APCC 7|53H S24 L3S 98 THNE MME
AZEL-AI-SA L 7]84= 2
Establishment of High-resolution Multi-Model
Ensemble (MME) Subseasonal to Seasonal (S2S)
Prediction Framework and Diversification of Web
Contents to Strengthen the Usability of APCC
Climate Information

dawidl, 44, ggol, £33, 0l8F,
§0Id, ASES, do=2, dei=, =M

2023.12.

APEC7|=MIE]






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.

Key Improvements in the APCC climate forecasts include: APCC climate outlook renewal,
development of higher resolution MME seasonal forecast verification system, changes to BSISO
(Boreal Summer Intraseasonal Oscillation) forecasts, regional expansion of FHEWS (Fire and
Haze Early Warning System), and development of seasonal climate digital data production
system for dynamic web sevices.

e Starting from November 2023, APCC is disseminating its redesigned seasonal climate
outlook which was developed based on the results from APCC climate outlook
subscribers’ survey. The new version has much higher readability and visibility
compared to the previous one.

e APCC has developed higher resolution observation pre-processing and climate
verification system to evaluate the forecast skills of high-resolution MME seasonal
forecasts provided since September 2022.

e The region of APCC FHEWS (Fire and Haze Early Warning System) was expanded to
Malaysia and its extended forecasts are available from 2023.

e APCC provided BSISO impact anomaly up to four weeks and expand its area to 50
degrees of north, including the Korean Peninsula and expect that this information will
help users who need medium-range forecast in the Asian monsoon region.

e APCC is planning to provide the dynamic web services for climate forecasts, climate
monitoring, and climate indices through the renewed APCC website from early 2024.

The globe is getting warmer and the real-time seasonal forecast of 2-m temperature in
the long-term is influenced by the global warming since 2013. In the global scale,
temperature warming in the seasonal forecast model forecasts are not much different from
those of real world; but the regional scale, the differences make it difficult to use the
temperature forecast without post processing. Especially, East Asia area often undergoes cold
waves in the real world, while the climate model produces above normal temperature
forecasts in the most time. Thus suitable post processing is necessary to use the climate



model forecasts positively in various sectors. The long-term trend of models and real
observation temperature are analyzed and proper correction of long-term trend of
temperature can lead some improvement of forecast skill in this study. Also this study will
pave the way to use the temperature climate forecast in the real-time operation of APCC
MME.

Although demand for and international interest in sub-seasonal to seasonal (S2S) forecast
are rapidly increasing worldwide, the development and predictability of S2S prediction is still
insufficient compared to other time scales (e.g., weather and season). APCC is one of
worldwide organizations that has produced and provided seasonal forecast and is seeking to
expand its scope to S2S forecasts. As a preparatory step for this, a system was established
and basic research was conducted to develop the APCC S2S MME predicton system. First,
usability was identified though a comprehensive review based on a survey of the current
status of international S2S MME prediction systems and research. Through various sensitivity
experiments to prepare daily data processing methods for individual models, standards suitable
for APCC S2S MME operation were developed. In addition, the possibility of MME usability
(MME efficiency) was diagnosed at a S2S time scale, and the possibility of securing S2S data
was explored through the 5™ APCC MME Model Providers’ Meeting. Based on these results,
we plan to utilize them in the future operation of the APCC S2S prediction system and
development of technologies.

APCC has been operating the WMO (World Meteorological Organization) Lead Center for
Long Range Forecast MME (WMO LC-LRFMME) with KMA (Korea Meteorological
Administration) since 2011 to provide climate forecast services. The WMO LC-LRFMME
collects forecast data from 14 Global Producing Center (GPC) and standardizes forecast and
hindcast data and displaying the MME results including deterministic and probabilistic method
through the website on a monthly basis. Also the WMO LC-LRFMME provided the seasonal
forecast information to Regional Climate Outlook Forums (RCOF), Global Seasonal Climate
Updates (GSCU) and KMA to a consensus on the state of the global and regional climate
outlook. In 2023, the WMO LC-LRFMME’ s seasonal forecast system improvements have been
performed to provide customized seasonal prediction information and improve system
management.

APCC is also operating the WMO S2S (Subseasonal-to-Seasonal Predcition Project) 1CO
(International Coordination Office) to establish an international collaboration in the field of
climate prediction and continuously communicating with a group of experts in the climate
filed by attending international conferences such as IPCC (Intergovernmental Panel on Climate
Change) and regional climate forums.
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Table 2.1. Description of participating models in APCC MME.
e Hindcast

71% (F7P 2ddg RAEE A2 G - ZaEd
APCC (3+3) SCoPS T159L31 10/10  1982-2013 Ha(rgofé) .
BCC (33 CSML.1m T106L26 o424 19912015 W (2%1 5[ .
BOM (35) ACCESS-S2 N216L85 11/27  1981-2018 Weg%zg al.
CMCC (o]l o} SPS3.5 0.5° x0.5°, L46  50/40  1993-2016 G“ifézgf .
CWA (@§¥)*  TCWBITvL1 T1191.40 3030 1991-2020 Pafgof;) al.
ECCC ZRubth)  CanSIPSv2.1 T63L35 20/20  1980-2020 Lin ef al. (2020)
HMC (& Aloh) SL-AV 072° x09° , 1%  4l/11  1991-2015 Fadf;glg al.
IMA (Y8) JMA/MRI-CPS3 T319L100 50/10  1991-2020 Hira}(l;gggft al.
KMA (3 GloSeabGC3.2 N216L85 84/28  1993-2016 K“(gofg)a/'
MetFR (3% 2) Sys 8 T3591.127 51/25  1993-2016 Bat(tfoz‘i[) al
NASA (M%)  GEOS-S25-2.1 0.5° x0.5°,L72  10/4  1981-2016 MOI(OZ%;)? .
NCEP (v]3) CFSv2 T1261.64 2020 1982-2010 Sa}(lgofi) a.
PNU/RDA (80)**  CGCM v2.0 T42L18 35/35  1980-2022 Ah(rzlofé)a]'
UKMO (3 ) GloSea6 N216L85 42/28  1993-2016 Wﬂhggslgff a.
MGO (A op***  MGOAM-2 T42L14 10/6  1979-2004 Meleigg‘f 4)€f .

x 20224 10& CWBI(Central Weather Bureau)oll Al CWB(Central Weather Administration)2 2 A
= 20224 62 PNU(Pusan National University)oll A4 PNU/RDA(Rural Development Administration)2 2 #2 &
= MGO= hindcast 7|2t 2% 2| 0|FZ APCC MMEO| Z0istx| oLt 7id o SMEE Ma3E

g
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Figure 2.1. Schedule of prediction data collection by participating model in APCC MME.
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Table 2.2. Methods of APCC MME.

718 83 A9
Simple average of individual model forecasts with
Deterministic SCM equal weighting (Doblas-Reyes ef 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 A4 A
Nino 1+2 (0-10° S, 80° -90° W)
) Nino 3 (5° S-5° N, 90° -150° W)
Nino A<=

Nino 4 (5° S-5° N, 150° -160° W)
Nino 3.4 (5° S-5° N, 120° -170° W)

IOD = WIOD - EIOD

O]l = ok WL
=7t WIOD (10° S-10° N, 50° -70° E)

=20 il

(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)
A5 B (15° S-5° N, 110° W-70° W)

C (10° S-20° N, 125° E-145° E)

12E 140E 160E 184 | W 14 1204 100w &M

Figure 2.2. The domain for the Nino indices (Nino 1+2, Nino 3, Nino 3.4, and
Nino 4).
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Figure 2.4. The domain for the ENSO-Modoki index.
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Table 2.4. Information for NCEP/DOE Reanalysis 2.

W &
=4 ftp://ftp.cdc.noaa.gov/Datasets/ncep.reanalysis2.derived/
. surface gauss : 2m 7]|-2(air)
=T pressure : 850hPa 7]-(air), 500hPa =] 1% (hgt)
717¢ 1979. 1. ~ @A (¥ HHlolE)
54 surface gauss: T62 Gaussian grid with 192x94 points
o pressure : 2.5 X 2.5 degree
= https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis2.html

Table 2.5. Information for CAMS_OPIL

S
=4 ftp://ftp.cpc.ncep.noaa.gov/precip/data-req/cams_opi_v0208
H 74~(comb)
713t 1979. 1 ~ &AA (i€ HJHo1E)
K 2.5 x 2.5 degree
=z https://www.cpc.ncep.noaa.gov/products/global_precip/html/wpage.cams_opi.html

Table 2.6. Information for OISSTv2 (NOAA).

W &
= ftp://ftp.cdc.noaa.gov/Datasets/noaa.oisst.v2
H 3 4 & = (sst)
713k 1981, 12. ~ AA (WY Ao E)
2 0.25 x 0.25 degree (1440 x 720 longitude/latitude)
= https://psl.noaa.gov/data/gridded/data.noaa.oisst.v2.highres.html
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Figure 2.5. Process for calculation part of East Asian customized probabilistic forecast system.
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A5 AFEdo] HEHA g RHAEN AMdEE siad 25 A5 #5549 dsd
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S B3 Ao AgEE odF AEE= Table 2.1¢] APCC MME o wd 313f 4+

AR EH MMESCM) ¥ s&5&24 MME(GAUS) AT dF ABolty. A
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Table 2.7. Information for ERA-5 (ECMWE).

S
=4 https://cds.climate.copernicus.eu
e 2m 7]-(air), 850hPa 7]<(air), 500hPa =] 1 %(hgt)
713k 1979. 1. ~ @A (M duleolE)
R 0.25 x 0.25 (degree) (1440 x 721 longitude/latitude), 37 levels
- https://doi.org/10.5065/D63B5XW 1
2z - 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.

Table 2.8. Information for MERRA2 (GMAO)

v &
= https://disc.sci.gsfc.nasa.gov/datasets?page=1&keywords=MERRA -2
H &
71%¢ 1980. 1. ~ @A (vi€ HrElolE)
514 1/2 x 5/8 (degree), 72 model levels
o (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:
g 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)

A S U HAFS F9EE FYPstA =, WMO/CBS2F CORDEX(Coordinated
Regional Climate Downscaling Experiment) 9 #aste] HFH o2 127)] A Y-S HAA3A
om(Table 2.9), 7]1& Afds HAZA 231 A3ttt s dde AA7F o =(forecast) &
4 A& (hindcast) BF LA ALsF o, Figure 268 3 7 d98 g
/\ 011:]_
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Table 2.9. The domain for the verification region.

¥ 9 AA= ¥
A 0° -360° E, 90° S - 90° N
o) 20°S - 20° N
Bkt 0° -360° E, > 20° N
kA 0° -360° E, < 20° S
oA o} 75° E-150° E, 15° N-60° N
FolA o} 60° E-140° E, 10° S-35° N
Bolu g7} 190° E-310° E, 10° N-75° N
ol 2] 7} 270° E-330° E, 60° S-10° N
ot 110° E-180° E, 50° S-0° N
e < 110° E-260° E, 50° S-20° N
Efrekalof 25° E-190° E, 40° N-80° N
=% 25° E-75° E, 10° N-45° N

Globe

Tropics

N. BExtratropics
5. Extratropics
East Asia

South Asia
North America
9 10 & South America

8 " 9. Australasia

= 10, Australasia + 5.Pacific
11. Northern Eurasia

T T T | DREREE RN s | T T T o 12. Middle East
0 30E GOE 90E 120E 1S0E 180 1SOW 120W SOW B0W 30w 0

Figure 2.6. The domain map for the verification region.

ok A B S Rt

APCC AL S HBRE AF37] A 7IHS 2R EZH A5 GEEF o= wg A
&3 AF 7IHE AHEstR o™, WMO/CBSe] AIARYS SAdHo® I#dth T3, A=
71Z = 7]HolA 2yl AFE3stE 71W(Anomaly Correlation Coefficient; ACC, Brier Skill
Score; BSS, Heidke Skill Score; HSS, Ranked Probability Skill Score; RPSS)& F7F& o g &
3l Table 2.1091 AT
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Table 2.10. Lists of verification methods for APCC high-resolution MME forecast and hindcast.

qdF FTF/ 71& A% 714
WMOJICBS Mean Square Skill Score (MSSS)
A
AREH o=
APCC F7} Anomaly Correlation Coefficient (ACC)
WMO/CBS Reliability Diagram
Ha Relative Operating Characteristic (ROC)
SEEH d=
Brier Skill Score (BSS)
APCC Z7} Heidke Skill Score (HSS)
Ranked Probability Skill Score (RPSS)
YA T A= APCC 7} o3 AZ79 A3k vl

E)

APCC MME AAdd = HARe #A 713 A& (hindcast) 717171 &H A 7|17he] w2 3
SHAZES Vo2 AAHEZ d=9 4§ HAkgk(anomaly), FEEH o F9 A5 3
| oolgh/Hl/o)l ) GEASH FHE AFsta 9lew, hindcast 7]1xF Aol wet 7]
fol Wstn= oSt s &S mAA "ok APCCE= ©]# 3 MME A4S ARE

7] 98] MME®| #o3t= mdeo] F% hindcast 7]17+2 MME®Q] hindcast 7)3to.2 83}
on, Foyrdol FTAd wtgl MME hindcast 717+ A 48HA WElste] gkth skx9 MM
o Zst= mdo] k- fAHEY we} 34 =3} hindcast 7)ZFe] A3 2L AT
271 YA sl 2do] MMEY s A$ 7= MME hindcast 7]17F A walo=w
2 71Zre]l tiEF ol 7] Wi dld mEe MMEC AL3R A, olF Hzak A9 EH
F7F EdyA MME dl&8o] REAA FaFs vE A= qHdso] 7% ig=E &
%3] MME hindcast 717+S 1991-2010d 0.2 T A3 F4 02 WAQ019D)E %} e 7]
I BIAT 2] A, EYXE sfol] s A5 o= AHst AAH 2 MME
& = A s AE Eo], CMCC(elEelop) =99 hindcast 7132 1993-20161d 0. 2 4]
MME hindcast 7]7}(1991—2010Lﬂ) b BA X 1991@ 3 19929 tis) Ao = ziH
MMEoﬂ s 4~ JAEE AT o83 #AH S F3l 2016~2022d <He] MME hindcast 717t

< Figure 2.7 o] tﬂﬁ‘rOP‘iiE‘r o 7|4 dfsl 14e
o] 547 hindcast Al &Fsiel w37 194 o] Fdte= §A o] Ut

ol

d

Lo

. H o rlo

Of
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Changes of APCC MME hindcast period
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Figure 2.7. Changes of APCC MME hindcast period during 2016-2022.

29} & MME hindcast 717H1991-2010d) WA o]& 7|3 E 2T 4 Y= 7o =4
i 717H20d)e] thA gZoe A F o] AU AAE WMONA & AlStst= 713 7]
He 0do=2ZHR Ha 80%< 24dS AHEE AS Asty ot =gk WA HE MME hindcast
Z1ZF2 2010 o] %9 HAl 7]FE wFetA Kol AdteE AFHE JAATE o] B ATl A]
= olgd AFAES Hstr] 9t st J7u 2 884 &4<S Fs APCC MME
hindcast 7]13te] &4 Wher-g A A& Ak 3ok, MME hindcast 713 o= oS3 2-& x|
215 FFstaa skt AR, WMOol A ;‘h_o}b Ha 7133d 719l 24ds REEEhe
of 3y, =4, 71& MME hindcast 7]7tETH H 2o 7171 71702 AA S e]of gt AlA,
MME¢] #Ho2dE9] hindcast 2SN E HAE stofof gt} g 2HES WSt Weks
npAsty] Y3 ¢4 MME o=l E9] hindcast 7]2te] B2 AF-S £431% hFigure 2.8).

N

Year
irstitute 179 1980 TUEY TOBZ 1983 1584 PSS 5B T9E7 1585 1039 138018 ?3&2!1%3 15E: 1935 1996 TSNT 199E 139¥ 2000 1001 2002 2003 2004 2003 1005 2007 2008 Z00§ 2010 ZOV1 2097 2013 2a14 28 2915,2§?7 013 IaE 203D
1

APCC
BLC

i
1
i | 1
B5 s 1 =
L x [
£Mee Vi ! I
e | : 1 =
[iz23 ! ! | |
1
HAC h ! \ !
A ! 1 1 1
Kia \ i
HiotrR 1 [—
RASR I ! 4
| H I H
HIEP 1 2 1
3] | ! | !
URBID v | !
E i I I
' i MME hindcast patiod (20 years) ' i
e e
P O PR

Recommend minimum climatological pericd from WMO (24 years)

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

7] AExde] hindcast 717H-e AFA(bright green) o2 Yepfiglon, mdni 717
T}2 hindcast 717F 27} YEFARE 1993-20104 (18] E5 7]|zto] wAldith 71& MME
hindcast+ #H4 200d 713+& &HE3E7] 98 hindcast 7]1%to] 1993 FE] A Ztst= 24 4F

— 1 CB —



(CMCC, KMA, MetFR, UKMO)ell sl 19913 1992d-& ASato® A elste] MMES] -3}
= % 1991-20203(x=24; dark green)o.2 A A3t APCC+ hindcast 717He &Aslr] ¢
3 For)de =99 hindcast 71%F & F§EXE 845N eH, o] F BoM, CWB, ECCC,
MetFR+= hindcastS (R 3a3)ste] A Fs|FATt o3 ifif‘ﬂ T4& S 2d
hindcaste] A2ZFa & HALE & & e 7 7FA 71HE AR, dF 229 A58 A
Wk whet ofefe} e A HAAE s tHTable 2.11).

Table 2.11. Experimental design for extension of APCC MME hindcast period.

B\
o

A3 Hindcast 7|3t a3 A= ¥y 2

1991-2010

Control (CTR) (2013) A A= A 8
MME1 1991-2014% o
- _]_ é
(SCM1, GAUSD) (243) AA A= Ay 13
- Lﬂ ~ —
(SCMI\Z/[MEJZXUSD 199(1242811)4‘_ A= #]8] 9 NCEP forecast A5 & 9
MME3 1993-2016 3 o
T -]' 7‘32%
(SCM3, GAUS3) (243 2 ] 1
MME4 1993-2016'd . _
(SCM4, GAUS4) 99?24»0#)6 A= g 9 NCEP forecast A5 &4 5

3@%}3} 24 sk 717Ee 1991-2014'd 7 1993-2016d 2.2 o] Z2+7F MME1~2, MME3~42

717k =@ 9] hindcast A&7t A= A$ HAE A ZFk(missing value) o
131??} Ho k& MME13} MME3, NCEP hindcaste] 2= 7]7H2011~201613)= A forecast
X}L st ymA mde A ASH o R st Weks MME29 MME4= 7 ¢
st 3lE A3 Table 2.104 9} Zo] AA APCC MMEY] ZLoﬂé}v‘E BE 29 45 A
S5 AHEstd o, 2AHEZ MMEGSCM) 2 &&&4 MMEGAUS) 71W& A &sto 58S
Hrrstazr skt Hrtol AHEE #SAE = Table 2.4~2.63 2om, 7|4 ALEH oA5H
B7l= SCMe] 749 ACC(anomaly correlation coefficient)®} RMSE(Root Mean Square Error),
GAUS®¢] 4% ROC(Relative Operating Characteristics) scoreg AH&3}53 T
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2.2. BSISO AAW A28 &9 9 NA

2.2.1. BSISO AH W SA 28] 9

BSISO AldW o &A1 2512 NOAA ¥ OLR #A=¢ NCEP 850hPa 4% ul&A-S o] &3}
o

of Fabi o5 5-10€ &<t Wi FAA, A5, A BSISO A&7F AatE Aoz AF
=3 Arh Figure 2.9% APCC BSISO &9 AA 2 4 AL =23t ¢ a2do|th HA A

B4 AR 9 dSAEE £YHT 14 AR FINAL AR BA 2 oS x50 FEHL

Jelw Y BY BUHIE B A A4Sl @Y 048 /1S ARNARY AR

SR AFNBORZRE FH AR uoEd Aol Qy] WMEel WA J1E GAE G
=

@/ 71E Bt 3L Aol doen AN ERE VIELRE st Jd=F 3 ASA

p

BSISO 2 HA I oH
v BSISO §% T ALY 29
Data Quality BSISO Monitoring Operational
Collection Check & Forecast Note
= ¥

'

ISSUE OCCUR Impact Anomaly

Model data
(Forecast)
Observation

i Impactanomaly field Previous forecast,

for

A lated forecast
o <

'4-&:‘

e 3
with model holders

© Forecast Graphic ® | |®  Application =~ &

BSISO
phase diagram, Heavy Rainfall

5-day mean OLR occur
Pre-processing
- B GG

I 1 Ll 1 1
08:00 08:30 09:40 13:20 17:00

Prob. forecast for

o ZH0|X|, A=T|EHTL0| HAZH Phase diagram, 7| 8% 7|20 =1t HAIZ ISR HIS

Figure 2.9. APCC BSISO operating system.

HAA BSISO dAA2=He o= Fd =2 Table 2.129F 2o 7z 7]|3E=EZ NCEPAA 2
N, &F 71473 DN, ECMWE 171, tiwt 7143 DR 2do] Foste] F 57je] Ford=
APCC BSISO 71 »d o= S35t . ECMWFE ¢ &3] ddEo] 1012 S =
I AR AT FE T 9, FaddA mY AFeE HAHAT g iRk 7)1dAH 9
A% 71#Y  <fxrF CWB  (Central Weather BureawollA CWA (Central Weather

Administration) 2 W75 )t}
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Table 2.12. Participant model description of APCC BSISO forecast system.

Ensemble Forecast

Institute Size Period Update frequency Resolution
Climate Forecast T126
System 4 40 days Once a day L64
NCEP T574,T190
Global Forecast 4,T19
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 AW FSA 2= 7QA

APCC BSISO & AHlz=o] HA droxe] &8s Eol7] Hsl 1dd 2= 4

FEgFYF F9S INES 2= (G (BY 405004 B 50274 ) 74A Fo)
5}1 R droAe] &85 s BSISO oA A AF7|ZHE 71E 3FA 4F7HA
AFetdt. 28al 5 Forde yWRASRE oF A5 £ SA A5 A5 A4 A
ntAst R, ol dF AFE X7 kst Y dRro &gsta

ﬂl]ﬂl o o]-J :.:"

R 2 o
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2.3. APCC AA| S 2 (SCoPS) 4 2 ASAE AF
231 SCoPS AFASAR AFEY, 36719 2 At h&

Figure 2.10& APCC #A| A« = =dQl SCoPSe| &9 AA 2 3 AL w3 3

Jolth SCoPSE wi€ 7974 7] 4¥AE< CFSR ¥ ARGO A5 & st 27|4S T
=3 W7]-slg 27138 S8l 671d ASAERE AT AdE dSARs FAYHE S

dres AgE WwEY dAY ¥ U FFHE st wE AME A5 AV gl dgEA
APCC MME #Hojmd=zay 8% Qo)

SCoPS 2% HH U AA

N\ N\ N\ 4
L ' Atm;:;iger:i:gcean ' [ e ' el
Collection ) Initialization ) Forecast Experiment ) | Meeting
- NCEP CFSR h ) b (T ~
- H H H SCoPS  f t
. (IS\;T(;S& z;fliJI;V’ T.Q « Check the initial condition . gf;'rm:'?:rfga:‘_lgr:c:“ (ASON) veicaton
P - (Horizontally & Vertically) p e
(Temperature, Salinity) forecast
+ Pre-processing ) ) ) L r 4
2 R R
Eve lnonth 4 ................................. A Y 1Y B ':.i'} 7 ~)
vy apom; ro— s .': E‘L‘?‘I
P =
X
b}l h..a"j’.

MME Participation ===
P70y £ P10 Y P13y

® APCC MME Zo{ =&l

Figure 2.10. APCC in-house model (SCoPS) operating system.

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

APCCE HPCO| %3 o #¢l gAde 918 2 oAl AMAACZA 7147 1A%
HE 85t gtk @ o] Frlo A #uAFEI dadels 2 u v gEEEA
"o SCOPS £AAAE wlelslskor] 2022430 #HAFE 557 FELEAZMGER)] A
& 7bsdol SCoPS £9 AAE Azo] TEHHAL. FF Azt FEF SCoPSS EH 87
HA e Table 2135 2t} APCC HPCol 753 %8 344479 Fa ao|gdoas= A9
gelel 714 wRAFE 4571 REE PO AL 7t £UHA ol Intel AL
Aste] ZRSAY. EF 7 Azdle] HAsE TEW PAde, MPIE 2A 50
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Table 2.13. Configuration of APCC HPC and KMA supercomputer.

