,
2022AS0O BoM, JMA, PNU ECCC. NASA, NCEP. PNU
APCC, BCC, BoM, CWB, JMA, KMA,
2022S0ON APCC, CWB, JMA, KMA, UKMO ECCC. NCEP. UKMO
BoM, CMCC, CWB, JMA,
20220ND BoM, CMCC, JMA, MetFR KMA. MetFR, UKMO
BoM, CMCC, CWB, JMA,
2022NDJ BoM, JMA, KMA, MetFR, UKMO KMA. MetFR, UKMO
9029D]F APCC, BoM, JMA, KMA, APCC, BoM, CMCC, CWB, JMA,
MetFR, PNU, UKMO MetFR, ECCC, UKMO
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Table 3.12. Lists of selected models for customized probabilistic MME over East Asia for
2023 by two criteria.

ENSO$} “FofA|o} A #HEA

HENBF At St B HaA

A AL A4 zd 25 HW zd 2=
92023JFM CMCC, IMA, KMA, MetFR, CMCC, JMA, KMA, MetFR,
NASA, UKMO ECCC, NASA, UKMO
APCC, CMCC, IMA,
2023FMA CMCC, JMA, KMA, NASA, UKMO KMA, NASA. UKMO
BCC, CMCC, IMA,
2023MAM CMCC, IMA, KMA, MetFR, UKMO KMA. MetFR, UKMO
2023AM] APCC, CMCC, CWB APCC, CMCC, JMA, KMA, UKMO
2023M1J] APCC, CMCC, IMA, MetFR APCC, CMCC, JMA, KMA, PNU, UKMO
2023JJA CMCC, JMA, MetFR APCC, CMCC, JMA, MetFR, NCEP
2023JAS JMA, MetFR, ECCC, PNU/RDA APCC, JMA, ECCC, NCEP, PNU/RDA
APCC, BoM, JMA, ECCC,
2023ASO BoM, JMA, PNU/RDA NASA. NCEP. PNU/RDA
APCC, BoM, JMA, KMA,
2023SON APCC, JMA, KMA, UKMO ECCC. NCEP
90230ND BoM, CMCC, JMA, MetFR, PNU/RDA, BoM, CMCC, JMA, KMA,
UKMO MetFR, UKMO
BoM, CMCC, JMA, KMA,
2023NDJ BoM, JMA, KMA, MetFR, UKMO MetER, UKMO
2023DJF APCC, BoM, JMA, KMA, PNU/RDA APCC, BoM, CMCC, ECCC,

JMA, MetFR
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Table 3.13. Lists of selected models for customized probabilistic MME over East Asia for
2024 by two criteria.

ENSO¢} FolAxo} A #HA

HENBF At St B HaA

a5 A HE 2y 2= Xy vy B2
CMCC, IMA, KMA, MetFR,
2024JFM  CMCC, KMA, MetFR, NASA, UKMO NASA. UKMO
APCC, CMCC, JMA, KMA,
2024FMA  CMCC, JMA, KMA, NASA, UKMO NASA. UKMO
2024MAM  CMCC, JMA, KMA, MetFR, UKMO CMCC, IMA, KMA, MetFR, UKMO
2024AMJ APCC, CMCC CMCC, JMA, PNU/RDA
2024MJ] APCC, CMCC, JMA, MetFR APCC, CMCC, JMA, KMA, PNU/RDA,
UKMO
2024]IA CMCC, JMA, MetFR APCC, CMCC, JMA, NCEP, PNU/RDA
2024JAS IMA, MetFR ECCC, JMA, NCEP, PNU/RDA
APCC, BoM, ECCC, IMA,
2024AS0 BoM, JMA, PNU/RDA NASA. NCEP. PNU/RDA
2024SON  APCC, ECCC, JMA, KMA, UKMO APCC, BoM, ECCC, JMA, NCEP
20240ND  BOM: CMCC. JMA, MetFR, PNU/RDA, BoM, CMCC, ECCC, JMA,
UKMO KMA, MetFR, UKMO
BoM, CMCC, ECCC, JMA,
2024ND]J BoM, JMA, KMA, MetFR, UKMO KMA. MetFR. URMO
APCC, BoM, CMCC, ECCC, IMA,
2024DJF APCC, BoM, JMA, PNU/RDA MotFR. UKMO
3.14. MME d&ZA R =7]|AF
3141 BLA
APCCE= AFS 7 & &3 A5 A=d 584 49 s MME 7IHE9 284 34
$ 2019¢ 11€97H AR AF AZIE g 25904 Al k3l 2090 EF o)A 9f o]
Hde Tl AATF - HHFEAT - FokAo A Foll gt 7| FHgS F& X T2 o=2 AA
2 o ZE AZE bl 9oy g 7133 vlwEtE APCCO 209 o H3d] =L Holgun. =
gk 202010 3 APCC dSAR &= ZAl W2 o SHH ZI|AFS AHgA &
T 49 F A olo] APCC MME dSAHRE Z7|d ATTF2ZHN ol F3&

7) CPC NMME(Climate Prediction Center North American Multi-Model Ensemble)E 9 , C3S(Copernicus Climate Change Service)
13¢, IRI(International Research Institute for Climate and Society)= £y
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Figure 3.38. The structure of data receive alarm and automated
pre-processing system process.
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202139 JMHE mdxs AF7]F 32](Model Providers® Meeting, MPM)ol| 4 APCC2]
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4" APCC MME Model Providers’ Meeting

o APCC 10 September 2021

members to provide original resolution model data to APCC. In regards to the issue of reference
observation data in the new system with 1-degree resolution data, Dr. Kim shared that ERAS for
temperature and other atmospheric variables, and CPC or MERRAZ2 data for precipitation, would
be used as reference observation data. With new system, APCC could provide finer forecast data
which would be more beneficial to the users although a few issues still existed such as
inconsistency issues. APCC plans to provide discrepancy information and accumulate forecast
data and skills in order to overcome the issues and from next year of 2022, the pilot system would
be operated. .

Lastly, Dr. Kim introduced APCC’s plan on early release of APCC MME forecast from 20th of each
month to the 15th. Currently, APCC has been generating MME prediction data twice at the 15th
for Korea seasonal forecast and at 20th for the global official MME outlook. The early release of
APCC MME forecast would be more useful for climate forecasters and APCC would like to begin
to release the data on the 15th in 2022. Dr. Kim highlighted the importance of member
participation and cooperation on the issue. .

Figure 3.39. The report on the 4™ APCC MME Model Providers’ Meeting.

3.143. dZFAR =7|AF WA

20223 4€98EH wj¥ 15¥¢] APCC MME d&AHRE W x5t 15Y0] FYolH trle+=
HYol| EHolx g} oM Ye Fal LEsy] A2k E=F FHolx Z WAL B TE5A
oAl FRaFom Fdo]A o 7T LTxEY FNWEE W75 thHFigure 3.40).
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Figure 3.40. APCC MME seasonal forecast page updated on
15" April 2022.
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Table 3.14. Content of climate outlook of APCC, IRI, TCC, and CariCOF.

Monitoring Forecast
Organization = Region = Summary Note
ENSO T* P°> ENSO T® P°
APCC Globe v v v v v v v
RI Globe v v v v
TCC East Asia 4 4 v v 4 v’ v/ Additional analysis
CaiCOF Caribbean v v v v v v v

a Temperature
b Precipitation
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Figure 3.41. Results of 5-scale questionnaire on APCC Climate
Outlook subscribers’ satisfaction.
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November 2023 - April 2024

The APCC ENSO Alert suggests “El Nifio”. In September 2023, above normal sea surface temperature

32
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‘anomalies spanned the equatorial Pacific. The Nifio3.4 in;
decrease to 1°C for November 2023 - April 2024. The prob|
‘above 93% for the same period.

Strongly enhanced probability for above normal temperats|
2023~ April 2023.

For the same period, above normal precipitation is predic,
region of Eurasia, whereas below normal precipitation is (|
Pacific tropical South Atlantic, eastern Indian Ocean, and

Cunrent Climate Conditions

« In September 2023, above normal sea

surface temperature (SST) anomalies
NOV 2023 - JAN 2024 2m

p:
Tropical convection was enhanced
(depressed) near the Date Line
(Indonesia). Wind anomalies at
850hPa were westerly over the
central equatorial Pacific.
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Africa, the Middle East, eastern
region of China and Mongolato
Japan,southern Australia, western
and central Canada, central USA, and
South America (excluding southern
region). Negative anomalies were
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4 rPcc  Climate Outlook

Issued: Oct 16, 2023
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Climate Monitoring

Sea Surface T

November 2023 - January 2024

Temperature

« Strongly enhanced probabilty for above
normal temperatures is predicted for most
of the globe.

« Enhanced probabilty for below normal
temperatures s expected for some region
of the eastern Indian Ocean, southeastern
South Pacific, and tropical South Atlantic.

Precipitation

« strongly enhanced probabilty for above
normal precipitation is predicted for the
western equatorial Pacific, off-equatorial
North Pacific, and the western Indian
Ocean. Enhanced probabilty for above
norma precipiation is expected for the
Arctic and central Africa. Atendency for
above normal precipitation is predicted for
Eurasia and southern South America.

« Strongly enhanced probabilty for below
normal precipitation s expected for the
central off-equatorial North Pacific and
the eastern Indian Ocean. Enhanced
probability for below normal precipitation
is predicted for the western tropical North
Pacific,tropical South Pacific, tropical
South Atlantic, northeastern South
America, and the Great Australian Bight. A
tendency for below normal precipitation is
expected for Australia

+ Atendency for near

Climate Forecast

Temperature at 2m for November 2023-January 2024

tssued: 16 0642020

W O WE GE O TE ISE 100 1SOW 120W SOW 6OW W

Boiow Normal Avove
mm= ] mm
070 60 5 40 0 40 50 607080 0 40 50 60 70 80

Precipitation for November 2023-January 2024

nt: % (robabiey)

s +

predicted for the Sahel.

APCC Ciimate Outiook - ssued: Oct 16, 2023

Figure 3.42. New version of APCC Climate
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Figure 3.43. Monthly forecast information in APCC Climate Outlook.
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Table 3.15. Definition of APCC ENSO Alert categories.
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3.2. BSISO AU A FA 28 &9 €L 7|4
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Figure 3.44. Example of BSISO composite map displayed on the

website.
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Figure 3.45. Contents of BSISO monitoring.
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Figure 3.47. Contents of BSISO verification.
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plot = new(2,graphic)
do n=0,1
if(n.eq.0) then
pltTitle= "BSISO 1"
opt@tiMainString = pltTitle
plot(n) = mjo_phase_backgroundi2(wks,opt)
generic phase space background
else
pltTitle= "BSISO 2"
opt@tiMainString = pltTitle
plot(n) = mjo_phase_background34(wks, opt) ;
generic phase space background
end if
end do
(52
do nt=1,ntim-1
(52
plot@$unique_string("dum")$ =
gsn_add_polyline(wks, plot(0),
(/xBegin,pc2(ee,nt)/), (/yBegin,pc1(ee,nt)/), plLine)

(E=h

plot = new(1,graphic)

plot2 = new(1,graphic)

pltTitle= "BSISO 1"

opt@tiMainString = pltTitle

plot = mjo_phase_background12(wks, opt) ;
generic phase space background

pltTitle= "BSISO 2"

opt@tiMainString = pltTitle

plot2 = mjo_phase_background34(wks, opt)
generic phase space background

(B2

do nt=1,ntim-1

(B2

plot@3$unique_string("dum")$ = gsn_add_polyline(wks,
plot, (/xBegin,pc2(ee,nt)/), (/yBegin,pci(ee,nt)/),
plLine)

(524

Figure 3.48. BSISO phase diagram graphic code before(left) and after(right) improvement.
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Figure 3.49. Run-time for BSISO graphic code of phase diagram.
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3.3. APCC AAdSEAGSCoPS) +F H dSAHE AF

3.3.1. SCoPS AH A=A E AF(wid, 3/671€) & A HE

SCoPS&= APCC A AAdd=md=2 2017d 11€FH wigd APCC MME®| FHornd=z
&85 3 Qo SCoPSe x7]x71-2 NCEP CFS (National Centers for Environmental Prediction
Climate Forecast System) #j&42}5.¢} Argo (Array for Real-time Geostrophic Oceanography)
A5E ol&sty Uyl r|EdL 32k YA(udging), sY 71272 EAKF (Ensemble
Adjustment Kalman Filter) 7|¥ & o] &3l 32 yA oz AidAT wld 1, 5o A4kd
Z 107) SES ol &5t wid 671 AE dSARE A4S

671 Ad A5 ARE

FARd 2R AFHth = 28 AZ
g F9 W] ZAHE 9 FEEH R FHAS et A Ui FREta Aok
3.32. 71’43 97 53715 &83 SCoPS AAGS SFAA +3

SCoPSe] &4 &9 & APCC HPC x=%3}o mE B2 3% AlxH 2759 ALEAIZE AA
Y EAIE ddsith ol2 18] Y HAAJA FS AT dA ALY P Ao
FE3] UFHAT Ao gAVFES AL AhoE VA FHAFEHI AFHA g
oo we} X % \dxt ZH4AH wEAFEZE F5EHE SCoPS EdS X E St hindcast
A5E At gAY H2E 2 giAAYS E¥dt 20223 FE Ay AREAFoll A
FHAFH 557 FTEEE AHGFEF) AHge] FAstEA we} SCoPS +FA=H S
o] A3tal Al&gste] Al2Hl MFAS SRt Y &9 tAIAY 8-S Qg A ERE
3tRL, &3 FF Al2®lE o]83te] SCoPS Hindcast A4t 2 & =3kt

APCC HPCS} #HAFE]o] F+=3+ SCoPSe ¥ E IAAMAE Table 3.168 i F8
ol o rE ZAAH FHAFEH 457]HEE PGl AL rE =UEHA Fola]  Intel

Aud# 2 A stk

Table 3.16. Configuration of APCC HPC and KMA supercomputer.

APCC KMA
HPC (2015~& ) 457] §-2(2016~2021) 557] F7(2022~)
7 2 PGI 11.0 Intel 14.0 Intel 21.0
IES pgf90 ftn Ifort
MPI openMPI mpich Intel MPI
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3.3.3. hindcast 7]7F+ &3

SCoPS Hindcast 7|3t 1982~2013% 3ol 4] 1982~2016 A7} A% Ay 4kslazl s o). Figure
3.50> SCoPS Hindcast A4t A& 223 3 Tgolth. WA APCC FTP AW E &3l SCoPS
Hindcaste] sl¥ 4¥A57F 5= WOD ASE F3 AAE FH3todof gt FHAAE
E3td WOD #AsE FHsk=d, 20149FE o2 WOD Wzo] WAFHWAA 7|Ed&=
WOD13& AH&AAIT A= WODI8 A& TR o2 <A A2 WSl 40714
13712 WAHe 7[EETges & § dHo=E F53 445 'HAe Z23Y A5E 5
T A HAT Am FHo] 4RHWA dF AEE SCoPS =71 AAAC 4™
Y & JA AAGNFE HAFo] Hesith WEHRES o] 8ste HA T EAHUE
olx7] gHY A YASE F£3E ¢ dF FAAE As5E WHEBSoF ot Igla I8
WS =E3ko] SCoPS 2714 J#EAE okalo 2tAl AAgsigdt. 28lx AAe ¥ WOD
=i

A2+ CFSR oi7] W 2 SST Aset 4 3 AEF3Eo] HIFHO=E  SCoPS
Z717o 7 wrEolAth SCoPS 271 AsE WY 74 mdE|ek g7, i) 3 2825
3 won gz Aol HEz 20149 1€ 1URE 20169 129 31U7A e 271go=
] 670€ o= hindcastE A4t A o= hindcast Aol ¢ HT

Q seproanzsy Q (¥} step 2. SCOPS YRR 222 Q O sepascorszrman () Q) sepascorsozzan ()
WOD itz — .‘
o WOD %12 SCoPS 8% £7|% A
« AR 27132 0| 85l0] 64Y A%
— v rocess 1 22 Hindcast (2014'3~) 444
MATLAB (Python) T2 MATLAB H 2] « SCoPS dail ry in 3D C47| nudging
« ftp-oceans.ncei.noaa.gov (by wget)  SST nudgi
« native ascii format file ‘
+ XBT, DRB, PFL, 0SD, MRB, CTD, MBT HX|T (Buoy, Station..) . .
+ Standard Level Data At& Process 2
+ WOD13(~2013), WOD18(2014~) At =) « 1% POP restart(2014.01.01~)
« interpolation level 40> 137712 #17 ooz 2 23/ SAT} Hg EAWODIGolini o A Ha A3 o
< L T
WOD18 Datasets
xpendable Bathythermograj restart(daily) Z7|% #F
" - WOD X2 0|80 H K2
a B34 2014.01~2016.12 27| 3 Bt
NCL HA2| a
~Temperature-Depth
3D 718, ssT MBT: Mechai Bathythermograph

Figure 3.50. Flow chart of producing the SCoPS initial and forecast data.

Figure 3.51% 2014¢ 1€ 109 Z71#9 Za9d F dRolth 71&d g 7|1
forecast A&7 AP 7|FeE WOD AE glo] Argo AEET %7]% nudgingo]
olFolx F&(DH GO AEFI AHEH AH F= 30470 AHoAH. T84 5
a8oA 3 7]z hindcast A AE Argo AR AFR §le] WOD ABE o] &8}
27185 AielRal A5 F3ke AHEE A-FE 6007 A ol FoE yEhgth o] A&
B AE 27)AE ol &3te] 2014¢ 1€HE 201613 12€71A F 3670 Z71Ad thd
6712 AA ZAEE AY2kste] Hindcast A55 A4+stAth
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yr= 2014 yr= 2014

mn= 1 mn= i i

dy=1033 10 dy=1033 10

rs_yr=2014 rs_yr=2014

rs_mn= j rs_mn= 1

rs_dy=1033 11 rs_dy=1033 11

LAT= 3.3608143458194935 1.2050242366806374 -2.00349¢ LAT= 3.3608143458194935 1.2050242366806374 -2.00349¢]
LON= 161.93751264983342 139.43749865719508 116.9374 LON= 161.93751264983342 139.43749865719508 116.9374
Lfile sst=/data27/chall9/ATM nudg/Teol package/KSCLTMISSTLGEsrsst201) file_sst=/1fs/data27/chal79/ATM_nudg/Tool_package/KSC/TMISST/cfsrss|
file=/datal9/baogiang/SHU/data/WOD/CTD/20140110T.dat doesnot exist lLile=/1£s5/data27/chall9/data/WOD/MBT/20140110T dat, doesnot,_exist _ |
file=/datal9/baogiang/SHU/data/WOD/0SD/20140110T.dat doesnot exist PFL data is used instead of ARGO
file=/datal9/baogiang/SHU/data/WOD/MRB/20140110T.dat doesnot exist Total number of T profiles= 691
file=/datal9/baogiang/SHU/data/WOD/PFL/20140110T.dat doesnot exist Total number of S profiles= 617
file=/datal9/baogiang/SHU/data/WOD/DRB/20140110T.dat doesnot exist allocation is done

file=/datal9/baogiang/SHU/data/WOD/MBT/20140110T.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/XBT/20140110T.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/0SD/20140110S.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/CTD/20140110S.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/MRB/20140110S.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/PFL/20140110S.dat doesnot exist
file=/datal9/baogiang/SHU/data/WOD/DRB/20140110S.dat doesnot exist

Total number of T profiles= 304
Total number of S profiles= 304

ArSEas 3T e T T T T T T T T mmmEmEmmmmmmm————

Figure 3.51. Example logfile of SCoPS initialization for 2014-01-10.

