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S2S2D Conference 2026 &A1 YHilAM
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(] SAI JHQ
O 3 A} 1. S2S2D Conference 2026: Advancing climate predictions
from weeks to decades to benefit society
O & 4~: Palmer Building, University of Reading, Reading, UK
O 7] Zr: 2026.9.7.(€)~2026.9.11.(5) <H5E>
O AA A
Physics-based Prediction Systems

Climate Services Across Timescales
Machine Learning Methods in S252D
Predictability and Prediction Skill

O ER N8
O & # 7 71Fuseds d7d AL
O LEANA: T2E AA A (2026.9.8.(3})
O 2 FE A E: From Global Ensembles to Local Decisions: A Seamless

Climate Service Value Chain for the Pacific Islands
O MME =2 U
1 || Physics-based Prediction Systems

A A7 S2S2D predictions are operational at a growing number of centres worldwide, but with
numerous methodological choices and no clear consensus on optimal prediction system
characteristics such as ensemble size, reforecast methods, observational inputs and initialization, or
model resolution. This session will bring together researchers and operational providers to
communicate new developments and future directions in physics-based S252D prediction systems to
better optimize their design. Themes can include:
» Forecast system development:

o Initialisation (e.g., data assimilation, reanalysis methods, observing systems, data rescue)

o Model formulation (e.g., resolution, coupling, physics)

o Ensemble generation and reforecast methodology

o Post-processing

o Evaluation and verification
- Sensitivity studies (e.g., resolution, land properties, atmospheric composition)




() (Frederic Vitart, ECMWEF) Sub-seasonal prediction at ECMWE:
Advances, Challenges and Opportunities

« AJAHE

— ®X APCC BSISO oo #of =2 ECMWF E2H(Cycle48r1)0] &=
Cycle50r12Z A E 7tsd0| A22=Z 0O[of cist CiH|7t ERe

— ECMWF2l ML 7|8t sub—seasonal 0] 2X0| EEUSH Al ZHS
MME #+8% & StLtZ FII6H=E ot0|EE|E H2 &St e 7590 A2

« ECMWF sub-seasonal o= A| 2l W#H3} (2004—2026)

2004 2026
- TL159 (~110km) - Tco319 (~36km)
42 vertical levels

137 vertical levels

32-days integrations 46-days integrations

) - Once a week - Daily
Real-time
- 51 ensemble members - 101 ensemble members
- Model Version: CY28R3 - Model Version: CY50R1
- 1° Ocean - 1/4° Ocean
- Active sea-ice
- 12 years - 20 years
- 5 ensemble members - 11 ensemble members
Reforecasts

- Once a week
- Initialized form ERA40

- A% A 2 A

- A dF FEZIHFYEGTE FARLF)e] S MJO 19
SSW +4<, PNA +5¢, NAO +5¢). Tropicsoll A= 5F3gF 7|4 o]
Holuy N. Extratropicse] week3ol| A= A+ 7fAHdo] )31 weekd
oAM= 7fde] A3 oY=

- SHAl: MJO 98438 BEA= o338 2117 ety o= At
(remote) HJAE ofyz} A ZH(ocal) €l wi&ol7 1=

« Experimental ML sub-seasonal ¢j& A|2~®lD

- (2025.9.~2026.8. H71Y d=54d5) MLEE 2 dstnd gF5YdidED >
MLE™ q_ oL/J-HS) > ;qaﬂ oda} g4 > ML 2 thgd

Every odd day
Initialized from ERAS

1

2
3
4
5

21A 14% Machine Learning Methods in S252D2| Johua Talib 2% &E=X
ECMWFmulti = IFS + AlIFSgaia + AlFShera + AlFSthalassa

) 2
)
) AIFSmulti = AIFSgaia + AlIFShera + AlFSthalassa
) Post—processed IFS = MicroDuet

)

AlFSgaia



(2) (Stephanie Johnson, ECMWEF) Highlights of ECMWEF’s next seasonal
forecast system: SEAS6

« AlAHFE
- 22 - ddE - H FT| 5= B JiEe 2F 108 F7[2] ECMWF AE o=
2 Mo A7 = US

- 8
SEAS6 prototype 7N % A% Ax} U3
- HAF A% 48 operational hindcast set &4 & AA oA
« SEAS6 471
- :FLAE)] = tqal