APCC KMA
HPC (2015~&A}) 43 7] $-2)(2016~2021) 5%7] F7(2022~)
A a2 PGI 11.0 Intel 14.0 Intel 21.0
e pgf90 ftn Ifort
MPI openMPI mpich Intel MPI
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24. AAEASAEE JJA B E o)A o A HE&F
241 g ESA2" AN

ooty AHE=E QT AfFe A% SFEA F shutelw, APCC(APEC Climate
Center)= ofAlo} Hj4del B=u A9 47] A Q(Barat, Selatan, Tengah, Timur)e] 3}z 2
AR =7]1HHA2~EN(FHEWS, Fire and Haze Early Warning System)S APN(Asia-Pacific
Network) FAAT ZZAEZS F3f 7E3tATE A=W Aol FHEWSE E 24 49 117]9
st 8~10€ 9 7FERHE dSste As HxE APCCY MERdES 7 & &8 &
UE 6/ HEE FEY F Uv 49 AFHOE TE7HA] dSABRE AFst Uk 20229
o= GFED(Global Fire Emission Database)”} GFED3.1914 GFED4.12 <JuH|c]ER | uwel,
GFEDE ELGH*P‘: 251 GFED41S &8&% & JIEF MAsAo £ dFoA= 71E 4
T dEAsER2 &83F Aphrodited] #=AE7) 20073 & 7Eo2 U OlE
tA 7] wWol HAAEE FHE F v ASAEE WA H L3 skt kg
= HE_E_.A o]—OE] CHIRPS= 51_% A—];g)o].og\ouq ]E ALE 0_3”2}\]}\154]0]] x—l_Q_
23515t APCCe] MMEMulti Model Ensemble)& $l3] &-83t= /MERAY d=r) 7|=
2.5° oA 1° 2 WHAH we}t AhEASAI A B8t NERDY SidEE 7S Al
FERl 25° A T ER] 1° 2 | &5l AdSAHEE AFSHAT

N

2.4.2. T o] Ao} A &%

o] Alope] A& @A we} Ay Aol FHe| T ol Ao S 9T AW
ATE AYstAT. £ AFoA = FHEWSE %lfﬂlolAlO} A7t gAste] APCCo| &3 o)A
E AHIZE AlFshr] A 78 AP A, Dol oty A A A7 AU A
0}9} AR 7719 RS gfotete] ARl E dtazste tid €S Atk 7 HAR

SUlAopRES TR FEEHE AHEAS ARl AA A AAE Tl EEolAot: §
7111 dder 758 F UAEF AL2AH /AEHN e, FHolA 3 AHS Tl A=HA
ofol T ojAjote] stA) B AR ZV|HRAIAE ARE ATD F JEE S
ot 7] Y EAAFH thREo oot A A 2~4Lol| %01 w31 Emission
o] Fo} AVIE #AEIHoH, 7S hFSE APCCE HEESS
10478 Ad= 1d7bx mid 20 € 13 ARE APCC FH|oAE T8 Al&dtt. Bt
Aol APCC 34 - AF 27 H R o= Anlx AFS Y8 =898t Jon g ArE 5
& ZAVEYZ Zslol A2ux} sty
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25. A7 FWo|X T2 % JFAR @ Ta= 7E
25.1. AF EHAE T3 V|ZAR § FdHx OAEY A5 YA 2" L=

S8 A7 188 An2A ATHT Yo

@A APCC MME A S FRE= gHo|AE
& ﬂl*o}ﬂﬂ oy, ol ek 7]
o]

[¢)
U, Bt BeFeln ey @ BEAel ZH A s
NFAR g Tz B7o] TAHE AT EHCAE AL 2
| "a

5 4] T
SO B 7R ) Zd=E Azlelr] sk AA fFo slth oo E Ao =
T8 715AR §] Ed=d Fd 9 53] A% gAY A5 A AAE FFIAAT T8
T4 71FAR §) Zd=E MME 71 oS3, FoARAE oA, 7AW Qofy, 7%
AA AFE, 715 A anomaly Hygolth o714 71$3HA] A9t anomaly 8- 7]1E9]
AZA8E IYE AHREA =Y, Uex MME 7HE =23 Fodmdd o3 73Aw
[ 0g 9% AL AFRE AL AT

S0 Wed B A AR 9 SWAE THENEE Table 229 T MME forccast 3
AN E AH 7FHR AL AAE AFS AsE BN 4E

NE AzgolA HEHE o3 ARE BEH
of Amol Bl % A AL FAskE AARE WEE THSDA S

CEL] éé}tﬂ MME 71@ A5} FHAE 2 ARk BRASE D FEASFE
£3ke] hindcast 717ke] AAY HRE FA EE5) Aok olF A Table 213 2

BnE
MME #od =g anomaly 71¥He] @4 o=
%3’6‘}@ 71E A 7EAHARE GRS
A g g As YL Z2A2 W 8 a
o] A% mdd anomaly ARE AFEstE A2®HE, FEYFY 76‘—‘% E’_%‘% %E X}E% 4‘}

=3t A" =312 YT

TS 7S AY goklS % 14/ AYE G S Hig 2 FEAS HA@H 147

A ¥ hindcast AFAHE AMseE Al A '?‘-:%-—5']-051\]:]‘ @44 041 =9 74% ACC
(Aanomaly Correlation Coefficient)?} &
scores AR&-stA .
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2.6. MME AES &4 13T 7| AdGS B4 8 AL 7 v

2.6.1. B3 Iy

e
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rlr
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e
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do
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FoAA PEe @ BAASEE GH AYATAA AGFREDY A FAGYS B
oA F& 715 WE, FEFAAL] WolE B} WHOE o] 2ol lolthWood et
al, 2004; 539 5, 202D, FAAYIE 2A BB MRgs PHOR b 5 e,
2 Ao E mae

A 2 B2 (empirical cumulative distribution function, ECDF)Z

o] 83l wjFPL 3t¥tHGudmundsson et al., 2012; £33 =, 202]). B AFA= A-Gg=

A o] &3t HASHAT
7l BAel 7|k 4 23 A7) /BEREE ] hindcast 717t-& 7Hsd Bol 8
55 s, B4 BA 7172 20139 REH 20229 AA)7kA ot 7 H29) 2022 12
[e)

[e})]

AR

45 4= EgH(Table 2.1), ALl EbAlL 2022d 129031, 20228 MME$] hindcast 7|72
| MEEDL o|Bths A7) "ol Ak Hhg 24, A4 91dFE A}

@ AA AAsATE 19919 ol 71F WEAel 2T e 4 v Bds)
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Table 2.14. Hindcast periods of individual models of 2022 Decemter.

individual model Hindcast period
APCC SCOPS 1982-2013
BCC CSM1.1M 1991-2015
BOM ACCESS-S2 1981-2018
CMCC SPS3.5 1991-2016
CWB TCWBITv1.1 1991-2020
ECCC CANSIPSv2.1 1980-2020
JMA MRI-CPS3 1991-2020
KMA GLOSEA6GC3.2 1991-2016
METFR SYS8 1991-2016
NASA GEOS-525-2.1 1981-2016
NCEP CFSv2 1982-2010
PNU CGCMv2.0 1980-2021
UKMO GLOSEA6 1991-2016

2.6.2. #F A5 4FY nvlw

A=A 8= APCCY Add= AZ25<] NCEP2 reanalysis data(Kanamitsu et al., 2002)Z
ALESlATH. @A 9= MME(Deterministic  MME, DMME)= Anomaly Pattern Correlation
Coefficient (PCO)E, &Ed4= MME(Probabilistice MME, PMME):= ROC (Relative Operating
Characteristics) score skillS ©] &3l #HFslH Tt
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27. TAHE MME AAUIZA 2R AL 93 JAA 75
271 AANAS = ¥ BEZAE

E AFdA AR AdY d3Ase 2 A7 AR 20239 1€ V2o g2 WMO %
71 B A=AE ] MME AW ASA = AH-Fol &8 T BAES AESIATh =3 £
AFdA = MMEE 18 &% AAAA7IHES g4str] 98l SubXZH-E 2010-2016'3 NCEP
6AIE YAIAREE F7F AT ol NCEP2 k5o 470(06/12/18/002) A=E& &85t
S25¢t U3 AdAEE AAIAG(Figure 2.11). WMO A7jdH AZAEY As5E A
ECMWEF S2S data portal (Vitart et al, 200)E%E FAH A7Eo|H, 2 RAES A ulr}o
A2 ~AZET ANAYe] Wt mee] E4o] ul$ Ao|stHTable 2.15). ECMWF, ECCC,
NCEP& o =(forecast)'dst o} FLd Eaol AR AAF(Hindcast =& Reforecast)s | &3}
I Ja, YA 37) ZF(UKMO, KMA, IMA)S wld o|SA8 & A4kt 9low, AAAAA
v 14" o Assta o &, UKMOeF KMALS g ol 43] 189 451, 9, 17, 25
Dol AlFstar o IMAE i 1593 v ol FARAARE YA4etar Aok =3
E AFoMe 7133 s AFS 93] ECMWFe €289 =28 2 JAAIARE

7h EHE

=
T

e 542 b 2d 3 Mg A8 ARE 5YW /F0E EEaY Bast 9o

o, Az SRS 2447 B3 SRR BE LSNLCE ddedth B RiAE e B
Aoz FHHE vl oZdAs HANDIHIL FAF AW FEAN BHF 72 A7
E o=l gold BE

(EA4 5, 2018)9t= g, e dg71dolA A4 - AFsta
295 3 EE&3ATE B AFolA = 2022d] Ak AF
NCEP, UKMO, KMA, IMA)9] &% FAAAZIZE 15d(2002~2010%; hindcast@v2022) A5 & &
&t =3, RPEY dg34 & AFeEH] A% #FAEE 5+ GPCP (Global
Precipitation Climatology Project), 1 ¢ wW<ro thsliAl= Erad (ECMWF Reanalysis v5;
Hersbach et al. 202005 Alg3tH o™, oju AR5 o] At @ 3t = 2dA =) 5L}

zg %
Psrgom, e Feludel dSgld FF FAAD/NADY TGS W WARE &
& B PHe Ao
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The forecast days in archives for S2S

e.g. the archive for initial date June 10, 2014 ==20140610

00z 00z 00z
Initial time in NCEP CFSv2 day1 day2 day3
20140610 00Z =
20140609 187 182 >
20140609 127 122 >
06z
20140609 062 == =>
20140609 20140610 20140611

* The forecast time steps for the forecast target days (day1, day2, day3...) from the above 4 initial times
are archived as the same as that started at 00z 20140610. For example, day1 is step 0-24.

Figure 2.11. NCEP hindcasts are initialized at 0, 6, 12, and 18Z. These four starting times
are combined to make a 4-member ensemble.

Table 2.15. Description of subseasonal to seasonal forecast models used in the study.

Forecast . . .
Forecast . Forecast Hindcast Hindcast Hindcast
CPC Name Center Time ) ] )
Frequency Ens. Size  Frequency Ens. Size period
range
2/week 2/week
ECMWF  ECMWF 0-46 51 11 2002-2016
(Mon, Thu) (Mon, Thu)
. 4/month
Exeter UKMO Daily 0-60 4 7 1993-2016
(1, 9, 17, 25)
Weekly weekly
Montreal ECCC 0-32 21 4 2001-2020
(Mon, Thu) (Thw)
. 4/month
Seoul KMA Daily 0-60 4 3 1993-2016
1, 9, 17, 25
Weekly 2/month
Tokyo IMA 0-33 50 13 1991-2010
(Wed) (15, last day)
. . 1/week
Washington ~ NCEP Daily 0-44 16 (Thu) 4 1999-2010
u
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A

2.7.2. ABRAS AF A 3
) o]

RE dFe MERdY] FF AAHEIZ 2002~20161d 9] 7] Fgkell g AR B
7 nwste] AEsAch 713 2 AAHEH MME <R HIFole HiFexh, PCC (Pattern

Correlation Coefficient), ACC (Anomaly Correlation Coefficient), A&22F (Root Mean
Square Error, RMSE) A& A &3, A-W d39o ArbHQl A5 H7HE fs8) 87 A4
© 2 o] 45t tHTable 2.16).

2.7.2.1 B¢ &}

He xHMean Bias)v= dSAE e #EAE 9 WAL g AIZFEFolH, oo} #Zo)
YEeRA T

Mean Bias = %E [2.1]

2.7.2.2 PCCJ/ACC

ACC= i ’ [2.2]

2.71.2.3 A2t

AFZoAE mdo] AFT g3t BEY Aol 9XE Urhfo] 59 YL v
B HEE AGH, ofd A3t Bo| dEge]l BEPOERE 2t 0B ATl B
BRAAF oA AFTo Avdnt

[2.3]
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Table 2.16. 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°5-35°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

2.7.3. SCoPS AW ZAE B2 97 719AA =4

SCoPS A& mdolA YFE, = 713k, AlF F7], hindcast 713t 58 € 71# AA
e Zrda nluste A9 A4 73 H3edaA AdY dESrdaEs &8 7heAol
A AT 283 AAS AdY dSA2"S A dY 23HE HEsta F53)
HozZM MME A4k 4 o SCoPS A-WAIE A4k 2 AFo] 71k A HAEES st
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28. 7152k TAWY % FAX Y

2.81 WMO 7B =AY 9

20068 11€ gyt 7174Hel WMO HAAF ArldEats AAHIE(GPC,  Global
Producing Centre for Long-Range Forecast)® A A= 11, 2009 4¥Lol= WMOZRHRYH tFsr2d
FEE AdF 71eg S dATol m=TdAE T A WMO A7|dE FREdGEE A=AE
(LC-LRFMME, WMO Lead Centre for Long-Range Forecast Multi-Model Ensemble)® =4 = 1
=3

WMO #A7ld i A=AME = ZF GPCAlA AY4tsls Arldr A5E £338ta, MME 7|H$&
NEste  Au|2~8la, ZF GPCY d&x5¢2 MME d&x5E5 43" HelE2 AlFst=
‘one-stop shop’ ©] H& AL FFAe Eg=E o £H951 Yt} (Graham et al, 2011D).
)2 ‘one-stop shop’ S.ZA2] WMO A7|cdx AxAE S 3317 s 2+ GPCEZHF
B 71$d SR8 E st MME d3A5E A4kste] g 15974 WMO A7 R A=Al
B FE R (www.wmolc.org s T3 tUxE A5t O 2o gerndddE dSAFE A
I8t Utk =S WMO A7ldr A=Ag oA Aid A-GS ARe= WMOS 32 A
ZARZ AAZteZ WMO & 3 (https://community.wmo.int/latest-global-seasonal-forecasts) 3+
7144 2 A (https://weather.go.kr/w/weather/long-term/climte-prediction-wmo.do) & E3] A&
ZA A AFEL Ytk WMO A7 B A=AE A g 52 F71808 F35= A-dS
A5 FHANEE HF A-ASAHARE sdTA AFste ddS AA 2 Figure 2.129F 2
}.

& & Maintzin

gt agreed set of forecast dets from GPCY & repository of documantation for the system

( _M\_‘“‘ A s wrxﬁgumtm of 2l GPCLRF systurns
3 "
i i
Gereraie B forecaahinoast to BPCs about the models performancefrification prodicts

£ . format

e
d ! CENTRE OF RUSSIA 2o =

=% Canadd -

1317 - 1478 6pcs) astenddandived st offenad Contn 0] Brosducts el forecast dets to b perwitied by GRCs  AVRIMHREM AU usn

Figure 2.12. Forecast procedures at WMO LC-LRFMME.

WMO #A7d B A=A ZA7|dE 11719 GPCERE AAdd=x8E FF359th
2010 6¢¥€o Hztde] CPTEC (Centre for Weather Forecasts and Climate Studies, GPC
CPTEQ)°] Foqstd A 1270 GPCY dEAs=E thdzxt £F5o 2urt 2017d =9 7134
(Deutsche Wetterdienst, GPC Offenbach)©] F7}E a1, 2021 o = CMCC
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(CenteroEuro-Mediterraneosui CambiamentiClimatici)”} GPC (Global Producing Centre)2 XA
HAom, 2023d= 1= 71744 (GPC Pune)o] GPCE = WA dA= F 15719 GPCE
BE Add=x8E A3t JHTable 2.17). 1570 GPCe| forecast®} hindcast A= ol of 3¢
xF3E 453 3 4o ZAAEA MME ~]W (Simple Composite Method, SCM; Simple
Linear Regression, SLR;Singular ValueDecomposition, SVD; Genetic Algorithm, GA)¥} & E2F

GPC zt¢] #F% hindcast 717k<¢l 1993-2009 & 7|=o = doh 7+ 7|l dig AAE A
WMO A7]1dln A=A TN #e & & gol, B muAols Ax etth WMO
el MEAE £9¢ Ba) A4R 7+ GPCot MMES] o= 4%5& wekalr] 918 67) W
@m 7)<, Z, dFHes, A rIgt, 850hPa 2%, 500hPa A%, ©, 3lHEe H
% =

e

L
ol of r

3H¢] hindcast @ forecast ol H3 AL <

A5 FEEZH dFo dsll s AHCEHEZH MMEY
843}h). o] F hindcastel] Wt AF2 FF71E712E0 1993-2009 o
3 AarET AZFol| AHeEEE AEAY #= AFE forecaste} hindcastoll we} tf=w, Table
2.183 2.199 AFAI3] YERJIATE WMO A7|dR ATAE 25 AFS WMO A7|d9xE &%
+ A3 AA (WMO Long-Range Forecast Standardised Verification System, WMO LRF-SVS)l|
oAste] FAFHIL Jth. AAHER dF HFole ot AdA T EA(Anomaly Correlation
Coefficient, ACC), 4|5 =2 xHRoot Mean Square Error, RMSE), MSSS¢} Gerrity Skill Score
(GSS)7} AHgH 1 &FE =9 HAZd|E Reliability Diagram, Roc Curve % Score, ROC map,
Brier Score (BS), Brier Skill Score (BSS)7} o] &3t th ol&2% WMO #A7]d KX AXAlE o
A= WMO 3= 87 Bgstes 1FE AH2E AFHSE AFste 4T3 34 A
Mo 54K &84 FUE AT =W - 2 d9 AdFE Fdsta Aok et 2 FAA oAM=
2023 APCC7} 43¢t WMO A7d® A=AE 99 Al /MERde] HISAHAE E
2 A &3 MME Al 2=Ele] 7id Akek, T8ja A SAHRY &84 SE =
W dEdF 79 A5 Fesiah

olN

do i
ok
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Table 2.17. Characteristics of seasonal forecast model from GPCs. 2023 11€¥€ 71>
GPC Beijing CcMCC 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
Country China ItaIy Brazil United Kingdom United Kingdom  Australia Canada Russia Germany South Africa Korea Japan France United States
System Name  CSM1.1m CMCC-SPS3.5 SEASS GIg(S:gaz& ACCESS-S2  CanSIPSv2.1 SL-AV GCFS 2.1 Gloseab JM?;QASRL System8 CFSv2
System Coupled Coupled 2-tier Coupled Coupled Coupled Coupled 2-tier Coupled Coupled Coupled Coupled Coupled Coupled
Digital data
o ¢} o) X X o) o) o) o 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
2.5°X2.5° 10710 2.5°X2.5° 1.0°X1.0° 1.0°X1.0° N216L85 25°%25 N N 2.5°X2.5° 2.5°X2.5° 2.5°X2.5° 1.25°X1.25% 1.0°X1.0° 2.5°X2.5°
fA 0.9°lonx0.72°lat
° (0.5° x 0.5°, (T63L35, 1.1° L96
(T106L26) L46) (T126L42) (Tco319L91) (N216L85) (N216L85) «1.1° L85) (T127) (T42L19) (N216L85) (TL319L100) (T359L137) (T126L64)
UVv200 UV500 U850 U500
U850 V850 yyvg50 h200 U200 V850 U850 V850 U850 V850 U850 V850 U850 V850 850 vaso
FI HE U850 V850 U850 V850 U850 V850 - U850 V850 -
S ey h850 200 V500 V200 U200 V200 U200 V200 U200 V200 w200 Y300 u200 va00
t500 olr H850 H200
Forecast
Forecast 6month 6month 5month 5month 5month 5month 12month 3month S5month 3month 6month 6month S5month 9month
period (13mon) (6mon) (6mon) (7mon) (6mon) (6mon) (12mon) (4mon) (6mon) (9mon) (6mon) (7mon) (7mon) (9mon)
Ensemble size 24 50 15 51 42 11 20 41 50 40 82 50 51 40
Hindcast
Hindcast
Period 1991-2015 1993-2016 1981-2010 1993-2016 1993-2016 1981-2018 1980-2020 1991-2015 1993-2019 1982-2009 1993-2016 1991-2020 1993-2018 1982-2010
Ensemble size 24 40 10 25 28 3 20 11 30 10 28 10 25 20
29d: 5t=2-2Tier, S A-1Tier
BE: FTP - Xt2 AMH{(IP210.9849.66)5 Sl 4!, Web - 3§ GPCe| SHOIXIE &3l +2
Forecast Period, S{&E: =X 5& A2 HEO|H, 5= oY GPCo| AZHNZSZE HE
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Table 2.18. 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 1 1 hPa), o
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)

Table 2.19. Reanalysis data used for verification of hindcast.