Do

Figure 3.52%= Figure 3.509] JJr 4S AA d A" 20143 = hindcast AR E ©] &3}
NINO 34 AFE F3 Holth AALe 2049 = =7 = #A=gS yehd zdd WOD
AEE ol&st A4k hindcast A&, Argo A8E o]g3sle] A3 7]E forecast AHH,
OISST #=zkoe =2 Zbzy 3k NINO3.4 A|golth,. x7] dE€xs=2 Argor} WODE AR&-gH
259l NINO34 AFE s w, AT A WEsAdel IA =24 R I #He Aol=
nlmjekA UERsTE Shadinge 2 Wepd FiEo] F AF3he] zpolldl 1 Zpolgkel] lof
Folut 9 #o® A9A = FIHI S UdEUA g HeH o2 Aogh of 0.05 HRke
ztolgke Yetll= ZAoE Flstdt

4

| — 0.08
— 0.04
<
o o
g 0.00 £
=
— -0.04
e WOD
1.0 — ® ARGO -
] ® OISST — -0.08
I I I I I I I I I I I

JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC
Figure 3.52. Nino3.4 index (line) and difference(shading) between forecast

using Argo and hindcast using WOD as ocean initial condition for the period
of 2014.
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34. AEASAI2E 29 B A9
341 AHEAZN2E 29 R ISR AT

AHE G EA 282 APCCY HEETHOIAE B3llA A= Jon, 2022d7tA = A5
Alo} B2l 9] 47 A9 (Barat, Selatan, Tengah, TImur) X9 tjdo 2 AF3tar
o dgojAol YT ATE B 2023dREE Qs Ao} T o] Ao} 47) A
Fo g Au2~E FHo|AE FaA ATt UTh JAEuAoLe] B2 4] o] FHEW
W 4o A 7EALolol Y 20Y 13] HEAFTES FHOIAE T FYg. R JEL 47}
A (Low, Moderate, High, Extreme)2 AF=m, AGH A& 53] 44 BRE 72T & U=
= AASH T Figure 3.532 20241d A=v|Alote] mix|ul AbEo| S HA|F Al 7€9 4
H A3E HojFEr

<

wn

Probabilistic Forest Fire Forecast (issued : 2024-07) for 2024: AUG-OCT (%)
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Extreme ok
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Monthly History of Dominant Probabilistic Forest Fire Forecast for 2024

Barat 100% 100% 100% 100% Extreme
Tengah+ 100% 100% 100% 100% High
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Figure 3.53. Indonesia FHEWS results (Issued: 2024-07)
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Zgoj AJol= Dol Ao} AYS thayoZ 47] A9 (North Malay Peninsula, South Malay
Peninsula, Sawarak, Sabah)e] AHXZ A|g-3tc}t @y o]Aole] 7]

4do] Hdl 7=, A7 ez vid 10€7E Ad=

1
|

A=A okel e 2€0

A7t wj Y 2090 A=A R
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Probabilistic Forest Fire Forecast (issued : 2024-11) for 2025: FEB-APR (%)
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Figure 3.54. Malaysia FHEWS results (Issued: 2024-11)
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3.42. d¥AE A F AYRF Au|x
3421 d¥AF A

APCCE| 7IEr"o] Mg wetA, AHEASAI 28 Jfido] &7
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AR 57t 25° dE 1° 2 HAH we 1f3E A85E &85t AEASA2H
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Figure 3.55 Results of comparing individual model resolution differences
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GFED3.1

GFED4.1
Figure 3.56. Comparison results of GFED3.1 and 4.1 (July, 1998).
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Figure 3.57 Monthly precipitation comparison results by region
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Figure 3.58 EOF results of Malaysia
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Monthly History of Probabilistic Forest Fire Forecast for 2019
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Figure 3.59 2019 Actual Fire Occurrence Areas and FHEWS Results
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Figure 3.61 Summary of Observation Data Processing Results
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[ APCC MME attr. |

// global attributes:
zinstitute = "APEC Climate Center”:

sinstitute_ APCC”
Conventions = “CF-1.6";
*Issued_Date = 15 Mar 2024";
:hindeast_start_year = "1991";

“hindcast _end_vear = "2010°;

“MME_Institutes = “APCC ECCC JMA KMA NCEP PNU-ROA";

“MME_Models = "SCOPS CANSIPSv2.1 MRI-CPS3 GLOSEAGGCS.2 CFSv2 CGOMV2.0°:
“MHE_Method =

“MME_Hindcast _Info = "Monthly Hindcast for ANJJAS (2024AMJJAS)";

APCC Seasonal Deterministic Hindcast based on SCH method™;

[ HINDCAST ZHZ}& 2 £2! (e.g. SCOPS) |

—

EEEFREEEEEETE

(i) BCArea-ID1445-M01-AMO1.csv
(i) BCArea-ID1445-M02-AMO1.csv
(i) BCArea-ID1445-M03-AMO1.csv
(i) BCArea-ID1445-M04-AMO1.csv
(i) BCArea-ID1445-M05-AMO1.csv
(i) BCArea-ID1445-M06-AMO1.csv
() BCArea-ID1445-M07-AMO1 csv
(i) BCArea-ID1445-M08-AMO1.csv
(i) BCArea-ID1445-M09-AMO1 csv
(i) BCArea-ID1445-M10-AMO1.csv

[ APCC MME attr. |

// alobal attributes

sinstitute = "APEC Clinate Center”:

tinstitute_id = "APCC";

went ions = "CF-1.6"

:Issued_Date = "15 Mar 2024°;

:hindcast _start_year = "1931";

“hindcast end_year = "2010°;

<MME_Institutes = "APCC ECCC JMA KMA NCEP PNU-FDA":

MME Models = “SCOPS CANSIPSv2.1 WAI-CPS3 GLOSEAGC3.2 CFSv2 CGOMv2.0;

“MME_Method = "APCC Seasonal Deterministic Hindcast based on SCM method”:

“MME_Hindcast _Info = “Monthly Hindcast for ANJJAS (2024AMJJAS)":

-

A B c D E F G H
yearmon ID1500 ID1501 ID2193 1D2279 1D2280 ID2364  1D2365

Jan-91 2.3753008 2.3753008 50679783 5.0679783 5.0679783 5.0679783 50679783
Feb-91 04725894 04725894 2590173 25500173 2590173 2590173 2590173
Mar-91 1305882 1.305882 4.1040281 41040281 41040281 4.1040281 41040281
Apr-91 29273241 2.9273241 6.9843868 6.9843868 6.9343868 6.9843868 6.9843868
May-91 7.1457039 7.1457039 8.8268827 8.8268827 8.8268827 8.8268827 8.8268827
Jun-91 11.243033 11.243033 88156982 8.8156982 8.8156982 8.8156982 8.8156982
Jul-91 10103059 10.103059 5.9335449 59335449 59335449 59335449 59335449
Aug-91 10129034 10.129034 63334585 6.3334585 6.3334585 63334585 6.3334585

Sep-91 11.964604 11.964604 8.02!36113693 80213698 80213698 80213698

[ HINDCAST @zt

|

() 1D1445=prec=APCC_SCOPS=LT01=BC.csv

1445=prec=APCC_SCOPS=LT02=BC.csv
445=prec=APCC_SCOPS=LT03=BC.csv
5=prec=APCC_SCOPS=LT04=BC.csv
(i) ID1445=prec=APCC_SCOPS=LT05=BC.csv
@WD"—‘45=pr€(:AFCC_SCOPS:LTOG:BC.CSV

B4 A2 L 3 e |

month

MO1 032
M02 NA NA
MO3 NA NA
Mo4 NA NA
MO5 NA

Mo6 NA NA
Mo7 NA NA

APCC_SCOPS01 JMA_MRI.CPS301 HMC_SLAVO1 UKMO_GLOSEA601

047 NA NA
NA NA
NA NA

057 041

041 NA 048
NA NA
NA NA

BCArea-barat-AM0O1-TCC
Figure 3.62 Summary of Individual Model Data Processing Results for the Hindcast Period

[ FORECAST Z#AtH B 422! (e.g. SCOPS) |

=

Ol 242 AHAF

-

1 yearmon ID1500

A 8 c D E F G i
ID1501  ID2193  1D2279 ID2280  ID2364  ID2365
Jan-91 2.3753008 2.3753008 5.0679783 5.0679783 5.0679783 50679783 5.0679783
Feb-91 04725894 04725894 2590173 2500173 2590173 2500173 2590173
Mar-91 1305882 1.305882 4.1040281 4.1040281 41040281 4.1040281 41040281
Apr-91 29273241 2.9273241 6.9843868 6.9843868 6.9843868 6.9843868 6.9843868
May-91 7.1457039 7.1457039 8.8268827 8.8268827 8.8268827 8.8268327 8.8268827
Jun-91 11.243033 11.243033 8.8156982 8.8156982 8.8156982 8.8156982 8.8156982
Jul-91 10.103059 10.103059 59335449 59335449 59335449 59335449 5.9335449
Aug-91 10129034 10.129034 6.3334585 6.3334585 6.3334585 6.3334585 6.3334585
Sep-91 11.964604 11.964604 8.0213695fl13698 8.0213698 8.0213698 80213698

[ FORECAST @ztEH

(2] ID1445=prec=APCC_SCOPS=LT01=BC.csv
@ID‘ S5=prec=APCC_SCOPS=LT02=BC.csv

1445=prec=APCC_SCOPS=LT03=BC.csv
5=prec=APCC_SCOPS=LT04=BC.csv
() 1D1445=prec=APCC_SCOPS=LT05=BC.csv
(&) ID1445=prec=APCC_SCOPS=LT06=BC.csv

Figure 3.63 Summary of Individual Model Data Processing Results for the Forecast Period
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Current FHEWS Grid Information System
Figure 3.64 Comparison REsults of Grid Information Production in FHEWS (Issued: 2024-04)

Current FHEWS Grid Information System
Figure 3.65 Comparison REsults of Grid Information Production in FHEWS (Issued: 2024-05)
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Current FHEWS Grid Information System
Figure 3.66 Comparison REsults of Grid Information Production in FHEWS (Issued: 2024-06)

Current FHEWS Grid Information System
Figure 3.67 Comparison REsults of Grid Information Production in FHEWS (Issued: 2024-07)

Ao ARARE AFHE AAAR ATA2DE 2487} FASE O ©
3 4 gy, AlA 20239 %0 A3 2| AR EAHRE o Z nlwstd Figure 3.681 &
|

Figure 3.71¥} 2t} 2023de] FHEWS AxE HH 493 599 A$ ZE AHo

g AEska AR AAAEE A EYE TimurA| 9] A s EAAHel s Fre 7))
Ae AE & F AUtk 6€3 799 ZAE B SelatanA o] F R} HighZ d5dtes 2&
& g e, ol AMYAHGY AR EC] Moderateol| 4] High2 27174 R stal s A=
= A St ve Ae EL T Aok olHd AHHE TNte R AAHH} r]ES
Province 7]%ke] FE AFo| odE WS Aoa & oy =3 AARAH R gk A
AT A3t @ ¢ lon, AR YA Fof sfFAH e AT FHEWS JRE A
L T e & T Udn

- 121 -



Current FHEWS Grid Information System
Figure 3.68 Comparison REsults of Grid Information Production in FHEWS (Issued: 2023-04)

Current FHEWS Grid Information System
Figure 3.69 Comparison REsults of Grid Information Production in FHEWS (Issued: 2023-05)

Current FHEWS Grid Information System
Figure 3.70 Comparison REsults of Grid Information Production in FHEWS (Issued: 2023-06)
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Current FHEWS Grid Information System
Figure 3.71 Comparison REsults of Grid Information Production in FHEWS (Issued: 2023-07)
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35. A7 FHOIA 75L % J1FAR ¢ Tz 7
351 Al E¥H o)A & T& 7IZFAHE 4 = fAE ZAm AYJF A|2" FF

sl 2.5.1400A A&
g} ]/\Eﬂo]q. @;Gix
o 533 §7

ARE ATESE A
Wl tgE JuE A

At F5E APCC EdlolAoA 4 71FAHE ¢ Fdl=z 8F
st ol 474 Al2Hle FEET A "AE MME ZIHE o=
2 FEEH o= HRE FHOE FHEr] 98 hindcast = A
DBolA Bt} E&ZQl A5 #AE 93] vHgeH S ddssteo] o
2~"lo]n, CDO(Climate Data Operator) AZE$|o]E Ag3le] 3 w}
d(merge)st= W2folth d A"l 75 W& tha3 2.

~ fo
l}lr lfﬂ-] Ol-l'ﬂ ﬂllo

HJEJ

- Al 2" 4= ${AFS}/RUN/DYNAMIC_HOMEPAGE/MME/
- m<l EEJ%E: MME_merge.sh

#!/bin/sh

SYEAR=2024
EYEAR=2024

MONTH=( DEC )
SEAS1=( DJF )
SEAS2=( MAM )

VAR=( t2m prec sst t850 z500 slp u850 v850 u200 v200 )
MODEL=( SCM GAUS )

YEAR=$SYEAR

while [ $YEAR -le SEYEAR J:do

nd=0

while [ $nd -le 1 J;do

nm=0
maxmon="expr ${EMONTH[@]} - 1°

while [ $nm -le $maxmon I;do

F_3M_IDIR=/data02/OPER/AFS/DATA/MME_OUT/3-MON/FORECAST/${MODEL[$ndl}/${MONTHI[
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$nml}
F_6M_IDIR=/data02/OPER/AFS/DATA/MME_OUT/6-MON/FORECAST/${MODEL[$nd]}/${MONTHL
$nml}
H_3M_IDIR=/data02/OPER/AFS/DATA/MME_OUT/3-MON/HINDCAST/${MODEL[$nd}/${MONTH[$
nml}
H_6M_IDIR=/data02/OPER/AFS/DATA/MME_OUT/6-MON/HINDCAST/${MODEL[$nd}/${MONTH[$
nml}

F_ODIR=/data02/OPER/AFS/RUN/DYNAMIC_HOMEPAGE/MME_hindcast/FORECAST/${MODELI[$
nd]}/${MONTH[$nm1}/
H_ODIR=/data02/OPER/AFS/RUN/DYNAMIC_HOMEPAGE/MME_hindcast/HINDCASTSYEAR/${M
ODEL[$ndl}/${MONTH[$nm1}/

(232

= d3sl, 4, AR, ¥,
= gz Ae AgPsH ALgAr} A3
ME 7I'H¥H #A87} AF=5Ho 2 725 DB AA=z AL

= 2 #Hxp A5 YA A 2EL 251849} o] MME
doj thdk 3/671Y Aol g Z7F E=Z9 37 hindcast 717Fe] AAE HARE
5 % 3 hindcast & ARE TH3= A=®ES TF53A

way WAk AE AR W

L

wWw
=
o
&
(o
l ¥
i
&
)
o
fr
=
ox
i
2
poss
o
2
=
e

2"l 7 2: ${AFS}/RUN/Manage_Model_Anomaly/
¢l =2 77%: 0l.model_anom.sh
2~ X273 param.ncl

g o[k B

model_fcst_anom_monthly.ncl
model_fcst_anom_season.ncl
model_hcst_anom_monthly.ncl
model_hcst_anom_season.ncl

<Hlel == 7#W: 0l.model_anom.sh W £>

MODEL=(_ APCC_SCOPS BCC_CSM1.1IM BOM_ACCESS-S2 CMCC_SPS3.5 CWA_TCWAITv1.1
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ECCC_CANSIPSv3  HMC_SL-AV ~ JMA_MRI-CPS3 ~ KMA_GLOSEA6GC3.2  METFR_SYS8
NASA_GEOS-525-2.1 NCEP_CFSvZ PNU-RDA_CGCMv2.0 UKMO_GLOSEA6 MGO_MGOAM2.4
)

MONTH=DEC # JUN, JUL ...

FSEAS1=DJF  # JJA, JASO ...

FSEAS2=MAM  # SON, OND ...

YEAR=2024

SYEAR=( 1991 1991 1991 1993 1991 1991 1991 1991 1993 1993 1991 1991 1991 1993 1991 )
EYEAR=( 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010
)

FLAG=(O O X X O O X O O X O O O X X): lead-time 670 oF

(A32h)

st ol Hg vel ZEaWe A m, 1{: 9, A, 8, hindcast A28, E =3,
6719 lead-time 4% 5< 4gatal 20 vl == 1@ 2HL Fa 4749 NCL 42 =
2ol AW WS HEe0, 54%@% Aeg ofge o AAsE 2k

<Az~ ZZ 713 model_fcst_anom_monthly.ncl &l A]>
(=P

; anomaly

month_number = 0

nfcstmon = dimsizes(fest(:,0,0))

fest(:,:,:) = fest(,:,:) - clim(0:nfcstmon-1,:,:)
var = fest(,:,)

out_data_dir =

“/data02/OPER/AFS/RUN/Manage_Model_Anomaly/MME_IN_ANOM/FORECAST/® + MODEL +
“/“ + FMONTH + “/* + FYEAR

(23 =h)

B oE2a9e Agsty A AR Ao Felmwd Aagel B o2 Az}
9. A5 ¥ =292 ofge} Zo] CDOE ©]-&3te] hindcast ¥ o= X85 E
2 BgAFE 4TS ohn, FASRLA e A2 L AR, W, 2P s Foh

>

=l
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Z: ${AFS}/RUN/Manage_Model_Anomaly/
- wQl =233 02.homepage_pro.sh

#!/bin/sh

SYEAR=2024
EYEAR=2024

MONTH=( DEC )
SEAS1=( DJF )
SEAS2=( MAM )

VAR=( t2m prec sst t850 z500 slp u850 v850 u200 v200 )

MODEL=( APCC_SCOPS BCC_CSM1.1IM BOM_ACCESS-S2 CWA_TCWAI1Tv1.1 CMCC_SPS3.5
ECCC_CANSIPSv3  HMC_SL-AV ~ KMA_GLOSEA6GC3.2  JMA_MRI-CPS3 ~ METFR_SYS8
NASA_GEOS-525-2.1 NCEP_CFSv2 PNU-RDA_CGCMv2.0 UKMO_GLOSEA6 MGO_MGOAMZ.4)
year=$SYEAR

while [ $year -le SEYEAR I.do

(232

EojolA AM A% TEaPe Yo AF WPH ARG A5 ARE FdolH MW=

T4 4 Fd= 7EE A MERE FE 4 A AlaEE 2518049 2ol MME
Fogmdo g 3/6719 3879 EEF g I3t 29 4 hindcast 713+ &gk W3t
ARE FTEFe7] ¢s) MErddE 835 JRE &SI hindcast FE o= A85E Ss=
N2ES T30 B A 2~ES 3709 Wl zEasor FARES on, JAERd Hiat
A5 A A" §ARSHA 3719 Wil Z2afoz FARY glon, ¥ zdd hindcast
& AR A5 We, FdoA AW HE £o=2 o]FojFHTh o] Wl ZEIHWS

FY2 yamlZ FA4E] Jom, AFS && o AxHES 835ty oot &
o] XEZ so ¥ 371X python L= o] FoH T},

- Al2" A Z: ${AFS}J/RUN/Manage_Model_Prob/
- <l EE:Laq HCST_GAUS_MODEL_3month.py / HCST_GAUS_MODEL_3month.yaml
HCST_GAUS_MODEL_6month.py / HCST_GAUS_MODEL_3month.yaml
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PMME.F

TERC.so

<2A

- BE &2 FE: ${AFS}/RUN/Manage_Model_Prob/my_package

calc_GAUS_MME_IN.py calc_SCM_MME_IN_NCEP_SST.py.monthly
calc_SCM_MME_IN.py.monthly make_season_month_name.py

nc_out_1_0_deg PMME.py nc_out_2_5_deg PMME.py

read_MODEL_HIND_TIME.py calc_SCM_MME_IN_NCEP_SST.py

calc_SCM_MME_IN.py Ismask_1ldeg.nc nc_out_1_0_deg_DMME.py

nc_out_2_5_deg DMME.py

- Fortran =273 A2 FE& : ${AFSI/RUN/Manage_Model_Prob/so_package

TERC_HIND_NCL.F ~ TERC_HIND_NCL.so  TERC_HIND.so ~ TERC_NCL.F  TERC_NCL.so

B 3. HCST_GAUS_MODEL_3month.yaml W& o A]>

Datal.ist:

- Model_name - APCC_SCOPS
Variable_name : prec

Forecast_month : JUN
Forecast_year : 2023
Hindcast_syear : 1991
Hindcast_eyear : 2010
Resolution - 1.0
Issued_date . 15 Feb 2023

PMME.so PROB.F PROB.so so_test.py TERC.F TERC_HIND.F

slp
t2m
t850
2500
sst

Slol Mok ol Astaz st mdW, W4, o ZA2L 33, hindeast 713k, AAE, B
S L M }% b AR Aol mdME SEdZAast
WEE| ], $3 FololA DBA glolEol Txsh FUsh BHHel wet mz Aol 7}
st
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Figure 3.73. Example of climate forecast web
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Figure 3.74. Example of climate forecast web contents in new homepage.
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Figure 3.75. Climate starndard normals in climate monitoring webpage.