ERA—interim GPCP OISST v2

Source ECMWF NASA NCEP/CPC

50hPa GPH (gpm),
. Sea 1 1 hPa), .
Variable ea level pressure (hPa) Precipitation (mm/day) Sea surface temperature (K)
2m temperature (K),

850hPa temperature (K)

2.8.2. WMO S2S =A|=AAHF-4A(CO) + 9

WMOE A8 4AA sFadhe XY dS4e] Ak AMY-AL F2 456 F4
HOH AANZFATFZZ 5 D A7 GAFZ2 7 S

2 FEOE FA AT ZEAEQ S
2 YA olo] Seuet ARFTA/NEAFAL SIS oS AT Boke] TA| J1dE 3
shatr] S1s) WMOSH sl zbiE AAshe 2013 1195E Q7)1 akstele]l WMO S5 =4
SHARAICOE A - £HFUG. T F A, FE A

S APECZIFAIE = 2020
d A2zt 7133 & T3 WMO S2S ICO9 +%9& APECYIFAIHZE o|#sr |2 ZAA3star
WMOQ}Q Fall A E NAFC 20.12.DF .24 APEC7]—?—LE17} 20213 1€ 55 WMO S2S ICO
g F4H02 295 FUnh

r_>.:

2.83. olHiA Y 71 F4F 7AW 2 Y

APCC7} A4tete] Al gshe thdst 718 B el Aul 29 &84S st AH| 29 ZhA
A AFAREALE FREH] flste 7| R AL 2 &8 AR fass AT =7
20159 RE  HBIEAT AHGoA Tt Ei%ﬂ EZ 38  PICASO(Pacific Island
Countries Advanced Seasonal Outlook) A|2~®l 7§¥F 2 CLIK-P(Climate Information ToolKit for
the Pacific) B35S S3 HHBYE=AT 2EF 7|SHRAR2E At o, 5971354
BE A &3t= OSCAR(Tailored System of Climate Services for Agriculture) A 2~€1S 7]alo]
2] olFetAth B YEAT W AFAY FX B ofygt AEHQ A 7] AH| 2~ BHEF

of
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B8 A el 5o YEYD 85 Frb BE AAN YR F L Beir} Basy,
APCCS] AEA PsHe BEL FA57] Astel BWF UENDL TFE F4she] 20229 %
[e)

2.84. IPCC 5 7]F-E°F =A13]9 F4 5 AHdEd &F

UN 7|+83tgef 5 =4 715 dde Fo 2AARE=RE &85+ IPCC A6xF H7FE A
(AR6)e] F& R ILA7} XﬂSSX} [PCC #3](2023d 3€ 11¥-19¢, AHZA, 29 22)oA U5
At THEIAE IPCC A6zt Br7IHIA F7] F UH MY SEHIA D 70 AF
O HiAE T3 A=, THERIAY $U2> 8°FH T A(SPM, Summary for Policy
Maker)e} M B3 A(LR, Longer Report)E FTAlo=Z ZFHZ4AHline-by-line approvalDE &3l
o] FolHth APCColA &= 299 AAdATdo] ARgaGe] ddo= %‘j“*o}oﬂ SPM % LR¥]
oA A4 2 g A€, SPM 4 2 fdue AE oA wge A% dAE A4, SPM 5
e A% A= EY W& F SPM 4 @ HE 24, SPM M & 79(3 2 HEztg 2
4 A T FAsAT
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3. Z1f
3.1. MME Al FA 2 &9 2L A

311 AF =/ Y= MME AZEGSA 2 &9

APCCE 11703 15709 MME #oi7l e gxg weos 2z mde o= 48E F33
3 7FFsted APCC MME Ao & A 2~#l(Automated Forecast System, AFS)S %
2 SE5E24 MME 7HE A& 1354 AddS ARE v A4bste, 202349 71+ & 12
3o AHAS HRE FHo]A Y AFAH 2 %QE(CLIKS)E =3 XiP—(HH 15¥ A
MME Al-d & AR g2 ol &g A4k 2
Eolatdt, 2] #3Y, MME Ford 52 55 Xé ﬁ& ‘ﬂéE_Ql 54
Zhgste] miA|sta 9lom, MME AXd S HR 2
st AAS AR H HAIFHOE AFste AAE LA

A B c o E F G H ] J K L M N [«] P
1 2023JFMAM. _2023FMAMJJ 2023MAMJJA 2023AMJJAS 2023MJJASQ _ 2023JJASON _2023JASOND 2023ASONDJ 2023SONDJF 20230NDJFM _2023NDJFMA _2023DJFMAM
2 TASK DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE
3 1212 113 213 3 416 519 ZE 7 89 911 01 1
s 1212 113 213 an 415 519 6/5 m 819 91 10 1
5 1212 113 213 37 415 519 616 7 819 911 1001 17
5 S 25(11/24-11/30]112(12/22-12126)| 2/7(1/26-211) | 3U6(2/23-31) | 43(3123-3129) | 512(4/20-4/26) | 6/5(6/25-5131) | TI3(6/22-6/28) | BI7(7/27-8/2) | 9/4(8724-30) | 10/4(8:21-27) |11/6(10/26-11/1)
7 12A12(1211-12/7)| 119(12129-1/4) | 2113(212-208) | 313(312-318) | 410(3/30-4/5) | 5/B(427-573) | 6M3(GA-67) | THOE29-T/5) | B/14(8/3-9) | I/1H(8/31-0/6) [10/10(9/28-107) 11713(11/2-8)
8 2/19(12/8-12/14] 116(1/5-1/11) | 2120(2/9-2116) | J20(3/9-3/15) | 4/17(46-4/12) | 5156(5/4-6110) | 6I19(6/8-6/14) | THT(T/6-TH2) | Bi21(8M10-16) | 911B(9/7-13) | 10/16(10/5-11) | 11/20(11/9-15)
9 2126(12/15-12123 1125(1/12-1118) | 2127(2116-2122) | 3/27(3116-22) | 4/26(4/13-4/19) | 5/23(511-6/17) | 6128(6/15-6121) | T124(7113-7119) | 828(8/17-23) | 9/25(9/14-20) [10/23(10/12-18)| 11/27(11/16-22)
10 1/30(1/19-125) 5/30(5/18-5/24) T131(7120-7/26) 10/30(10/19-25)
kL APCC  SCoPS 1982-2013 1212 112 213 310 am 512 6112 7m 8t 911 1013 1110
12 BCC BCC_CSM1.1m 19912015 1215 213 s ] a7 )
13 BoM  ACCESS-S2 T 1981-2018] 122 13 23 33 4 52 612 n 812 912 102 1112
1 CMCC CMCC-SPS3.5 " 1993-2016 1213 iz 212 32 413 5/12 8/12 72 s1a ] ez ] o4 113
15 cwA' TCWATTv11 Y 1991-2020 1204 n ) 23 3z an sz 1 ) 81 CER w1 1101
16 ECCC  CanSIPSv21 11130 1234 131 2128 331 430 5i31 6/30 7131 8/31 9730 10731
7 HME sL-av 1991 zmﬂ w2z ) 1 £ a4 a8 ] a2 6/14 714 812 a5 | 102 114
18 PRE IMA  MRICPS3 T 197! 121 1M1 21 311 4m 511 8i11 7 &M 911 1011 1111
19 -PROCESSING| kua G\uSsasecaz 1993- 2016 126 110 7 7 314 4 51 b (28 m 8ig 913 1010 "
2 1213 113 213 ] a3 4113 513 6/13 713 8/10 9/10 1010 110
2 1255 17 a4 ) 36 41 51 619 1 85 96 106 1116
2 1215 113 216 36 456 516 615 76 8i6 916 1006 116
23 1219 1m2 2110 34 ] 4m sir ] s3] 7m0 8 978 101 112
2 121 1M am In am 511 61 7m am am 101 ]
% 112 414 512 8i14 710 822 9/13
26 1211 119 36 a3 517 615 n 8l 914 102 17
27 12014 114 314 414 514 614 A7 814 915 1016 1115
2 MHE APCC 124 s . e ] ama ] s ) 61 7] 814 ots 1 1me ] 1mis )
BCC, HMC MME £ o
C I Middle 12014 3114 414 5/14 6/14 117 814 9/15 1016 11/15
30 Last 1230 3 48 531 6/30 731 831 9127 1031 130
31 — HCST 12014 P 4114 5016 6/14 7120 821 9720 10720 1120
32 RT FCST 1214 | o a7 34 414 5/16 6i14 7120 821 9720 10120 11120
s [ 0uTLOOK 1214 | s | a4 | 34 414 514 6/14 714 814 914 9115 14

Figure 3.1. The operation log of the APCC MME prediction system.

AHA o R
(2.5° x2.5° )¢}
o, AfdE 9
st &85
HHo = /‘34‘}% 2023
(Table 3.1).

=& 98l 2021 JgE a4 E MME A-GSA 28-S A3
B3 =1.0° xX1.0°) F 7FA =9 9= A5E WPt A

A58 A AAFEH AAMA AEZHOE AF e
Hi o 741%;1_041%— ARE A FEe] 4= A5E 7Rk
W MME AddZ AR Fogh 7|3 2 29 &

-]
tl’ r—|—4

g JIN'
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Table 3.1. Lists of participating in APCC MME for 2023JFMAMJ-2023DJFMAM.

95 AA MME Foj7) 3 (=) Fod & AFTY
APCC, BoM, CMCC, CWA, ECCC, IMA, (2022)

2023JFMAM] KMA, MetFR, NASA, NCEP, PNU, UKMO 12 12.15
9023EMAMI] APCC, BoM, CMCC, CWA, ECCC, HMC, IMA, 13 116

KMA, MetFR, NASA, NCEP, PNU, UKMO

APCC, BCC, BoM, CMCC, CWA, ECCC, HMC,
2023MAMIIA IMA, KMA, MetFR, NASA, NCEP, PNU, UKMO o eb

APCC. BoM, CMCC, ECCC, HMC, IMA,
20Z3AMIIAS KMA, MetFR, NASA, NCEP, UKMO N

APCC, BoM, CMCC, CWA, ECCC, IMA,
KMA, MetFR, NASA, NCEP, PNU, UKMO

APCC, BoM, CMCC, ECCC, HMC, IMA,
20231JASON KMA, MetFR, NASA, NCEP, UKMO o eb

APCC. BoM, CMCC, ECCC, IMA,
2023IASOND KMA, MetFR, NASA, NCEP, PNU, UKMO o eb

APCC, BoM, CMCC, ECCC, HMC, IMA,
KMA, MetFR, NASA, NCEP, PNU, UKMO

APCC, BoM, ECCC, HMC, JMA, KMA,
202350NDJF MetFR, NASA, NCEP, PNU, UKMO = .16

APCC, BoM, CMCC, ECCC, JMA, KMA,
20230NDJFM MetFR, NASA, NCEP, PNU, UKMO 1 915

APCC. BoM, CMCC, ECCC, HMC, IMA,
2023NDIEMA KMA, MetFR, NASA, NCEP, PNU, UKMO e 108

APCC. BoM, CMCC, ECCC, HMC, IMA,
2023DIFMAM KMA. MefFR, NASA, NCEP, PNU oo

2023MJJASO 12 4.17

2023ASONDJ 12 1.17

AZIA A% ARE BFE NBEDE AR AFGI) AD L AS oY T ARE
= E

=3 2 AQEglen, AU B2 JHED)o] FAD F JEF GAHLE dF AR
3 RUE P S Tl JEd d=we vd Festa .

71244 (CWA)S] 79 2023JJASON d|& AEHE] A5 o]do] FRlgd wgl MME
Fodmdo A ALttt CWA oS HAxAES £43 A3, Figure 3.20049F Zo] H2| 30%=
ool G b FZolA o] dA(outlien)7t YEIUE AS s o, skl FZo|
A forecast x+2¢} hindcast AF5¢] kel =7 x}0]7} = Zigi UrE}‘/‘fE} H‘:— 2m 7] 9
71 Wl ANt Yehe d4oln, 53] 5€
st d et g EAA tig A dde fﬂr%?ﬂﬂ HOH C\X/AS’Jr %% %44
, 1 AR qriEdy sigrde HE AA %

< 2ASa 9Jor, APCC= HlE 2m 7|2 ¥

Aol Astd 4 A7l T A

sta, &Y 29 dESAFH= ALGsA A

)
%
g

>\l i o

Fohe
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Surface Temperature for June 2023

lssued: 15 May 2023

60N

Unit: deg K (Anomaly)

30N

308

60S (CWB] TCWB1Tv1.1 : ="
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& APEC Climate Center
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Temperature at 2m for June 2023

Issued: 15 May 2023

Unit: deg K {Anomaly)

GON —
30N —
.0 —
3058 —
B —.[cwarrcwaﬂ 11 = e
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EHEEC I/,
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Figure 3.2. Examples of outliers near the coastal line in the CWA (CWB)
model’ s forecast. (top) surface temperature, (bottom) 2-m temperature.
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2022'd5-E ENSO 74X AR AHdEs T3l 7
= AR g ffs wid 28(15¢, € ) A3} om, 2023 3= FLEA G35t
& 243]9] ENSO HE AHE AlFstaint. 53] 202339 739 wlalz 3 defurt HEd
2R ENSO HE HHo F8AHL Hs avgy & & }J\q'- APCC &HolAE Tl A&
20233 ¢] ENSO X ¥ = Figure 3.33% #Zt}.

APCC ENSO Alert History

B2 gelsf el 4AT A
9\)]‘

2
o[ﬂ :

A
al
=]

2018 |

2019 |
2020
2021

YEAR

2022
2023 |

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 2018~November 2023.

APCCol| Al A|-&3k= ENSO ZE AREER ofg} g 7]¥HBoM, NIWA, NOAA)IAE At
AR FJRE AFsta ot Figure 3.4= PMC(The Pacific Meteorological CounciDoll A A&
N 71o] BEEE ENSO AR AHE nladk 13 o] tiwww.pacificmet.net/enso-tracker).
Nino3.4 A4& A¥E™ 202239 11€5H 20239 3L71A] 29 #(EYLhe] Hak 3
of THAHEZE HH, 2023\ 427 o MU E HxF AAHEA 20233 11L&
ol +1.57F ¥+ dUx HH=Z T3 Ao Z yelyth APCCE ALgE YA 7] &
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Figure 3.4. ENSO Alert information for each institution (NIWA, APCC, BoM, and NOAA)
provided by PMC.
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Figure 3.5. Changes of APCC MME hindcast prediction skill (ACC) during 2013
to 2022 for 2-m temperature (red) and precipitation (blue).
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real-time forecast prediction skill (ACC) during 2008 to 2022 for temperature at 850hPa
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Figure 3.11. Extended hindcast data of Meteo-France are being provided in CLIK (CLimate
Information TookKit) website: cliks.apcc21.org/dataset/model.
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3.16. Climate index monitoring

apcc2l.org/ser/indic.do?lang=ko.
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Figure 3.19. Weekly and monthly OLR anomaly patterns from NOAA daily non-interpolated
data (left) and CPC blended data (right).
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Figure 3.21. Regression between the first two PCs of ENSO and precipitation anomaly over
East Asia in (a) JFM to () DJF.
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Figure 3.22. Regression between area-averaged tropical Western Pacific precipitation anomaly
and precipitation anomaly over East Asia in (a) JFM to () DJF.
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CMCC, KMA, MetFR, UKMO, APCC Zdo] tial2 FolAo} A 73S & d23ls =
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Table 3.2. Lists of selected models for customized probabilistic MME over East Asia by two
criteria.

ENSO$} FopAr|o} = #EA MEjR G Frst FoAoh Ao BAA

A Al 24 55 A 29 55
2023JFM CM]SS’CCJ%AgAﬁK“%FR’ CMCC, IMA, KMA, MetFR, UKMO
2023FMA I‘é;i?&%{f%%% CMCC, JMA, KMA, NASA, UKMO
2023MAM KIEAC[S’ I\fgfgs él\éﬁ’o CMCC, JMA, KMA, MetFR, UKMO
2023AMJ  APCC, CMCC, JMA, KMA, UKMO APCC, CMCC, CWA
2023MJJ  APCC, CMCC, JMA, KMA, PNU, UKMO APCC, CMCC, JMA, MetFR
2023JJA  APCC, CMCC, JMA, MetFR, NCEP CMCC, JMA, MetFR
2023JAS APCC, JMA, ECCC, NCEP, PNU IMA, MetFR, ECCC, PNU
2023AS0 Eccff\&si?l\ﬁcgﬁé’PNU BoM, JMA, PNU
202350N APCCECB%’ I{I“ééij KMA, APCC, IMA, KMA, UKMO
20230ND BoM, N%fgg [le\éﬁ’oKMA’ BoM, CMCC, JMA, MetFR, PNU, UKMO
2023NDJ BoM, l\fel\fgg él\éﬁ’oKMA’ BoM, JMA, KMA, MetFR, UKMO
2023DJF APCC, BoM, CMCC, ECCC, APCC, BoM, JMA, KMA, PNU

JMA, MetFR
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APEC Climate Center
12 Centum 7-1o, Haeundae-gu, Busan, 48058, Republic of Korea
Tel: +82 51 745 3900
Fax +82 51745 3949
APCC Website: www.apcc21.org

APCC Monthly Climate Outlook for November 2023 — April 2024

* The APCC ENSO Alert suggests|
‘anomalies spanned the equatorif Current Climate Conditions
/o loveoeral In September 2023, above normal sea surface temperature (SST) anomalies spanned the equatorial Pacific. Tropical
s e hanced he Date Li Wind lies at 850hP: i
was enhance: near the Date Line ind anomalies at a were westerly over
« strongly enhanced probability fof
2023 - April 2024, the central equatorial Pacific. Positive monthly mean temperature anomalies were observed over region spanning
< For the same period, above not) Europe to central Siberia, Africa, the Middle Eas
region of Eurasia, whereas below western and central Canada, central USA, and §
tropical South Atlantic, eastern observed over Eastern Siberia and region spann Temp at 2m for N ber 2023-January 2024

over India to the Indochinese Peninsula, and t

<1AN 2026 2m T A ; ’
OV 2023 10N 2024 2m Ten region spanning Western Europe to central Sibe}

Issued: 16 Oct 2023 Unit: % (Probability)
T e

4 and eastern Canada, Central America, and north

SST and ENSO Outlook

The APCC ENSO outlook suggests “El Nifio”. As
normal SST anomalies along the equator, it is ex
2024 and then gradually decreases to 1°C until 4
is predicted to be above 93%. Strong El Nifio is ]

Temperature and Precipitation Outlook

30W 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W
NOV 2023 - JAN 2024 Precioi)

( 1. Forecas - .
e Strongly enhanced probability for above normal ] faEm ]

80 70 60 50 40 0 40 50 60 70 80 0 40 50 60 70 80
for below normal temperatures is expected for

and tropical South Atlantic. Strongly enhanced p|
equatorial Pacific, off-equatorial North Pacific, a| Precipitation for November 2023-January 2024
precipitation is expected for the Arctic and cent

Issued: 16 Oct 2023 Unit: % (Probabity)
oo Eurasia and southern South America. Strongly er| N -
s e central off-equatorial North Pacific and the eastd

is predicted for the western tropical North Paci
America, and the Great Australian Bight. A te

tendency for near normal precipitation is predicf

Fig. 1. Summary of probabilistic MME
scores for November 2023 - January 2. Fo
i Strongly enhanced probability for above norm

Enhanced probability for above normal temperat

for above normal precipitation is predicted for th r
A tendency for above normal precipitation is e| 30W 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W

some region of northern and southern South Arf

Below Norm: Above
is predicted for the western and central off-q [ 1 [ I ] ] N ]

80 70 60 50 40 0 40 50 60 70 80 0 40 50 60 70 80

probability for below normal precipitation is expf
of Bengal. A tendency for below normal pre]
precipitation is expected for the Sahel [Fig. 9). 2024. Normal conditions are computed with respect to the common base period (1991-2010) of participating models

Fig. 8. Probabilistic MME forecasts of 2m temperature (top) and precipitation (bottom) for November 2023 - January

in the APCC MME prediction.

9/11

Figure 3.23. Previous version of APCC Climate Outlook.
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Caribbean Climate Outlook Newsletter - March to May 2023
For climate information specific to your country, please consult with your national meteorological service.
- CariCOF outlooks speak to recent and expected seasonal climate trends across the Caribbean in general.
+| BRIEF SUMMARY: Novemb| N
November 2022 to January 2023: A lon) Outline
the year was that Cuba and Jamaica
higher rainfall totals during their secon
March to May 2023: The Pacific is
“| temperatures around the Caribbean ar 3 2
conditions in the Caribbean this latedry] 2. Latest State of the Climate System (Feb. 2023) <Slides 5 - 15>
the frequency of short dry spells will pef
in Beiize, Cuba, Jamaica and Trinidad] - 3, Three-month Predictions (Apr. 2023 - Jun. 2023) <Slides 16 — 22>
slight for most areas in March but - wit
LOOKING BACK: 4. Warm Season Predictions (Jun. 2023 — Aug. 2023)  <Slides 23 - 29>

Nov. - Dec. - Jan. (NDJ) 202272, .
Observations Explanatory Notes <Slides 30 - 34>

Discussion

1. Summary and Discussion <Slides 3 -4>

Notes:

* The present monthly discussion is intended to assist National Meteorological and
Hydrological Services (NMHSs) in WMO RA 1I (Asia) in interpreting WMC Tokyo’s
seasonal prediction products. It does not constitute an official forecast for any nation.
Seasonal outlooks for individual countries should be obtained from the relevant NMHS.

* Seasonal predictions are based on a JMA’s Seasonal Ensemble Prediction System (EPS),
which is based on the coupled atmosphere-ocean general circulation model (CGCM).
« IMA provides three-month prediction products around the 20th of every month with
(Jun. — Aug.) prediction products in February, March and April, and with
1d (Dec. — Feb.) iction products in and October.
* The base period for the normal is 1991 — 2020 for the latest state of the climate system,

and three-month and warm/cold season predictions. 2

1. Summary and Discussion

ENSO

* La Nifia event, which had persisted since boreal autumn 2021, is likely to have ended.

« Itis likely (70%) that ENSO-neutral conditions will persist in boreal spring.
Notable Climate Records: . X X " X -
WET:NDJ: 2 locations in Guyar ¢f |+ Itis equally likely (50%) that El Nifio conditions will develop, or ENSO-neutral conditions
ecorded ther highest ranfal totais f k A
- will persist in boreal summer.

.nfal totals were recoroe]

rand Cayman, 1 location in Belize
ded s hghest max.tempel

E in Betze thes i highest Prediction for April-May-June 2023 (AMJ 2023)
Feoruary 2023 macumoety| |« In the upper trop 1 1 lies are predicted over the western
tropical Pacific, wlulc lzrgc scale convergence anomalies are predicted over the eastern
Indian Ocean.

+ A high ility of ab I precipitation is prcdwlcd in the northern part of
Southeast Asia. A high ility of bels ion is predicted from the
castern equatorial Indian Ocean to the Maritime Continent.

« A high probability of abs 1 is predicted from the Middle East to the

mid-latitude North Pacific and over the caslcm Maritime Continent. A high probability of
below-normal temperatures is predicted over the eastern equatorial Indian Ocean.

3

Figure 3.24. Climate outlooks of other organizations: IRI
(International Research Institute)) TCC (Tokyo Climate
Center), and CariCOF (Caribbean Climate Outlook Forum).
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Table 3.3. Content of climate outlook of APCC, IRI, TCC, and CariCOF.

Monitoring Forecast
Organization =~ Region = Summary Note
ENSO T* P* ENSO T* PP
APCC Globe 4 v v v 4 v v
IRI Globe v v v v
TCC East Asia v v v v v v v Additional analysis
CaiCOF Caribbean v v v v v

a Temperature
b Precipitation

3143 7)ZAT TEx GEE 2AF

g APCCOl AAF 715" F52kolA 71547 ' =o
Zelo] tha HEeE zASAT A& B3 4%

A &&3 APCC 7|Fx ==
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A MEE 55 2AEtel F 11919 AAE
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At
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APEC Climate Center
12 Contum 70, Haeundae-gu, Busan
48038, Republic of Korea

Tel: +82 51 745 3800

Fax. <82 51745 3949

Website: wiww.apec21.org

Thank you for being a subscriber to APCC’s Climate Qutlook. As a part of our
ongoing efforts to enhance our services, we are collecting information on how
our users are utilizing APCC's Climate Outlook in their work and how they are
satisfied with APCC's Climate Outlook. In this regard, we would greatly
appreciate it if you could take some time to fill in the survey to provide us with
your valuable insights.

1. What type of organization are you affiliated with? ()

1) Government branch ~ 2) Public institution  3) University 4) Research center  5) Company
6) N 7)
8) Other associated (please provide d
2. What field do you work in? ()
1) Climate/Weather 2) Water 3) Agriculture 4) Energy 5) Health ) Other:
3. In which country do you currently reside?
1
APEC Climate Center

12 Contum 7-ro, Maeundae-gu, Busan
8058, Republic of Korea.

Tel: 482 51745 3900

Fax: +82 51745 3849

Website: www.apcc2 Lorg

R
APCC

4. APCC is trying to improve ‘Temperature and Precipitation Outlook’ section of Climate Outlook in
order to enhance its readability and visibility. An example is shown below. The current format is
probability-based ion without any highlights (‘C in page 3). On the other hand,
the new one highlights regions with respect to the probability categories (‘Probability-based
description with highlights' in page 4). If you have any commentsisuggestions on this new format,
please describe them in detail.

Current format
Temperature nd Preciptation Gutlook

L. forecastfor sy September 2023

Strongly enhanced probablty for sbove namial precpitation i expected for the squitonsl pacle. Enhanced

endency for above normal presiptation s expected for the ATEtc and the ANKArCCk Gcean. Strangly enhanced

probatity is predicted fo the pacte tropical Atatic
near South and ght. Enhanced probatiy
forthe central ind themm Ausiraa the Tasman Sen,

Middle 35t g 8]

2. Forecas for October - December 2021

Inclon cean, eastern suBtiopial North Pacic, and the Southeastern south
for sbove rormal precpttion s xpactad for the equatoral Pactc and ¥

). Suongh enhanced probabiy.
regon sparning tha Horm of Afa o

I Ao, the Mo Eshancsd

probatity for below norm preciptation is predistd for the centrl offequstors North paci, eastern indan

Pacic Ausrsl,and rorthern South Americ i 5]
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APEC Climate Center
12 Centum 7-ro, Haeundae-gu, Busan
48058, Republic of Korea

Tel: +82 51745 3900

Fax: +82 51745 3049

Website: www.apec2 1.0

1.Which of the below APCC forecast i

efer to the attached file

have you used? Pl

and select all that apply. ( )

1) Summary
2) Current Cli

mate Conditions

3) SST and ENSO Outlook
4) Temperature and Precipitation Outiook

2. How do you mainly utilize APCC's Climate Outlook? Please select all that apply. ( )

1) Use as reference for operational climate forecasts

2) Use as reference for other fields (ex. Hydrology, agriculture, etc.)

3) Use as reference for policy decision making

4) Use as research or teaching materials

5)Quote in 2 press release or on your website
6)Other
3. Thinking about your experience i i 1 d
and § means “High,” please rate the following.
1) Readabilty. Well-organized and easy to read
Low High
1 [ 2 [ 3 [ 4 [ 5
| I | |
2)C Easy, and clear to understand
Low High
1 [ 2 [ 3 [ 4 [ 5
3) Diversity of content: Various topics ranging from monitoring to forecasting
Low High
1 [ 2 [ 3 [ 4 [ 5
| | | |
4) Usablity: Helpful and useful for one's work, research, etc.
Low High
1 [ 2 [ 3 [ 4 [ 5
| | | |

A
APCC

APEC limate Center
12 Centum 7-r0, Haeundae-gu, Busan
48058, Republic of Korea

Tel: +82 51745 3800

Fax: +82 517453948

Website: wiw apec21.org

with highlights

Termpersture and Praciptation Outlosk

1. ForecastforJuna — August 2023 [Fig. 5]

+ Strangly enhnced probbiity for sbove normal temperstures s predicted for the D (exchubing the

an csa s

o nhnced probabilty for

atures i expected for most regian of ¢

sl
1 o elow norml emperatures i predieed fo the sasesn subtiopical Neith Paciic s

. probabilty for for the e Enhanced
probbiy for above normst preciittion s e west Atendency for above

ol precpiation b xpected for e vt
Strangly enfanced probablity fo below narmal peecpitation s redicted fo tho ceniral
. Ocean, ad rdooeia. Enbanced probabilty for bekow narmal precitaton s
1S A tendiency for below nermal

cuatorial Pacc

expecta for southern Austrafis, the Grest Austaian Tght, and the |

South sia nd

2. Forecastfor Saptambar ~Novernber 2025 [ig 5]

Temperoture

 egion o the gobe fschiting

eastern ndian Ocean

+ Enhanced probabiy for below novml temperature s expected fo the easirn Indian (cen

presiaation

0 Muidie. & tonderey for sbove noimal precipitaton s expected for nosthur

probatslny for =
, and indoesi
o Tauman Ses, A tendency for below normal prec

contral offeqtoriol North
paci,
expecte for the Gt Austraian
preciced for

ot o

tralinand orthern South America

Note: rababistic MV o s deserbed a betow

of arc

empecat prcpion

A R i —

Ao

Figure 3.25. Questionnaire on APCC Climate Outlook.



What type of organization are you affiliated with? [Q

3 @ Govemnment branch
! @ Fublic institution
@ University
Y
. @ Company

@ Non-govemment organization
o @ Iniemafion organization
: @ Retired Senior Scienfist

What field do you work in?

@ ClimaieWeather
@ Waisr
@ Agncutiure
® Energy
A -
@ cSngineening: Environment. Water
Resource. RS-GIS

: 1074
Figure 3.26. Results of questionnaire on APCC Climate Outlook
subscribers’ affiliation and field.
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+ 107§
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1. Which of the below APCC forecast information have you used? Please refer to the
attached file and select all that apply. |—D

=2 1075
Summary 8 (30%)
Current Climate Conditions — & {80%)

S5T and ENSO Qutlook —9 (80%)

Temperaturs and Precipitation

Outlook

(U] 2 4 5} 8 10

Figure 3.27. Results of questionnaire on the frequently used content of APCC
climate outlook.
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2. How do you mainly utilize APCC's Climate Outlook? Please select all that apply. LD SAt

ST 1076

Use as reference for operational 6 (60%)
climate forecasts '
Use as reference for other fields
(ex. Hydrology, agriculture, etc.)
Use as reference for policy
decision making
Use as research or teachvmg 6 (60%)
materials
Quote in a press release or on 1(10%)
your website : ’
Use as a reference alongside 1(10%)
other climate outiook products

2 (20%)

2 (20%)

0 1 2 3 - 5 6

Figure 3.28. Results of questionnaire on purpose of use of APCC Climate Outlook.

User satisfaction with APCC Climate Outlook

Comprehensibility Readabililty Usability Diversity of content

Figure 3.29. Results of 5-scale questionnaire on APCC Climate
Outlook subscribers’ satisfaction.
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Summary

The APCC ENSO Alert suggests “EI Nio". In September 2023, above normal sea surface temperature
anomalies spanned the equatorial Pacific. The Nifio3.4 incy
decrease to 1°C for November 2023 - April 2024. The prob

above 93% for the same period.

Strongly enhanced probability for above normal temperat

2023~ April 2023.

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

u

= Abore Normsl
Somaony | 9312010

Mo $tseses

sede -

‘ NOV 2023 - JAN 2024 2m Temperature Probabilistic MME Forec|
ewsis

o
2000
oo
£
. PR
o
s

Issued: Oct 16, 2023

-
= O oy llh O
TaE8251 74530 o 45251 7453947 Wabste:wonecpec s
_ 28

‘ NOV 2023 - JAN 2024 Precipitation Probabilistic MME Forecast

rrent Climate Conditions

« In September 2023, above normal sea
surface temperature (SST) anomalies
spanned the equatorial Pacific.
Tropical convection was enhanced
(depressed) near the Date Line
(Indonesia). Wind anomalies at

850hPa were westerly over the
central equatorial Pacific.

« Positive monthly mean temperature
anomalies were observed over region
spanning Europe to central Siberia,
Africa, the Middle East, eastern
region of China and Mongolia to
Japan, southern Australia, western
and central Canada, central USA, and
South America (excluding southern
region). Negative anomalies were
observed over Eastern Siberia and
region spanning Alaska to western
USA.

+ Above normal precipitation was
observed over India to the
Indochinese Peninsula, and the
equatorial Pacific, whereas below

normal precipitation spanned region

_;-ium.nw.—umu«n—_l—wm
o ot e o o

SEP 2023

Climate Monitoring

10N
o: vember 2023 - January 2024
1

60E

The observed sq
(bottom) for Se

Temperature

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

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

Precipitation

« strongly enhanced probability for above
normal precipitation is predicted for the
western equatorial Pacific, off-equatorial
North Pacific, and the western Indian
Ocean. Enhanced probability for above
normal precipitation s expected for the
Arctic and central Africa. A tendency for
above normal precipitation is predicted for
Eurasia and southern South America.

« Strongly enhanced probability for below
normal precipitation is 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 normal precipitation is
predicted for the Sahel.

APCC Climate Outlook - Issued: Oct 16, 2023

Climate Forecast

Temperature at 2m for November 2023-January 2024
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Probabilistic MME forecast of APCC is described as above.

Figure 3.30. New version of APCC Climate Outlook.
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Table 3.4. Lists of high resolution observation data pre-process system.

T HA MY 239 A3 I=
ERAS ERA5.py, ERAS.yaml
_f&%?%? MERRA2 MERRAZ2.py, MERRAZ2.yaml
;_ijaj OISSTv2 OISST.py, OISST.yaml
CPC CPC.py, CPC.yaml
A4 crontab4- run4crontab.py
H ol
2 AHEAE runduser.py
nE A= WA esmf_regrid.py
HAA | zemre A nc_out.py
71 e} land-sea mask Ismask_OISST_180x360.nc
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Figure 3.31. Structure of high resolution verification system.
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Figure 3.32. Structure of directories for high resolution verification
system.

A4 4e Fgshs “RUN” Dde ol 748 BE L2399 S5 Table 3537
3} 2tk Table 359 ol A% 71H¥E MME % F7 we AEAoR 2292 2els
o A% /W W AA WA Ee AMAZe] Jx AF AY ZEIAW FRT 5 J=S 8
t 5 AzEel R4S TEsT

Table 3.5. Lists of python module codes in the high resolution verification system.

T 2 W§ AHA BE A=
#Z/dA = calc_OBS_DMME.py, calc_OBS_PMME.py
MEZ4d calc_DMME_MME_OUT.py, calc_PMME_MME_OUT.py
Habgk A4 calc_MME_IN.py, calc_regional_domain.py
A5 AL calc_determ_score.py
o = nc_out_DMME_FCST.py, nc_out_DMME_HCST.py
A30E &9
nc_out_PMME_FCST.py, nc_out_PMME_HCST.py
5E ncl_FCST_ACC.py, ncl_HCST_ACC.py, ncl_FCST_RMSE.py,
| 7] A ncl_HCST_RMSE.py, ncl_HCST_HSSS.py, ncl_FCST_RELI_DIA.py,
nd ~39E ncl_HCST_RELI_DIA.py, ncl_FCST_ROC_Curve.py,
A% w5 ncl_HCST_ROC_Curve.py, ncl_HCST_ROC_Score.py,
ncl_FCST_BSS.py, ncl_HCST_BSS.py, ncl_FCST_HSS.py,
ncl_HCST_HSS.py, ncl_FCST_RPSS.py, ncl_HCST_RPSS.py,
ncl_FCST_SST.py
e} calc_regional_domain.py, read_MODEL_HIND_TIME.py,
make_season_month_name.py. run_command.py
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Table 3.6. Lists of main program (python) codes in the high resolution verification system.

TE 2 g e 2234 I=
ngdel\c/[ag/“ FCST_DMME_3month.yanl,
3719/ FCST_DMME_3month_ACC_RMSE.py
ngdel\c/[ag/“ FCST_DMME_6month.yal,
6712/ FCST_DMME_6month_ACC_RMSE.py
Hindcast/ HCST_DMME_3month.yaml,
DMME/ HCST_DMME_3month_ACC_RMSE.py,
34/ HCST_DMME_3month_MSSS.py
Hindcast/ HCST_DMME_6month.yaml,
DMME/ HCST_DMME_6month_ACC_RMSE.py,
34/ HCST_DMME_6month_MSSS.py
Forecast/ FCST_PMME_3month.yaml,
PMME/ FCST_PMME_3month_RELLpy, FCST_PMME_3month_ROC.py
- 3719/ FCST_PMME_3month_BSS.py, FCST_PMME_3month_HSS.py,
714]?_%*-/ = FCST_PMME_3month_RPSS.py
o =
T Forecast/ FCST_PMME_6month.yaml,
PMME/ FCST_PMME_6month_RELIpy, FCST_PMME_6month_ROC.py
w2l 6712/ FCST_PMME_6month_BSS.py, FCST_PMME_6month_HSS.py,
=g e = FCST_PMME_6month_RPSS.py
Hindcast/ HCST_PMME_3month.yaml,
PMME/ HCST_PMME_3month_RELILpy, HCST_PMME_3month_ROC.py
3791 HCST_PMME_3month_BSS.py, HCST_PMME_3month_HSS.py,
= HCST_PMME_3month_RPSS.py
Hindcast/ HCST_PMME_6month.yaml,
DMME/ HCST_PMME_6month_RELLpy, HCST_PMME_6month_ROC.py
671 HCST_PMME_6month_BSS.py, HCST_PMME_6month_HSS.py,
= FCST_PMME_6month_RPSS.py
ok 72 FCST_DMME_6month.yaml,
< FCST_DMME_6month_SST.py
crontab & run4crontab_FCST_DMME.py, run4crontab_HCST_DMME.py,
° run4crontab_FCST_PMME.py, run4crontab_HCST_PMME.py
ezt & runduser_FCST_DMME.py, run4user_HCST_DMME.py,

runduser_FCST_PMME.py, rund4user_HCST_PMME.py
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Table 3.7. Lists of fortran codes in the high resolution verification system.

72 A ue Ag7 BE 2=

TERC_OBS_FCST.so,
CATE_OBS_FCST.so,
AGGR_ROC_FCST.so,
RELI_DIA_FCST.so,
RPSS_FCST.so,

Forecast
A% A

BSS_FCST.so,
HSS_FCST.so
YET
i1s TERC_OBS_HCST.so,

CATE_OBS_HCST.so,
AROC_MC_HCST.so,

Hindcast AGGR_ROC_HCST.so,
e s RELI_DIA_HCST.so,
RPSS_HCST..so,
BSS_HCST.so,
HSS_HCST.so
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Anomaly Correlation Coeff. : PREC, DJF (2022)
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Figure 3.33. Regional ACC calculated by each respective observations for 2022DJF

precipitation (a-c) and 2-m temperature (d-f) forecasts.
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Figure 3.34. ROC curve and score calculated by each respective
observations for 2022DJF precipitation (a-c) and 2-m temperature (d-f)
forecasts.
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Figure 3.35. Results of t-test on differences in long-term mean between 1991-2010
and 1991-2014.
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Figure 3.36. Results of t-test on differences in long-term mean between 1991-2010 and
1993-2016.
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Figure 3.37. Results of KS-test on differences in
between 1991-2010 and 1991-2014.
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Figure 3.38. Results of KS-test on differences in the distribution of Nino3.4 indices
between 1991-2010 and 1993-2016.
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Figure 3.40. 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.

_72_



MAM

JIJA

SON

DJF

0BS (91-20)

F

CTR (91-10) _

SCMZ(‘H 14)

) SCM4(93 16)

-
P
P | @
I e e S S AT
IIIIIHUDH rjﬂlllll .....EDJD_,L.DD..... IIIIIIﬂJD EDEIIIII
- -
. i
£ a0

§

8

WW O WE GO BOE 1205 IKE 180 TXW (MW BUW EW 30w

IIIIIBE]DD EUDIIIII

a1 212 0

- 8% %

LI O

EEEEREDD

216 012 Oda 008

i 8B

8B 3

F

W0 ME WE WE 12E

L1 IIE]DL E]EIIIIII

26

_PCC05216

IIIIIED]D*EDEIIIIII

216 012 -008 oo 012 01

| s

s

llllllU]D DDE!IIIII

416412 008 0 iz o

‘ _PCC=0.7052 .

WOE 180 1o W 0N W AW WW 0 WE WE WE UOE INE 0 \SON W 0OW G IOW  SOW 0 M BIE W INE E 180 150N 120 GIN W 30N

U TGyr

120 VS0E 1O 1SOW TIOW 9OW 6OW 0W

W 0 WE EE 00F

EEREEEOOOCCOOEREEE

012 008 006 0 004 d0a 012 0.0

W 0 W wE WE e e W0 W AW 08 G 0w

EEREREOOOOCDONEEEE

076 012 000 008 012 016

MW 0 WE WE WE w180 T N W

EEREREAOO OO

6 012 008 008 o

o

BEEaOCCoEE

36 012 008 004

EEEEEEOOO COCnEREN

016 012 006 12

BEEEEEOOC COOEEENN

6 012 008 boa o1z 016

L L e

416 012 008 Gos 412 018
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2022MAM, JJA, SON, and DJF temperature forecsats.
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Figure 3.47. Difference in ROC Score between CTR and GAUS1~GAUS4 for temperature.
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Figure 3.48. Difference in ROC Score between CTR and GAUS1~GAUS4 for precipitation.
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Figure 3.49. Example of BSISO composite map displayed on the website.
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Figure 3.50. Contents of BSISO monitoring.
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Figure 3.51. Contents of BSISO forecast.
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Figure 3.52. Contents of BSISO verification.
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Figure 3.53. Example of BSISO impact anomaly field before and after improvement for area.

3.2.2.2. BSISO 943 A5713F &3
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Table 3.8. Forecast period for participant models.

A5 A
Fe g

71& A
CFS 20 40
GFS 16 16
ECM 20 32
BOM 20 30
CWB 20 40
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Figure 3.54. Example of BSISO 4-week forecast impact anomaly.
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3.3. APCC AA| S22 (SCoPS) +F R ASBHE AF
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Table 3.9. Configuration of APCC HPC and KMA supercomputer.
APCC KMA
HPC (2015~& ) 457] §-2(2016~2021) 557] F7(2022~)
Aad PGI 11.0 Intel 14.0 Intel 21.0
XET pgf90 ftn Ifort
MPI openMPI mpich Intel MPI
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#BSUB -n 134
#BSUB -q normal
#BSUB -W 168:00

#!/bin/sh
#BSUB

T4 =9 CPU & A5, MPL 75 24 S v}




#BSUB -0 r2022_MAY

#BSUB -e e2022_MAY

set -o

set -x

RERS S R R A A A R R A A R A R R H A R H A R R A A R R 54
# to run 10-ensemble fcsts

# with this script

#___ - - - - - - - - - -

module load ed

ulimit -s unlimited

ulimit -v unlimited

#

hidddngagasdtts User's section ###ffRddddaShtisdtndadatdtataatnty
bseed

#4# - Define architecture

arch=Linux # Linux/SX/ibm_powerd4/crayx1/crayxdl/crayxt
chan=MPI1 # MPI1/MPI2

RES=159

LEV=31

host="uname -n’

HHAFHF A H AR E S AR A R A A g R g g s g e e e e e
#4#

# carry out 1 12-ensemble run for a given year

#

for my_year in 2022
do

ice_init=2019 a3 G 9 s En AR
MONN=5

DY="1°

#

if [ SMONN -1t 10 ]
then
MON=0${MONN}
else

MON=$MONN

fi

for DY in ${DY}

do

CHUNK_LEN=0
total_day=0
CHUNK_LEN_ice=0
total_day_ice=0
tday=0

KK=0

#LAST CHUNK=7 # Chunk start at 6 May 1st IC) fu++
# Name of the experiment
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ctl=EAK_ENS_HCST_${my_year}_${OUTDATE} d F5 64
padegededagededatededatidedadt bt ettt g sttt dat g d gt s ded e pdatededatidedatigadatigodad sodad b dad b
#

## - Define paths

##

prismdir=/home/apcc/apccO6/EAKF/poem?2_ice_fcst
datadir=/home/apcc/apccO6/EAKF
pop_data=$datadir/data_3comp/pop/gx1v3
echam_data=$datadir/data_3comp/echam5/T$RES/
cice_data=$datadir/data_3comp/cice/gx1v3
oasis_data=$datadir/data_3comp/OASIS/gx1v3_t159_3comp
#

#fu++ start on Aug 1st, 2004
restart_data=${HOME}/init/MAY/${INDATE}/${my_year}

#

bindir=$prismdir/$arch/bin 4% 22 A=
nudgdir=$datadir/data_3comp/nudg_atm_new

rundir=$datadir/model_results/MAY/${ctl}

RS R R R A R R R R R R R AR S R R S R R R R R SR
#hH

#

#RESTARTFILES=

HRESTARTFILEARCIVE=hindcast_restart_jul20.tar

padagededaiededatidedatidofat dofat bt it t tod b itetat tod sttt bt petadatitedbited ot sl bt nidad ]
#hH

#

## - Define names of executables

atm_exe=cplatm

oce_exe=cploce

ice_exe=cplice

)
1y
of
b
[>
N
ut

## - Define number of processes to run cplatm and cploce

nproc_atm=120
nproc_oce=12 T4 2dg CPU &3 74

nproc_ice=2

## - Define MPIRUN, only used for arch=Linux
#
OUT_DATAPATH = “${rundir}/*

OUT_EXPNAME = “${EXP}“

DT_START = 1980,01,01,0,0,0

DT_STOP = 2500,01,01,0,0,0

NO_DAYS = $NDAY

PUTDATA = 1,’days’,’last’,0

PUTRERUN = $CHUNK_LEN, days’,’last’,0
PUTOCEAN = 1,’days’,’last’,0
GETOCEAN = 1,’days’,’last’,0

LAMIP=F,

LABORT=T,

LCOUPLE-=T,
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LNUDGE-=F,
ldebugio=T,
ldebugev=T,
NPROCA=60 } NPROCA*NPROCB =t7] =49 CPU &3 /N4
NPROCB=2

/

&PHYSCTL
LCOVER=F
LICE=F

/

SEXP

+127 ALAKE

+194 SLF

/

&NDGCTL
LNUDGINI=${NUG_INI}
DT_NUDG_START=1982,01,01,0,0,0
DT_NUDG_STOP=2015,12,31,0,0,0
NDG_FILE_STP="ndg_stp${YEAR}${MTH}"
NDG_FILE_DIV="ndg_div${YEAR}${MTH}"
NDG_FILE_VOR=“ndg_vor${YEAR}${MTH}"
NDG_FILE_SST=“ndg_sst${YEARIJ$IMTH}“
Inudgdbx=T,
Inudgwobs=T,

/

EOF

echo
pwd
echo

RS R R R R R S S d S S by
Eaagedases

Eadaed

### 3. Execute the model

cd $rundir
echo 'Executing the model using = $THIS_CHUNK

# cat <KEOF >$rundir/run_poem.$arch

##!/bin/sh

/bin/echo “ ExecutionHost : “ \\c

hostname # print name of current host

# run 20-ensembles

#

events=“001 002 003 004 005“ 2d 35 4dE AW
#

for events in ${events}

result_dir=/data/apcc/apcc06/model_results/MAY/${OUTDATE}/${YEAR}/e${events} OfE H=E
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if [!-d $result_dir ]
then

mkdir -p S$iresult_dir}
fi

#
#itar cvf templ.tar oceout85
#mpiexec --mca btl "'sm --app $rundir/appl-linux.conf \

mpirun -np 12 .Jcploce : -np 120  .Jcplatm : -np 2  .[cplice 2>
$rundir/err_${OUTDATE} ${events} 1> $rundir/fout_${OUTDATE} ${events} } MPI %

#

#

3.3.2.1. Hindcast A|ZF & AS<(TCO) vl AZF

Hindcast ®Wlx #Ao] A8 27 7|7F2 1991~201013 (F 200d)°o.2 x| APCC MMEo|
Al AH83ta & hindcast 717 tidoE 8 WS 9 F8 74]@_01] g A AFs &3
Hw g AASIAT A5 439 Hae AddSela &8 571 &2 Z500, SLP, T2M, PREC
olty, WA, hindcast 713t B F8& WHF Uigk A7 dFAS(Temporal Correlation
Coefficients; TCC)e] =lelE& o ozl vlw st o Figure 3.57~3.602 73 FE 557]9l
A AAk=l Hindcast TCC2}F APCColl A A4+el 712 2] hindcast TCCY zto]S vERH ZHo|th

TCC Dif ference(Diff.)= TCCxpras — TCCypcc (3.1]

AdERE 254 Aole JAR FFHOZ 7] AFE A5 73 Zel vls] st
% 71737500, SLP)l A % A&7+ TCC } 17F A ZA Jebdt a8a
7t ALE 714 W TCC zfol7} A Yete Ag et 184 =& AlA
A FEHE F5AA E-LS YA g
hindcast 713kl HH 7154 & 5o 2

ot
tlo
A
)
A
rlr
5
rlr
Sl
o
il
g
2
i
v
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Hindcast Verification TCC Diff. (MAM)
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© Climate Prediction Department

Figure 3.57. Difference of Temporal Correlation Coefficients (TCC) of
geopotential height of 500hPa, sea level pressure (SLP), 2m temperature (T2M),
and precipitation (PREC) for MAM.
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© Climate Prediction Department
Figure 3.58. Same as Figure 3.57, but for JJA.
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Hindcast Verification TCC Diff. (SON)

Z500

90N - 90N
son =5 son =5
30N o 30N o

0 ) 0
305 305
60S 60S =
905 905 T T ?I' T T T T = T T T T

30W 0 30E G0E 90E 120E 150E 180 150W120W 90W 60W 30W 30W 0 B30E 60E GOE 120E 150E 180 150W120W 90W 60W 30W

90N
60N
30N o

0 -
308
60S
908

30W 0 30E BOE 90E 120E 150E 180 150W120W S0W 60W 30W 30W 0 30E 60E Q0E 120E 150E 180 150W120W S0W 60W 30W

EEECOOCO]CE .

025 0.2 -0.15 0.1 -0.05 006 01 015 0.2 025

© Climate Prediction Department
Figure 3.59. Same as Figure 3.57, but for SON.

Hindcast Verification TCC Diff. (DJF)
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© Climate Prediction Department
Figure 3.60. Same as Figure 3.57, but for DJF.
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3.3.2.2. NINO3.4¢] TCC ® RMSE x}o]

Figure 3.61~3.64= NINO3.4 Aol tigk 6 7§ d 3559 RMSE ¢ TCCE Yehd A
oty A Al-olA 7HE HA SO ERYH {FF persistence level BohE ERoA o=
H NINO3.4 o] A9 Adsol @A =4 vepdth I8la 5 7]7]oA A4He hindcast A&
= A AIZEe] g oS Adeol A9 FLdea I g Zfolrt mwEtA vebta Al
wA L] NINO3.4 o] ds& F AEZE 9% FASHA YEhd.
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Figure 3.61. RMSE (left) and TCC (right) difference of NINO3.4 between APCC and
KMAS5 for MAMJJA.
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Figure 3.62. Same as Figure 3.61, but for JJASON.
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Nino3.4 RMSE Diff. SONDIF Nino3.4 TCC Diff. SONDJF
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Figure 3.63. Same as Figure 3.61, but for SONDIJF.
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Figure 3.64. Same as Figure 3.61, but for DJFMAM.