- 132 -



36. MME AZdE 54 188 71& AZdE 5y 2 AAYE
A% va

3.6.1. MME 7|29 AddZF HFA AA 7|EHs 183 7|2 dF 2 O A

717191 2013-2022'd, FotAlof 7129 A7]ddFes €¥HE By £ 1093 3
HEs B4 A 9= ¥4, 72 @ H] 2 3} ¢ th(Figures 3.76, 3.
RS 10d FHHo R 2dsiA oSt oy ool nis) A &

AAIZE o

AN

N[\
i)

=N 12
fin}
>
2
i

N N
2
X
fo
m
o
o
VE,

- 133 -



Corrected . JAN  Original JAN OBS JAN

A 4
= = ™
i ¢ ’ |- coi q ’ N *
A )] A Pyl A
_ Corrected FEB _ Original FEB OBS
- J (s — .( J | o
i - O SR i
2.
p o
 MAR _OBS| B MAR
A
? -
£
APR OBS APR
i ¢ g | coi
A )] /ML
_Comected . MAY _ Original
- J—t_. —rww
=
ey 4 a ‘ - v
/’I'\,. D) A
Comegted . JUN Original . JUN  OBS| . JUN
j: ettt
‘d ?
g ) "L N )

Figure 3.76. Monthly (January-Jun) spatial patterns of (left) corrected forecast, (middle)
original forecast, and (right) observation of 2-m temperature anomalies averaged from 2013
to 2022 (dot: 10 percentile of both side, from Chap. 3.6 in ZAF3% &, 2023).
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Figure 3.77. Monthly (July-December) spatial patterns of (left) corrected forecast, (middle)
original forecast, and (right) observation of 2-m temperature anomalies averaged from 2013 to
2022 (dot: 10 percentile of both side, from Chap. 3.6. in 23 &, 2023)
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Figure 3.78. Linear trend of 2-m air temperature from (upper) observations, (left) ERA5,
(right) NCEP2, and (lower) model during 1991-2010. Model’ s linear trend are mean of
individual model” s linear trend produced at 2023.
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Figure 3.79. Seasonal mean of (a) probability forecasts of T2m PMME above normal
category, (b) normalized anomalies of T2m NCEP2 observation, and (c) normalized
anomalies of T2m ERAS5 observations, averaged East Asia, Northern Hemisphere,
tropical region and the globe in the real-time forecast period.
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Figure 3.80 Seasonal mean correction coefficient for linear trend correction.
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Figure 3.81. Monthly ACC skills of original (purple) and corrected (green) T2m
and differences (black) between them. Monthly 10-years (2014-2023) ACCs are
averaged.
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Figure 3.82. Graphycial information of corrected T2m forecasts in East Asia for 2024
SON season. (first row) Original DMME forecasts, (second row) corrected DMME
forecasts, (third row) original PMME forecasts, (fourth row) corrected PMME forecasts,
and (fifth row) correction coefficients, «, produced at (left) one-month, (middle)
two-month, and (right) three-month lead.
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Figure 3.83. Graphycial information of corrected T2m forecasts in East Asia for 2024
SON season. Monthly 10-year-averaged (first row) Original DMME forecasts, (second
row) corrected DMME forecasts, (third row) original PMME forecasts, (fourth row)
corrected PMME forecasts, and (fifth row) correction coefficients, «, produced at (left)
one-month, (middle) two-month, and (right) three-month lead.
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Figure 3.84. The 5th APCC Multi-Model Ensemble Model
Providers” Meeting(Aug. 29- Sep. 1, 2023, Busan).
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Figure 3.85. APCC MME Model Providers. The red box
denotes an institute that has agreed to provide the
subseasonal data.

- 143 -



3.7.1.2. MME AdW & Pilot A|2F 75

20233 MME AdWd S &9 7IWHAAE FF317] flal +AH42 o2 WMO 525 A8E
gg3to] SAo] Aol MERI HAe 9@ MME 3& 9% Pilot Al2®lS 73t
(Figure 3.86). Al=®l 7jato] AL-&¥ ¢1o]= Python version 3o]x 7j¥ =9 A3t MME <
qS fg 71AH, WY, d3d T JEARE @] & Yamls AMEStdTh oA &
A APCColA &% F<20 MME AlHdSAI 203 5U3F 02 FF 435 3 384% &8
dE 183 Ax"ES FESIAT MEEE dAHA =" AMSH AE Table 3179
ECMWF, Montreal, Seoul, Exeter, Washington 57} GPC (Global Producing Centres)oll A A| &5}
= AdYd =0z 2022d % forecaste} hindcasto]lx, AH&¥ FEWE prec, olr, t2m, sst,
z500, u850, u200, v850, v200°o]H, A& ;4 E= EF 1.5° xX1.5° ot} MME 4o SA| 2" =
71& MME AAd S A 7|H3 5L @A (deterministic) o =3 &-E(probabilistic) <
= 71HE A 83T Pilot A|2EE T3l A4k 20223 7€ 4YFH 25U71HA] 1~459] Ti gk

A F7)29 #=3H dSHANEA D gE o F)E Figure 3.879 YERH AT

M

o

Table 3.17. Description of WMO S2S models in pilot system.

Forecast Forecast Hindcast

CPC Center Data  Forecast Time Es Hindcast Fns Hindcast
Name Resoution - Frequency range Size Frequency Size period
2/week 2/week 200220
ECMWF ECMWF 15°  (Mon,  0-46 51 (Mon, 11 o
Thu) Thu)
4/month
Exeter  UKMO  15°  Daly 060 4 9 7 0
17, 25)
Weekly
Montreal ECCC  15°  (Mon, 0-32 21 ekl 20120
(Thu) 20
Thu)
4/month
Seoul  KMA  15°  Daly  0-60 4 a, 9, 3 199136‘20
17, 25)
' ° - _ 1/week 1999-20
Washington ~ NCEP 1.5 Daily 0-44 16 (Thw 4 0
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Figure 3.86. MME subseasonal forecast procedures in pilot system.
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Figure 3.87. Observations and 1~4 weeks subseasonal (deterministic and probablistic) MME
forecasts of temperature at 2m during 4~25 July 2022.
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2024 3o = ASAF REAZ7H 3)ooA =oHo] AXHYAS AEAFT 8Hd FT 3
N Z1#e MERd A7l ECMWEFe /Erd A5E AMESte] 7]|&o] +39 pilot Al 2~
S MASIATTE A" A AR A-dY S AlsE 20243 % 7]F forecaste} hindcasto]
3(Table 3.18) /W Rdeol FEW= t2m, sst, maxt2m, mint2m, prec, olr, mslp, t850, u200,
u850, v200, v850, z200, z5008] & 14=o|t}. A= == APCCS HMCE= 1.0° X1.0° o],
ECMWEF<2} NCEP= 1.5° X15° ot} 47 7|39 /MERD Ad4E A5 +32 APCCE A
A A4k, HMC&= APCC ftp AH=Z g=Z=, ECMWFe} NCEP2 ECMWEFe] S2S archiveol] A
Python APIZ A}&3le] o=t 3bA = ohhttps://apps.ecmwf.int/datasets) (Figure 3.88). ©,
NCEP A A%t forecaste] 7-$-oll&= ECMWF S2S archive29] 2% A Ao & NCEP ftp A=
2E ZAH 22 334 B okhttp://ftp.cpc.ncep.noaa.gov/S2S/S2SRT).

Table 3.18. Description of APCC MME participating models in pilot system.

Forecast Forecast Hindcast

Center Model Data  Forecast Time Ens Hindcast Ens Hindcast
Name  Resolution Frequency range Size Frequency Size period
Weekl 6/month
APCC  SCOPS 1.0° y d 0-60 10 (1,5,10,15,20,25), 5 2003-2016
(Tue) !
fixed
16/month
(1,3,5,7,9,11,13,1
5,17,19,21,23,25, past 20
o Weekly
ECMWF CY49R1 1.5 (Thu) d 0-46 101 27,29,31 11 years
excluding 29 (2004-2023)
February)
on the fly
HMC  RUMS 100 Veekly 45 o4 Weekly (Tuek ) g91 5099
(Tue) on the fly
NCEP  CFSv2  15°  weekly iou 16 Daily, 4 1999-2010
(Thu) fixed
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https://apps.ecmwf.int/datasets
http://ftp.cpc.ncep.noaa.gov/S2S/S2SRT

#1/usr/bin/env python

0s
ecmwfapi ECMWFDataServer

# Real-time fﬂrecast date ---
fdate =

date split = fdate.split('-'
YYYY = date split[8]

MM = date split[1]

DD = date split[2]

YYYYMMDD = date_split[8] + date_split[1l] + date split[2]
# Output directo

out dir = "/ on DATA/ECMWF/F AST/"™ + YYYY + "/" + YYYYMMDD + /"
05 .makedirs(

server = ECMWFDataServer()

# Hean Sea LPvel Pressure (MSLP)

> out dir + "“S$2S ECHWF forecast " + YYYYMMDD + “

Figure 3.88. Python API data download program for ECMWEF real-time Forecast.

MME AW Se] daAz 24 AEd A5 et %iﬂﬁl(ﬁiﬂ) Hge FdsiA =
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APCC Forecast/Hindcast

initial time (t=0) +24h (t=24) +48h (t=48) +72h (t=72)
| | | |
' tep 1 f tep 2 ! tep 3 J )
=P > P >& >p > 24h average t2m, sst
& step | < step 2 > <€ step 3 > min/max mint2m, maxt2m
step 1 step 2 step 3 accumulated prec, olr
t2m, sst : time = 0, 24, 48, 72, 96, ... (607) time = 0 > 0d 23:56:0.0, ...
maxt2m, mint2m :time = 0, 24, 48, 72, 96, ... (607l) time = 0 > 0d 23:56:0.0, ...

prec, olr : time = 0, 24, 48, 72, 96, ... (607]) time = 0 > 0d 23:56:0.0, ...
: time = 0, 24, 48, 72, 96, ... (607]) time = 0 > 0d 23:56:0.0, ...

% BH 702 nc THUO| RE B4 (7], siY E= o+

Figure 3.89. Subseasonal forecast/hindcast dataset of APCC.
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ECMWEF Forecast/Hindcast

initial time (t=0) +24h (t=24) +48h (t=48) +72h (t=72)
| I | |
i | | | >
P step 1 P step 2 - step 3 s 24h average

step 1 step 2 step 3 step 4| step 5 step 6 step 7 step 8 step 9 step 10step 11 step 12
€EDEDEDEDEDEDEDEDEDH>ED>

min/max

accumulated

accumulated

instantaneous

t2m, sst
maxt2m, mint2m

prec

olr

mslp, t850, u200, u850,
v200, v850, z200, z500

t2m, sst : forecast_time0 = 2d, 3d, 4d, ... (467l) 1d: 0~24, ...
maxt2m, mint2m in the last 6 hours : forecast_time0 = .. (18471)  max/min
prec : forecast_time0 = 6, 12, 18, ... (1857H) 24-0, 48-24, ...
olr : forecast_time0 = 48, 72, ... (477H) 24-0, 48-24, ...
mslp, 1850, u200, u850, v200, v850, z200, z500 : forecast_time0 = 24, 48, 72, ... (477l)
% OF 7HO| grib THUO| StLto| Hs =, atA H4 forecast_time07t CHE
Figure 3.90. Subseasonal forecast/hindcast dataset of ECMWE.
HMC Forecast/Hindcast
initial time (t=0) +24h (t=24) +48h (t=48) +72h (t=72)
| | | |
' step 1 | step 2 J step 3 J >
<€ o >€ i > P > 24h average t2m, sst
& step 1 > € step 2 > € step 3 > min/max mint2m, maxt2m
= step 1 > <& step 2 > <& step 3 > accumulated prec, olr
1 1 1 instantaneous mslp, t850, u200, u850,
step 1 step 2 step 3 step 4 v200, v850, z200, z500
t2m, sst : forecast_time1 = 2d, 3d, 4d, ... (4671) 1d: 0~24, ...

maxt2m, mint2m

prec, olr

mslp, 1850, u200, u850, v200, v850, z200, z500 : forecast_time0 =

% ot 702 grib LHUO| 2= B4 ZLE

(=13

: forecast_time1

2d, 3d, 4d, ...
48, 72, 96, ...
24, 48, 72, ...

: forecast_time1

Figure 3.91. Subseasonal forecast/hindcast dataset of HMC.
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NCEP Forecast/Hindcast

initial time (t=0) +24h (t=24) +48h (t=48) +72h (t=72)
| l | |
step 1 step 2 tep 3 ' )
< 0 >< a < P 24h average t2m, sst
step 1 step 2 step 3 step 4| step 5 step 6 step 7 step 8 step 9 step 10step 11 step 12 min/max mathm, m|nt2m
step 1 step 2 step 3 step 4| step5 step 6 step 7 steE)_fi_“s.t.e.p.;step 10 step 11 step 12
P ettt ettt A G AN accumulated prec
2 O | St SR A
t2m, sst : forecast_time0 = 2d, 3d, 4d... (437l)) 2d: 24~48, ...

maxt2m, mint2m in the last 6 hours

prec

s ¢+ 702 grib THAOf St

: forecast_time0 = 6, 12, 18,
48, 72, 96 ...
24,48, 72 ...

: forecast_time0 =

forecast_time0 =

forecast_time0 =

=9 forecast_time07} C}2

... (1767)) max/min

.. (17671) 24, 48-24, ...
24, 48-24, ...

(4471
(457H)

Figure 3.92. Subseasonal forecast/hindcast dataset of NCEP.
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Ha, “DATAIN” & HAAgxF3}o A%+ forecast?} hindcast A5 4= f g o|t}

.

“DATA” o}lgfe] “MME_IN” & MME®] At&E = AA g EF3+H forecaste} hindcast A&
A" gAgg ol “MME_OUT” & MME <3 % forecast®} hhindcast AF57} A& &+ ¢4

H

Elg|o]t}.
(Mon) (Mon) (Mon) (Mon)
1/6 1/10 ,-.i: 1/17 1/20 | 1 | 1/24 I,JIZ? i i 1/31
| N A R U O I S I S I I | [ ] I I
l‘ Target W1 (Days 5-11) “ Target W2 (Days 12-18) “ Target W3 (Days 19-25) N‘
W1 (Days 5-11) b‘ Target W2 (Days 12-18) ’4
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—
Figure 3.93. Target weeks of MME Subseasonal forecast pilot system.
MME Subseasonal Forecast
Pilot System
PRE MME FIG DATA
|
7|2+3H
| RUN RUN
I |
RUN DATAIN MME_IN MME_OUT

Figure 3.94. Directories of MME subseasonal forecast pilot system.
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3.7.2. SCoPS AdW ST A4S A% 7|HAA 75

APCC SCoPS 71FdZmdS APCC 3= MME AAWGSAZ2E Frojrde]
dgtoz =8str] Pl 2023 FE Ao AMYASAE A4t ThsAd ® A Fe AR
ghotsttt. 283l SCoPS AW SA 28l 7|E] A-GSA2"AA oAF 73, A
F71, 271%, 48 =7], hindcast 713t 5& A2 Q] FE=5 A

Figure 3.95&= SCoPS AMANZAIZEA AW ZA 2"l EAS Hug Zoltt
A S A-dRAZe] F8 Aol= 4= 7| A5 F7], hindeast 713t B2 F7], &
T4 7otk AS 7IZke] A5, A-AFAAE /ld dF5S st UAAR A-YA S
27ME d560¥)s ExZ 3ty I8l3 hindcaste] YFE Mg A AZo] 1071
HEE AW A S22 7Rl follA AFd A o] dE T4 AR Aolrh An

I8 3 hindcastd] dEAE A4Fr|= A-AFS € 13, AdUAES € 63 2UFAS
o]-g3le]  AJAFSIYth  hindcast 7]XFe 71E A-ZolAM 1982 RE 2013W71X
3230 R AT AE = AFEWA SN FEZFHOE  hindcastE 2016 37FA AAsEA
Aakstgth. 1 % AWl = hindcast: 2003~2016'd 717t AA ST AYAbetgch g1
AdYd =9 HF AT Hye F5Ho= dAo] 7tssAE d7] B/ Y 2l A=
AdASH L3 -2 2o 9 s Id=E di7le 075 i 0552 FSA .
ol F71 ¥AHgE Tl MME A& &2 4 8es a3 HEE AF= AA

ST

ek _m
o %

AR 9= ()
Time range Fr Hindcast Hindcast Hindcast
(day) o period freq. size

] AZRY o=
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K N 2 M N R
TISO31 10 gie  1/week fixed 2017~
: 10
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Figure 3.95. Model description summary of SCoPS seasonal and subseasonal forecast
system.
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z71Z o2 HE o= gHd(target) 71Z7kAe A3 AlTte] wel o SAdo] WskAl vkg-sta

FHO d3x gu7t 7] HHEOH 1, 5¥9 YHES FF 4A 43
A Atime-lag) 71Ho2 YFEES TS AL dFAH Aol & A= AT
wetA] AFWA S hindcastA ° 2 =7 IR 5 HEAoZul opan
TR 571 AHAesdes Ags olfre B 71 vlu 9 dAAHA Y HFE A 5=
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2717 @A dal/mie 27 vk = AW real-time forecast @&bell  thwl sl
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Table 3.19. Ensemble method of SCoPS seasonal and subseasonal forecast.
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#!/bin/sh
#PBS -1 select=134
#PBS -o 200301.out
#PBS -e 20030l.err
#PBS -u scops
#PBS -N s2s_200301
t -0
et -x
FHEHHR AR A A AR R A A BB RAR AR AR A AR AR R R R
# to run 5-ensemble fcsts
# with this script

module rm netcdf/4.1.3
module load netcdf/3.6.3

1limit -3 unlimited

1limit -=v unlimited

#

FHERFRHFFFHEEES User's section FESSFEF448F8F4RHREEF404FFHFFRSHRHTS
#i#t

## - Define architecture

arch=Linux # Linux/SX/ibm powerd4/crayxl/crayxdl/crayxt
chan=MPI1 # MPI1/MPI2

RES=159

LEV=31

host="uname -n"

FHAA R AH AR A A AR AR A AR AR R R AR R R R R AR R R A R R R R
# carry out 1 12-ensemble run for a given year

my year=2003

ice init=1999

MONN=1
D¥="1 5 10 15 20 25"

tday="expr S$tday + Sedy’
done
KK='expr S$tday + $DY - 1°

1T (((my_year$%4 0)) && (((my_year%$l00 != 0 )) ((my_year%400 == 0)))
then
1se §${DY} in

1 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
2 ) INDATE=$MON-0$DY; INDATE1=SKK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST_ CHUNK=6; MTH=04 ;;
3 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
4 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
5 ) INDATE=$MON-0$DY; INDATEI=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
6 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
7 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
8 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;
9 ) INDATE=$MON-0$DY; INDATE1=$KK; NDAY=60 ; OUTDATE=$MON-0$DY; LAST CHUNK=6; MTH=04 ;;

Figure 3.96. Example of SCoPS subseasonal forecast run script.
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Figure 3.97. Run status of SCoPS subseasonal hindcast.
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Table 3.20. Summary of computational resource of running hindcast data.
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Figure 3.98. Configuration of initial forecast ensembles and restart run for real-time forecast
of SCoPS.
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o7 Yehym(2¥ v AA. Zoe 2d AR 1Y) initial shockg Holm o] F& Wl
4o a3 HArh SCoPS g 7|37k Aded 127] /MERH WHIof &31HA
AA] 7153 LS Felsk A th(Figure 3.100).
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Figure 3.99. Bias in long-term mean (climatology) of T2M at 1 and 4 weeks for 13 models,
initialized in JJA.