3.3.2.3. Hindcast T-test A=

T 717194 44 hindcast A57F BAA SR drpivt thE Aol E 7HAAL YA 4
B7] 98 T-test AZFS F3stHchFigure 3.65~3.68). EAA 2 Fojug WMo HFA
2ol & B7] 918 90% ol ApolE UEhE A Y& shading 0 Uetlth AMEE A4uR
S wl, B, A5, 7teHoE AT F A HIF F Zols YEREA AT A
=do= i B AT Vg E FAGA Fougk zolrt uUEtgh olE
SCoPS o] A&H FAHY =84 dFo dolA= A4 7171 2 Aaded] o 1Iz=r)
dH o2 A vetdes AS g5k

ot
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T-test Verification: MAM
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Figure 3.65. T-test verification between APCC and KMA5 of 7500, SLP, T2M, and
PREC for MAM.
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Figure 3.66. Same as Figure 3.65, but for JJA.
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Figure 3.67. Same as Figure 3.65, but for SON.
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Figure 3.68. Same as Figure 3.65, but for DJF.
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3.3.2.4. 7 AABAPCC)S Relative difference ¥4

Figure 3.69~3.72+ 1991~2010d 20 3% + A8 H FXHEEATe oA Aol
(Relative Difference; DF)E YUEeRdH Zojt), ¢4 F3F FAHPCOS A A AA, F2 WHS9
A 1o 77k kol YeElE o2 Hid 33 BXs F A57F A fARIG . 3gd & 9l
o}, 28y DF 9 A 4 AddE, Waedz dAad 237 JeldA = &kd T2M, SLP,
7500 &) A% RE AM R AAA 712 A% g} o)k o 01% viwe R Ao ols}
A GERIA ki, v A5 A4S mdold BF dZ Aol A U duiA Y
(TR)E AetE ol ZAo] Fodoz we AAY 9l Adeln 712 Azste] g o7}
10% ol4o2 A vehte AL AU o8 Fa Fd 9% Aol dides ww
A gk Aol X Ho A= A 71719 Audy zpold mE o Sgke] AFH UEIF A
A dehtE 2 gelstct

_ KMA5 (or OBS)— APCC

DF= APCC *100 [3.2]

16 T2Mm MAM 10 10 PREC MAM 10
0.8 08 z 0.8 — — 0.8 gg
& 0.6 0.6 E " 06 0.6 uD'.
8 0.4 0.4 E 8 2; g: %
i & wE 00 &

0.2 T T T T T T T T T T T T 02 -02 T 7T T T T T T T T T T 02

GL NH SH TR EA SA NAm SAm Aus AusP NE ME GL NH SH TR EA SA NAm SAm Aus AusP NE ME

| (Bar: PCC, Marker: Relative DF) | 1 0 o (Bar: POC, Marker: I{cluuv;'::;A- 1.0
: e s
i . % 0.2 o,zg
X 0 0.0 00 T

h Gll. NIH ;H TIF| E[A SIA Nﬁl\m S;\m All.us AulsP NIE MIE - . GIL NIH S‘H TIR E:A S‘A N.':\m S:\m ALs AuIsP N[E MIE -
Figure 3.69. Pattern Correlation Coefficients (PCC) and relative difference (DF) of T2M,
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Figure 3.70. Same as Figure 3.69, but for JJA.
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Figure 3.71. Same as Figure 3.69, but for SON.
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Figure 3.72. Same as Figure 3.69, but for DJF.
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Figure 3.73. Pattern Correlation Coefficients
PREC, SLP, and Z500 (open marker: KMAD,

hindcast (gray bar: KMA5, red bar: APCC) and
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Figure 3.74. Same as Figure 3.73, but for JJA.
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Figure 3.75. Same as Figure 3.73, but for SON.
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Figure 3.76. Same as Figure 3.73, but for DJF.
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Figure 3.77. List of data collected for comparative analysis of precipitation
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Variable "precip" Variable "tp"
In file "chirps-v2.0.1981.days_p25.nc" In file "tp_197908.nc”

short tp(time=744, latitude=721. |ongitude=1440).
:scale_factor = 1.034T7758525076346E-6; // double

sstandard.name = “convective precipitation rate”: zadd_offset = 0.033905165563265154: // double

‘long_nawe = "Climate Mazards sroup InfraRed Precipitation with Stations”; :_FillValue = -32767S; // short

‘time-step = “day": smissing.value = -32767S; // short

‘mlssing.value = -9333.01: // float cunits = "m";

t_FillValue = -9389.01; // float zlong_name = ~Total precipitation”:
sgeostatial_latomin = =50.0f: // float

‘geostatial_lat_wax = 50.0f: // float

:geostatial _lon.min = -180.01; // fleat

geostatial_lon.max = 1B0.0f; // float

LhunkSizes = BIU, ETU, 240U; // uint

float precip(tine=365, latitude=400, longitude=1440):
wnits = “mn/day”

CHIRPS / mm/day / daily ERA5 / m / hourly

Variable "TPRECMAX"
In file "MERRA2_100.5tatD_2d_slv_Nx.19800701.nc4"

Varlable "precip”

In file "gpep_v02r03_monthly_d197801.nc"
float TPRECHAX(tine=1, lat=361, lon=576)!

long.name = “total.precipitation’:

units = “ka 0-2 5-17;
wunits = "nefday”; :Fill¥alue = 9.9993992E141: // 1loat
teoordinates = "tise latitude longitude’: ‘missina_value = 9.9999995E141¢ // {loat
‘valid-range = 0.0, 100.0t: // 1loat fnissing. value = 9.9999999E14t: // float
eollmpthods = "areat meon time: mean”: standard_nane = "total_precipltation”:
‘wlesingvalue = -3993.01; // float wmax = 3.999399%€141; // float

‘ymin = -9,9999930E1415 /7 {leat

tvalld.range = -9 0999999141, 9, 9999099141 // {loat
ChunkSizes = 1U, 351U, 578U 7/ uint

float precip(tine=l, latltude=72, longltude=I44);
long_nane = "NOAA Ciimate Data Record (CCR) of GPCP Monthly Satallite-Gauge Cosbined Precipitation”:

‘etandard.name = “pracipitation amount”:

GPCP / mm/day / monthly MERRAZ2 / kg m-2 s-1 / daily

Figure 3.78. Detailed specification information for each precipitation data
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A B & D b ' A B e D E
' yearmon barat selatan mtengélﬁ timur
2000-06-01 63.55119 7435794 60.93589 65.66486
Feb-91 8.003197 11.33536 9487244 6.177371 2000-07-01 47.04442 371439 4421879 58.02299
Mar-91 11.26334 11.55542 14.32821 6918832 2000-08-01 111.8654 1197614 1035197 1214559

1 ;yearmon barat ‘selatan ‘Eéngah timur 1

2 | 2

3 3

4 4|

5 | Apr-91 9.570441 8.7153 10.30853 9.026344 5 | 2000-09-01 238.2903 1567994 1854688 189.2451
i} . 6

7 7

8 8

g 9

Jan-91 1281416 1175677 10.85473 6.202879

May-91 1259017 7.677867 1023569 10.36439 | 2000-10-01 217.0607 293.8016 229.0854 269.6607
Jun-91 6.617299 2.144651 4.170268 4.395028 | 2000-11-01 2277475 173.5987 1951609 251.2115
Jul-91 3347938 0988346 2204111 4.059967 | 2000-12-01 180.8952 211.7711 2494317 213017

| Aug-91 3102353 0.85906 1.996414 6.845989 | 2001-01-01 107.0872 89.11431 107.0687 165.8417
10 | Sep-91 3.585896 1.79566 2390248 4.541268 10 | 2001-02-01 93.0263 9526521 9819935 61.52188
11 | Oct-91 6919365 1.919708 4577429 6085341 11 | 2001-03-01 5448144 6889143 72.65917 5439401
12 | MNov-91 1209191 7722428 1094439 9.58856 12 | 2001-04-01 5755361 48.96161 36.94728 57.03448
13 | Dec-91 1657638 1098245 14.18537 8764681 13 2001-05-01 2342487 36.87257 2517544 5595895
14 | Jan-92 1262744 8.046158 1024984 3903976 14 | 2001-06-01 667644 9454293 807777 67.52158
15 | Feb-92 1259677 7.648364 10.96634 3.648666 15 | 2001-07-01 7470732 1054394 8345425 60.74378
16 | Mar-92 120054 8530353 10.72658 5427694 16 | 2001-08-01 117.032 107.9875 116.1620 153.2823
17 | Apr-92 8478613 6.630201 9491776 5.154946 17 2001-09-01 130.1937 167.9967 1113773 109.0263

CHIRPS GPM

Figure 3.79. Example of regional extracted data
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Figure 3.80. Monthly precipitation comparison results by region I
[ GPM_Cor CHIRPS_Cor GPCP_Cor  MERRA2_Cor CPC_Cor ERAS5_Cor GPM_RMSE  CHIRPS_RMSE GPCP_RMSE MERRA2_RMSE CPC_RMSE  ERA5_RMSE
‘\bafat 0.2829 0.7815 07344 0.6568 0.7331 0.7738 98.9530 131.3696 178.6837 127.7306 109.7705 116.3399
|selatan 0.1674 0.7336 07674 0.7374 -0.0213 0.2134 109.8639 123.9218 79.9979 98.7973 1259823 168.3988
jtengah 0.2032 07133 0.7290 0.6767 0.5829 0.5754 82.2321 1484548 195.9006 107.2818 146.9676 181.3322
|timur 0.0845 0.4993 0,5907 0.5081 04910 0.5554 77.8584 129.8092 127.3158 105.8332 95.7471 105.3457
}vMean 0.1845 0.6819 0.7054 0.6447 04464 0.5295 92.2269 133.3888 1454745 109.9107 119.6169 142.8541
Figure 3.81. Monthly precipitation comparison results by region II
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Figure 3.82. Results of comparing individual model resolution differences
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Figure 3.83. Risk grade calculation comparison results
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(a) Malaysia subnational administrative boundaries

(b) Malaysia merged boundaries

Figure 3.84. Reproduction results for Malaysia
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F=3 4 HoFa o, xR A CHIRPSe} 7 9 9] Hindcast7]3Fe] AEE &3
T AR AE AHESa, Y 2AE Forecastol] A-E3te] xR A= WS &3t
ol MEEY © CHRPSS] AA7t BF 4ol@ & Q7] W, AAHE F25 oxny
e BAe AHgstel A&kt Figure 3862 /MERERRE F2E T o]Alol A9
ZrAnet eARAS AHeld dAdEs 77 B o
A B C D E A B € B E
1 _|yearmon NorthMalayPeninsula  Sabah Sarawak SouthMalayPeninsula 1 yearmon NorthMalayPeninsula Sabah Sarawak SouthMalayPeninsula
2 | Jan-91 9.700301397 5.823607791 11.01601668 6.701283089 2 Jan-97 1426725536 0249476001 0.163558114 0.758800504
3 | Feb-91 3059377996 5.160810119 8.525480291 4721396854 3 Feb-97 0332340893 0154238597 0.041955649 0.316415886
4 Mar-91 465270309 1950050559 7.514549878 4911213104 4 Mar-97 1.592280177 1.515648406 1.668809904 1550366642
5 | Apr-9t 5015846923 6.250248901 11.32420846 6.936892329 5 Apr-97 1.258081974 1235225488 (0.309009426 0.774508598
6 | May-91 9.603643992 B8.569332199 10.67526301 8.752545625 3] May-97 1467643572 1414207377 1.3530451 0.681322645
7 | Jun-91 4298117042 6.622896684 6.62918755 2657377784 7 Jun-97 3.957575974 £6.585153558 1.859520529 0822414183
8 Jul-91 5310798934 5.705943694 4409826865 2772657652 8 Jul-97 2203962169 0840214288 3.129999695 2.099607333
L] Aug-91 5155633621 8.784730156 7.383748148 4268430405 9 Aug-97 2478641556  4.955225185 18.4643366 5450872043
107 Sep-91 844528469 7.157294154 8432698939 5.177544036 10 Sep-97 2667932400 2745398558 3.162726296 2445694798
11_ Oct-91 7436030259 6.616319496 7.04516305 5.069880313 11 Oct-97 1.133466589 2.082418188 2.33826919 2.248567175
127 Mov-91 12.5475217 9.939367142 11.35371184 10.37037117 12 Nov-97 0699532334 1205380277 0.905704513 1662602785
13 Dec-91 1668415592 8777775113 12.81090347 17.10716422 13 Dec-97 0.242814514 0349344334 041065489 0.576752016
14 | Jan-92 4084940688 1500507259 7.260129015 3.693900577 14 Jan-98 4487316859 2256868001 2463821572 2536063218
15: Feb-92 4637099745 1.827292461 6.665305035 4941013209 15 Feb-98 7.932155664 11.23600218 4.957809527 8.395479442
16 Mar-92 2698367711 2953689321 11.25647244 5.015093491 16 Mar-98 1874363717 963668774 9444587491 16.58627277
17 Apr-92 4149293408 1.736565544  7.396608096 5684233436 17 Apr-98 16.0116762 54.33201177 9.772078435 14.07318397
157 May-92 7.358502108 6.218300752 11.39777834 7.667796896 18 May-98 2184966201 5138593508 (0.845380762 0.730599296
19: Jun-92 5129680204 5.555553562 7.168228244 4431650464 19 Jun-98 0487238344 0637509355 0.587935025 0.29286612
20 Jul-92 5890397652 571047874 6731531813 6.990962477 20 Jul-98 0.83312301 0952615063 0.768348711 1162264218
CHIRPS GFED
Figure 3.85. Average results for Malaysia from CHIRPS and GFED
. NorthMalayPeninsula=prec=APCC_SCOPS=LT01 f.] MorthMalayPeninsula=prec=APCC_SCOPS=LT01=BC
ﬂ MorthialayPeninsula=prec=APCC_SCOPS=LT02 £ MorthMalayPeninsula=prec=APCC_SCOPS=LT02=BC
B MorthMalayPeninsula=prec=APCC_SCOP5=LT03 =] MorthMalayPeninsula=prec=APCC_SCOPS=LT03=BC
B:| MorthMalayPeninsula=prec=APCC_SCOPS=LTO4 8| MorthMalayPeninsula=prec=APCC_SCOPS=LT04=BC
=] MNorthMalayPeninsula=prec=APCC_SCOPS=LTOS £ MerthMalayPeninsula=prec=APCC_SCOPS=LT0S=BC
B=] MorthMalayPeninsula=prec=APCC_SCOPS=LTD6 El= MorthiMalayPeninsula=prec=APCC_SCOPS=LTOA=RC
EI_:__ MorthiMalayPeninsula=prec=BCC_CSM1.1M=LTO1 8| MorthMalayPeninsula=prec=BCC_CSM1.1M=LT01 =BC
I:_l-" | MorthMalayPeninsula=prec=BCC_CSM1.1M=LT02 B:| MorthMalayPeninsula=prec=BCC_CSM1.1M=LT02=BC
£:| MorthMalayPeninsula=prec=BCC_CSM1 1M=LT03 El= MorthiMalayPeninsula=prec=BCC_CSMT IM=LTO3=BC
@:] NorthMalayPeninsula=prec=BCC_CSM1.1M=LT04 8] NerthMalayPeninsula=prec=BCC_CSM1.1M=1T04=BC
E=] NorthMalayPeninsula=prec=BCC_CSM1.1M=LT05 £ MorthMalayPeninsula=prec=BCC_CSM1.1M=LT05=BC
B:] MorthMalayPeninsula=prec=BCC_CSM1.1M=LT06 =] MorthMalayPeninsula=prec=BCC_CSM1.1M=LT06=BC
f:| NorthMalayPeninsula=prec=BOM_ACCESS-52=LT01  Ba] NorthMalayPeninsula=prec=BOM_ACCESS-52=1T01=BC
B8] NorthMalayPeninsula=prec=BOM_ACCESS-52=1T02 ] NorthMalayPeninsula=prec=BOM_ACCESS-52=1T02=BC
u.:" NDrthMa|a}fP.E.nin5u|a:prec:BGM_ACCESS-SE:LTl:}g u NC‘FthMElﬂ}rpE'rIinEUl3:prE‘C:BDM_ACCESS'SzzLTDE:BC
q.‘- | NorthMalayPeninsula=prec=BOM_ACCESS-S2=LT04 8= MorthMalayPeninsula=prec=BOM_ACCESS-52=LT04=BC
ﬂ_ il NDrthMa|3}-‘Pr._'-nin5|_||3:prECzﬂt}M_AC_CESS_SE:LTDE ﬂl MeorthialayPeninsula=prec=BOM_ACCESS-52=LT05=BC
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- 113 -

925.0
8222
719.4
616.7
513.9
4111
308.3
205.6
102.8
0.0



2d

3d

606
a71
337

s S L S el I
4°N £ 4°N [ 4°N L) 4°N Q
3°N q -67  3eN o . q -67  3oN e . q 67 30y . . q -67
2°N {j —202 2°N {: —202 2°N —202 2°N { —-202
100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 1157 -337
Iflﬂl I7A7l -471 I7471
—606 —606 -606 -606
53 62 78 8
606 606 606 606
471 |471 471 471
337 337 337 337
£ R o o o
an s e e s & g N s - B 3 S
Z“N\“qﬂ 202 2"'\1\%%'Q 202 Z“N\“qw 202 Z’N\"Qw 202
100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337
I -471 I -471 -471 I -471
-606 -606 -606 —-606
9 10¢ 114 128
606 606 606 606
471 I471 a7n 471
337 337 337 337
= YR = o el 1
o L° 51 ey Lo $ o .o ; N - B : &
2°N —202 2""‘\‘\1’ \ —202 Z“N\‘\zﬁ \ 202 Z"N\“qw \ —202
100°E 105°E 110°E 115°E -337  100°E 105°E 110°E 118" -337 100°E 105°E 110°E 115°E -337 100°E 105°E 110°E 115°E -337
I -471 I —-471 I -471 I -471
-606 —-606 -606 —606
Figure 3.88. Monthly anomaly climatology pattern of precipitation
PC1 PC2
240.0 240.0
186.7 186.7
133.3 133.3
(4 (4
6°N ‘L\ 80.0 6°N L\ 80.0
5°N 26.7 5°N 26.7
4°N 9 4°N 9
3°N Lot . 3 -26.7 3°N RS y % —26.7
2°N \‘\Qw -80.0 2°N \‘\Qw -80.0
100°E 105°E 110°E 115°E -133.3 100°E 105°E 110°E 115°E -133.3
-186.7 -186.7
-240.0 —240.0
PC3 15
240.0 10
186.7 os < L, =
133.3
v 0.0 ~
6°N ja\ 80.0 \
5°N 6.7 o /
4°N 9
3°N L ’ q -26.7 —1.0 4
2°N \\‘-\Qﬁ -80.0 s
"
100°E 105°E 110°E 115°E -133.3 o
/
-186.7 ‘
—-2.5
—240.0 o 2 a & 8 10

Figure 3.89. EOF results of Malaysia

- 114 -



_\
10

N}
10

38 48

389.9 389.9 389.9 389.9
lzuzz l3032 lzuzz |3032
2166 21656

21656

2166
6N %] w0 e %] 100 e %] 100 e %] oo
5°N a3 5N a3 N a3 N 433
4°N ) 4°N 9 4°N ) 4°N N
3N I Rt q —433 30y R 3 -33 3on Lo 3 433 3oy : Y 3 433
N { -1300 2°N \“% {/ -1300 2°N \“Qv { -1300 2°N \“Qv { -130.0
100°E 105°E 110°E 115°E -2166  100°E 105°E 110°E 115°E —2166  100°E 105°E 110°E 115° -2166  100°E 105°E 110°E 115°E 2166
I -303:2 I -303.2 I -303.2 I -303.2
-389.9 -389.9 —389.9 -389.9
o o o o
58 6 74 8

389.9 3899 3899 389.9
lzoz.z lsoaz I3032 Izozz
2166 2166

216.6 216.6
&N L] woo e ‘}1\ 1300 6°N l,\ 1300 N %] oo
5°N 433 SN 33 SN a3 5N 433
2N 40N o 4N 4N °
3N -433 3oy . R : q -433 305 -433 3oy . e . 3 -433
N \“qﬁ { -1300 2°N \‘\zﬁ { -1300 2°N \t\% { -1300 2°N \“qv { -130.0
100°E 105°E 110°E 115°E 2166 100°E 105°E 110°E 115°E —2166  100°E 105°E 110°E 115°E -2166  100°E 105°E 110°E 115°E 2166
I -303.2 I -303.2 I -303.2 I -303.2
-389.9 -389.9 —389.9 -389.9
fe) fe)
9 108 k= 128

389.9 389.9

389.9 389.9
I 3032 I 3032 Iaoa 2 Izns 2
2166 21656 2166

2166
6N 1300 6N 1300 6°N 1300 6°N .| w00
N a3 N a3 N a3 N 433
4°N 4°N 4°N 9 4°N
3N ~433  3en 33 3N & 3 33 3N 3 -a33
2N \Q /\I// -1300 2N \&Q /\/// —1300 2°N \r‘w / { -1300 2N \‘\Q / { S
100°E 105°E 110°E 115°E 2166  100°E 105°€ 110°€ 115°E -2166  100°E 105°E 110°E 115°€ -2166  100°E 105°E 110°€ 115°€ -216.6
I -303.2 I -303.2 I-auz 2 I -303.2
-389.9 -389.9 -389.9 -389.9

Figure 3.90. Monthly precipitation pattern from EOF

3.4.2.4 ZHE oAt &7 B X

g o] Alo}e] 47) Yo AV|E sty YFAE A AHQ ASIEHe B4E g
Aot HAFsATt Figure 3.912 CHIRPSE tidoz 3k 94 Climatology s Rl
Y Aol tis] ¥¥ < ClimatologyS 4w B, 2QoA 499 ZFafo] i 17%74] =
Hi e AS & F Aok A3 @A 1¥ske= W) Emission (Figure 3.92)¢] 7 -5
2904 449 Emissione] th&€d Hlal 2 e & F Ak ol E 3 ZH ol Aot T
o] A HolM= 2doAM 449 w1, Emissione] %7] W&o AHEASA 2" 1
12 AAs7 HG3 71to =7 Adstgd.

fo
N

o)

%0,
2

.

1

.

N

- 115 -



NorthMalayPeninsula

SouthMalayPeninsula

O
1
[
Ry
-+
Ky
—TF
T+
—{1}
—
{ﬂi

Figure 3.91. Climatology of CHIRPS for Malaysia
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APN__HPC.csh

APN__HPCR
(APN__HPC.csh is the shell script for running APN__HPC.R)

Extracting regional observations with CHIRPS
CHRIPS25.Area.Averages.Monthly

Extracting observations by region using GFEDs (when changing GFEDS)

APN.TCEmission.Area.Average.Monthly

Processing data for FHEWS information production

Run.RealTime.Forecast.Model

Regional EWS risk rating (inside Run.RealTime.Forecast.Model)
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Produce and store individual model information for Hindcast periods (inside Run.RealTime.Forecast.Model)
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Figure 3.93. FHEWS operation system flow chart
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Figure 3.94. FHEWS Indonesia operation results I (Target: 2023 Feb-Apr)
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Figure 3.95. FHEWS Indonesia operation results II(Target: 2023 Feb-Apr)
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Figure 3.97. Forecasting of precipitation in SouthMalayPeninsula
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Figure 3.102. FHEWS Indonesia operation results (April, May 2023)
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Figure 3.103. FHEWS Indonesia operation results (June, July 2023)
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Figure 3.107. Forecasting of precipitation in Timur
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MME 713 o S34-2 251 Aol &71¢ W8 H MME forecast ¥ hindcast At57} 2
a3k, ojn] 7]& AFS 3l AH 7|FZHE gk AACNA i UAE ARE ojn| M4k B &
skl 71ol 71E AzEM AEEHE G5 AR 2 8 AR A T ATSshs A
E T ST AAe 4 23HE 49 T ZRIOPOR FAH lom, ot}
ol ATt ste= A, €, AE) AR 2 ¥, MME 7S d8std AT 4=
Z MME ¢&5#5E 34 &9 ]Xl DBell A ¢lojgels 722 AMAIst A5E HAbska,
hindcast At59] 4% AE¥E=E A&7l F2Ho] Aol w2t CDO(Climate Data Operator) 4
ZEHE MGt 3 A B Aoz hA=(merge) A& TS

I
>
[>
o,
o}‘u

2. ${AFS}RUN/DYNAMIC_HOMEPAGE/MME/
- W<l =213 MME_merge.sh

SYEAR=2023
EYEAR=2023

MONTH=( JAN FEB MAR APR MAY JUN JUL AUG SEP OCT )
SEAS1=( JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND )
SEAS2=( AMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM )

VAR=( t2m prec sst t850 z500 slp )
MODEL=( SCM GAUS )

nd=0

while [ $nd -le 1 J;do

(2D
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F_ODIR=/data02/OPER/AFS/RUN/DYNAMIC_HOMEPAGE/MME/FORECAST/${MODELL$nd}/${MO
NTH[$Snml}/
H_ODIR=/data02/OPER/AFS/RUN/DYNAMIC_HOMEPAGE/MME/HINDCAST/${MODELI[$nd]}/${MO
NTH[$Snm1}/

(A32h)

2 22298 dustd A8} A3 32 23S 4% A2

19 w2 MME 7]9% =}
B7F AF=5o 532 E¥o)A DB AAZ ALo] vz 75tk

2

FoAmdd oS4l g 54 7|$AHH Fdlzs 251 HolAet Zo] MME Ford
it 3/670E AAZE G S(H ) B FEAS ARE A AF FRY I3
9} $HA hindcast 7172 AAIE AHRE E%‘S}tﬂ. olE 93l Fo=dE anomaly 7]1HHE
Ao &3 &= forecast E hindcast A} sttt w3 J)E AA J]ZAHE AY4
A = HAE A5E A4ketan A 7] widol] F 2D anomaly G S A&
=+ "F%‘GPL Al 2"l 3} %‘@Et,ilb‘é GEARE AEte A2ES 7SR WA AEERD
2 E?_l@?_ d 2agES A2~ 27382 NCL