- 158 -



Bias Mean Long-Term Mean & Standard-Deviation (JJA)
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Figure 3.100. Temporal evolution of biases in long-term mean (LTM) and
long-term standard-deviation (KTS) of T2M and PREC over globe
increasing lead days from 1 to 32 for 13 models, initialized in JJA. Bias is
defined as a mean value of differences relative to the observed LTM and
LTS over globe during all year around.
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Weekly Skill: ACC (JJA)

PREC, Globe PREC, Globe
1.0 ) 30
MME
| - ECMWF 25
0.8 - ECCC ’
. NCEP U
UKMO V)
KMA < 20
0.6 - JMA o
Q | HMCR ]
O IAP © 15
< . =]
04 4 £
| 3 1o -l
" O
* < [
0.2 \ : o5 -
| e . 2 o
| ‘ N —z i - i H ﬁ
0.0 - T T T T T T | 0.0 . —
1 2 3 4 5 6 7 8 ECMWF ECCC NCEP UKMO KMA JMA HMCR IAP APCC
Lead Weeks

Weekly Skill: ACC (PREC, AU)

DJF, AU JA, AU
1.0 1.0
0.8 0.8 -
06 - 06 &
Q Q
Q 1 Q 'y
< < |
04 2 0.4 1 .
1 .
N 4
* ®
2 A 2 . 2 -
0 N { S D 0 : $
H ¥ HE— $ $ =3 4
0.0 -+ T T T T T T 1 0.0 T T T T T T
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Lead Weeks Lead Weeks

Figure 3.101. (upper) weekly ACC and accumulate ACC for
4 weeks of the global PREC from 9 models, initialized in
JJA. (bottom) weekly ACC of the Australian precipitation
from 9 models, initialized in DJF and JJA.
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Mean and MME Skills w/APCC and w/o APCC (DJF)
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Figure 3.102. Relative skill difference (%) of mean of all models
and MME predictions for T2M, PREC, and Z500 with SCoPS and
without SCoPS of temperature with 3-4W means and 5-6W
means, initialized in DJF.
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Figure 3.103. Impact of land surface initialization on temperature prediction skill [Fig. 1
from Koster et al (2010)].
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Figure 3.104. Impact of land surface initialization on precipitation and temperature
prediction skill [Figs. 3 and 8 from Koster et al (2011)].
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Figure 3.105. Comparison of various initial conditions’ impacts on
temperature predictability [Fig. 1 from Richter et al (2024)].

3.7.2.3.3. APCC SCoPS A& dSA 2" 7H8
3.7.2.3.3.1. APCC SCoPS =¢& +4

AT+ BRyA(E: Wang et al 2015; APCC, 2018)2} APCC SCoPSe] 7]HF Al 2ElQl POEMeol|
A3 =F(Xiang ef al 2012)& Z3le] APCC SCoPS Ald oA ~"ol 7 dA3FS o3t
Atk SCoPS= POEM/POEM2 7] ¥ ZA|2dle 7IRte=® 2012958 2015W7kA] 33 &
“Development of APCC Seamless Prediction System” Z2ZAEZRE QA di7]
(ECHAMb) S} 3] H(POP2), all®] = 2A(CICE4)o] OASIS3-MCT AHZ2E ZA3E Alx="olt.

Table 3.21. Component model configuration of SCoPS based on POEM/POEM2
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R (HunkeiInC(:iEépsvciib 2010) POP2st = . B

ECHAMS2 MPI(=Y Ztx&3d=2

7 &3
wd, S 2 HY 9L, AT, AE L D REE A3 2ostn, dun-why
AEENSO)I} 2 e sHg-th7] FEAEES ATsE o) 53] f-gsteh CICEAE sy dejg
A9 s wbyge PAs melsts BdE, B33 ¢F AW 4%, 83, oF 58 AN
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A1 T A (APCC, 2018)] wt=™, APCCE SCoPSE 7A3l7] €8] POEM2 Al ~El-S 7]wut
o sy mde Agstn thr] e WAYT sFE MA(T42L19 — TI59L31), i =2

ABZANA 1%), AZH wA(OASIS3.0 — OASIS3-MCT), A 34 714 (Hagemann
et al 2006) 5 Thkgk Wd o] A AZH(o)E)E HustF Tt

3.7.2.3.3.2. APCC SCoPS ti7]-3l¢ 2% =7]3}

Mz Al 2713t AAH o] 78S #s) 71= SCoPS t7]-aef 2% =713 #AH ] &4
AFe ottt SCoPSel 2t A# =2 mjd 00 UTCell OASIS3-MCT #AZE#HE B3t &
670 MrE nseta Uk

Table 3.22. List of variables exchanged between component models through OASIS3-MCT
coupler (total 36 variables based on namcouple file)

H <= (short_name)
A B <= (long_name) H] 37
£ HSend 5 ZMRecive)
Zonal wind stress TAUXW_AG TAUXW_OG
Meridional wind stress TAUYW_AG TAUYW_OG
ik (;Hfﬂ % [ Total heat flux (except solar radiation THFW_AG THFW_OG
Solar radiation SWRW_AG SWRW_OG
Total water flux TWFW_AG TWFW_OG
Sea surface temperature SST2A_0OG SST2A_AG
f ook(;])])m d Surface zonal current UOC2A_0OG UOC2A_AG
Surface meridional current VOC2A_0OG UOC2A_AG
Atmospheric level height ALG_AG ALG_IG
Zonal wind velocity ZONWD_AG ZONWD_IG
Meridional wind velocity MERWD_AG MERWD_IG
Specific humidity SHUM_AG SHUM_IG
Air density ARHO_AG ARHO_IG
o7 111_7)}1?]1 ¥ [ Air potential temperature AIRPT_AG AIRPT_IG
Air temperature AIRT_AG ART_IG
Downward shortwave radiation DSWR_AG DSWR_IG
Downward longwave radiation DLWR_AG DLWR_IG
Rainfall RAINI_AG RAINLIG
Snow fall SNOWI_AG SNOWILIG
Ice fraction IFR2A_IG IFR2A_AG
a3 (3_7])])1—% 7l Ice surface temperature IST_IG IST_AG
Ice albedo ALBIC_IG ALBIC_AG
Sea surface temperature SST2I_OG SST2I_IG
Sor > a1 Sea surface salinity SSS_OG SSS_IG
) Surface zonal current UOC2I_0G UOC2I_IG
Surface meridional current VOC2I_0G VOC2LIG
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Zonal SSH gradient DHDX_OG DHDX_IG
Meridional SSH gradient DHDY_OG DHDY_IG
Ice freeze/melt heat flux QICE_OG QICE_IG
Ice fraction IFR20_IG IFR20_0OG
Zonal stress (between ocean and ice) TXOLIG TXOI_OG
Meridional stress (between ocean and ice) TYOLIG TYOLOG
ke (a)éﬁ & Melting fresh water flux MELT _IG MELT_OG
Salt flux SALT_IG SALT_OG
Net ocean-ice heat flux MELTH_IG MELTH_OG
Penetrative shortwave (from ice to ocean) SWTHR_IG SWTHR_OG

7)1} s k& z+z: CFSR(Climate Forecast System Reanalysis) 222129 329 WA =}
EAKF (Ensemble Adjustment Kalman FiltenE &&3}= siddE A8 53 #AHLS Azl
CFSR+ NCEPOIA Algste A3 E AT A AZAAEE, d7]-sf| F-A -4 5=
o] 1d #d3 AR P EE 64t 8 s Es oF 38km)elth. EAKF ZEH+

A8 A Z9r ZE|(Anderson 2001), 71 EnKF(YAHE Zgk e} Da] B=7ho Q93
A e 7sHA 1= 23 FHE A= dFAHA 24T & e 28 A5F 71
(o)

It} SCoPS&= ¢ x=718tell o] 71MS &8st Aok di7]-sig A 27138 AL &
S5 (Argo, XBT )¢} CFSR SSTE &8st sl¢f =714S /MAdste Wi, A 443
W 2718 7134ks AWste e H=e Ath
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Figure 3.106. Flow diagram of (left) atmosphere-ocean coupled
initialization and (right) seasonal prediction in SCoPS.
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3.7.2.3.3.2. ECHAM59] A|H 3% (Surface processes)

A HA e ECHAMSS] dj7<Roecker et al 2003)o 7]&= o] Atk E3], ©] wj7d2
6.1% ‘Heat budget of the soil’ 3} 6.2% ‘Water budget’ & %3l AW %7|3te} HAHs}
A #AdE E8 ABE FAE] ol F+ Ao

A o A] #3(surface energy balance)2 th7|e} AW Alo]E AZASIE T8 S4=,
E Lol A4 Wy AL EY 259 A9, HE

4 A E Tl 2dEH, olHd AAS V=R
F& MY EF 89 Ay, s, A JAE, AsH vl 5 53E & sHwater cycle)
| Bt AW A, threke] H5AE 55 T3 ¥ 2dIh

o2 rlo
il
o
© 4
X 4

= 57019 EekZ(Zo)]: 0.065m, 0.254m, 0.913m, 2.902m, 5.7m)< 7}AH,
3hak ¥4 2 (thermal diffusion equation)ell €]sf A Al4kg o},

T _ aG__ o[ ,aT
S et S [3.1]

a S0z
C =pce B 82 d&Z(volumetric heat capacity), o= EY "Ex[kgm-3], = EY
Hld[Jkg-1K-1], ¢= A¥E E<S(thermal ground heat flux), A, = ok, =
conductivity) [W m-1k-1], &= <€g4t=(thermal diffusivity) [m2s-1], z= ZollmlE
5, ol AAlE BEY 259 27 AHE wFstA] XEtEE 273 thY WA BEY 2EE

A 2] 3t At

< HFH<Q  ‘bucket scheme’ & wWZ7] W&o, @Y F F& FF
(3} Zlo]) oz & <A 2l(water budget equation)o|lA THFF. o]¢} &, ERAS-Landyt
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Multi-layer soil

Single bucket scheme hydrology scheme
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Figure 3.107. Comparison of between (left) single bucket scheme and
(right) multi-layer soil hydrology scheme (cf. Hagemann and Stacke
(2014)).

SCoPSe] & =32 <3 (canopy)ol 2]t =(snow)3} Hl(rain)e] =}ehinterceptions), E¥FS
2 #< (nfiltration), & (unoff and drainage) 52 FTFS & FA WA FTFFHoZE
183t WA, canopyol o3 & X}ek(interception of snow by the canopy) d+& oz e} o]
A ojHt.

+

— 0,0, [ U(T,)+ U,)] [3.2]

E,. <09 4% <3HSublimitation)oll F3tH, BtiZ £, > 09 A= 53HDeposition)ol]

snc

Atk n,, AES A AA AFLADE 83t 12 =n, LAIZ o]
A% i=(snow at the surface)ol] #3F &2 olgje} o] #HolHT)

oh,
0w, = (L=¢)S+ B, = M, + p b, Uv,) [3.3]

ice sheety W3l AxY AH$

rr

T

(Sublimitation), £, > 0¥ 4% <3HDeposition)oll sttt Snow melt flux= M, % i)
T
o] AojHh
canopyell €& H] x}ek(interception of rain by the canopy)-& o}zj e} o] Hold o)
O 8z‘ ¢, R+ E,. + p,hy, UT,) [3.4]
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E9F +(soil water)2 <ok o|(bucket) =7]

1

field capacity T+ storage capacity)e] Zo]Z 534@ —’F A, < k).

o Bd AL olgel »rh

h,,,(maximum

ok i vRY

ahtm
O at‘:(176)R+EM+M§”+MW R.—D [3.5]

E, <0%¥ 74§+ Bare-soil evaporation®} evapotranspirationol| 3|@3stH, £, >0¥€ A$= &
ZA(dew formation)ell a2t} Snow melt flux on canopiese M, = o,k U(T,)9 o] go|d
Tt A7A, = interception parameter, St snowfall rate, p,= & ¥U%E, 7.+ FHo&x 7],

T FHotF 5, 1,2 WA 71Kl M, snow melt, M, snow melt in canopy, R,<

sn

surface runoff, D= dramage, h,,. = maximum field capacity, z,= 2x10 ‘mZ 2|uv] 3o},

cw

Z713} HA o Fodlof & RREOoEE ¢FFol9 ol HA |F AAfkelt el A
715 AAst= AAE A o] n,,.° EEXT 7 Jdlo]Es]oF (A A, Hagemann et al
2006). =3, EF FEI A4 BFY, A #©3& X 4(LAD, vegetation cover 52 = Aol E
= FE2 SCoPSel| 2]A 374 o) %i.c_’.l:'_i, Hagemann et al (2006)¢] 7]% <5 ~]|(annual cycle)
Hs Aste=E, HA AA Amet HluslE der) o

3.7234. AW 2718 7€ =47 75 2 QA

372341 A5 £ 4 :98H 7=

ot rle PN
E
2
T
X
b
rlr
St
2
b
o r
lo
_>|~1_‘

2 2ASHE

Table 3.23. Overview of global land surface reanalysis/analysis data.

(X2 ol &) A= 7|12t Al/SZF A& E XA 7| ZH(atency)
ERAS5-Land 01/01/1940 - &} 1A1Zh [ 025° % 025° | 5% EE >30Y
ﬂq ; MERRA2 01/01/1980 - 1A12F / 0.5° x 0.625° 3-4%
CFSR 01/01/1979 - 01/01/2011 BAIZE / oF 38km 5=
Delayed _ & o o o 2
o Delayed 01/01/2000 - 3 3AIZF [ 0.25° % 0.25 °f 37} 2
e GLDAS
o 01/09/2024 - 4} 3AIZH [ 0.25° x 0.25° 2% ol

SCoPS:= 19824 1¥XE =737} 715382z 198 jl"i—Ei A 7R 9] 43 9] AA| 717+
Z3}8H= ERA5-Land®} MERRA2 A2E A® of & 4 9k o] ARBEL BEF



SCoPS ECHAMS E T} =2 &3t 3 =E 714, "jxze 30
Forecast7}A] &8¢ 4 glth. ©, ERASS H 9= Z7]&
5¢ latency® &8 4 Qth

Y o]Ate] latency 7]1%to] QI E,
A ] ERA5T(Early Product) A+EE

CFSR A8+ ERA5SH MERRA2 #Rol M) A5 24 /s g1 Ag3 sd=s
omz FuoM ALEYh NASAZF Aashs A AT AW B4 28 GLDASE Hlmx
A AW AmEst A 2Ee zgelma 20000 o] Zoj AJ4+ak SCoPS &
283 o olth

1o

iy,

A

Ll

=

El

P‘l

rr o
g TN

Table 3.24. Comparison of soil layer depths between SCoPS model and global land
surface reanalysis/analysis data.

o AE MEM/EM KR
(E=m) (SCoPS)
0 ERA5-Land MERRA?2 GLDAS

Soil layer—1 0.07 0.0988 0.1
Soil layer-2 0.28 0.1952 0.4

single
Soil layer-3 bucket 1.0 0.3859 1.0
Soil layer-4 2.89 0.7626 2.0
Soil layer-5 1.5071
Soil layer-6 10.0

EYZS 725 vudrRd, SCoPSE ©Y Folx AAE Hu & X3 Zolh
Hagemann ef a/ 2006)7} i1g= o] Ui ERAS EFT Hd ol 2.8Im= ’2}1’417—‘4
A9k, MERRA29] 79 miAIE E¢Fo 0|7t 10m= 7H 2
SRT EYZ 5 21, AFE 1m oo A= Bg E(root zone)oﬂ Zo] =4 0} 3z
EAo] gty ©, MERRA2 E=9] 5814 =(15md 64 =(10m)e] 7tz o] 8.5m= 43
Holhes Aol fodoF 3l CFSRE 4719 EU=LS 7AW, 1 74L& ERALY #AHS
GLADS®] %% FAL& xH wdl(Noahet CLSM)mith g2t AHglshd, ©=(Soil layer-1)o]
U B Z(eF Im ZAoD7AAR 27]|38lsl= Aol £&A 1 Folw, o AW AEAA T
ZFHE 3 A 227E o WAoEE, o] BEo 7oA 1xdE(2025)d HES B
3 A¥E oot

29 EoF 4Ho| SCoPSet A= o2 E 41Ho 9 TS 7127 uZo
H 27185 faAe &9 W3 dHE v ufEAE g U) ok

- SCoPS: & 23} Zo](soil wetness “ws” [m])

- ERA5-Land: =% 3] H]&(Volumetric soil moisture [m*m™])
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¥ osm A S 2y B&MPm?), oz A S ES
Az AR BEF FES o= I7A AL
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=
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- MERRA2: #]H, Root-Zone, A +& & 3EZ3}%(unit-less soil wetness [0-1])

WS = WS yyiless X hcws [37]

¥ h,,. maximum field capacity (m). ws,, ;... % surface(Z£%)<} root-zone(¥:2]4),
profile(F A Z23td)ol| A3t 371A] & HE7F SAIER, E3)t Zo|& ZAT o
-3 zlol& mwlsfoF 3t n,,, 5= MERRAZ A5 9} ELX|3L7] wfjZo] 2713} 3750

A At E 287 Us

- GLDAS(Noah): =¥ ©@9|H A3 B9k $8(soil moisture [kg m™))

ws=—3Y om, [3.8]

CiAA Zo B¢k FAm), o0 2 EE(1000
kgm™), n: E¥Z Z 7|4, ERAS 29 &9 W3S 347 FAgH

Aol(n,,,) BERE AFTstA X
A AT EQF o] o

FOPEY T 4 PomE SR AAG L WL B4 Aol weA a7E,

=
&8
=
=
>
Do
_>|i
m
©
e
iy
iy
ﬁ
_>|i
l
aly
i)
X
i
B
o &
5
Mo
N

Aol APCC HPC
AFFCPU, W B, SIAA $)2 o5 2o

- CPU : Intel(R) Xeon(R) CPU (3.47GHz, 6=2°]*2%])
T4 1030 =E(F 1,23559] 718
A=A

W 22/ &9 A A : 32GB / CentOS Linux release 6.0 (Final)

H‘

. 9} A zE(2EEA) F2 ¢ [fs = ok 2.3PB, fhome = ok 2TB

m

@ Ande el HstulolE A2 53 BAd A4 BAL e o] LA,

H:l

Avd #/MPI 2tol B &g : PGl #od2)(M#A=11.10) / Open MPI (] #=1.4.4)
. 3}3tdo] g g : NCO 4.1.0, CDO 1.5.4
- 23HYE 2o : Python 3.10, Bash Shell Script

HPC = E&(module) 3+ 714t pbs, netcdfe} 2 L4 golBg = v o] E32th
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- module load pbs/12.2.4.142262 pgi/11.10 openmpi/1.4.4
- module load netcdf/4.2.1.1 cdo/1.5.4 nco/4.1.0 ncview python/3.7.1-anaconda

zgete 2718 A7 £
Zotoln], oz Lodsusle Tzt

- |APCC SCoPS/

—— *.sh # 23 ~IHE

—— *.f90 ¥ YXEY I

—— *py # A/FAE ol ~AHE

—— source/ # ARG 275 LEY A& A EY
—— source_regrid/ # Regridding #¥ ZE@ 7= ta &g
L—— poem2_ice_fcst_sr_pgi_nc4/ # APCC SCoPS &2~ ZE UjdEg]

@Y 2ELA FUE ERHOE BEIY] A AW 2713 AAL aste ASSA o

B #g AYES 59T dgAsod= CFSR, ERAS, MERRA2 & A&A 25, %
o] EANM, FWAF AFERE 2718 4§ ool UhF SCoPS o) F AHE
F 2% A, AHARS A g nBHE F

7 Hrsh suA Bk

X O
2
o
f
rlr
i
©

A SCoPS ol ZA|2~6l-2 OASIS3-MCT AEHE T3 A¥
£

T itk SCoPS Z3% g F7]7F 86400x(1Y)= 5}5
WA A &2 FE FHo] BVl st

o] M3yl fs w3F7]E namcouples E§HSH ZF md o] namelistoll A AT 4 )
55 FEE otsta A A 4 AR 22 AIRE 1A HInE S HEE Tl
7hsdt H4A wEFr] 21600% (6AIZHeZ AAsR AL, ol& T3l AW E44Y dHst 54
= 2d 27|% e + At o)9f 22 AL e TR A Aol &olsdta, i
71-AH A5 2Ago] BAF 5ol JAE AR J|thit

3.72.35.1. A 9 AA AA

NE t71-80 AF 7134 EAKF BEE B§she AW 2713 AW 29 AAE A
AstAtr. 2718 A2k 1982d 1€ 2¢ 00UTCE 71+l 3stH, tiy HIFEs
2 ANE vHOR B FRmMI + 9UYme HEsach
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Hindcast: Land surface reanalysis

2 B Observations (.8, MERRA2, ERAS)
3 = (Land Surface)
o Forecast: Model forecasts or
&D SCoPS_02 l Neural Network products
%}
T "
@  SCoPS_03 —5:: EAKF filter l
V]
Q2 Potential target variables:
SCoPS_04

g - Soil moisture, Snow depth, ... Updated
2 SCoPS 05 Ensemble Analysis
= =

T 1-day integration |

“Block diagram of ensemble cycled land surface analysis”

Figure 3.108. Schematic diagram of ensemble cycle land surface
initialization system with 5 ensemble members and 1-day
exchange cycle.