S X3Eo] Q. ol Zo] o

ol =2 UWS %sﬂ ;‘H?ﬂ‘sl—jr_x]- st 29, o= AZE AlAd, hindcast Alzts] 2 F 33, o
= lead-time 67§ o] oAFE JHstA &2 Z=IFQ0 NCLo] sijd ARE wrol AREAL7}
AAE AR ZF =dH forecast ¥ hindcast anomaly A5 Z AF&3H}

AURN

N
=

@
S

[u—

2 2. ${AFSHYRUN/Manage_Model_Anomaly/

<l EE:LW model_anom.sh

2~ X273 param.ncl
model_fcst_anom_monthly.ncl
model_fcst_anom_season.ncl
model_hcst_anom_monthly.ncl
model_hcst_anom_season.ncl

<wlel ==Z 7W: model_anom.sh W£&>

MODEL=( APCC_SCOPS BCC_CSM1.IM BOM_ACCESS-S2 CMCC_SPS3.5 CWB_TCWBITv1.1
ECCC_CANSIPSv2.1 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_MGOAM-2
)
MONTH=NOV
FSEAS1=NDJ
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FSEAS2=FMA
YEAR=2022

SYEAR=( 1991 1991 1993 1993 1991 1991 1991 1991 1993 1993 1991 1991 1991 1993 1979 )
EYEAR=( 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2004
)

FLAGs(O O X X OO XO0O0X0O0O0O0XX) : o= lead-time 67]€ o] oF

(232

HAZANEE AZE 422 227332 NCL YA ol & AR2E F£Ast &t

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

; anomaly

month_number = 0

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

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

out_data_dir =
“/data02/OPER/AFS/RUN/Manage_Model_Anomaly/MME_IN_ANOM/FORECAST/“ + MODEL +
“I + FMONTH + “/“ + FYEAR

(A3=h)

x H A A HZe Ford®E anomaly o & ARV} AHEFH
H, =2H YHHe B2 F2E 54 Fdolx DB AARE AGo] vE 7lsstth

o = 23 A2 Ax"Holth B AxHS = AFN TR A
AAANA MEED forecast FEZ TUAE ASE Aitsta Jonz s AlxES o] 83
o 7l 59 hindcast &S UAE A5 AL AAE ?%‘SP‘?&D}. AN2" A3 “ﬂol
2331 python¥} yamlZ T4 F o] o™, AFS Al2~8 ] && dSZ2 a3 FAS

Z 2O E package® st A AA A ZE&HAT TS &3 A4be 938l fortran ZE T
AL ALESIH o] so YR WS REZN S8HT 20 74 ol 2.

n m
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Z: ${AFS}/RUN/Manage_Model_Prob/

&_E:L%‘. HCST_GAUS_MODEL_3month.py / HCST_GAUS_MODEL_3month.yaml
HCST_GAUS_MODEL_6month.py / HCST_GAUS_MODEL_3month.yaml

${AFS}/RUN/Manage_Model_Prob/my_package

AL FE

calc_GAUS_MME_IN.py
calc_SCM_MME_IN.py.monthly
nc_out_1_0_deg_PMME.py

read_MODEL_HIND_TIME.py

calc_SCM_MME_IN_NCEP_SST.py.monthly
make_season_month_name.py
nc_out_2_5_deg_ PMME.py

calc_SCM_MME_IN_NCEP_SST.py

calc_SCM_MME_IN.py
nc_out_2_5_deg DMME.py

Ismask_1ldeg.nc nc_out_1_0_deg_DMME.py

- Fortran =2 713 A2 FE& : ${AFSI/RUN/Manage_Model_Prob/so_package

PMME.F PMME.so PROB.F PROB.so so_test.py TERC.F TERC_HIND.F
TERC_HIND_NCL.F  TERC_HIND_NCL.so TERC_HIND.so TERC_NCL.F = TERC_NCL.so
TERC.so

AR 434 HCST_GAUS_MODEL_3month.yaml W& o A>

Datalist:
- Model_name - APCC_SCOPS
Variable_name : prec
slp
t2m
t850
2500
sst
Forecast_month : JUN
Forecast_year : 2023
Hindcast_syear : 1991
Hindcast_eyear : 2010
Resolution - 1.0
Issued_date : 15 Feb 2023
Aol Mgk 2ol Aet A she AW, W, dSA, l%—H hindcast 717, &4, @
e A}% A7} ARE Azl mAWE el A}
QeI 54 2014 DBIIA flolBole Tz FUA HRH Bet ME Aol A
53k},
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Figure 3.110. Example of climate forecast web contents in current homepage.
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Figure 3.112. Global mean temperature at 2-meter anomaly time series of individual
model hindcast (colored little x), real-time forecast (colored large star); and NCEP
observation (black solid line). Colored symbols present all individual model forecast
1980-2022. Model forecast anomalies are deviation from each hindcast period of issued
time and observation anomalies are deviation from climatology 1991-2010.
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Figure 3.113. Same time series as in Figure 3.112. but spatially averaged for
East Asia [10° N-65° N, 70° E-155° El.
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Figure 3.114. Time series of normalized anomalies of 2-m temperature from
observation (orange, 1980-2021) and a individual model hindcast (black, APCC
SCOPS, 1982-2013), and forecast of 2021 MAY (black asterisk) for one grid
point (30° N, 90° E) in East Asia. Linear trend of model hindcast (black) from
1991-2013 (the longest period of individual model from 1991) is upward right
but for observation (orange) is downward right. The linear trend for the
longer period observation (red, 1991-2020) is more downward right. Modified
linear trend of model and forecast are colored as purple.
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Figure 3.115. Time series of observation and a individual model hindcast (black,
APCC SCOPS) with one-month-lead forecast at 2021 MAY (black asterisk) for
multi-grids ~ [40° N-120° E, 50° N-120° E, 55° N-130° E, 35° N-130° E,
40° N-140° E, 50° N-140° E] in East Asia. Similar with Figure 3.114.
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Figure 3.116. (a) Corrected forecast and (b) original forecast 2-m anomalies at 2021 May (dot:
over +0.43¢) by linear trend correction method. (c) added spatial pattern for correction
(a=0+c¢). APCC SCOPS 1-month-lead forecast is used.
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Figure 3.117. NCEP  observation
anomalies of 2-m temperature at May,
2021 (climate:1991-2010).
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Figure 3.118. Same as Figure 3.116. but for SCM MME at 2021 May (dot: over +0.43 ¢ ).
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Figure 3.119. Monthly Added spatial patterns for SCM MME averaged 2013-2022. 12-month
averaged patterns corresponds to Figure 3.118c.
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Figure 3.120. Monthly time series from 2013 to 2022 spatially averaged added values in East
Asia as in Figure 3.119. Red x are individual models and black solid line is SCM MME.
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Figure 3.121. Monthly anomaly pattern correlation coefficient (PCC) of original air
temperature forecast (black x) and corrected forecast (red x). Most PCCs are improved after
the correction. Purple circles are presented the area averaged temperature anomalies and it
shows PCC values are proportional to the temperature anomalies roughly.
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Figure 3.122. Monthly differences of anomaly pattern correlation coefficient between
corrected and original temperature forecast as in Figure 3.121. Mostly positive (red)
differences are calculated and it means the linear trend correction of temperature is suitable
to improve the forecast skill. March, April, May, Jun, July, August, October, and November
months are benefited to the correction.
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Figure 3.123. 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).
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Figure 3.125. Monthly ROC skill and differences of original air temperature
forecast (black circled x) and corrected forecast (red asterisk). Most ROCs
are improved after the correction.
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Figure 3.126. Time series of 2-m temperature anomalies of
observation (orange line, 1991-2021), model hindcast (black
line, 1982-2013, APCC SCOPS), and forecast (black filled dot)
for 2021 May (30° N, 90° E). Corrected forecast by empirical
cumulative distribution function (ECDF) method is purple filled
dot.
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Figure 3.127. Empirical cumulative distribution of hindcast
(model, black line) observation (orange line), target forecast
(black dot) and corrected forecast (purple dot) for Figure
3.125.
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Figure 3.128. Same as Figure 3.126 but for normalized
anomalies of 2-m tenperature.
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Figure 3.129. Same as Figure 3.16 but for normalized
anomalies of 2-m temperature. ECDF for Figure 3.127.
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Figure 3.130. (a) Corrected forecast and (b) original forecast 2-m anomalies at 2021 May
(dot: over +0.43¢) by empirical quantile mapping method. (c) added spatial pattern for
correction (¢ =b6+¢). APCC SCOPS 1-month-lead forecast is used.
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Figure 3.131. Same as Figure 3.130 but for SCM MME.
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Figure 3.132. Monthly Added spatial patterns for SCM DMME averaged 2013-2022. 12-month
averaged patterns correspond to Figure 3.118c. Note that the color scales are different from
those of Figures 3.130-131.
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Figure 3.133. Monthly anomaly pattern correlation coefficient (PCC) of original
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Figure 3.134. Monthly differences of anomaly pattern correlation coefficient between
corrected and original temperature forecast as in Figure 3.133.
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T2m timeseries Y30 X90 APCC SCOPS 2021MAY
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Figure 3.135. Time series of 2-m temperature of observation
(orange line, 1991-2021), model hindcast (black line, 1982-2013,
APCC SCOPS), and forecast (black filled dot) for 2021 May
(30° N, 90° E). Corrected forecast by empirical cumulative
distribution function (ECDF) method is purple filled dot.
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Figure 3.136. Empirical cumulative distribution of hindcast
(model, black line) observation (orange line), target forecast
(black dot) and corrected forecast (purple dot) for Figure
3.135.
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(c) Added values

t2m Anom. Forecast 2021 MAY SCM

Figure 3.137. (a) Original forecast and (b) corrected forecast 2-m temperature of APCC
SCOPS at 2021 May by empirical quantile mapping method as in Figure 3.135. (¢) Added
spatial pattern for the correction (c=b-a). APCC SCOPS 1-month-lead forecast is used. (d)
Original forecast 2-m temperature anomaly, (e) corrected forecast anomaly, and (f) added
values for the correction anomaly forecast (f=e-d). (g)Normalized original forecast anomaly,
(h) corrected normalized anomaly and (i) added spatial pattern for the normalized forecast
(i=h-g). (j) Observation anomaly of 2021 May (climate period is 1982-2013).
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Figure 3.138. (a) Original forecast and (b) corrected forecast 2-m temperature of SCM
DMME at 2021 May by empirical quantile mapping method as in Figure 3.135. (c) Added
spatial pattern for the correction (c=b-a) of SCM DMME. (d) Original normalized anomaly
forecast of SCM DMME, (e) corrected normalized anomly forecast, and (f) added spatial
pattern for the correction (f=e-d). (g) Observation anomaly of 2021 May (climate period is
1991-2010). Black dots represent 0.43 sigma.
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Figure 3.139. Monthly added spatial patterns for SCM DMME averaged 2013-2022 to correct
2-m temperature anomaly forecast by empirical CDF of original values. 12-month averaged
patterns corresponds to Figure 3.138c.
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Figure 3.140. Monthly normalized added spatial patterns for SCM DMME averaged 2013-2022
to correct 2-m temperature anomaly forecast by quantile mapping of empirical CDF of
original values. 12-month averaged patterns corresponds to Figure 3.138f.
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Figure 3.141. Monthly time series from 2013 to 2022 spatially averaged added values in

East Asia as in Figure 3.139. Red x are individual models and black solid line is SCM
DMME.
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Figure 3.142. Monthly anomaly pattern correlation coefficient (PCC) of original air
temperature forecast (black x) and corrected forecast (red star) by empricial CDF
quantile mapping of original temperature as in Figure 3.138. Green circles are presented
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Figure 3.143. Monthly differences of PCC between corrected and original temperature

forecast as in Figure 3.142.
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Figure 3.144. The b5rd APCC Multi-Model Ensemble Model
Providers’ Meeting(Aug. 29- Sep. 1, 2023, Busan).
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Center Model Forecastfrequency Forecast Forecast Hindcast frequency Hindcast Hindcast period
version Timerange | Ens.Size Ens. Size

POAMA P24 2/week(Sun, Thu) 0-61 6/month(1,6,11,16,21,26) 1981-2013
CMA BCC-CPS-S2Sv2 2/week(Mon, Thu) 0-60 4 2/week(Mon, Thu) 4 Past 15 years
ECMWF CY47R3 2/week(Mon, Thu) 0-46 il 2/week(Mon, Thu) 11 Past 20 years
JMA GEPS2203 Weekly(Wed) 0-34 50 2/month(15,last day) 13 1991-2010
NCEP CFSv2 Daily 0-44 16 Daily 4 1999-2010
UKMO GloSea6 daily 0-60 4 4/month(1,9,17 and 25th) 7 1993-2016
ECCC GEPS7 Weekly(Thu) 0-32 21 Weekly(Thu) 4 2001-2020
KMA GloSea6 GC3.2 Daily 0-60 4 4/month(1,9,17,25) 3 1993-2016
MF CNRM-CM6.0 Weekly(Thu) 0-32 51 4/month(1, 8,15, 22) 15 1993-2012
HMCR RUMS Weekly (Thu) 0-46 41 Weekly(Thu) 11 1990-2015
ISAC-CNR2  GLOBO Weekly (Thu) 0-32 41 Every 5 days 5 1981-2010

(2,7,12,17,22,27)
SubX ECCC (Same as S25)
EMC GEFSv12 Weekly(Wed) 0-35 31 Weekly(Wed) 11 2000-2018
ESRL FLMrip1 Weekly(Wed) 0-32 4 Weekly(Wed) 4 1999-2016
GMAO GEOS_V2p1 Every 5 days 0-45 4 Every 5 days 4 1999-2015
NCEP (Same as S2S) Daily 1 1999-2016
NRL LESM Daily 0-45 il - 4 days 1 1999-2016
RSMAS CCSM4 Weekly(Sun) 0-45 9 Weekly(Sun) 3] 1999-2016
Figure 3.145. Subseasonal to seasonal datasets from S2S and SubX project.
---- *ECMWF
W Lcor STWIME | - i
WMO LC for LRFMME
(Experimental: S2SMME) ,/"" ECCC
/S~ IRI
----- HMCR
o,
. o
ISAC
L gvA -~ NCEP
---- MetFR N CMA NOAA NMME SUbX
boeee ukmvo BOM

Figure 3.146. Contributing centers in S2S and SubX projects; S2S data
provider (black circle), Archiving data centre (blue circle)) WMO Lead
Center for long-range forecast MME (WMO LC-LRFMME) and
subseasonal to seasonal forecast MME (WMO LC-SSFMME).
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Forecast period starting on 2023/02/02
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Figure 3.147.

Hazards Center (right).

Examples of S2S MJO forecasts
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Figure 3.148. S2S MME prediction systems from WMO LC-SSF MME, IRI, and NOAA/CPC.
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Figure 3.149. MME subseasonal forecast procedures in pilot system.
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Figure 3.150. Observations and 1~4 weeks subseasonal (deterministic and probablistic) MME
forecasts during 4~25 July 2022.
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Figure 3.151. Temporal evolution of biases in long-term mean (LTM) and long-term
standard-deviation(KTS) of temperature at 2m (T2M) over globe, Tropics, and E. Asia
increasing lead days from 1 to 32 for 6 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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Figure 3.152. Same as Fig. 3.151, except for PREC and Z500
over globe.
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Figure 3.153. Bias in long-term mean (climatology) of temperature at 2m at 1 and 32 leads
for 6 models.
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Figure 3.154. Same as Fig. 3.153, except for precipitation.
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Figure 3.155. Same as Fig. 3.153, except for geopotential height at 500hPa.
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Figure 3.156. Temporal evolution of PCC and RMSE of long-term pattern for three variables
with increasing lead days from 1 to 32 over globe, tropics and East Asia domains for 6
models during all year round.
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Table 3.11. 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

ECMWEF_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 3.157. 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 temperature
at 2m(T2M), precipitation(PREC) and geopotential height at 500hPa(Z500) over 8 regions.
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Figure 3.158. 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
temperature at 2m(T2M), precipitation(PREC) and geopotential height at 500hPa(Z500)
over 8 regions.
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Figure 3.160. Same as Fig. 3.159, except for Monday.
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Anomaly Pattern Correlation (T2M)
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Figure 3.161. 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 3.162. Same as Fig. 3.161, except for PREC.
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Anomaly Pattern Correlation (Z500)

DMME, Z500, GL

1.0

0.8 -

Longer lead

0.6 -

ACC

0.4

0.2 -

0.0
1 2 3 4 5 6 7 8

ECMWF, Z500, GL

ECCC, Z500, GL

NCEP, Z500, GL

Lead Weeks

12

3 4 5 6 7
Lead Weeks

Lead Weeks

UKMO, Z500, GL KMA, 7500, GL JMA, 7500, GL
Lead Weeks 10 10 10
Thu Thu Thu
——Fri ————Fri ———Fii
08 - sat 08 sat 08 sat
Sun Sun Sun
Mon Mon Mon
0.6 0.6 06
g g g
04 0.4 04
0.2 0.2 02
0.0 T 0.0 T T T T T 0.0
1 2 3 4 5 6 4 1 2 3 4 8 6 7 8 1 2 3 4 5 6 7 8
Lead Weeks Lead Weeks Lead Weeks
Figure 3.163. Same as Fig. 3.161, except for Z500.
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Figure 3.164. ACC of individual models and MME
weeks at target day on Thursday and Monday.

T2M prediction over 8 regions for 4 lead
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Figure 3.165. 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 3.166. 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 3.167. Bias in long-term mean (climatology) of T2M, PREC and
7500 at 1 and 4 lead weeks for multi-model ensemble.
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Figure 3.168. ACC of weekly mean T2M, PREC, and Z500 over globe for 6 individual models
and multi-model ensemble.
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Figure 3.169. ACC of weekly mean T2M over globe for
6 individual models and multi-model ensemble.
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Figure 3.170. Same as Fig. 3.169,

except for PREC.
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Figure 3.171. Same as Fig. 3.169, except for Z500.
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Figure 3.172. ACC of weekly mean T2M, PREC, and Z500 prediction for ECMWF (blue line),
average of 6 individual models (Mean, black line), and MME (red line) over globe. MME
efficiency related to ECMWF (blue bar) and Mean (grey bar) for 8 lead weeks is displayed
with histogram.
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Figure 3.173. MME efficiency related to mean skill of T2M, PREC, and Z500 prediction
from 6 individual models for 4 lead weeks over 8 regions.
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Table 3.12. Ensemble method of SCoPS seasonal and sub-seasonal forecast.
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Tzt A 2 2718 NS AF 0L AZW dSAETE AdEE dFd Ve
2d 23 FAEE AA MMES] Fomdan Agd digeltt o FF2 vF Fadel
T3y Aot

AE o= (A)
Time range S Fre Hindcast Hindcast Hindcast Hindcast
(day) q. period freq. size

| APCC 6-month T159 L31 10 1/month fixed 1982-2013 1/month 5 |

ALY o S(2F)
Time range Fre Hindcast Hindcast Hindcast Hindcast
(day) a- period freq. size

variable 10
(sst, prec, slp, t2m, t850, z500, u200, v200, u850, v850, olr)

format NetCDF

Figure 3.174. Plan to model description summary of SCoPS seasonal and
sub-seasonal system.
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t
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®
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Figure 3.175. Example of SCoPS seasonal (upper) and sub-seasonal (bottom) forecast run
script.
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Figure 3.176. Schedule of SCoPS sub-seasonal real-time forecasting system.
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Table 3.13. Hindcast and forecast period of SCoPS seasonal and sub-seasonal

forecast.
AA A4
Hindcast Forecast Hindcast Forecast
AAd o= 1982~2013d 2014~ A 1982~2016d 2014~ A
A-Y e = - - 1991~2016'd | 2014~% A

Figure 3.177-2 hindcast Zt5¢] af|F =71 A4k A& 2285 Jgolth WA gH=
g5 World Ocean Database (WOD)ol|A 3 & dfoksit). wela] o] &7k A% 239
g olEE T% FIPE 4L dosl=d 2014@ o]TZ WOD WAool HARWHA 7|&d=

WOD13& AHg-3xut @A WODISS 3ok @tk olw] % WitFol 407e1A 13742
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Hetsta o WS FE5te Aotk oA AA Y H g 27 AsE W] £
71 A5} 3xY AR FEHA HF 2 SCoPS ¥ 27| o =2 vrEo(xIth SCoPS %7]
AAEsE WY FAEAREI E92E vz—ﬁl wom JdHEE Aol HE=E 20149 1€F¥H 2016
kﬂ 12%77}740 Z271%4S Aatsta AEd 2r71ZoZ uje 671€ 9= hindcastE AY4tshd

Q seproazmzsy O () step 2. SCoPS QA2 HA2| Q O seosscorszzmay ) Q) sepascorsazzay ()
2 T .
oo = h __ SCoPS 8| X 7| X+ A A .-'«m'rurr
- AT 27133 0|8510 6718 0|5
— Process 1 2t2 Hindcast (2014'3~) A4
MATLAB (Pyth MATLAB HX2 * SCoPS daily run 3D CH7| nudging
« ftp-oceans.ncei.noaa.gov (by wget) « SST nudging
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+ XBT, DRB, PFL, 0SD, MRB, CTD, MBT FX|T (Buoy, Station,.) . .

« Standard Level Data At2 Process 2

+ WOD13(~2013), WOD18(2014~) At& S - 82 POP restart(2014.01.01~)
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< s xE T
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Figure 3.177. Flow chart of producing the SCoPS ocean initial data.
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Figure 3.178. 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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Table 3.14. Date of data collection from GPCs.

GPC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV
Beijing 15 13 15 15 15 12 18 31 12 11 15
CMCC 13 13 13 13 13 13 13 13 13 10
CPTEC 7 7 8 10 7 14 12 10 13 9 8
ECMWF 14 14 14 14 14 14 14 9 8 10

EXETER 20 11 11 11 26 12 11 11 11 11 11
Melbourne 9 9 8 8 4 7 7 9 8 10
Montreal 12 9 8 8 8 7 7 9 8 10
Moscow 13 10 11 13 12 14 13 10 15 13 13
Offenbach 3 3 3 3 8 7 4 5 5 4 5
Pretoria - - - - - - - - - 23 -

Seoul 10 10 14 10 9 13 13 11 12 11 8
Tokyo 13 13 13 13 14 13 13 13 13 13 13

Toulouse 14 14 14 14 14 14 14 11 11 12 13
Washington 12 12 12 13 16 13 13 14 12 12 12

| Calendar
!/ ! [ | |
1 73 B 4 5 6 7
— 28I _— e GPC AHOZRLR 47 s
A B2 21N s TE
8 9 10 11 12 13 14
L 22 B23 e 1329 Q4% 02 (ADMME, PMME)
|
15 16 17 18 9 20 21
WMO M 27} A2 A3
e I|HHBAPCC U EHE AT el e (interim) GSCU ZH AT e AEA L Y ]
|
22 23 24 25 |26 27 28
= TAHMWMORLZ BIE &= WMOGSCU A3 YCIO|E
[MME] SCM, SVD, GA, PMME
[Verification] ACC, RMSE, MSSS, GSS, ROC, BS, BSS, RD

Figure 3.179. Schedule of WMOLC-LRFMME.
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a) Above normal

TT IIH II HII HIIH’T‘]’!’]’T‘PH

[=]
[21]
(=]
11 Ill\ I| Hll HI|I | |I

e T T T T T T T T " T 7" T T " T " T "1 ° T "1
JJA DJF JJA DJF JUA DJF JJA DJF JJA DJF JJA DJF JJA

b) Near normal

0.90
0.80
0.70
0.60
0.50
0.40
0.30

IH|III |III ‘I I\‘I I\illl\lllll

IHIIH ]IH [I ‘I\'TI"I'F]IIHIHII

20 L L L L L L L L L
JJA DJF JJA DJF JJA DJF JJA DJF JUA DJF JJA DJF JJA

¢) Below normal

0.90
0.80
0.70
0.60
0.50
0.40
0.30
= [ 71 "] ¢ L "1 20 @ " F 70 ®F " JF]

JJA- DJF JJA DJF JA DJF JA DJF JA DJF JJA DIJF JA

T Illl II|HII|H.‘I]YI']TH l‘[H T

Figure 3.180. Relative Operating Characteristic (ROC) score aggregated over globe
of probabilistic real-time forecast of 2m temperature for three terciles, i.e., a) the
above normal, b) near normal and below normal for the period JFM2017-S02023.
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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a) Above normal

TT IIH II HII H.‘l"'H ][H ][H

[=]
[21]
(=]
11 Ill\ I| Hll HI|I | |I

e T T T T T T T T " T 7" T T " T " T "1 ° T "1
JJA DJF JJA DJF JUA DJF JJA DJF JJA DJF JJA DJF JJA

b) Near normal

0.90
0.80
0.70
0.60
0.50
0.40
0.30

11 |III |III ‘I I\‘I I\illl\lllll

TT ]III ]IH‘TI'.'I'WI H]IIH[HII

20 L L L L L L L L L
JJA DJF JJA DJF JJA DJF JJA DJF JUA DJF JJA DJF JJA

¢) Below normal

0.90
0.80
0.70
0.60
0.50
0.40
0.30
= R U R L N L

JA  DJF  JA DJF JA DJF JA DJF JA DJF JA DJF JA

T Illl II|HII|HI‘ITH [IH [[H T

Figure 3.181. 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-SON2023.
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 3.15. 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

T2M PREC T2M PREC T2M PREC T2ZM PREC T2M PREC T2M PREC T2M PREC T2M PREC
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 0.64 0.53
CcMCC - - - - - - - - - - - - 0.66 0.58 0.64 0.56
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 0.58 0.53
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 0.68 0.55
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 0.55
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 0.63 0.54
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 0.68 0.56
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 0.55
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 0.54

Pretoria 0.55 0.54 0.53 0.50 0.55 0.52 0.55 0.53 - - - - - - - -
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 0.66 0.56
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 0.66 0.56
Toulouse - - - - - - 0.68 0.56 0.65 0.56 0.64 0.56 0.64 0.58 0.62 0.54
Was}gngto 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 0.62 0.56

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 0.70 0.57

No. GPC
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Montreal : 2014JJA~2016DJF9] 7§, Montreal33} Montreal4d2] ROC H+F 3k
CMCC: 20210NDeo]&=}l7

Offenbach:2017SON©o] &2} &

Pretoria:2015AMJo] 3-2} &

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

20160NDo] A&7} HhindcastAH-&

20160ND | S5 &% hindcast 7] 7H(1993~2009) Al &

AA 7 = 75X 4§

ROCZESAN, NN, BN &  7k-S-2] ]

- 197 -



Table 3.16. 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
T2M PREC T2M PREC T2M PREC T2ZM PREC T2M PREC T2M PREC T2M PREC T2M PREC
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 0.55 0.51
CcMCC - - - - - - - - - - - - 0.54 0.54 0.50 0.51
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 0.46 0.47
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 0.51 0.49
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 0.58 0.53
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 0.54 0.53
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 0.53
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 0.52 0.54
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 0.50 0.51
Pretoria 0.48 0.55 0.50 0.50 0.50 0.56 0.54 0.56 - - - - - -
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 0.57 0.54
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 0.51 0.50
Toulouse - - - - - - 0.62 0.57 0.64 0.56 0.60 0.51 0.54 0.51 0.49 0.53
Was}gngto 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 0.56

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 0.55 0.54

No. GPC
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Figure 3.182. Anomaly correlation coefficient (ACC)
and Root Mean Square Error (RMSE) skill sore for
Nifio-3.4 SST (regional average over 5¢ S-5e N, 170-
120 W) during the forecast (2013-2021) and hindcast
(1993-2009) periods.
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Figure 3.183. 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)-(f) shows GPC Beijing, ECMWF, Exeter, Melbourne, Montreal,
and Seoul.
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3.8.1.2. WMO A7|d K A=AEH AH 95 A" A

WMO 716l i A =AIEe] Felaln SlE GPCE Add 2o Adw 4 8l A&7
o2 AMAZALHE AAFSEo, 20233 E8F GPC AMAZSA =R Pulo|Er} A
WE A ekt wea ol AolAE WMoY 6l RARAE oA 20239 el FF aE A
A 2 Ax" AN EE R Al ds) 71EsnA Bk,

38121 &= d+E 25 AR AMHZE FE wE A2F AA

71E WMO A7|dE AEAE gsEd GdE dF A2="la GPC Seoul 1818 5 A~
Hojr= djlad #5 A5E NOAAMA AlFstal A= OISST (Optimum Interpolation Sea
Surface Temperature) V29 A Y EQR.5% N FE)E TRt 712 dF A" s+
2= ASE A% A5E F&3 gh a8y 32 3E NOAA OISST A d= Aol thgh A H]
27t SHEHEA WMO A7 B AEAH SFA 2" £Ho] APHIYh 7|E 7| FA T4 5
S A2"dES AR NOAAZFEE OISST 3|4 = A5 3, 7157k 2 713 HAX}FA YA 9
253t 3 S AXT 28y Al2ElS 218 2 A9 25388 AE = Figure 3.1859F Zo]
TLS FEE SFAAH AZEHA A SFA MEEHOE A57F SHEHL AU
Figure 3.1859] “198111_202209_anom_sst.nc’ & 1991'd 11€ 5 2022d 9€ 71A 2] 7] $H =}
e o, 198111_202210_anom_sst.nc’ += 1991 11€XH 2022 10¥€ 71X¢] 7]&H
Aoz 10¥8 A57F FHEJYES W ©198111_202209_anom_sst.nc’ °F  xzol7p Qi
€198111_202209_sst_clm.nc’ <} “198111_202210_sst_clm.nc’ & €48 7|&go g F gL 1
AT 5 B FolAE Aot gtk 7€ dleH % As5s Az € zt50]7]of A
W &S IA AAste AL ofUA|EE o]F WY E A8V SHE A AW &7 Y &

U=

Ae dod o 7)ol o2t He nPste] A="lle FAsA shdn. 18a A% 253
olFol= 1 EE A 2HlA = GRIB2 9] 7€ e £ ARE AYste EIL
g S AXE= AoZ FRIFATE GPC Seoul 71 $A 4 & Al=Ho 49 £F31H Ax9
et ARE &R G, AR g NFE vgoR ASARE FE5 AR #3H
xE J

AE Y Ald S AR g A EE
FEstd WMO #A71dxr A=AlE e} GPC Seoul 7|&A 4 2E Al2"HE 4 - A S
(Figure 3.185~3.187).
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Cct 14 07:58 196111 202208 anom sst.nc
Oct 14 07:58 198111 202209 sst cim.nc
Nov 14 07:37 198111 202210 anom sst.nc
Nov 14 07:37 198111 202210 sst clm.nc
Dec 14 11:44 1988111 202211 anom sst.nc
Dec 14 11:44 198111 202211 sst clm.nc
Jan 12 16:43 156111 202212 anom Sst.nc
Jan 12 16:43 198111 202212 sst cim.nc
Feb 13 12:51 198111 202301 anom Sst.nc
Feb 13 12:51 198111 202301 sst cim.nc
Mar 15 16:39 198111 202302 anom sst.nc
Mar 15 15:35 19811 2302 ss lm. ne

Figure 3.185. List of standardized data.

4) GPC Seoul 7| 22X+ E&E =3
/home/season/SEASON/PYTD/seoul/gpc_nino34.py

FEERERRHR AR IR R ERR RIS
# >> Reading Data
#EbFER R REAR AR RN R AR

#> oisstPath

sstifiles = rted(glob.glob{oisstPath+' /oiv2mon.¥.grb"))

st date = sst files(0].split('/')[-1].split('.")[1]

en date = sst files[lan(sst files)-1].split('/') [-1).split('."}[1]

tdelta = relativedelta(¥M,datetime.strptime (st_dar_a, "EYEm"))
= 1

obstrt

tdelta.years)*12 + tdelta.months - 5 — 1

sst_data = ANOD+"/"+st_date+" "+en_date+" anom_: o

clm data = ENOD+"/"+st_date+" "+en_date+"_

anom_nc = Dataset(sst_data, "r")

clm nc

Dataset (clm_data,"r")

anom_lon = anom nc.variables['lon'][:].data
anom lat = anom nc.variables['lat'][:].data

###4 Calculate Climate Index (cbservation)

ix
j¥

np.where{ (anom lon>=REGION{0]) & (anom_ lon<=REGION[1]}) ) [0]
np.where{ (anom lat>=REGION[2]) & (anom lat<=REGION[3]) ) [0]

Forecast of Nino3,4

Apr2023 to Sep2023

(hssued on Mar2013

GPC Seoul

Doc fan
2022 2021

b Mar Apr May Jun Jul Aug Sep

Foreeast of Nino¥ 4

to sep223

Alssued an Mar2023)

>t wWMoLE

R

ancm_sst = anom nc.variables(['arom sst'] [obStrt:obStrt+5,jy,ix].data.mean(axis=(1,.,,

Figure 3.186. The python script to plot the climate index.

4) GPC Seoul 7|2 A = =2 )3
/home/season/SEASON/PYTD/seoul/gpc_seoul _INDI.py

FNRME = ")
lats, latN, lonL, lonR = -5, 5, 180, 240

dataPath = DROU + "/" + (YYyymMm} + "

Setting TIME

M = datetime.strptime(sto (YYYYMM),"

fltim = (YM + relativedelta(months=1)).strftime ("$¥in")

pltim = (¥YM + relativedelta{months=-1)).strftime("%¥-¥m") + '-01' —
p5tim = (¥YM + relativedelta(months=-5)).strftime ("$¥-%m") + '-01' —_

A

Reading Observation DATA

obs_sst_ano fil = ANOD+"/"+"anom_:
obs_sst_clm _fil = ANOD+"/"+"clim sst.nc"

e ‘G

obs_sst_ano_ds = xr.open dataset(obs_sst_ano_fil) e
obs_sst_clm ds = %r.open_dataset{obs_sst_clm fil) e
k’/-
obs_sst_ano = obs_sst_ano_ds.sel(time==1lc={p5tim, pltim),lat=s
obs_sst_ano_mean = obs_sst_ano.mean(dim=['lat’',"lon'])
= A { Bt @
\
¥

=

rr

L

ice (lats, latN),lon=s1i

2E 72 -17Ee ¥R

7|2z 5739 YYYY-MM

= (lonL,lonR})

Coordination Name S 0|86}0] Ea +4 -> 7t5d2 =%

Figure 3.187. The revised python script to plot the climate index.
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WMO A7 BRAEAE HAZE Al

E O 2 &85 BF3E sl eAgE &85
] OM zawc 6H il %EX}EE A3 =2
A

Forecast : 2022NDJ

LowRes HighRes

0.50

PCC

0.25

0.00

c. & & & @ & & & Z
o‘ & S SF & &
O‘sd & \ '3‘& N & B\

Figure 3.188. The verification results for NDJ 2022 using high resolution
and low resolution OISST.

3.8.1.2.2. WMO A&« S A&V} A5 AlFS A A== QA

WMO #7]d B A=AE 7S S5A8 &84 TS FH0E FRd GFE dF0] &
5= A H WMO Al-A = A&7} :L-Eroﬂ Al interim GSCU (Figure 3.189)¢} 7§ GPC < =X
S(Figure 3.190)& PowerPointe] 2o = AJ4kste] o= st ot ti=wl AH|2E

ol = WMO A7]o B A =AlE 9 ﬁ/‘é A ZA 28 d, EHo]x An 5& 9

UES A WS ARSI 3, 7 HER A WolAe AR HekS 98 AR 7lss st
Microsoft2] MS Office T2 18-S AX] - Ab&E 4= Qlt} 0|23t o] F & A|~H &
HolA 25 & YRV ES AW PCo = Estal o] A 85E Wi PCE HF3 $ Powerpoint
A Z2IME o]t AEVE gl AT A5E AAste HAZRC] AU FH A
2® 2] HoA FE A8l &FAI2=F Holl Powerpoint A& A4 python library & 42 X]
st APEF AW oA AEE AL & IEF python Z2 W& 7NdstHtt (Figure 3.
19D).
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Interim GSCU Updates
(DJF2023)

Ensemble Mean for SST Forecast

Probabilistic 2m Temperature Forecast

Figure 3.189. Example of interim GSCU.

Seasonal Forecast Anomalies
from Different GPCs

(DJF 2023)

by

New2023

2m Temperature Forecast

Precipitation Forecast

850 hPa Temperature Forecast

Figure 3.190. Example of powerpoint for WMO expert team.
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import calendar
from datetime import datetime, timedelta
from dateutil.relativedelta import relativedelta

from pptx
from pptx.
from pptx.
from pptx.

import Presentation
enum.text import PP ALIGN
util import Inches, Pt, Cm
dml.color import RGBColor

&

inyyyymml 202303

iyyyymm = datetime.strptime(str{inyyyymm) ,'%Y%m'

strftime ('%¥%m')

p IS

fltime=(datetime.strptime (str(inyyyymm), '3¥3m') + relativedelta(months=1))._strftime('%¥sm'})
fitime=(datetime.strptime (str (inyyyymm), "%¥3m") + relativedelta(months=3)).strftime('%¥3m")
fétime=(datetime.strptime (str (inyyyymm), "$¥3m') + relativedelta(months=¢)).strftime('%¥3m')
4
seasons = ['JFM', 'FMA', 'MAM', 'AMJ', 'MJJ', 'JJA', 'JAS', 'ASO', 'SON', 'OND', 'NDJ', 'DJF']
year = datetime.strptime(=tr (inyyyymm}, '2¥%m') .year
month = datetime.strptime (str (inyyyymm), '$Y¥%m') .month
fyear = (datetime.strptime(str (inyyyymm), '%¥¥3m') + relativedelta (months=1)) .year
figscM = "/home/season/SEASON/PNGD/ (}/MME/DMME/SCM/ "' . format (iyyyymm)
figINDI = "/home/season/SEASON/PNGD/{}/INDI/PRE/". (iyyyymm)
figPMME = '/home/season/SEASON/PNGD/{}/MME/PMME/ " . fc (iyyyymm)
title = {2: 'Ensemble Mean 2m Temperature Forecast',\

3: 'Probabilistic 2m Temperature Forecast',\

4: 'Consistency Map for 2m Temperaturs',\

5: '"Ensemble Mean Precipitation Forecast',\

6: '"Probabilistic Precipitation Forescast',\

7: 'Consistency Map for Precipitation’,\

B: 'Ensemble Mean for SST Forecast',\

9: 'Nino 3.4 Forecast'}
fig =

2y
"{imme scm {} {} {} {} TMP2m Global CE.png'.f t (figscw, iyyyymm, f1time, £3time, seasons [monthl), \
"{}eMME CB {} {} {} {} TMP2m Global CE.png'.format (figPMME, iyyyymm, fitime, fétime, seasons (monthl) ,\

'{}Consistency/cons fest |

"{}FMME CB_{}_-

'{}Consistency/cons fost {} (]
"{lmme scm {} {} {} [} TMPsfc
'{}sST plume/sst fecst {} {} {

}_{}_{}_{} t02m.png'.f
"{}mme sem {} {} {}_{} APCPUm Global CE.png’'.fc
{} {}_(} APCPOm Glcbal CE.png'.fo
_{}_{}_prec.png
Global CE.png’
_nino34.png'.f

i e

at (EigINDI, iyyyymm, fltime, £3time, seasons [month]l) ,\
(figscM, iyyyymm, fltime, £3time, seasons (monthl) ,\
(figPMME, diyyyymm,fltime, fétime,seasons[month]),\
t (figINDT,iyyyymm, Fltime, f3time, seasons[month]) ,\
(figscM, iyyyymm, fltime, £3time, seasons [month]) , \
igINDI, iyyyymm, fltime, fétime, seasons [monthl) ]

Figure 3.191. Python Script to produce the interim GSCU file.
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38123 #AZAE BF A2H AA

WMO A7ldr HA=He F8]f e [Seasonal/Observation/ ®|ollAE= ERA5 (ECMWF
Reanalysis vb) A5 E AFE-5Fod 1993-2009, 1991-2020, 18] 31 1981-2010 3 o] 7] &7|7HS o] &
of AR 71 AAFS AFsta Aok 20239 AREALel o &) Figure 3.192¢F o] 7]—?—{ t
o azfjzo L7V AeS Aol gy A4S 93 TS g Ay, wid 1
ERA59 AE7} £X9 o)l% 7|ZHAA A HHo] ZEZHE o83l AFo= YA 3].
Hol o, AFEAE Yo VZ A AP Z2OMS 7S A 2 €9 A8V
o7 AFHI o] Z|FHAG AL B 712 AL Al /7 AR Ao et AT 7]
< ZEOHE AAERE (e AR g HAF A8 glo] AEEY oF/ B JhsAdol & v
]E} ARE 323 2= QA TR AL SAstgon, TE 78 o)A 7]5.—%%% =g
N7 ARE n)&g3le] 23d A5E 3E3E 397 AT =3 ERAS A5 A A
H Abgste] Am R o] Fef Fholl A olegte] TAstE s Flstar X} 5 A

S Hgste A2 Z2 WS A THFigure 3.193). TSAEEES 93 ERAS
AINAE T, AAE A5, 71388 449 AAH S BT A8HE F83te] JidEo] nj
g 10¥€ AA5o2 fL5HET

}J¢
Jo ot ol o o

(e rIJQ

(2HT) 25 X2 2Ol

- ”H% 10 Xp241 9 HALE MM (Crontab)
— @2 ol dhe oAl AJZHO] Ot A5 glo] Hiojy g

‘ (Time) 202201 202202 202203 202203 202203 202203 202204 ..... ‘
— Anomaly A+t AJIZE () FHEO)| Cfgt H4E 0] Time Dimension®| 72 A off =@ mtet

(Forecast Time) 202201 202202 202203 202203 202203 202203 202204 .....

(Climatoloy Time) 1 2 3 4 5 6

Figure 3.192. Problem with observational plot.

ERAS Anomaly Relative to 1993-2009 ERAS Anomaly Relative to 1993-2009

ooy 2m Temperature : Jun2022 [Unit : K] 2m Temperature : Jun2022 [Unit: K]

o e B S — — — —
35 3 25 -2 -15 -1 05 025 025 05 1 15 2 25 3 35 —— 35 3 25 -2 -15 -1 05 025 025 05 1 15 2 25 3 35 ———

Figure 3.193. Results of data before and after applying merge option.
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3.8.1.3. WMO #A7]|dE A=A 7|FqFAE &84 THE AT 3 - 9 Y IF
3.8.1.3.1. A1Y971%x3Y (Regional Climate Outlook Forum)

WMO A7ldr A=AHe 7%
7l B A=AE Y A7 JAE 7
2 A9 74A T "dEvEEe] godE 7% AWE AAsta, olet dEd vk
FE, S, FFEA )Y AETrel oAdE wEetr] ¢ Gl
& (Regional Climate Outlook Forum, RCOF)el| #43}= Zolt}. 2012
& A Q7T APCCeF 71733 715 Soll A A8t WMO
MME dZA3E 29 AE/EF FFsta Jdom, 2023 3= 201993 E A Z+E COVID-19
of A AAARJ] FHoE A3 224 o= PHIT &3 WMO A7|dE AEAEHE F
4718l AYgr|Exddoe] MME 7% d&HEE AlFstHtHTable 3.17). &Ht7] o= EolAlo} A
Ao o2 7EAYES s8] /MHE SASCOF-25(25th South Asian Climate Outlook Forum)ol)
st WMO A7]d® A=AlE] MME oS B el T135<F 213d WMO A7 B A=AE
o] JNdALEES SIS T SASCOF+= Asian southwest®} northeast &< 71%9] 93-S we
Qo] 7]EZARE 93 oz 2010@EEH md MAFHT Jom 1%k SASCOFe] wd 3}
A& Figure 3.1949} 2t} #1252k SASCOFe} &hatrlell /W& E Al 262 SASCOF+= =774
(IMD, Indian Meteorological Department), AAI7]1%717 (WMO, World Meteorological
Organization)2} Regional Integrated Multi-hazard Early-warning System(RIMES)¢| ¥&°. =2 7}
FHE Qo FolrolxSd 9= (Afghanistan, Bangladesh, Bhutan, India, Maldives, Myanmar,
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Table 3.17. The list of RCOF in 2023.

RCOF Place Date
S anmeASCOr26) oine T e
1 EaStFOArSJ;(\g;nSeéO?EaS Outlook Tokyo/Japan 6—8, November
21st ASEAN Climate Outlook Forum Online 21, November

(ASEANCOF-21)

Evolution of SASCOF

Evolution in t

2016 - 2020 2021 onwards
Grid wise{ 19 lat. x 17 lon.)
" most likely tercile category Objective method based
In l?;oer gcf;ls&l'ﬁ'nggjﬂh 2011-2015 and its probability. Ln MME of a set of
consisted of only rainfall Forecast map depicted areas Derived from an initial set CGCMs Grid wise most
forecast for the south tof most likely lelcll}le of gridded objective likely tercile category as
- categories (using yellow, forecasts based on i
Asia as a whole. green and biue shades) over Bl 6 e sl it we:ll afst;:s ;:zowb'.;l?rléty fn1r‘_r
No forecast map and no the region, and probabilities S e a it d b it il et
mention about the for each tercile categories \r?éﬁ,f::;fsﬁaﬁismy longitude grid boxes .
spatial distribution of over broad areas of same I el a

Seaion ralntall colbrERade various dynamical,

statistical and hybrid Showed better

methodsand modified performance then earlier

through a consensus methods during recent
process years

é =<t =T ESsr=y f=S=arsr %:b
‘-hhl"’ INDIA METEOROLOGICAL DEPARTMENT

Figure 3.194. Evolution of SASCOF.