AW YEARE MERRA2 AW ARNARE AP, Ad=d B8 7Hsd AW %

718} F715 19FE 1243, 6A7HA] orFstAl 2dsie 23 Axo #g oS =
Abd B Aot} o, Forecast(E2A A7, Near—Real—Tlme)«] A5 dEEY A"

latency”7} 59 o]} o =(& 3 FaD), wiF AW AS Fo AR &&o] oy FFolnt. o]
9} 7o A FAES ZEE Y] YAE md ]zﬂ(SCoPS ERAST &)= &&

(Neural Network) 7]¥F X e} o= 7]¥(Rodriguez-Fernandez et al 2019)

e ticke] B 4 Ytk

o
bt

A &9 AA= D d89AE AA-GL} @) 27138 G4, 3) dEE A5 F38 4AA 3
7HA @A = ol }?OPEP. (D ®xg #AAdd MERRA2 A5o] 8 A=(raw data)g
Hstar, Az HeHraw dataoll Al T159)# ©¢] HHrawol A w¥]), masking, 424 EIF 5 o
¥zt g =

4o FAB o YL J1E AF 2718 FRH FAsA LEF suke] A
=% 28tk F WAR () 2713 @AM EAKF RS 59 update 3 % AW 2]

23 AREE W), o)A AES} olHAL oF ARARA 2718 F7] AL
ECHAMS restart telo] A9 ¥5w qiuo| 2l Ak mjxvoz (3) F4E o3 53
A g 193 159 2714025 609 ARe STk 107] G Ao o)
=238 B3 FAE 9 F AT YR AW AEE A @

¢

£

APCC SCoPSe} =713} AA ] &2 FE] g H
nhE e tH2025d 1€ 7 1.0 A& x]%jz%};r_ e

- APCC SCoPS : scops_x.y # poem?2_ice_fcst_sr_pgi_nc4
(718 x=y=0; &A% QHolE: y+=1; &2 ol E: x+=1)

- 2718} A2 3 E=(Fotran) : land_init_x.y # SCoPSe} 5¢ 3

- A&7 23 Y E(Python/Bash) : process_x.y # SCoPS<e} &3 .
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3.7235.2. @7 FA &= % EoF ALAL AA

AW 27138 AAE 7IHter A5 NPAE dde TSI WA, ¥
b S A=l mAs A S AY IdFS AHET] 9 et 2
T QYT FEZ o2 MERRA2 AW )&=}
A AF R 60Y HE, 5 FE WME RS AAET

—— CTRL : A &9 %< SCoPS o =2 ¥H(Hindcast)

—— EXP1 : E9F S=¥(soil wetness) %7]3}

y —— EXP1_1 : Hagemann et al (2006)¢] Hth) Z3} zlo](m)
! L—— EXP1_2 : MERRA2 o] %3} Zol(m)

—— EXP2 : & ¥ <(snow depth) %7]3}

L L G7HE A4 1% EeE 18 7bs)

ZAFgt ERA5, GLDAS-Noah, GLDAS-CLSM &# #Z2 AW Ag5e] &
REGR=EE Q_iﬂ% Agstal, 4% va £4e s Aoty =Y, AW 27|13 F7]641,
dsto] AW-th7] 29 F=E AHE 9ot

A7k Z7baks] wWEol, SCoPS A4k Z7bo] e 9%
A% 19 AZIAE 5D 94 13470 A8

APCC HPC A2=®l 7 ol a3 AxAd e HFHoZ AATAL <
B 2GRN et AW 2718 7|6k Ao A, Hoi 25,2003 3 o]
oA FHu oA L2717 9 FHe oF 8-97/Y, H 4 36TBolt} 252003] ¢ A& ZAE HA
378 AFEXPI-3) X 107 @8 x W&
17+ % A3 (ERA5, MERRA2, GLDAS), 2
100l thaf A RE FPFFo =N AL 5

N
=
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o
kr
i

23](1Y, 15¢) x 35(1982-2016\1)eltt. 71EF A=
FE A36/12/24M %) 52 AA 713ko] ofd 7]

S}

H

g Fadte S x¥o| Bas.
3.7.236. 8k 9 A&

 ABAAA A8 =
o A, APCC SCoPS A4 q
Sokth. dA SCoPS=
- 2718 Al2Evbe F8sta lerne AW x7] 39 Bl A8, 53
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=5 o A A EAS Bt =3, A 5w}
o 27 & EY T8 W5 o9 W dgEs s9sta, EAKF 7|6kY A5 53 AAE
AA AT A28 QA ZHEoAE OASIS3-MCT AZ2e 2% wdF71S 7] 86,4001
S FAst A s EAL md 27| W & JEE 2d Ax FTo 27
3l AAS AAsIETE o] FANA 2 AR mdo Az 2HAW) HInE B kAR FEo
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7hedt Ha w@FI6AHE =SS

FT Ago 2= WA SCoPS Al2HlE 83t OYd s Ads F3 AW =735
o] g9E AFHoz HrIF o Fojt}. ofrjel= CTRL Ay %7138t A4 H(EXP1-3) vlw, o
Fe AH AEAzE &8 AY, a8 23T UAE Ay o] 3. =3, FAAL
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3% APCC SCoPSe d|Z A% ito] 71 Aoz 7|gdth E3] EYX 23 & 994
2 F8 AW HEEY 2735 Fa SH A9 o= Homrt AAE Aoz oy,
ol FolAlo} E, ofAlo-ElH Y 3 7T dF T S2S dF FF:ol o Fagh HHo]
g ZoZ 7|yt

3.7.3. MME ARyl 2 AQL9 L 9% 7 a7
3731 ARNAZ 8% 24 2 73R AF 59 24

A e dd7IEAA A-Y ASA="ES P8t o, AEY A S #I
|7 =2 A E(WWRP/WCRP S2S, NOAA/CPO Subseasonal Experiment; SubC)E %3 }E
| 338kl Atk SubC Fstes Rde tifE Hu 2d=E 450 o, FAAZH2~3
|$)o 2 IRI Data LibraryE F3l Ar=57F 371 Hodomw, S2S& 2023W@ CPTEC =2 7‘1‘:}04
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WMO LC for SSFMME - *KMA/APCC
(Trial Version) /
WMO LC for LRFMME
(Experimental: S2SMME) ECCC
---- IRl
----- HMCR g
e . o
- ISAC - NCEP
2 \ = JMA
Yato==5 MetFR ‘- CMA NOAA:NMME-SubX
----- UKMO ~--- BOM

Figure 3.109. Contributing centers in S2S and SubC projects; S2S data
provider (black circle), Archiving data centre (blue circle)) WMO Lead
Center for long-range forecast MME (WMO LC-LRFMME) and
sub-seasonal prediction MME (WMO LC-SSPMME).

Y7 7)Ho| A= MME AW ASA2EHS A9 FolHFigure 3.110), WMO A7) o X
AEAE A= S2S e &8st MME AW SA ="l 2016 FE Al P8 2
on, &4 570 ==(ECMWF, NCEP, UKMO, ECCC, KMA)o] #oidlel MME A& o] =4 1
MO 3= AFsta Atk FHT 2023d WMO Expert Team on Operational Climate
Prediction 2]¢]ol|A] ECMWE7} WMO AW S AEMEE A2 AAHEHHA 7]E9 WMO %
1B AZAE A AHEE sl MME AldWd S JF5 T3S AFoln A 670 =
9 (CMA, ECMWF, UKMO, KMA, NCEP, ECCO)& &85ty F 13|, &% 145 st o=4
BE A AAsta itk SubX 2EE 283 AEW MME d3AI282 @A Rle A7 &
Aog i Folm, NOAA/CPColAl&= NMMEd A SubX E&-& &8 MME Adyd =41

£ d]ol &8 Folnh

Ll
=

A Torst Z1@ol ] MMES 283 AW Z4RE AHBE F
Al APCCE 5 71Babe] pEAs 3AY 2R A Mgt 28 AU AAH
QA ol Basith 53, thdzk A % AP Sl FHS & AP wHOR
AR AR 52 FHehE B8 718, 53 FolAol (o] S5H oS Tuz )
T B B ISR AT A4 Aol B 5 UL O MLk
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WMO LC-SSF MME: ECMWF (Operation, httpsi/charts dev.ecmwi int/wmaf)
N S e S L™ N [ S

* Probabilities + 2mtemperature *  Weekly/Week “ :ulobal —— Novth *  Beljing Initialized around
(terciles) *  500hPa geopotential height 1,234 * ROPa, Europe, *«  ECMWF Thursday
*  850hPatemperature :’::f:"'h Earone SomthNest/Eaely o preter: *  Every Monday: Weekly
* Ensemble *  Mean sea level pressure «  Northern/Southern Africa, Africa *  Montreal means for calendar
mean *  Precipitation *  North Atlantic, Artic, Antarctic *  Seoul week(Mon to Sun)
(anomalies) *  Sea surface temperature *  North/Central/South America *  Tokyo *  Model climate: closest
*  Southern/Western/Eastern Asia *  Toulouse reforecast start dates
South East Asia & Indonesia « Washi for 1999-2010
Eurasia, Middle East & India ashington or
Australasia, West/East Tropic, *  (Customizable) *  S2S datasets@ECMWF
Equatorial Pacific, Pacific Multi-model
*  South Atlantic & Indian Ocean
*  North/South Pole
* Plan *  Time evolution of forecast anomalies and probabilities from both individual and multi-model ensemble at a give geographical point
*  2/week, week 1-6, verification information, move to an open data policy gradually (Agenda 4.5@ET-0CPS 2022, WMO OMM)
SubC: NOAA (Research, weather.cu.edui-kpegion/subce)
| Region | Model _______[Note |
* Ensemble *  2mtemperature *  Weekly/Week *  Global *  ESRL-FIMrip1 « Initialized around
mean *  500hPa geopotential height 1,234,3-4 *  North America *  RMSAS-CCSM4 Wednesday
(anomalies) *  200hPageopotential height *  Northern Hemisphere *  EMC-GEFSv12 CPC *  Every Friday: Weekly
*  Mean sea level pressure (only for Z500) *  GMAO-GEOS-V2p1 means for Saturday-
*  Surface temperature *  ECCC-GEPS7 Friday
*  Precipitation *  NCEP-CFSv2 *  Model climate: 1999-
* SUBC-MME 2016

*  SubC datasets@IRI
> Used for real-time forecasts for North America in CPC operational forecasts (Week 3-4 Outlooks; temperature & precipitation (Exp.))

IR Subseasonal MME Forec:ast {Under development, hreps:iiridiideo.Columbia.edumaproom /Globaifforecastssas)

(Type | Prod | Model | II_

* Median probabilities . Zm temperature  *  Weekly/week 3-4 *  Global, Africa *  Multi-model Every Thursday:

* Biweekly probabilities +  Precipitation *  Weekly/week2-3,3-4 +  Asia, Australia (only) Weekly means

* Weekly probabilities *  Weekly/week2,3,4 *  Europe, Pacific for Saturday -

* Flexible biweekly *  Weekly/week2-3,3-4 + Middle East *  RPSS(weekly Friday
probabilities *  North/Central/ 2-3,3-4) +  SubC

* Flexible weekly *  Weekly/week 1,2,3,4 South America *  RPSS(weekly datasets@IRI
probabilities * Caribbean 1,2,3,4)

Figure 3.110. S2S MME prediction systems from WMO LC-SSPMME, SubC, and IRL
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Hindcast (@v2023)

ECMWF/CY47R3(CY47R3) Thu on the fly 11 2003-2022
ECCC/GEPS7 Thu on the fly 4 2001-2020
NCEP/CFSv2 Thu fix 4 1999-2010 Lveckixs ‘2’;:" x13year =
HMCR/RUMS5 Thu onthefly 11 1991-2015 -
IAP/CAS-FGOALS-f2-V1.3 Thu fix 4 1999-2018
UKMO/GloSea6 4/month on the fly 7 1993-2016 2003-2015
(1,9,17,25) (13 years) 4/month x 12 month x 13
KMA/GloSea6-GC3 4/month  on the fly 3(7) 1993-2016 year = 624
(1,9,17,25)
JMA/CPS3° 2/month fix 5 1991-2020 2/month x 12 month x 13
(fixed day) year =312
MetFR/CNRM-CM 6.1 Every 7 fix 10 1993-2017 52/year (every 7 days) x 13
days year =677
CMA/BCC-CPS-S25v2 Thu on the fly 4 2008-2022 2008-2022 1/week x 52 week x 15 year =
(15 years) 780
ISAC-CNR/GLOBO Every 5 fix 5 1981-2010 1997-2010 73/year (every 5 days) x 14
days (14 years) year = 1022
BOM/POAMA24 6/month fix 33 1981-2013 1997-2013 4/month x 12 month x 17
(fixed day) (17 years) year = 816

Figure 3.111. S2S model description used in the analysis for climatology.

N,

Figure 3.112~114= 127 7/BE 229 ZA7|7F 7133kl oish 71 2 Z59 1, 45 235
UelA Aotk 7]1€9 A gEE RdESL g FoA FAT(cold bias) = AL Ho)
W, Aol 150 452 F71dsEs d5He] ake S7HEH. Ad=E 2dd IAP,
Holal, W& a4tA|g 8l ofxzg] 7}t A HoA =
&S 45742 ECMWF ®dllo] #Z3te] 7133k 712
e 7(»}—’?91 A A3 UF FEoz s A4 HEAol &
k< AR o g2 A U™ (53], warm pool A
e Ha BY ‘SHE BEE HATSAC A9, 53], ti7] 2=l HMCR,
[SACE th& &gl Hls sjfollA BS3e] a7t A detys 53] 3loH, ol A
7120l A AsdE mde] extol HEo] ndo 4= 5l thr]-si <t of A-EW =

AN

o] 2
A5t

o\ﬂ
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Mean Bias in Climatology

T2M (W1) T2M (W4)
ECCC ECCC

P a@ X[

RS i o N

5 S . ¥
& \( 0,'\ 7"\\-\ { N

¢4 i y

| e aaaaaaam—— | | N —
-3 25 -2 15 -1 1 15 2 25 3 -3 25 2 .15 -1 1 15 2 25 3

Figure 3.112. S2S MME prediction systems from WMO LC-SSPMME, SubC, and IRL

Weekly Accumulation (Climatology)

0 30E 60E 90E 120E 150E 180 150W  120W 90w 60W 30w 0

Figure 3.113. Weekly accumulated
precipitation (mm/week) for climatology
during the period 2003-2015.
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Mean Bias in Climatology
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Figure 3.114. Bias in long-term mean (climatology) of PREC at 1 and 4 weeks for 12
models.
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Bias in Long-Term Mean (LTM) and Standard-Deviation (LTS)
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Figure 3.115. Temporal evolution of biases in long-term mean
(LTM) and long-term standard-deviation (KTS) of T2M, PREC,
and 7500 over globe and East Asia, increasing lead days from
1 to 32 for 13 models. Bias is defined as a mean value of
differences relative to the observed LTM and LTS over globe
during all year around.
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Pattern Correlation (PCC) and Root Mean Square Error (RMSE)
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Figure 3.116. Pattern correlation coefficient (PCC) and root mean
squre error (RMSE) in long-term mean of T2<. PREC, and Z500
over globe and East Asia, increasing lead days from 1 to 32 for
13 models.
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Table 3.25. Definition of sensitivity experiments for estimating climatology.

Experiment Definition
clim Same or closest reforecast to the first day of target forecast
clim3w Same or closest 3-set reforecast to the first day of target forecast

ECMWF _clim3s  Same

or closest 3-set reforecast to the first day of target forecast

ECMWEF _clim2s Same

or closest 2-set reforecast to the first day of target forecast

ECMWF climls Same

or closest 1-set reforecast to the first day of target forecast
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Figure 3.117. Relative skill difference of clim in terms of annual mean ACC and RMSE
for the period 2002-2016 related to clim3w for each model and MME(%) of T2M, PREC,
and Z500 over 8 regions.
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Relative Skill Difference w/clim (MME, %)
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Figure 3.118. Relative skill difference of clim in terms of annual and seasonal mean
ACC and RMSE for the period 2002-2016 related to clim3w for MME(%) of T2M,
PREC, and Z500 over 8 regions.
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Figure 3.119. Diagram for individual models when Thursday is the MME forecast day.
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Figure 3.120. Diagram for individual models when Monday is the MME forecast day.
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Figure 3.121. ACC of individual models and MME T2M prediction over globe for 4 lead weeks
depending on MME target forecast day from Thursday to Monday. The skill difference
between MME forecasts at target day on Thursday and Monday is displayed with histogram.
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Figure 3.123. ACC of individual models and MME T2M prediction over globe
for 4 lead weeks depending on MME target forecast day from Thursday to

Wednesday.
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Figure 3.124. MME forecast day at which prediction skill
for MME becomes higher than that for ECMWF for each

variable and region for 4 lead weeks.
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Figure 3.125. ACC for MME summer prediction of
global temperature and precipitation with different
number of participating models based on Monte-Carlo
simulation.
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Figure 3.126. Relative skill difference of MME prediction
with N models, with respect to N-1 models, of T2M and
PREC for each week and region.
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Temporal Correlation Coefficient (T2M, W4)
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Figure 3.127. TCC of 8 models and MME predictions
for T2M at 4 weeks.
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Weekly Skill: Anomaly Pattern Correlation
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Figure 3.128. Weekly ACC and accumulate ACC for 4 weeks of the globe
temperature, precipitation and Z500 from 8 models and MME prediction.
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Figure 3.129. ACC of weekly mean T2M over globe for 8
individual models and multi-model ensemble.
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Figure 3.130. ACC of weekly mean prediction for ECMWF (blue line),
average of 8 individual models (Mean, black line), and MME (red line)
over globe for each variable and season. MME efficiency related to
ECMWF (blue bar) and Mean (grey bar) for 8 lead weeks is displayed
with histogram.
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Figure 3.131. MME efficiency related to mean skill of T2M, PREC, and Z500
prediction from 8 individual models for 4 lead weeks over 8 regions.
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Table 3.26. Descriptions of S2S MME and Seasonal MME for skill comparison.

A o= AA & =(APCC E2ldH)
87 1470
Hojwg) (ECMWF, ECCC, NCEP, HMCR, (APCC, BCC, BOM, CMCC, CWB, HMCR,
S v D, UMD IMA, JMA, MetFR, ECCC/MSC, NASA,
» JMA, 1AP, NCEP, PNU, UKMO)

k= 2003-20104(8 1)
A=A ERAS, GPCP, OISST
= 15°x15°
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Figure 3.132. Temporal correlation coefficient of 8 models for global T2M at 1/2/3/4 weeks,
3-4 week means(W34), and 1-4 week means (Month).
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Weekly Skill (MME, Globe)
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Figure 3.133. Weekly ACC of the global T2M, PREC, Z500
and SST. 3-4 week means (W34) and 1-4 week means
(Month) are also displayed with red dashed- and dotted-line.
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Figure 3.134. (@ TCC of 1-4 week means S2S MME prediction, (b) 1-month lead

seasonal MME prediction, and (c) skill difference between (a) and (b) for T2M, PREC,
7500 and SST.
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Figure 3.135. Weekly ACC of 1-4 week means S2S
MME prediction, 1-month lead seasonal MME
prediction, and their relative skill difference for T2M,
PREC, and Z500 for each region.
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Figure 3.136. Relative skill difference of 1-4 week means S2S MME prediction with
respect to 1 week (white histogram) and 1-month lead seasonal MME prediction
(blue histogram) for T2M, PREC, and Z500.
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Figure 3.137. Kolmogorov-Smirnov test of observed weekly mean PREC for the
period 2003-2015 with 5% significance level.
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Figure 3.138. Kolmogorov-Smirnov test of T2M, PREC, and Z500 at 1 and 4 weeks
from ECMWF and UKMO for the period 2003-2015 with 5% significance level.
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Figure 3.139. Time series of monthly number of cold (upper) and warm (lower) extreme days
since 1979, averaged in East Asia [70° E-155° E, 10° N-65° NJ]. Lower than 10 percentile
and upper than 90 percentile 2-m temperature are defined as cold and warm extreme days,
consecutively.
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Figure 3.140. Monthly number of cold extreme days in hindcast period [1991-2010] over East
Asia.
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Figure 3.141. Monthly number of cold extreme days in the real-time forecast period
2013-2023] over East Asia.
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Figure 3.142. Monthly number of warm extreme days in hindcast period [1991-2010] over East

Asia.
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Figure 3.143. Monthly number of warm extreme days in the real-time forecast period
[2013-2023] over East Asia.
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Figure 3.144. Differences of monthly number of cold extreme days between real-time
forecast and hindcast period.
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Figure 3.145. Differences of monthly number of cold extreme days between real-time
forecast and hindcast period
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Figure 3.146. Correlation coefficients between number of extreme cold days and SCM forecast
anomalies of T850, U850, and V850, during 2010-2023.
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Figure 3.147. Correlation coefficients between number of extreme warm days and SCM
forecast anomalies of T850, U850, and V850, during 2010-2023.
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Figure 3.148. Monthly correlation coefficients between number of extreme cold days and SCM
forecast anomalies of T850 in East Asia during 2010-2023.
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Figure 3.149. Monthly correlation coefficients between number of extreme cold days and SCM
forecast anomalies of V850 in East Asia during 2010-2023.
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Figure 3.150. Monthly correlation coefficients between number of extreme warm days and
SCM forecast anomalies of T850 in East Asia during 2010-2023.
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Figure 3.151. Monthly correlation coefficients between number of extreme warm days and
SCM forecast anomalies of V850 in East Asia during 2010-2023.
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Figure 3.152. Number of warm extreme days in August, 2022 from

observation
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Figure 3.153. Monthly mean T2m anomaly from (a) observation and (b) ECMWF
forecasts start from 3, AUG, 2022.
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Figure 3.154. Weekly means of T2m anomaly from observation in August 2022.
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Figure 3.155. Weekly means of T2m anomaly from ECMWEF. 3, 10, 17, 24, August,

2022 are start day of forecasts
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Figure 3.156. Number of cold extreme days in January, 2011 from
observation
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Figure 3.157. Monthly mean T2m anomaly from (a) observation
and (b) ECMWF forecasts start from 2, January, 2011, and (c)
Seoul forecasts start from 1, January, 2011.
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Figure 3.158. Weekly means of T2m anomaly from observation in
January, 2011.
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Figure 3.159. Weekly means of T2m anomaly from ECMWF. 2, 9,
16, 26, January, 2011 are start day of forecasts
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Figure 3.160. Weekly means of T2m anomaly from ECMWF. 1, 9,
17, 25, January, 2011 are start day of forecasts
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Table 3.27. Date of data collection from GPCs.
GPC Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Beijing 12 18 11 10 22 17 10 9 5 10 8
CMCC 8 8 8 12 8 13 8 7 8 8 8
CPTEC 9 11 8 11 10 14 13 9 11 14 12
ECMWF 8 12 12 11 9 9 8 12 9 7 11
EXETER 11 11 11 11 11 30 10 11 11 11 11
Melbourne 6 8 5 8 12
Montreal 6 8 5 8 12
Moscow 11 9 14 11 11 14 11 9 13 10 12
Offenbach 4 5 4 4 5 4 12 9 4 4
Pretoria - - 15 16 15 17 15 17 15 16
Seoul 15 14 15 15 15 15 15 18 14 12
Tokyo 10 13 12 9 9 12 11 13 10 8 12

Toulouse 12 13 12 12 13 13 12 13 11 12 13
Washington 12 13 14 11 13 11 11 12 11 12 11
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Figure 3.162. Relative Operating Characteristic (ROC) score aggregated over globe of
probabilistic real-time forecast of 2m temperature for three terciles, ie., a) the above
normal, b) near normal and below normal for the period JFM2017-S02024. ROC score for
PMME prediction is indicated by red line. The grey dots indicate the ROC score of the WMO
LC-LRFMME individual GPCs and the blue dot indicates ECMWF.
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Figure 3.163. Relative Operating Characteristic (ROC) score aggregated over globe of
probabilistic real-time forecast of precipitation for three terciles, i.e., a) the above normal, b)
near normal and below normal for the period JFM2017-SON2024. ROC score for PMME
prediction is indicated by red line. The grey dots indicate the ROC score of the WMO
LC-LRFMME individual GPCs and the blue dot indicates ECMWF.
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Table 3.28. Yearly Relative Operating Characteristic (ROC) score aggregated over globe of probabilistic real-time forecast of 2m temperature

and precipitation.

2016 2017 2018 2019 2020 2021 2022 2023 2024
No. GPC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
1 Beijing 0.58 0.52 0.58 0.51 0.62 0.53 0.65 0.54 0.64 0.53 0.63 0.56 0.63 0.56 0.65 0.55 0.69 0.53
2 CcMCC - - - - - - - - - - - - 0.66 0.58 0.65 0.58 0.68 0.56
2 CPTEC 0.56 0.52 0.55 0.51 0.57 0.50 0.56 0.51 0.60 0.52 0.60 0.53 0.64 0.57 0.59 0.54 0.65 0.50
3 ECMWF 0.65 0.57 0.56 0.52 0.65 0.54 0.66 0.57 0.68 0.57 0.66 0.58 0.69 0.60 0.69 0.57 0.72 0.54
4 Exeter 0.68 0.58 0.63 0.54 0.65 0.55 0.67 0.56 0.66 0.56 0.66 0.57 0.69 0.59 0.67 0.57 0.69 0.55
5 Melbourne 0.62 0.56 0.57 0.52 0.60 0.53 0.61 0.55 0.64 0.56 0.64 0.57 0.65 0.57 0.65 0.56 0.67 0.54
6 Montreal 0.64 0.57 0.61 0.53 0.64 0.55 0.66 0.57 0.65 0.57 0.63 0.57 0.68 0.59 0.69 0.57 0.70 0.56
7 Moscow 0.60 0.53 0.58 0.50 0.57 0.51 0.60 0.52 0.61 0.51 0.60 0.51 0.66 0.54 0.62 0.56 0.67 0.54
8 Offenbach - - 0.64 0.53 0.64 0.54 0.67 0.56 0.64 0.55 0.63 0.57 0.66 0.58 0.64 0.56 0.69 0.54
9 Pretoria 0.55 0.54 0.53 0.50 0.55 0.52 0.55 0.53 - - - - - - - - - -
10 Seoul 0.68 0.58 0.63 0.54 0.64 0.55 0.66 0.56 0.65 0.56 0.65 0.56 0.67 0.58 0.67 0.57 0.58 0.56
11 Tokyo 0.69 0.59 0.66 0.55 0.66 0.56 0.69 0.59 0.69 0.58 0.68 0.58 0.69 0.60 0.67 0.58 0.71 0.55
12 Toulouse - - - - - - 0.68 0.56 0.65 0.56 0.64 0.56 0.64 0.58 0.62 0.56 0.68 0.54
13 Washington 0.65 0.58 0.62 0.53 0.63 0.56 0.64 0.57 0.64 0.58 0.61 0.57 0.66 0.59 0.64 0.58 0.65 0.55
MME 0.69 0.59 0.65 0.54 0.68 0.55 0.70 0.58 0.70 0.58 0.68 0.58 0.71 0.60 0.71 0.59 0.74 0.56

% Montreal : 2014JJA~2016DJF2] 74-9-, Montreal3¥ Montreal4®] ROC %k

% CMCC: 20210NDo] $A}5

% Offenbach:2017SONo] &2} 5

% Pretoria:2015AMJo] 32} &

% Observation:PREC/CAMS—OPI, T2M/NCEP—R1

¥ 20160NDo] M -27*HhindcastAF-&

¥ 20160NDd &5 &% hindcast 7] 7+(1993~2009) A&

A7 =7 2] A &

% ROCH->AN, NN, BN H#3k&2)m|
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Table 3.29. Yearly Relative Operating Characteristic (ROC) score aggregated over East Asia of probabilistic real-time forecast of 2m

temperature and precipitation.

2016 2017 2018 2019 2020 2021 2022 2023 2024
No. GPC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC T2M PREC
1 Beijing 0.50 0.50 0.54 0.50 0.56 0.56 0.59 0.56 0.62 0.53 0.58 0.51 0.52 0.52 0.57 0.55 0.61 0.58
2 CcMCC - - - - - - - - - - - - 0.54 0.54 0.53 0.54 0.60 0.61
2 CPTEC 0.50 0.49 0.54 0.51 0.51 0.51 0.47 0.50 0.58 0.54 0.55 0.50 0.54 0.55 0.49 0.49 0.63 0.53
3 ECMWF 0.52 0.57 0.60 0.51 0.58 0.56 0.59 0.57 0.66 0.60 0.60 0.50 0.56 0.53 0.54 0.53 0.63 0.58
4 Exeter 0.54 0.56 0.58 0.49 0.62 0.58 0.60 0.56 0.63 0.57 0.58 0.51 0.55 0.53 0.59 0.56 0.61 0.57
5 Melbourne 0.55 0.54 0.53 0.50 0.58 0.53 0.58 0.54 0.59 0.55 0.53 0.52 0.54 0.52 0.56 0.54 0.62 0.58
6 Montreal 0.49 0.57 0.54 0.50 0.59 0.57 0.57 0.55 0.59 0.58 0.58 0.54 0.54 0.52 0.60 0.55 0.64 0.57
7 Moscow 0.51 0.52 0.56 0.50 0.51 0.52 0.50 0.51 0.57 0.55 0.55 0.52 0.53 0.50 0.53 0.54 0.58 0.56
8 Offenbach - - 0.56 0.51 0.59 0.57 0.60 0.56 0.64 0.58 0.58 0.50 0.54 0.53 0.52 0.54 0.63 0.59
9 Pretoria 0.48 0.55 0.50 0.50 0.50 0.56 0.54 0.56 - - - - - - - - - -
10 Seoul 0.55 0.56 0.59 0.51 0.59 0.58 0.58 0.56 0.60 0.59 0.54 0.52 0.53 0.52 0.60 0.56 0.57 0.60
11 Tokyo 0.55 0.59 0.61 0.53 0.62 0.57 0.58 0.58 0.66 0.58 0.61 0.52 0.55 0.51 0.54 0.54 0.62 0.58
12 Toulouse - - - - - - 0.62 0.57 0.64 0.56 0.60 0.51 0.54 0.51 0.53 0.55 0.62 0.59
13 Washington 0.56 0.56 0.58 0.50 0.59 0.58 0.61 0.57 0.63 0.61 0.52 0.53 0.57 0.54 0.60 0.55 0.63 0.59
MME 0.54 0.57 0.59 0.51 0.61 0.58 0.60 0.58 0.67 0.61 0.60 0.55 0.56 0.53 0.58 0.57 0.64 0.61

% Montreal : 2014JJA~2016DJF2] 74-9-, Montreal3¥ Montreal4®] ROC %k

% CMCC: 20210NDo] $A}5

% Offenbach:2017SONo] &2} 5

¥ Pretoria:2015AMJo] A5

% Observation:PREC/CAMS—OPI, T2M/NCEP—R1

¥ 20160NDo] M -27*HhindcastAF-&

¥ 20160ND | & 58] ¥ % hindcast 7] 7H(1993~2009) A&

A7 =7 2] A &

% ROCH->AN, NN, BN H#3k&2)m|
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3.8.1.2. MAANZNT 71%4S tZ2rdYdE AEAE GPC AAGE A 2d" AA

oS OFRIAGEE A=AE Fosta = GPCe AEAF9 A
Z 2" st ok A" AddS A="S &
GPCE#9] d34d vuEAs T3l Agd FAdRAHo] HastH, Z+ GPCe AH A ZA2=H
MAo=z Qg /E A : FFES 7o R Sk
AMAZ18717 7155 e RAGSE AZAEHY 3485 F4E 7Ite & Ao 202297
E] 20241d°] 717+t GPC Tokyo, Seoul, Moscow, Montreal 52| AlA-d = Al xEl2] 7|4 o]
o] Fo]HTable 3.30). GPC Tokyow= 20223 2€¥€F-E] CPS20|4 CPS3Z 7= e, GPC
Seoule 3YHE GS5H0A GS6GC3.2E Al2~H-S dadol= st &3 GPC Moswco= 11€
B AdQSEdo] HAE NAZETIT 715G dTERAYGE A vEF = A
23l GPC Seoul& 11€HE & /s HASAT. 2023d0= GPC Ald A S Al 2=Hl&
AdlolEV M= A ekgtom, 202413 ol= GPC Montreal. CMCC, Offenbache] A& A2~
gl 7f o] o]Fojxth GPC Montreal> 2024'd 7€ F-E CanSIPSv2.2¢l 4] CanSIPSv3.02.2 7)1
o, GPC CMCC+ 2024d 11¥€HE SPS4.02 o] &3 AATF AA-G =S AL A A 7]
A7 7% S s EEGEE ARAEH ARE AF3d ZAoE dEFoy A (20249
129 1Y)E 71+22 SPS4.09] HA 7]17H1993JFM~2022DJF) hindcast A5 %+ A& ¥ A A
oASAEE 7]E A ZEISPS35)E o] &3std A4k - AlFsta ltk. GPC Offenbach =3t
2025\ 3€ AEASF ASFE GCFS2.2 A2=Hleol AFfE A4t A3 o=z dHsith. AA
713717 715 S e RAGGE ARAE o GPCY AlEAS A" A Algo] A9
A AAZNG7IF 7154 S GFRAGTE AZAE = AAZHOZ hindcast AADd S A&
TR 71 A 2EHAe S5 H 1S F8sta . 2022 A" GPC Al-A=
AN 2=Elo] Al AR 7]E A" FA Hlu B4 Ades 202239 ATEIAE F
= 9t} o] HaA oA = 20241 A2l 7o) o]Fojz GPC Montreale} A AIZF Al- o=
2852 ¢kgko ), hindcast A5 o] 7 ® GPC CMCC, Offenbache] A]2®l 7|A A4
Attt oo} BEste] F3lE W8S Asstaat ok B 2023d % = 7Y AE o
=S Al2H"o] GPCE FRlEo] AAZIA7T 715d S tdsRAGSE A=A 15WHA] Fho
o] FHA 2023 @ 71AAANA EFE [WMO A7]d R A=AE A28 715743 4D |
AAAE T3l AHAS A5 HFSE} 1 2 | A=A, GPC
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Table 3.30. List of upgraded GPC’ s seasonal forecast system for WMO LC-LRFMME in
2022~2024.

Issued Month GPC Content
2022MAM Tokyo CPS2—CPS3
2022AMJ Seoul GS5—GS6GC3.2
2022DJF Moscow
2024MAM Pune New Participation
2024A50 Montreal CanSIPSv2.1—-CanSIPSv3.0

2024(T BD) CMCC SPS-3.5—>5SP54.0
2025MAM Offenbach GCFS2.1—-GCFS2.2

3.8.1.2.1. GPC Montreal

GPC Montreal A& ¢S =48 CanSIPSv2.19] 4 CanSIPSv3.00.2 ®HHEH A om, 20243 7€
(2024ASO)F¥  AA 7178717+ 7155 TEAGEE A=AEC HE&HAT JRHH
CanSIPSv3.0 Ald d = A" €] hindcast 7]7F2 1981~2010d o] 4] 1991~2020d7}A] &35 o]
=9 7T HFAA S WSt o =3k CanSIPSv2.19] s %7] 272 NCEP2 GODAS
3DE A& oY, CanSIPSv3.02 CMCe] GIPOS 3D AEE AFEST. MAZIZ7T 7134 =

FTRAGAE AzAE A=Y GPC Montreale] A& o= w4 o] hindcast OP‘P% e
= CanCM3olA A4te 10719 Y7dE3} CanCM4o A A4k 10712 GAFES A F 20719
GE AEE AFstF o, CanSIPSv3.09] 73 GEMS.2+NEMO Al A4ke 2071 Y3E A&
9} CanESMb5ol| A AJ4kE 207] 9] Y8, F 40719 G3E A5 E A4St} Forecast & =
gk ZF 2070 A 40709 GFEE 27|20 BEAAEE S 1HE F A HIAS ALAE Al
Ao S mdo] A AKX = Table 331914 &<l & & At} =3 /| Al A SEE 3 o] A
W e mdo] hindcast 7]zt thak ACCe} ROCSH =8 HlnE F335lo, Al Srndel 7

of WE HAAR gFY Fs AE Hoty fEe] MME 3o B2 A9 A& Adstdth
Figure 3.164= hincast 7]1%tell tigk GPC Montreal®] CanSIPSv2.12} CanSIPSv3.001A] o &%
NINO3.49} #=29] ONIo|H, 1 AaAAFE 0.91F xto]7}t gtk 2o AddZ=mdo A et
U= ENSO9] i3 HEE #=) vl W24 d=sl= 5% o] CanSIPSv2.12} CanSIPSv3.0 ol
ME FLd3tA Yesth. GPC Montreal®] 73-%- GEM5.2+NEMOOI A A4kE 207 o3& A=<t
CanESMb50ll Al A4kE 20709 e, & 40719 AdAE A5 S 25 AMESt g o83 =
Al oS A4S FEEHA UERg T

Figure 3.165% AAIZ1371F 71§ & ds2dYFE A=AHA Fost= 1470 GPCe}
CanSIPSv3.0¢] hindcast 717F&<ke] 7] 2 7o tigk HAA+F @+ ACCe CanSIPSv3.03%
CanSIPSv2.1¢] ACC #}o]E YeldT} CanSIPSv3.03 CanSIPSv2.12 B} GPCo| nl3) & Aldo 2
2 AmHog 943 ACC d=8LS Holu Je AL Fdo. =3+ CanSIPSv3.02
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Figure 3.164. NINO3.4 forecast from CanSIPSv2.1 and CanSIPSv3.0 for the periods of
1993-2009.
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Table 3.31. Model descripition of long-range forecast system from GPC Montreal.

December 1st, 2011

June 11st, 2024

Is it a coupled forecast system?

Yes

Is it a Tier—2 forecast system?

No

Atmospheric model resolution

CanAMS5: T63L49 (0.1hPa), GEM5.2: ~ 1 x 1 deg
Yin—Yang grid (L85) (0.1hPa)

Ocean model (if applicable)

CanNEMO3.4: — 1 x 1 deg/ORCA1 (L45), NEMO3.6: —
1 x 1 deg/ORCA1 (L50)

Source of atmospheric initial

conditions

CMC Global analysis is assimilated

Source of ocean initial conditions

CMC SST and sea—ice
analysis at the surface and
NCEP GODAS 3D ocean
below the surface

CMC SST and sea—ice
analysis at the surface and
CMC GIOPS 3D ocean
below the surface

If Tier—2, what is the source of
SST predictions?

NA

Hindcast period

1981-2010

1991-2020

Ensemble size for the hindcasts

10 CanCM3 members + 10
CanCM4 members

40 members: 20 members
from GEM5.2—NEMO + 20
members from CanESM5

How is the hindcast ensemble

configured?

For each month of the
hindcast, a 12—month
forecast is produced. There
1s no lagged initial
conditions, all the 20
members start on the first
of the month.