ﬁPHWlOﬂb ASEANCOF-21 2}Ql 3]9jof] st WMO A7|di A=AE oA ALt
A- ASAHRE dxsta A G A= 713A FAALL AA F AE G5 AL 7]
3’&34 FAAet Age] 7RG e e FHEL A-AS AR &8 AHE st
o] 7e a3t ASEANCOFE obAIS Ado] 7| 3A w2 913 392 201395 E vd )
H=E 1 do. A|21x ASEANCOF+= “The Future of Climate Serviecs in Southeast Asia” g}+=
TA= MSS(Meteorological Service Singapore)®} ASEANCOF 9#1&Fo] FHoE 7)H = AT
ASEANCOF 917 152 2021'd ASEANCOF® 4714 <l ¥x¥y AYds HHoE HAdd %
22 o2 59, 7—‘]3’&2—1‘1’_‘ A M-S BRE st Ut oW AH7|FEHd= FHotA
o}b 97)=(Brunei Darussalam, Cambodia, Lao PDR, Myanmar, Malysia, Singapore, Philippines,
Thailand, Viet Nam) 717343 #IAA7E A5G 01, o]2]ol= Bureau of Meteorology(BOM),
Japan Meteorological Agency(JMA), European Centre of Medium-Range Weather
Forecasts(ECMWEF), UK Met Office(UKMO), WMO & ¢F 409§ o] %F413}e] Northeast =<0l 9
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&S vX= 7]%F2A (Bl Nino-Southern Oscillation(ENSO), Indian Ocean Dipole(IOD))<}
Northeast <= A171¢] 7|&Ad %ol th3k oJHS FFatAdt 39 7F 43 WMO A7]d B

AZAHAA LxS 7|54 252 9 A& Figure 3.1960] WebiATE 2023'1d RCOF 3%
Aol 71387 A7 Aol yeld A3 2ol H (201613 FE~) WMOZ7] o A =4 E

o 71& 9 FAFd S 4 AAst IE¢ WMOA7|dREATAE garddds 9
ZA]2~®"l2 Northeast &< 7|1ZHst 7123 g oA9A dSFIeA dF BFES ol
A & F AEFE ASE AFIHAT. WMOA7ABATAE ] 5 oS o=z A=
I A ZfolE Holal gloy, 72 FHAoRE AFH FARRE I EEE Hole As
& Atk 53] 202393 Zo] Ax gyt AA HFEsta dexE YEdd 20189 A
$ O slof Hd 4HEd] =2 d=8e Bl o285 HA ST 7|3 AAGSEARE
A AFFoEHA AAZE ASAHEY &Y FUMA7IA AT Al 21x ASEANCOF ol A
T ol Alol, wkul, Bl T ofAljE A Y 7]dA EZF WMO A7]dE A=AE AAE
= ARE FHyAgz 833 A A hFigure 3.197). ©]¥H RCOF 3 ooA+=

WMO #7dBXA A ttErd

A WMOR7ARAEAE tsrd GAdE SA 289 hindcast 713F2 24 Al S A2~
Ho] FEV|ZHS 7Hte g Abgsittry 1993~20093(F 17W)ez gE wdd == 7|#9] 4
S2tg ol Hls) 4] Hol, HZ 71F WEss ZskA] X 9 oy WMO #1

KR
712191 1991~2020 3 = A3 ZpolE HRIn ofd] weEt &g WMOA ] o A=Al E
=y A

lerate EI N

ino | [ 2016 Very strong EINino

Figure 3.195. Examples of the use of seasonal climate information from WMOLC-LRFMME
.
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Figure 3.196. (a) Official photo from the ASEANCOF-21 and (b), (c), (d), and (e) are
examples of presentation that were delivered on ASEANCOF-21.
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Figure 3.197. Examples of the use of seasonal climate information from WMOLC-LRFMME
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Figure 3.198. The number of monthly visitors of WMO LC-LRFMME website
in 2023.
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3814 WMO #7115 HE4H o Axd Ad 49 A4g A
38141 23 @ &I
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A (GPC Washington)e] &% <9 = AAHFHHA 20233 A A AA 1471 GPCr} A4k

st &7 dEA8E 3 - 2Egsta, xF3H8E GPC ZPE 9 e dAE (Multi-Model
Ensemble, MME) =285 WMO 3|d=d A Fsts IS 331 211 Aot A WMO
7141 A=A oSA2HLe Agxd 7[&, ) Al2" 7]&, HolEHol 2 V&S 3

o Agst] £ o, AeA REH ASAR AT Aulz FE, /F 2l F7
ol WE Al g, HA Vs HE 9L #E Bk AHE Al A AA WMO 3=l
A7l ARE AFSHE JE GTE BY dPHoR ST Wey aFHol we 20174
BE WMO A/lRAEAE Axd ANS A% §ABAE FRAN BRI glom,
APCCE WMOR7lliAl = Aldl 4 §eel 2 7144 AUe SRSk Yok 2023
dols “WMO 47leln A=Ae Axgl 71548 () §9 Aol 49%H 11974 ¢ 77)
A ok APHRom, S WAL ol Lol A AT PR AYHUTH. 53
golol Aol £2HE AdelS Frel A8 NS T3
T BGY 5 YRS AUSHA FAT e el A

o T _1}'4_‘

=
2

© WMO Z7lel R HEAME A8 A

ARANZ AR BHATE AT BYA =Y AA
C AT A ATY L EE AM

QA2 A B4 8 AT A A

WMO #7]dB A=AE oAF Al2" 7573 89 AY F3ox WMO A7 A=
AE Alz=dl JRAde mEy AAA S d= ARGAAl P8 A R FE Fe AHI:
T AL ALE Holw, WMO A7k AEAEH 7$dF A5 &&= = FAZ 5
S Aoz ZgEg. =3 WMO A7|di ATAE A8E A&3ts GPCeeol =417 dY
AAE 43 + IS Aoz e

mlm
2
o\-,] r
it

3.8.14.2. AHY 3 &

- WMO #7]dB A=Hg Al2=" R4

WMO #A7)d R AEAEE 202230713 147) 7@ 2RE £33 713228
o HAE A tFrRd YEE 45 A2 et TS Tl AEsta AT
2023d = Q1= 713AH Y AA- dF Alx="oe] GPCE FRlo]l WA WMO #7]d B ZAIE]
o 15W A ol 7)ol HAH. ol wet /1= 714 AE ASAES WMO A7 B =4
B FEAS Tl AEstr] A 2E23ke 2 AAY A gk Al2E de] de
sttt GPC Puned| AA oS Al2®Hl2 sjg-th7] 23 Rd=2 s 222 GFDL-MOM4E df

il

o] m] A]

- 214 -



71md2 GFS T382 Spectral Resolution 64 levels®] 3j4=%5 7}A|™, hindcast 717+ 20034
oA 2017 o2 WMOA7|d R AEAYH tsrEd ddE Al-d o= A2"l9] &% hindcast
717kQ1 19931 d~2009\ 3l Z3HE A Fol heRET Y L% ASA "= FAE = gtk 2o}
AAS ARE Table 3.18% #Zt}h oyt Table3.1891 4+ hindcaste] AL MFE 1270,
forecaste] AL MFES 4 202 EASL Yo}, GPC Puned AA o= A" 28
FE4Y AR A=, AFEE E NFTE dolsith 53] /\]/\E“Oﬂ/ﬂh ol# g o4
It AREHEE GAE TE 28 AdE %E% ZA] 3R
Mrgs Gested AHad 7§—°r Z2Oo] oy EZdsf A SGE
Al A7 2 7] Wl HAa EETE e L—’F% 7]
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=3

8 Select Model

() Beijing O cMmcC (O CPTEC O ECMWF () Exeter

() Melbourne () Montreal () Moscow () Offenbach () Pretoria

@ Pune () Seoul (O Tokyo () Toulouse () Washington
\

Hindcast : 2003-2017
Ensembles : 12 (H), 20 (F)
Length of forecast : 9 months
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Precipitation : AMJ2023 {issued on Mar2023)
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Figure 3.199. Samples of seasonal forecast for GPC Pune.
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Table 3.18. Model descripition of long-range forecast system from GPC Pune.

January 2018

Is it a coupled forecast system?

Yes

Is it a Tier—2 forecast system?

No

Atmospheric model resolution

GFS T382 Spectral Resolution 64 levels

Ocean model (if applicable)

GFDL—-MOM4p0d, Resolution: 0.25° between
10°S to 10°N latitude band and 0.5°

elsewhere, 40 vertical levels

Source of atmospheric initial conditions

NCMRWF, New Delhi, India

Source of ocean initial conditions

INCOIS, Hyderabad, India

If Tier—2, what is the source of SST

predictions?

N/A

Hindcast period

2003—-2017

Ensemble size for the hindcasts

12 ensemble members

How is the hindcast ensemble configured?

Hindcast are initialized from every 5th day

stating from the first day of each month.

Two members run are carried out at each
initial day using 00 GMT and 12 GMT initial

conditions

Ensemble size for the forecast

Minimum of 20 ensemble members

How is the forecast ensemble configured?

Forecast are initialized everyday starting
from the first day of each month. Two
members run are carried out at each initial

day using 00 GMT and 12 GMT initial

conditions
Length of forecasts 9 months
Data format GRIB2

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

become available?

Around the 15th of each calendar month

How are the forecast anomalies

constructed?

Forecast anomalies are constructed by
subtracting the model Hindcast climatology
(2003-2017)

URL where forecast(maps) are displayed

https://rcc.imdpune.gov.in/prediction.php

Point of Contact

Dr. Sreejith O. P (op.sreejith@imd.gov.in)
Dr. Sabeerali C. T. (sabeer.ct@imd.gov.in)
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EF 23 SUAAE FAME AGNFED A% hF ASE YVHT FEA 2
& AsETh A AT vheh 2ol }

WMO F#o g2 X9 7|4AH dE&7tse] d9d 715 AdAdLkstr] f1g Al

ZA0 FAstd WMO A7|d B A=AE e dsid SGE ASFZEAHAE A Ae7tEd
frotal olet HHHE e & Foke AETket gAE wgste WMO A7|dE AEAlE
o FRY GFE dF Ao F&A AIE A8 =¥ste Aotk oln| @& ITtolA =
7 e A9 AZAYS fsiA WMO A7dE ASAE tgFeEd 38 d5Z234E
83 FuAsE FEsta Ja, WMO A7 E H=AlE HwE Fa A
T N A9H gl s AHEAZE dsks el o al

Aol &8 F JUEF st Jou, AH7IFEAY B FAREY] QAR WolEd
WMOo Al AR T2 AQ7|F2H F99 THZE A+ PF AHe Tgfze o] 1y
A5 S5 Aol ALt 5o =M ARRAZE @Y Tz Ao ® Q) AlZto] wWol] a4
He As ol ARRAY HAZ FUE F AI717] s WMO A7]dr A=AE 23
Hyrol] AF7|FxHS F7Hstdth. WMO A7 B AxAE FaHs 3 AgHes 297
% ¥ Table 3.19¢] YehdAA A o] RARegional Associationm)~VIZFA| F 227] FH o=
TAEL FElFolA e Figure 3.20000 42} o] Select Region WA ‘RCOF’ & A3}

® RASH RACI8H A9/ F2W S HET 5 UES stk ol9e] mE HHCH

<3 LA T

‘ilﬂ
rlo
N

Table 3.19. Area information of Regional Climate Outlook Forum.

No. RA RCOF Lonl Lon2 Latl Lat2
1 RA I GHACOF 21.81 51.41 —11.76 23.15
2 RA I PRESASS —25.36 27.46 1.66 27.31
3 RA I PRESAGG —16.71 16.19 —1.46 13.90
4 RA I PRESAC 5.60 31.31 —13.46 13.08
5 RA I PRESANORD —13.17 36.24 18.97 37.54
6 RA I SARCOF 11.68 63.50 —46.98 5.39
7 RA I SWIOCOF 16.45 63.50 —46.98 —0.98
8 RA I EASCOF 73.50 153.99 18.16 53.56
9 RA I FOCRA 1I 19.64 —169.00 —11.01 81.86
10 RA I SASCOF 60.52 101.17 —0.69 38.49
11 RA I SSACOF —109.46 —28.84 —55.98 5.27
12 RA I WCSACOF  —109.46 —57.45 —55.98 12.46
13 RA IV CACOF —118.45 —66.85 —4.23 32.72
14 RA IV CariCOF —89.23 —51.62 1.16 27.23
15 RA V ASEANCOF 92.17 141.02 —11.01 28.55
16 RA V PICOF 112.91 —124.77 —54.78 20.54
17 RA VI SEECOF 13.38 51.68 29.19 52.38
18 RA VI MedCOF —18.17 51.68 14.72 52.38
19 RA VI NEACOF 19.64 —169.00 36.67 81.86
20 RA VI ACF —180.00 180.00 60.00 90.00
21 RA VI ArabCOF —17.10 59.84 —1.66 37.54
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8 Select Region

| RCOF v | Regional Climate Outlook Forums |RA I v | ~ ! GHACOF v

+ Plot

Simple Composite Map
Helfing, CMEC, CPTEC ECMWE Exoter el {Unit: K]
2m Temperature : AM]2023 (issued on Mar2023)
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I
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Figure 3.200. Samples of prividing seasonal forecast for Regional Climate Outlook
Forum region.
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A= 671 Wt 4 850 hPa nigtd oA SAAE AlFafigkth. 850 hPa v&a o
W 2do i E AT  JA Am Ay @ a9y Y =2
I dAFsat. I 9 AFE Figure 3.201e  JERE A
/Seasonal/Forecast/Individual Forecast W7ol 712 850 hPa wl&4

21t} 850 hPa ®}&Hae] 79, GPC Washington®} Pretoria® @ WEo o =4
71 B A=Al AFsta 7] got AHl2r) HA g+

H B3 e Z1FNs Qs FaF dZAA A4HD Jom AL AA]
FATE A% BIARL DEHT ATk WMO AYldln AEAEAAE B3 Y o2 3
% 3 "

ARE TS Tl AFstr] A8 GPCol i A5 A4+ o

E AP ZASE 1 AFE Table 3.2000 YEUH. B GPCY Al SEE 2 Sea ice
extentE A ZAFNE Yasta YA o, sea ice extentEZ hAT = Y= HEE sea ice
concentratione]t} sea ice fractionS A4Feta Aot 28] &GH}A A= GPC Seoul, Exeter,
ECMWF, Toulouse®] sea ice fraction B E FHsta FF3E A%l F Figure 3.202¢9F o]
FEAS S AT  UA A="ES T sea ice fractiono] 0.15 o]/l ARt &

2o =2 AT
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B Select Parameters

QAl
() Precipitation (C)500nPa GPH (C)Mean Sea Level Pressure
() 2m Temperature (1)850nPa Temperature (C)Sea Surface Temperature
@ 850hPa Wind
Issued date: (2023 | [MAR v| Period: [2023APR v| ~ [2023APR v| Parameters: | v| [Plat]  [Downioad | |Print ]|

[Unit: m/s]

Pune
. B850hPa Wind : Apr2023 (issued on Mar2023)

7
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Figure 3.201. Wind at 850 hPa on WMOLC website.
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Table 3.20. Results for investigation whether each GPC produces “sea ice extent
(SIE)” variableSea ice extent (SIE) variable

Sea Ice ) ) Possibility of Data
GPC Alternative Variables ] Data type
Extent Conversion to SIE
Beijing X sea ice concentration Yes NetCDF
CMCC X sea ice concentration Yes NetCDF
CPTEC X N/A N/A N/A
ECMWF X sea ice concentration Yes NetCDF
Exeter X sea ice concentration Yes GRIB2
Melbourne X sea ice fraction N/A NetCDF
Montreal X sea ice concentration N/A NetCDF
Moscow X N/A N/A N/A
Offenbach X sea ice cover Yes NetCDF
Pretoria X - - -
Seoul X sea ice concentration Yes NetCDF
Tokyo X sea ice concentration N/A GRIB2
Toulouse X sea ice concentration Yes NetCDF
Pune X sea ice concentration Yes NetCDF
Washington X sea ice concentration Yes GRIB2

O Select Parameters

O Precipitation (O500nPa GPH D Mean Sea Level Pressure
)2m Temperature () 850hPa Temperature ) Sea Surface Temperature
) 850hPa Wind (@ Sea ice extent

» Plot

Issued date: (2023 v|[JUL v| Period: [2023AUG v| ~ [20230CT v| Paramet ters: v| Hemisphere: North v
Plot Download | [ Print

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

Figure 3.202. Sea ice extent on WMOLC website.
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3.8.2. WMO 825 =A|2AAHF-4(ICO) + 9

Feid=ol= WMO S2S Z2AEVE 4 T5( 194 ° 13~ 18 & 2¢A * 19~ 23)F
et SAZGAFR AFE FA TR FHAT olo] 825 Z2AE 9L 525 =2
AE 2D AP AT A T8 I3 FT AFMNE BFS =95r] 93] S2S Summit(2023d
749 3Y-7¢, W9, ¥)E MASIATE APCCoAA = & 3lojo] A5t Ad 109 3 sA=
AT 9% 9 gite] gk 22F BE, ICO 95 T8 2 ol &AW WMOSH 4739,

< YA A e s B3 Fejdzels AT/ =d 99 3)/WMO
= F443]), w2dE EHGEI), FHolA = iy, Wdd
2T 1F ¥Y 5& T8 S8 ZEAE FX& AT ARuF, HEHAD B

o oM S8 FA ATBE SBEA St AAES AV
383. oFBAY TS 71&AY 2 WY
3.8.3.1. 2023@ APCC 7|3A R A4t L &8 A& Hag N3H

APCC 71F3 8 A4 B 2§ A84 9a%e T /1 FHAS thoby 2 ofgray 15
He tidom eguon, 3URE /185 79 12UEPE UA@7HA 387 APCC T
A8 o) gAA AAH U L5 1299] APCC AT-A ol 845t WG O AP O
H, 7o) e ofelsh Lok

- (o1®) FAZAEY ol

- (°]&) APCC 7| FoSA =8 7)) 8l 7] 5o 5 R, o549 ol

N

- (O] B) 7| Fel S| AL 8 AT

- (018 v &G AR &8 715 Hst IF HIF
- (018 4FE A-Y IAF A5 A4t B &

- (0] 8) 7152 9 B4

- (0] 8) st o} AESHBAH 2 Abgl &)

- (4<5) APCC 7| %4 B A2 Alz=dl £27) 3 37}
- (25) 71FAE Mus As

- (25) 71FAE AYAHE da

- (29 AREA BtEdE Aldd S 5 A5 A

)%

- (A%) A A2 A%

5 1070 ek 2 AlwelA 1590] FAstEom, Aol hE AW VEEE 24D
A3t ¢ WRAF ATHGH WHOE b dRel AAHe AXNE oSy e &
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S48 RIS Aoz AFEL FHA Aol Yas Z2ao] FUEH st HF
shar, ZfQlel A&t Tgo] 1, PFAY A FEATT HIESAT. F7HEQA oA
2o AR FEe Be Z2a9 dolx - 9 Hogd AbE T8I 1E e Azt ¢
vl Fo] e, 7|FAHBAN 2= FAF AF5H AN E A 2 HYPEH=E Mds 8F
St Yas A3 E A8 dol T3 e =2 " w83 Open AP, 7|3A8 Al
s}, BAEA, wget F8& BERFZE T AstAAd g Farvt JdoH, 2HELAES BT
AFA Ixe g gdE FHEIAT V1SRN FAE AFuSES T3 FHA A

ZE dZ&dTe] JIFAHRAH A" A FH3RoH, ol FE S0

3.8.3.2. APCC BB ¢ HEYA TF &3

APCC Bl HEY A TF= 2022378 *FHL o, 20233 5 ot & +3
shaA .

h A12x L A13x H SFE=A T 7] S AW EHD(Pacific Island Climate Outlook Forum,
PICOF) %4 2 "t

(@]

A12x} PICOF Z24(°23.4.20(%), 3}133]9))
- APCC ENSO & 2 A% o=

- WMO RA-V Pacific Regional Climate Centre(RCC) #7]d X &3 3oz 2022\
11€~4€ ti7] 7149 2 q, 202339 5€~10€ di7] 71*&d% A5 AFx 2 7%
A ARAEYA AA

- WY AY A Bl I TSN A% TR B A £

@)

A 132} PICOF %44(°23.10.23(&), 3 A])

- APCC ENSO &% 2w s

- 2023 54€-10€ 7| F/j G/ AhAol S & A

- 2023 11€-2024'3 44 7] S/ F/LhAtel 28 A

- Z}= NMHS(National Meteorological and Hydrological Services)2] o x w}2] &3 =
HF AHEAE AT 2E5E dE T =9

5% 90 o ool WA ENSOS| A, ¥ D olg] Boke] RTAY, vol S
E3 NMHSe dr Az A wal =9

r o)
Sote
1o
0
=

(Lh) A6xF B8 F7189 43 3 A3AF e\ 71
o A6ak efF F71dd3 F4(23.8.14(2)~16(<), ¥ A])

- HE G 71 s EEAY 71 B BEaTHm s, 9 w2 4714



o2 mol YPAGe] J4, F Bd T2 @R 4 PFL ARHE 30
oF 2004 o] F7letAth. APCC= GCF-UNEP Z2AHE9] Zz 4 F3& A
SESLOB, AT AGAY Y AT, FL A= 1A MEHDE
o W AAVE Auls B 2 ARE FHSAT B8 S5AY 2F 9 B
e FEe B A 2AUY HH S mAS,

ot ot
rJ
[ 2N e

401'

o A3zt eI FAHEs o] 4(°23.8.18(F), HA])

(th 71e} Y EY T 39 A g =9 o

o A1zt HlHSF=A T 7] F A 8] 2 G(PICS Panel) 39| #4(23.3.8, 22))

- HEYEAT ZIFARZAEE HH G DIY AR A ExA o2 HH Y]
TAREY B AQIFAE UESND EF5H AT gF S =@ V¥
A2 d S 20233 BIEYGEAT W A4F 3o dAS TRt oA vE F
8 A B EEAE =9ttt

o A1x FH7H F FAFA7IH 3o FH(23.8.17(F), A
- WMO, UNDP, UNDP, UNESCO, UNDRR, UNOCHA, GCF, World Bank % F& = ]

T} HEGFEA T 7Asta A=
Commission, EU, Y& JICA %),
A

= 39 7]IHAPCC, "= NOAA, USAI = U
Hoke= = A 7]7+(PIFs, USP, SPC, SPREP) &
AAste Holz e 1 @E4s 2 AUA B9 2%, WL Ao We ¢
29 AA, A A B Sol 2¥e DFo] Welyk 1YY, 53] 747
Mulz 38 2 29e gelME A9 BExyl #emod, A8d oS5 7
9 HAE oA BAASL solstn FdE ZAE o] Wasd =
[e)

—(PPCM, Pacific Partner Coordination Mechanism)
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3.84. IPCC & 71&E°F A3 34 3 AHEUEd EF

[PCC A6x H7FR A (AR6)S] F3TH A (AR6)S] Q°FR 1 A(SPM, Summary for Policy
Maker)e} Z+A B 1A (LR, Longer Report)ell thgk oA 4 2 o3& AW, SPM &4 2 97
Ut 48 94 ¥gS 93 2AE ZA, SPM $9S 93 YT Eo & 2 SPM +H
AdE HAE FA, SPM HAE 24 2 Bexg A AY 5 FPsPgon 1 g o

o} 2},

<A A(FED
o (B32, Al HiAl &4) 2-3% F&o| AHH 2dsolAs TdAES} NS Wito]
THEZ Ao gds] vyt or 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 B34, WGl SPM (BD) 55 Fxd o “F A9 27 tia] £33 ARt 4=
NA” ALl ZE HIZFg A Addo] WEsHA AAE HQIA R0l ol

- e A T dud # B4 FE 1T o, ARSI & 24 A5 2
AE AR AE RS 24 (FE ko] “limited evidence” 7} IPCC 2] £010%] 321
=3

<A BA(IEN

o0 Mr. Chair, thank you for giving me the floor.
My intervention for this sentence is about its robustness. [ 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, 1 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.

CEHALA(FED
o (B.7.3, F WA EAe] W FH) very large scales®] oA A 8%
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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 (A B34, WG3 SPM, SYR SPM), very large scales (SYR SPM) 5©] Al-&5

ol
al }}]\1:!-

02 A5ES I3 “scale” & “¥” & 9y

€9 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.

44 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?

For Paris Agreement-consistent pathways, annual rates of BECCS deployment
range from 0-1 GtCO2 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 ofjA1<] 8-

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).

B.7.3¢9 T ¥R £4 A4 48H Zo = dehE = Longer Report W&
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Longer Report p52, sec 3.3.4, line 9-12

More rapid reduction in CO2 and non-COZ 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}

<EALA(FEP

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” .
“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.

However, in this

sentence, CDR deployment at

A58zt 71 FH Skl AR HFF FYAIPCO) F327 A&

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

“mitigation” F | “adaptation”
& A A= B.3¢)| adaptation ## Ul -&o]

o] RA Atk M. ¢l

T

— —
a1

“changes” &

“changes of system components” Z Rt} FA|H o2 FTHsfof stthar F=435HA
ojol thall A A= B.3oll= 71 FA 2"l Rk ofyzt AE Tk
A2 FHsHE Aol o ATy A

AAE 3= s olds wgste B3 ©@EE o 2 gixd

o

22 “Some future changes are unavoidable

il
=

“mitigation action” ¢l “immediate”
okl . @Al o Folz2, Wy

B3 7lesolor dvta FAsA AL, ol

1

7] ol sl=gtlel o] dolE ¥
“impacts” o2 H}47| &, A FolEE&

=N md
o -

%017 7]

2=

T AUAEE A E

A
and/or irreversible but can be limited by

¢

deep, rapid and sustained greenhouse gas emissions reduction” o2 FA3le] 2%,
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“EQE 3 WA 249 745 GBS FAN] 99 A 249 “abrupt
of  “and irreversible” & F7}¥¢ AL FAsYa, AHAZF  “abrupt  and/or
irreversible” 2 FA sl F20=E
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oA 7|5H 2dstel] wE H7td A Wil o3 JaFS tuF= B34 M HAsioh
3 A, g AJol= “sustained warming levels between 2C and 3C” o] A vy
A AEE HABoF AAAA RS0l 8T F ASAolga FASA oY, A =
w3} o]% @ AZF Fof RSk WA ste] EAd ZAste dAA F:dol M
Adsitty AW, gAY ole “several” olghv= EFo] RISt FAAAAES A5
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B.7.D) ¥z glol 2100d7+A <= 1
net-negative CO2 Wl&F & EA3t AAE 4%
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2 FAMe A g5 AN 7 FAE BFste] 1) APCC 7 FASA2=He] &9

2 ASAHR AF, 2) APCC 71T SA =8 714, 3) At FH oA 52 AR 7IF8HE 4 2
Bl= Fd, 4) MME 7|2 Aldd S 24, 5) MME AW SA 28 /e 918 719k A 3,

2AYY 8 AAXYo] U FAE FAAAL 2 FAE Fadee Fsu

=

6) 7] &0
¥,

;
et 2.
4.1. APCC 712N 200 &4 @ 54

B
APCC+ 1170= 157§ MME #oj7]13#e] HZE v" o Z A=
Aol ZA 28 Bgste] A4 2 FEEH MME 7He 488 o

2 SIE S R EX
& AYHOR U FoA B ARAYE FYES F3 Y 15Y T 129 A3
% =@ APCC ARAHLY B £2E ALAD AU] Al A ALASH2 o
Ze AL FASE glom, 1 AT APCC AMASARS S TEs Fast] 2013
| div] 202339 o =9 (hindcast ACC)-2 A7 13.93%, 4:rL 21.06%7tF F = ATt

FolAol A FEAPASALLES WMO A 7= AW 5 2 shaje] o] Lojmo}
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4.4. MME 71 AAAS B3
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4.6. 71 %8k FAYY L FHAY
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AEAL

Ao Agd tERD YA4E 2= APCC MME Producing Centres (PCs)oll ]3] AJ 4k
& hindcast/forecast AA2E BIE o= APCC7F <4, AZbgstdon A5E Al g2
APEC 713418 o] 2=y,
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