Hindcast is made with each
individual model with 20
members of 12—month

integration initialized at the
beginning of each month
and five days beforehand

Ensemble size for the forecast

20 members, 10 for each
model

40 members, 20 for each
model

How is the forecast ensemble

configured?

Every month, a 12—month
forecast is produced. There
1s no lagged initial
conditions, all the 20
members start on the first
of the month.

Forecast is made with each
individual model with 20
members of 12—month

integration initialized on the
last day of the previous

month (ensemble members
1-10) and four days
beforehand (ensemble
members 11—20).

Length of forecasts

12 months

Data format

GRIB2

What is the latest date predicted
anomalies for the next month/season

become available?

The forecasts will be available every first day of the
month.

How are the forecast anomalies

constructed?

By subtracting the ensemble forecast mean from the
hindcast mean.

URL where forecast(maps) are

displayed

http://www.weatheroffice.gc.

ca/saisons/index_e.html

https://climate —scenarios.canada.ca/?pag

e=seasonal—forecasts for forecast maps

and
https://eccc—msc.github.io/open—data/ms
c—data/nwp_cansips/readme_cansips —dat
amart_en/ for forecast/hindcast data
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Figure 3.165. Global average of temporal correlation coefficient of (a) 2m temperature and
(b) precipitation between CanSIPSv2.1 and CanSIPSv3.0 from GPC Montreal and difference of
Montreal between CanSIPSv2.1 and CanSIPSv3.0. Spatial distribution of ACC of (c, e) 2m
temperature and (d, f) precipitation for GPC Montreal’ s seasonal forecast system in JJA
season for the periods 1993-2009.
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3.8.1.2.2. GPC CMCC

GPC CMCC 2024¢ 11€¥ SPS3.5¢4] SPS4.00.2 AM o5 =Edo] /fAddE Aol o,
A (20243 12€ 1D)E 7IEo= SPS4.09 AA 713+1993JFM~2022DJF) hindcast #F=%F A
TIPS W AN dSARE 7]E AZLRISPS35)S o &3kl At - AlFsta ok 2y Al
| 7] %

A7V T 71595 GFEIGEE A=AEH = GPCY Al=H 7jded dAdcz A7 3
2 EES Z2ad £ T TS A FEd e ARE ATT F UAEF &
I ek olek BEste] SPSA.0= HT 7IFHEAEdEe £3H7] #8 hindcast”]te 1993~2016
oANA 2022374 A = &AstdtH(Table 3.32). L2yt A AFTE A3 2ol MAAZIZ7IF 71+
& FEALGEE A=A 4 GPCY FF71& AH&st7] wWlZ ol hindcast == 7]3t
gk A5E AT o fle AZE Atk 28y SPS40S = Al2Elo] H o EHTA Al
Z AEdo] W 10LolA 8L2 FGAXHA FE Aot 2#8A HH AAZIE7F 71+
& FEAGEE AEAEe A5 FHANVE Bk FA YD F s 2AE S
T e Ate FERE F o, AAd gFEEAYYE ASARE ATE F A =T

hindcast A& 47} 407194 30712 HAE A}

Figure 3.166> GPC CMCCe AlAd S Al=H 7
Hindcast dl& d&< ¥lugt Aot A Add=
7€ 2l 2 Aol7t gle AR BHPon, F
HwZ o &go] e MMES Zi d&Y s 7148 4 Ae o2 Bl 7)

me Asslk $31E NDJ 713t
4 7]e9] NDJ 7I3te] AT ACCE
S ACC Aol sl Ueh

el
2 d
%

ol &= o+
¥ GPC CMCC Al-dd = nde] ACC #3F X += Figure 3.166°] YeEbHd A3} o], 7|&
249 9 g AddSEA {FAS dYH-s BRIt
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Figure 3.166. ACC aggregated over globe and spatial distribution of ACC of (a, © 2m

temperature and (b, d precipitation for GPC CMCC’ s seasonal forecast system in NDJ

season for the periods 1993-2009.
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Table 3.32. Model descripition of long-range forecast system from GPC CMCC.

October 2020 (SPS3.5) 2024 (SPS4.0)
Is it a coupled forecast system? Yes
Is it a Tier—2 forecast system? No
Atmospheric model resolution ~0.5 degrees
Ocean model (if applicable) ~0.25 degrees
Source of atmospheric initial
. EDA ECMWF
conditions
Source of ocean initial conditions C-GLORS Global Ocean Intermittent 3D-VAR
If Tier—2, what is the source of
. N/A
SST predictions?
Hindcast period 1993-2016 1993-2022
Ensemble size for the hindcasts 40 members 30 members
Chosen at random among The 10 atmospheric
120 combinations of 10 perturbed ICs, the 3 land
atmosphere ICs (time perturbed ICs and the 9
) ) lagging at 12h interval), 3 ocean perturbed ICs are
How is the hindcast ensemble land ICs (forced during combined to yield 270
configured? previous month by ECMWF possible perturbed ICs
and NCEP analyses and among which the 30 ICs to
mean of the two) and 4 produce the hindcast
ocean ICs (perturbing ocean ensemble are chosen at
observations) random.
Ensemble size for the forecast 50 members

) The 10 atmospheric perturbed ICs, the 3 land perturbed
How is the forecast ensemble ICs and the 9 ocean perturbed ICs are combined to yield
270 possible perturbed ICs among which the 50 ICs to

configured?
produce the forecast ensemble are chosen at random.

Length of forecasts 6 months

Data format NetCDF

What is the latest date predicted
anomalies for the next month/season 10™ of the month 8" of each month

become available?

How are the forecast anomalies Departures from model climate estimated from hindcast

constructed? dataset

URL where forecast(maps) are ,
https://sps.cmcc.it/

displayed
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3.8.1.2.3. GPC Pune

GPC Pune+= 20239 AMA 747 +2FHE GPCZE X AHE WA 20243 FHE AMA 77+
7154 & gordddE AxAHe 3o GPCE AAZ AAddE: ARE AFsta Jrh
GPC Puned] Add = A" 3&-t7] 2% 2= 3¢ Ed2 GFDL-MOM4E o722
S GFS T382 Spectral Resolution 64 levelse] 3| =% 7}X]H, hindcast 7|3+ 2003 o A
20179 o= AAZIE7T 71Fd S dsEASEE AEME Al2"¥le] F5 hindcast 7]l
19931 1~2009d ol 23 A ol veEd GAE dSAzHOe FAE 5 gl ont
/Seasonal/Forecast/Individual Forecast ®lroll 83t ARE AF3tH, 71& B GPCAlA A
&35kl Q¥ Rectangular, Timeseries, Stereographicel]l thsdt Ald o= g ZE A|F3th AA
7174717 7134 & s EAGEE ARAEHE A GPC7F =E4EHAY, GPCY Al S =g
o] MAHo] HAHWE= MME =& 7|& Al2E o=8S ba #4381 Ut 202336 =
GPC Pune®] A3 #F3} 73S AAsty 53 =2 18-S FAsHR 7] W&o 20243 7|&
AN 2® ko] o HlwE TIPSt A dud uvkel o] GPC Puned] hindcast 7]%to]
2003-20172.2 MAANAT 7%= EFrdPAE A 2dHe 5 Hindcast”]| 3t x}po) 7}
917] 2ol 7]E =59 nwrt of@oh waka GPC Punel hindcast 717+e) A RE

B 238E GPC Tokyox @ 7)7te] AZES 371 3t Hlwstd ot Figure 3.1672 74
¥ GPC(GPC Beijing, ECMWF, Exeter, Melbourne, Montreal, Seoul, Tokyo, Washington)2]
hindcast 7]%+3} forecast 71%Fe] NINO3.4 <j=2] RMSE®} TCCE uYepdth A3 A
Barnston et al., 20199} o] thRrEo] AHoZ==xde Hindcastoll W3] Forecaste] o] =o]
a3k Ao 2 Yersth. GPC Puneg] TCCE= 0.94, RMSE+= 0.46°. 2 TCCE= EF GPCe} H-AFsk
U RMSE& E} GPCell vl3] =ZAl Yelgt NINO34 AlAIE(Figure 3.168)& F3ll AyEH,
NINO34 o5& #5 AADe WMsAde AAFo= & moste= o2 Holu, =7 o
AME zpol7b AA Yekytul. £3] 2010/119] Severe Uikl 2015/162] Severe AUk WA A
ol ZAEE A rost= Ao=Z A 2003-2017 hindcast 7]17FA] o gk GPC Tokyoe] #
A7, TCCE 0.97, RMSEE 0.212 NINO3.4 4&4% 534 vetwem, % hindcast 7]
3 v o 585 FEE BTk oF Fd dF A5 ASol 2olAl hindcast 7]

ru\m
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Figure 3.167. Anomaly correlation coefficient (ACC) and
Root Mean Square Error (RMSE) skill sore for Nifio-3.4
SST (regional average over 5e¢ S-5¢ N, 170-120- W)
during the forecast (2013-2021) and hindcast (1993-2009,
2003-2017) periods.
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Figure 3.168. Time series of the Nifio-3.4 SST. Forecast and observation
are highlighted with red and gray lines, respectively. The difference
between forecast and observation is indicated by bar. Panels (a) shows
GPC Pune and (b) shows GPC Tokyo.
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Table 3. 33. List of upgraded WMO LC-LRFMME’ s seasonal forecast system in 2022~2024.

Year Contents
2022 -
= e 25 A5 AHlx ST wE A= A
2023 WMO Al-A S A7 A5 AFS A Al=H A
AESAE = A" QA
- GPC A& 7|3X 4 A4 2233 27 4
2024 - GPC A& EHolA W 88 23 WA
- ERA5S(NetCDF) 3¢ W} Date Cooridinate ¥ 7 o] @& Anomaly4 2

A8 FEE OF

9‘_).— 1; _LE_'___]% /\7(-]

seoul Seoul
Precipitation : MJJ2024 Precipitation : MJJ2024

(b)

(a)

Figure 3.169. Change of logo for seasonal forecast graphic in GPC Seoul.

3.8.14. AAZIENT 71FAS s RAGIE ALY 7|FAS528 &84 FUHE A% =

W9 ¥y 45

3.8.1.4.1. N1¥97]1¥x"Y (Regional Climate Outlook Forum)

A7 715 S GFRAGTE ATAHE 7|Fd3A45 &84 SUA7I T4
Y-S 53 MAZE7F 71T S dERdGYE ARAEY FA4E YAE A3 77 9
&l =¥eta Utk I1F s WMO F#Ho g A9E A3 HE7HEC] ﬁ%" g 71% A%
< AAEta, olet HEE Tk §8& EoF (B4, AU, FAY, FFEA )Y AEHe
AL w3ty Q& ntdaEE gud 29715 EH (Regional Climate Outlook Forum, RCOF)
of A3t Zolth 201295 H wid thekgt A Q)T E Gl ol 7] FANE 9} 7)Ao 7] 5
S A FAst AT 7S e ERAYGE ASAEY MME d34d34E A9
ARV FF3ta Atk 20199 FE AJZHE COVID-199] Z AAIAQ] fo=2 QA3 2022~

[e)
&
71 xge 28k 3oz MPHF o, 2024 #1282 SASCOF+= COVID-19 &
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Table 3.34. The list of RCOF that WMO LC was participated in during the periods 2022~

2024.
RCOF Place Date
22nd South Asian Climate Outlook . .
Online 26, April, 2022
Forum(SASCOF-22)
23rd South Asian Climate Outlook .
Online 26, September, 2022
Forum(SASCOF-23)
19th ASEAN Climate Outlook Forum )
Online 21, November, 2022
(ASEANCOF-19)
25th South Asian Climate Outlook . .
Forum(SASCOF-25) Online 27, April, 2023
26th South Asian Climate Outlook )
Forum(SASCOF-26) Online 26-27, September, 2023
11th East Asia witner Climate
Outlook Forum(EASCOF-11) Tokyo/Japan 6-8, November, 2023
21st ASEAN Climate Outlook Forum )
(ASEANCOF-21) Online 21, November, 2023
28th South Asian Climate Outlook ) )
Forum(SASCOF-28) Pune/India 29, Apri-1, Mayl, 2024
29th South Asian Climate Outlook )
Forum(SASCOF-29) Online 25-26, September, 2024
23rd ASEAN Climate Outlook Forum )
(ASEANCOF-23) Online 27, November, 2024
Evolution of SASCOF

Evolution in the use of Climate Prediction Tools for Prepa

Regional Forecast Outlook over South Asia
— 2016 — 2021
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- =" d.e "",’3'1 > JIAS 2016
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- \\ P
| . TS
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| +

5

2016 - 2020
Grid wise{ 1% lat. x 1% lon.)
most likely tercile category
and its probability.
Derived from an initial set
of gridded objective

In the first year (2010),
forecast outlook
consisted of only rainfall
forecast for the south
Asia as a whole.

Mo forecast map and no
mention about the

2011-2015
Forecast map depicted areas.
af most likely tercile
categories (using yellow,

fore: s based on

green and blue shades) over i
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for each tercile categories
over broad areas of sama

spatial distribution of
color shade

season rainfall

through a consensus
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B
e .

ration of the

I TeEttT

i"g e
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- [ NS
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2021 onwards
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on MME of a set of
CGCMs .Grid wise most
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Showed better
performance then earlier
methods during recent
years

Figure 3.170. Evolution of SASCOF.
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(c) . S (b)
Figure 3.172. Activity in SASCOF-28.

&kRb7]oll = ASEANCOF-23 2tQl 3|ojof Astod MAZIE7T 71FdAS dsED S
A=AEANA A4E MME A dSARE Rt Ao = 71344 FA A AlA
Fo AF g5 A 71#Y FAAEL A AR tF gHe TR AHAS
%i g8 AEE FHst A4S w3 T ASEANCOF= oAb A9 e 7| &8-S 9%
3oz 2013d5E wid JHFE o o AQr|EEHol= sdEobrob 97l =(Brunei
Darussalam, Cambodia, Lao PDR, Myanmar, Malysia, Singapore, Philippines, Thailand, Viet
Nam) 7143 SAAZE ZFA390H, o]folx= Bureau of Meteorology(BOM), Japan
Meteorological Agency(JMA), European Centre of Medium-Range Weather Forecasts(ECMWE),
UK Met Office(UKMO), WMO & ¢F 407 o] #43}o] Northeast <o 9GS X = 7152
2+ (Bl Nino-Southern Oscillation(ENSO), Indian Ocean Dipole(OD))¢} Northeast #<= A]7]19] 7]
SR O A FHAAT. o FUF EH? AANNZIIT 71FAS e REGEE
AEAE oA xS 7| EAT 2] o A S Figure 3.1740) JeERATH

A=
=
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11. Additional Supporting Information

(b)

8. National Temperature Outlook JJAS 2024

Maximum and Minimum Temperatures are likely to be above normal over
the Maldives during JJAS 2024.

Enhanced
& g - SCOS input
New Normal Data from 1991 to 2020 for JJAS 2024:

(c) (d)

Figure 3.173. Examples of the use of seasonal climate information from WMOLC-LRFMME
.
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Seasonal Climate Outlook for

2024 Summer Season from WMOLC-LRFMME
.

Hyun-Ju Lee and WMO LC-LRFMME Team *

Individual forecast : 2m temperature for JJAS 2024

MME : Precipitation for JJAS 2024

*m' me

Figure 3.174. Group photos of ASEANCOF-23 and examples of the use
of seasonal climate information from WMOLC-LRFMME.

3.8.1.5. WMO #7|d B AEAH oF A2 AA &9 AF AL
38151 28 @ s|&}

A AT A 7EL I, AAZIZ71F 7155 dFRdGdE AE

= 714A 3 vl= 7144 (GPC Washington)d] 3% 9 ez A=

MA 1570 GPC7} 234k H: A7) AFAERE TF °§£—’E§‘r3}51, ik A2

gl olAtE (Multi-Model Ensemble, MME) ¢ &85 WMO 3¢
A

L3 ok dA AAZZ7IT 71FAS EP%E%‘%“&% A=AE FHolA B 29 Al="
=

ARAT A%, A 2D A%, dolHulolx J1Ee FHAOE AEe] LYsn Aok A
24 93 AR AT Al PRI 2@ 371 5ol wE Al s, H2 1%
qg 9 Pe We AN FA A AA WMO HDEl AolAR AR ABHE AR
RS 5T HAACE 9T BaA L7H e 20179RE WMO Aoy EAEl A
9 AHe AT SAFAE 71FHAA BT Utk APCCE WMORV] o A EAE A 28
AR g ArAel /&8 AUe FAhL Uk
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sl Rt & 7| S 2l A

2022:3~2024'a 3@ Tk MAZE7 T 71Ed S e EREAGGE ATRAE A-S Al
Ho] &34 S FHo|A S AREA Heold FHE BF /NSt #A &S A8
tH(Figure 3.175).

2022 d°ll= AAZZ717 71FdS S EAGEE A=A 24 &4, FEEE TR

O,

d GAE Adg=AHR FEA2ES Rectangular Fe)2] Map projectionol] thaf 4wt Al o

S ARE AFsta lon, FsEd JGE A-A S Foste NE GPCe A-ASHE
+ Stereographic¥} Rectangular S+ Map projection®.Z ZZEHJO. R LS Map
projectionell thsf AlM dF HFEE FE3t] AMEA MEEQ] MBI AE AFsHr] & B
71HECMWEF, NCEP)ol| A A|&3t= Map Projectiong Fa3te] H=2 o2 Lambert Conformal
Conic, Polar Stereographic ¥4 el Map projection E&& A|QHSIATE o] & HIg O Z HAAHYEX
gsrd GFE 9= 2E " (SCM, RMR, SVD, GA)ol| thsjA] Lambert Conformal
Conic, Polar StereographicE F7}ste] AL&A7F theFsk Map projectionol] A/ ¥43k= Map
projectiong A ®sle] AddZ AHE FET F IEE A HFigure 3.176). =3+ AA 714
717 71%d S gsEREAGYE ARAE AlxgE J[EFoE TS EofAA @ol AMEstal
NCL(NCAR Command Language)¥ ShellE A}&3ste] 7BEE AT 12y NCARO A 7)d
NCLe] 749 20199 NCL Version 6.6.25 vlx|=to. 2 ] o]/de] Huo|EV} =R ¢k 9l
o™, NCARINAMNE 7% 259 #4374 ZES g /1T Adoj= Pythons €3t ok
Phythone 2= HE <ddojz Hud FAgle] JABZYE o A3 ZA3E u= gl
FASHAA ZEE AT F e S 7HAH, g3 123 £1 g2l wEA o] 7t
Sotd o AL ZEE B2 AYES FIY 7 dve AFS JRIT B8 g2 Aoy 2ol
Bego] gA HIH Aol 7hsstd & §AHAAR o)A S THA = EAol Utk wEkA
AMAZ18717 7154 S dsEAGEE AEAH A-dSF A28l % Python/fgd o2 Al 2=Hl

WSt &g 7Y BolAdH FAALS FHeE St I Ao = 2022d = 1470
GPCe] 71Zd&x37 ETFIE 9% AAE Z219-S Pythono =2 WAL

I:I

mlo
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2023 dol= “WMO A7|dxr AEAE A" 7]5743t ()7 £9 Aol 4€FE 11€
7hA ok TE Fh AP EGeH, &9 HeAE MAATIEITF 7FdSE sEEIGEE
AEAEH A" A, AddS A5 AHASS A AN =" A AE vw A48 2
EE A, g4 d3 B 2 jxAe QAR A 2 FREHY JPFHJAG ES
20239 &9AAE M= AF7IFER AHol| thd AEE BAtstal FEA S NS
ATt A A vike} Zo] MAZIATTF VTS dEERdGLE A =
9] sttt WMO F#o = A9 71443 dertse] geld 71§
gl AH7|FxHe FAst MA TG F 7FdS dFRIAGEGE A=RAEH tgsrd
OO o

e dSAAE A ﬁzﬂ%iﬂr Ffoka olet #HEE g S8 ok HAErtet oA
< wgste] AA 7 7]? 7% S e RdYSE ARAEY gard GFE OF A9
84 ZstE 98 =gst= Aotk oln] B HUtdA H7ME Ee A9E AEATE 9
Al A A 71771 7]%?04]— OSRdYdE AEAY gsrd 348 238 a3 3
IAEE &8st a1, AAZIRTT 71Fd S dFERAYEE ARAE FEy 23Y dw
E Bl AAT 9N AGH dogdel thal AHEAE ddte Yol tig aHzE A A
gbste] Ald Ao Z8F 7 JEF dtal Jou, AYUIFEH Y B FAREY L FAME
< oS WMOoA A8 w2 AG7IF2y I adgzs A5 97 Ao 1=
ol O ARE Abd] A FFOEA AR PolFY aHE Ao R s Azt
o] ¥o] 84HE A& Fola AR HYA FUE A A7V Al MATIEIITF 71F
A5 OFRAYEE A=AYH FeF vy AG7|F2H3E FUHstAth. AMAZIE71+ 7135
o OFEddEdsEs A=RAH TS T3l AFTH= AY7I$ £€2 RARegional

Association)~VIZFA] & 2278 9 9(GHACOF, PRESASS, FOCRAI, SASCOF, MedCOF $)o.=2
R

Simple Composite Map
Beijing CMCC.CPTEC.ECMWF, Exeter, Melbourne Montreal M v Offenbach Seoul, Tokyo, Toulouse, Washington

[Unit : K]
2m Temperature : Jun2022 (issued on May2022)

I | T T — -
35 -3 -25 -2 -15 -1 -05 025025 05 1 15 2 25 3 35 —a

(a) (b)

Figure 3.176. Samples of (a) Lambert Conformal projecion and (b) Stereographic projection.
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3 BT AP J1FERE A8l FAT SUAR AT Yo ALH AT
AL AP F2Y FuARI} Gk AAVGN T TS GERAFE AR AE
= F24¢ Q43 WIS HRE FPL Bo) AF3r) As) GPCel 3
q

SRJRE
Foy, BE GPCo A-=EHL Sea ice extent

1 A5 A ARE ZAMS = e =4
Aakslal QA &tk GPC Seoul, Exeter, ECMWEF, Toulouse?] sea ice fraction AR S 3 st
®F35 A F Figure 31773 o] FFS T AL + A A="EE FEHT
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O Select Parameters

() Precipitation (0)500nPa GPH () Mean Sea Level Pressure
() 2m Temperature () 850nPa Temperature ") Sea Surface Temperature
(O 850hPa Wind (@ Sea ice extent
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Issued date: [2023v|[JUL v| Period: [2023AUG v| ~ [20230CT v| Parameters: v| Hemisphere: [North v
Plot Download | [ Print

Exeter
Sea Ice Area Fraction : AS02023 (1ssued on Jul2023)
o

Figure 3.177. Sea ice extent on WMOLC website.
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£3], 20243 A HF ALAA Pythono 2 ¥dsls FEL 7|& T2 HHEE
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Figure 3.178. The results of the surveys to improve WMOLC-LRFMME website.
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3.8.2. WMO 825 =A|2AAHF-4(ICO) + 9

A A 717471 7+(World Meteorological Organization, WMO)&= A3 A A2 w3 axs A vt
o) =4 o] k3t AAU~A ™ (Subseasonal-to-Seasonal, S25) & dZ%8 A4S 9l AA 7
FAFEZEOY D AAVIEGATEZEOY TR A Oﬂ:rL ZZAEQl S2S TEAEE =
HAAZS. oldl S-Euet 7174A/=H71338d& 525 A= Lok =4 7o E 73
3 WMOet <FaizA & A-dsta 2013 11458 =49 ]’Bﬂri‘%(ﬂ] WMO S2S =-A| 24 A
2ICOE #A - &F8Adt. 1 F 7144, %E‘ﬂ“ﬂr@‘&% % APEC7|$AIEl= 20201 A2}
7] =

[}
sl WMO S2S ICO9] +%9< APECZ|ZAIHZ oj#Astr|2 ZAAsa WMO<}
AC 20.12.7)3F 0 =M APEC7]—,- AE7E 20213 1€ 58 WMO S2S ICOE &4

2023d == WMO S2S =24 eVt 4] T5( 194 * 13~ 18 & 294 * 19~ 23)2 9
Wl FA2YARLS JRE FA OJ} A Bk ol 55 TEAE YL 55 =
AE 2 BA AT A3 FAS PA FF AL FS =I5] 98 525 Summit(20234
79 39-7Y, A9, IS AA}AH APCCOﬂ A B ool Faste] A 109 7 FA =
PR 4T % el I E2E] BE, ICO YT FE

Summit 717 = A} £9xY =& FPsPE =3 FEd

]o

2 o]l AP WMOSF 4739,
ol oAH&9 L3 /WMO
£

¢

5o F3 wE FAU3), FoUE 2HEI), FHolA 2z Bl WAYP2E D Ll
£EIF Be) 52 5o 525 ZAE F21¢ 9% JRAF, WEND B L TR FF 5
2 Fagony S5 FA ATBE Hnws S ANEE AnSAT

383 PCC 5 71380k 2A59 #4 2 FRYRT &5
3.8.3.1. IPCC X ¥

IPCC A6x} H7}R 1 X(AR6)S] =3R4 (AR6)S L eF® 1A (SPM, Summary for Policy
Maker)¢} “FA 2314 (LR, Longer Report)ol] thsk oA 4 2 o-& A, SPM &4 2 g
Ut AE oA wdS 93 HAE A, SPM +90< 93 Y= Eo Y& % SPM 4
#d AE A4, SPM AR A4 P Hezg A4 AY T8 FYsRen O WeS ofg
o} 2t}

KEASA(FED
o (B3.2, Al HiAl &4) 2-3% F&o| AHH 2dsolAs A=} NS Wido]
FHED Ao ¢ nrtgRow 44" Aot
At sustained warming levels between 2°C and 3C, the Greenland and West Antarctic
ice sheets will be lost almost completely and irreversibly over multiple millennia,
causing several metres of sea level rise (limited evidence).
- WGl Bi14, WGl SPM (BS) & =g o “F Ao BFo| tisl #3139 ARt &
NA” ALl AZE HIZ7Fg A Ao WEReHA AAE AQIA R0l ol
- A s T AuE B £AY FoE aHT o, ARSA B =Y Ak &
AE Al ) 84 (Z35 <o “limited evidence” 7} IPCC &4 £0121#] &9l

)
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<EARA(IE»
o Mr. Chair, thank you for giving me the floor.

My intervention for this sentence is about its robustness. I have referred WG1 SPM
and its underlying reports because I think these reports are the baseline for the
statement we are dealing with now. However, [ could not figure out from the
underlying reports that “both Greenland and West Antarctic ice sheets are
vulnerable on millennium time-scale” .

[ think this statement has huge implication. Therefore, I would like to kindly ask
authors to clarify once again the scientific accuracy of this sentence. In addition, I
would like to ask authors to confirm that the words “limited evidence” shown in
bracket is IPCC official language.

And for your reference, I fully respect the authors expertise, therefore I will entirely
support the authors response with respect to my intervention.
Thank you.

<AL A(FEN
o (B.7.3, & WA &2 W FH) very large scales®] oA A 23

Transitioning towards net zero CO2 emissions faster and reducing non-CO2 emissions
such as methane more rapidly would limit peak warming levels and reduce the
requirement for net negative CO2 emissions, thereby reducing feasibility concerns,
and social and environmental risks associated with CDR deployment at very large
scales. {3.3.3, 3.3.4, 3.4.1, Table 3.1}

- large scales (AEILA, WG3 SPM, SYR SPM), very large scales (SYR SPM) 5©] AH&%

ol
al )\}]\1:!-

- T2 ASE5S FAE3PH  “scale” & “¥” & 9

¥ 249 1. Institute of Science, Technology and Policy, ETH Zurich

- Consequently, carbon dioxide removal (CDR) at the scale of 10 Gt a year will be
required by 2050, in addition to extensive decarbonization.

¥ &9 2: Large-Scale Carbon Dioxide Removal to Meet the 1.5° C Limit: Key
Governance Gaps, Challenges and Priority Responses
- Scale of CDR needed to meet Paris Agreement goals?
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For Paris Agreement-consistent pathways, annual rates of BECCS deployment
range from 0-1 GtCOZ2 per year in 2030, 0-8 GtCO2 per year in 2050, and 0-16
GtCO2 per year in 2100; annual rates of agriculture, forestry and land-use
relatedCDR deployment range from 0-5 GtCO2 per year in 2030, 1-11 GtCO2 per
year in 2050 and 1-5 GtCO2 per year in 2100 (IPCC, 2018).
(BECCS: bioenergy with carbon dioxide capture and storage)

- citation oA 2] &)
Longer Report p51, sec 3.3.3, line 28-29
removal and storage potential ranges from lower potential (<1 Gt CO2/yr, e.g., blue
carbon management) to higher potential (>3 Gt CO2/yr, e.g., agroforestry);

Longer Report p52, sec 3.3.4, line 4-9

The larger the overshoot, the more net negative COZ2 emissions needed to return
to a given warming level (high confidence). Reducing global temperature by
removing CO2 would require net negative emissions of 220 GtCO2 (best estimate,
with a likely range 160-370 GtCO2) for every tenth of a degree (medium
confidence). Modelled pathways that limit warming to 1.5C (50%) with no or
limited overshoot reach median values of cumulative net-negative emissions of 220
GtCO2 by 2100, pathways that return warming to 1.5C (>50%) after high overshoot
reach median values of 360 GtCO2 (high confidence).

- B7.39 7 ®HA &4 2 &8H Ao = AE= Longer Report W&

Longer Report p52, sec 3.3.4, line 9-12

More rapid reduction in CO2 and non-COZ2 emissions, particularly methane, limits
peak warming levels and reduces the requirement for net negative COZ2 emissions
and CDR, thereby reducing feasibility concerns, and social and environmental risks
(high confidence). {WGI SPM D.1.1; WGII SPM B.6.4, WGII SPM C.2, WGII SPM
C.2.2, WGII Tablel3 SPM.2}

<AL AFED

o Mr. Chair, thank you for giving me the floor.
My intervention for this sentence is about the scale of CDR. According to the Longer
Report, CDR deployment is associated with “large scales” . However, in this
sentence, CDR deployment at “VERY large scales” is suggested.
Therefore, I would like to kindly ask author’ s explanation on these different
languages associated with the scale of CDR.
Thank you.

- 254 -




A58zt 71 FH Skl AR HFF FYAIPCO) F327 A&

<B. &7] 71FWg, g3 & &>

+ “mitigation action” ¢ “immediate”
= b F g Ao}, o Fol=E, w4
d2t= “mitigation” FHol “adaptation” 3+ r]EHojoF il FASH AL, o]
il A A= B.3ol| adaptation Z&E W &o] f17] wjFol el o] dolE Y=

o] BAMsItta M. JI=E “changes” & “impacts” 22 uHl7|E, oFol=E

(s

“changes of system components” £ Rt} FAH o g FaHdof 3t FAsF =0,
olof i3l AA= B3ole 7IFA 2 R ol AE OYH TE tFoA7] WE

of AdhE THsE o] o HPsrh: A

- AAE AT T oA WYste] B3 @etg Bk B OEF £ Y= 3 B
A& “Some future changes are unavoidable and/or irreversible but can be limited by
deep, rapid and sustained greenhouse gas emissions reduction” .2 A5t <.

- 5YE A 1A 7Y AN A8 FASY] fd 7 HA 7 “abrupt”
of “and irreversible” & FI7I¥ AL FASFHIL, AArF “abrupt and/or
irreversible” 2 FA3te] FAE

= AVIstR oy AAHez & ol glo] +<ld

- B F WA £ Clong-term” o] AFEEHA g2 AT S A s
U, AR led e Edo] A Ml dvka i

- AxE Al HA B4l SSP Ay 2o wE 2050, 21003 7kK1 2] s s Aol
B1l1Ad A AT 2d3tdd wet AAEHZE Doy, Axe i desS A
3 st 2 W Faflol mE =Y Hhgolr] wEo] 5 AsRT Ay e mE
2050, 2100 AGgS AASkE 2ol ¢ gEsttta tigstlal, drta 59 e
25U

- vhe AFEE FF 2000d Fo AW AAD ] WAl A $Aw Bste] HA
T= =

o] w78t o] n]
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1538kA %ot FAAAGASNA ELQS ARy FA}P oY dE IR, b8t
ot 2dut 5 Augt 27 AR A2E 5 e 8% AR wEd £
e ojof dhal AL, Hl=, mE20] T H717t oo TxF Axes U+
Azo] AT AolBng FAVE AFE F ¥l fle 540 Ao AHsaa, o
o EAR2IE jeH o] vhEo] =¥ AAr] wsto]r] wWZd 4g F£FEo] ¥E
T "ol gle BgS F8&sloF I FAsta, ool nrtg Al A7) WEE Ve
sk o] ©Erel SAd Fitsls #AshzQl EFolgtal AWt sld

(B32) 71FA 29 FAG AMAGH AE A% % o2 A FFH AF o
A et 9 AATe TARA s £H A glol WE, TP WY
2 2ol AAHYoH, TABES AYI e AR 4% AP} BEH FLe A
Astg ot Aol ool AT o UE £,

Auths 3 B4 “when” o] 54 A71E GAFHY it 2 whE o] o A%
o ARG o A4 “when” o BaA@ AVE oJulstA gtvha B 49
A1, AHeriofehulol of Eao] old BuAH Yt Usoley BA ArlEAC
A7 o Eato] WG TS9h WG2 SPME E@e 7l<oletn dste] Aoz %2l

=

dulg, 59, SAF=23 5 F HA EFo| “warming level increases” & 15%
243t ToE AFHoR WAstd Ko AAN AAdE 5 A=F FAHs IS FAS
R, AxeE 2337t AsEsE sty v7g 3 E4o] Frlkste RS AS
by AHste] A E Sl

Al AR EA s dX Zryl= “limited evidence” @@= ®3o] SPMo| #HA3d}R
Ao FASFHOY, A= o] Tdo| RuAdA LA A AHEEHINeH 17]%
=

sho] WE wske R Wale) o3 FF& R B3ol b AR
2

)
o
T

3 A, HAol= “sustained warming levels between 2C and 3C” o] A TAT
A AEE WA AAARAEo] 8T + Aol TR oY, A &
w3} o]& @ AZF Fof RSl WA ste] EAd ZAste dAA F:dol M

=]
2] Hq35e] §
AAdsitty AW, gxol= “several” olgte ®¥o] Rudte FAAZAES A5
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5~26m g5 Aoz M| wiEo] “several” olgl= THo| HHsty A A
Hitowx dAdtE FUH

(B.3.3) T JlsAe Yo} mje Z AL 2y &+
thgk A et oo Hd A

dES F WA ZANA WGl SPMel S+ “5m s
A, AR FE7t vt FEstoy Ao dddE el dF e @
T F8e FAGALY AAte} AL A sd= 2As SUdH.

Al AR Z7o] thsf AMOCo] B3 =H A &< Zolgks Zio] oW o7t e AUA
of gk EAAZE AABAL, A= 2337 Astg ol wel AMOCO] F3k= A5t 2100
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B.7 &H s 243 F£F& dojd Fo 9A UHD)
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1.5C 243t &5 dojAe Wsto] A HzA 3 ES s A AAA
net-negative CO2 HWl&¥ 24, A7l T80l AAFHNLSH, o= s W50
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Qe AZd HlE olastgta AA EAIF AR F YLo] AxF
b 2 Al ~Eo] B A v 7S

B.7.1) Wz §lo] 2100E71# < 1
net—negatlve CO2 Wi&eS ZAsta A A¢

3] S A EAL o]AQle]l s g oy, E4 Ao s = global emissions
e JguE 933 7% FHnet-negative CO2 emissions globally —
net-negative global CO2 emissions), CDRe] 7] ™A], CDR®] co-benifit HA] &3
22 HE AAG

A A= CDRE 97)%5&

emissionsE 4Zst= FAH/}S AAlSta I 51“’ ol & %—Cﬂ@*
Al A el s o
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AL AES A
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(B.7.3) eHseo] E+5 © W2 net-negative CO2 HH%%O] HQ3ta, Al&ES Y A=
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3.8.3.2. UNFCCC A ¢

fraz1EMatg e B47]3 2602 EF3/(UNFCCC SB 60)o] AR EHAEH O H7ts)t
71474 F3 oA “AF = AAZA FZ=(Research and Systematic Observation, RSO)”

4 B BN 8 U, AF A4 AY 5 FARGOM T YEe obehsh @

¥ &

L 7H=2(6.3.(4))

7F @ aEE I

n

gomz NCQGY ZEE vl
2 3di(scale-up)sioF & Atk
_/r: 0]

A= 7w =4 3 Aol &

o AGN(ALD: 71wzl wat A3 387 2Asta
HeK15E 712 4 o
& wmd Ag, AR, 23 93 o FT

A7t GDP7} Zr&sta 9L

- 715 W3 &S A% AUHQA FAel lgo] 2AH ok st ol& 913 NCQGE
EXE FJEEF1LE 72 Fs AHE olPdT F Ude FFES=Z scale-updf ok §F
< At

- Ag, A=A, £ F5) T EobdA AAAHJA AHE U] g 7Y =
d 2 &g dggS =3t

- E3] £43 ds)et AHA = AEloly YEYIAE F8et= Zlo] A YL Aokg

7}. 1A} Informal Consultation SBSTA 4(6.4.(3}), 11:00-12:00 / Addis Abeba)

o (F82 U&) Research Dialogue FA|* A4 dxte] Tzt F7) A, RSO AHE =
QH(place-holder draft)e] AR A3 JAT FAbT 1] =Ao = 3197t FHE.
* Development of new NDCs: transitioning to low-emission and resilient development
- Acting on the outcome of the global stocktake and aligning with 1.5°C pathways
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- Synergies and trade-offs with sustainable development

- (EU, "=, W7)of, 9= FF, HpHlo] =2 %) Research Dialogue® FA|= 2 d3stH,
RSO AAE Z<oHplace-holder draft)e] AbA 2AS A kel AL F9

RIE, T, ARF-Hotgtrlol, FHolE F) AP AET o] FA TH FolA &

o] FAT AAA AAo] FHA s Ax FA IV AAEH A HE /\1
Zto] FTH3HA] &2 vl RSO ZAHE =S Abdol AAdste AL FHAETgE Aa
BEtd-2 emission metricsE FAZ AEP o AJFHASS AdF

Y. 2z} Informal Consultation SBSTA 4(6.5.(5), 17:00-18:00 / Addis Abeba)

LH%EE —’F"é Xﬂ?l
* Global Climate Observing System
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559 B7e F718 vl A7 tistel @ $EHA FTE F4E A4S AT o
o] Al A4 gl FRHA Yk UBE BTE MEA F4E AL A

- Ch§Telgulen AEE zobel W@ BATEe oAde Helste wFA mE

o
(Informal Note) oA HED As AH3s] %
- (35 YA A= HE oJHe MFsty AEE 2be s 33 3 9o0lA

HE2 R E FEA AHE
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- GA 2 GCOS, IPCC, WMOS| 7h3] 4] Aol thal|l Aud 4249 NDCo| that
NMHS*9] 719 & 71&3 FAHLAE AZ FAHFoZ HU}t
* National Meteorological and Hydrological Services

- (RIx, Bgpd, A=, Ay 5) GCOSell thetk A A8 Ads T 4849
2424 A ANLS x2S 84 HE At

- (292, HAlo}, AldlElEle ) 4] FAA8 A dE A A

o (WA wek 27) FAHR4E IPCC ART AF

- GAE S ARTS @G5t A LA AAE | A IPCCol dFE 8AHs=
THerE WAZ FAHOE HIL
* decision 20/CMA.5 paragraph 6

- (HAoh Ay, e, AIEF ZUHl 2, EU, 292, 95, Av 5 A& 74
= 20 8L WY 2 Y
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* Development of new NDCs: transitioning to low-emission and resilient development
- Acting on the outcome of the global stocktake and aligning with 1.5C pathways
- Synergies and trade-offs with sustainable development
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v}, 5z} Informal Consultation SBSTA 4(6.10.(&), 12:00-13:00 / Addis Abeba)
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