SEASS SEAS6 prototype
Atmosphere cycle Cy43rl Cy49r2
Stochastic physics SPPT SPP
Atmosphere res. TCo0319, LI1 TCo319, L137
Ocean/sea ice model®  NEMO3.4 LIM2 NEMO4 SP
Ocean/sea ice model res. ORCA025 L75 eORCA025 L75

- A AR
AT A F e F: 51101
- g 7] gl 9 18] -238)(ml € 19/16€ =713
- ENSO ¢l® o E7|dH->¢d i, 137/1€4->A 23] 2471 €
31

LB S AN AT YR SPAS

(3) (Fanglin Yang, NOAA) Development of the NOAA Unified Forecast
System and Its Application to Subseasonal and Seasonal Predictions

« AAHY
— ®X APCC MME AHEo|Z0| &0
o gol2= olof thet ZE=EMES 0|2

@I NCEP CFSv27t 20274 % ESH
HE BRot US.

M4 01>|

« UFSD &3 &g 27 712 (Scale-Aware Unified Physics)
- NOAA UFSR20 7§l o] land, PBL, microphysics, &, ZA %
B2 27& o DA AAM BHAA S

6) Introduction of a new ocean and sea—ice model based on NEMO4-SI3
ECMWF’s next ensemble reanalysis system for ocean and sea ice: ORAS6

7) Unified Forecast System



- o] &8 275 GFSv17(9km), GCAFSvl & GEFSv13(25km),
SESv1(50km), WAM(100km) & % Al ="l & -&

= =
- 2d FH7

GFSv17 - NOAA %] Medium-range <=2 ¢+ ¢k A3 A7A |28
GEFSv13 - NOAA Hzxeo| &+ 2% YL sub-seasonal A]~El
- CFSv29] At <&
- AT oS 20261 3EHE AL 13], 13 AsAIRE 3170 E HH)
- On-the-fly reforecast: 117] ¢E ®H, 1991-2025
SFS®) - 20273@ Z7kA] WCOSS39/NIMBUSZ o] #3l= AL E3X & sty CFSv2+
WCOSS2¢] &9 5 A& A =Y
- SFS-betal A& 3~7¢€ ICAlA CFSv2 dWin] F33 7jHdo] glom
ECMWF SEAS5¢} thAl2 553 %

(4) (Andrea Molod, NASA) GEOS-S25-3: Coupled Assimilation and
Seamless Sub/Seasonal Prediction System at NASA’s Global Modeling
and Assimilation Office

« AAHY
— A NASA 222 APCC MME A &0 =0 &M 0|22 #H L{E2 HERA

AT AD XNEEZ B 4 US.

« GMAO GEOS-S2S #d AL
- pre-GEOS(1990d ) &1k, NSIPP) — GEOS-S25-1(2012) —
GEOS-525-2(2017.11) — GEOS-525-3(2026%d 3€HFE F4AIZF +9)
« GMAO GEOS-S2S 7% w7

- GMAO A - =82 coupled Earth-System =& 2 B3-S 94
2 A=3 A AR sub/seasonalFE] decadal A7t R @S

|
=
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« GEOS-525-3 AOGCM - ODAS - AODAS &4 (*: GEOS-S2S 1+ EA)
- AOGCM: 43283 o2, s = 4 H(~50km—~25km), T
71-3%F A AE*, Green’s functions WHE 7|Hl md Hid*

H
- ODAS: @7 - 914 SFBZ 93 /)4, SRS B3} A =9

8) https://vlab.noaa.gov/web/osti-modeling/seasonal-forecast—system

9) Weather and Climate Operational Supercomputing System: NOAA/NCEPO| GFS, GEFS, CFS £ 2Z& 0¥

DS Scle #HAFE AL



- AODAS: One-way 2% &3}, Y allds & Hkg, th7] ==
Replay*10), 7]& Replay 2]*1D 3]

« GEOS-525-3 Coupled Assimilation &%

- FAAZE 2 A o= 9789 coupled o|=, GEOS-S25-3 reforecast+
1991-2024(GEOS-52S-2+= 1982-2020), 20261d 32 GEOS-S25-2& tiA|

- AAE: A 370Y 4570 lag/burst, o] % 6701 1070 A€, 54wt}
lagged 27| =4, €A T 9 FA o= EF 5L

2 || Climate Services Across Timescales

Al A7) S2S2D predictions are vital for informing near-term adaptation to extremes in our

rapidly changing climate. This session will bring together practitioners and providers of S252D

climate services to assess current capabilities and present exciting avenues for future

development. Themes can include:

- Sector specific applications (e.g. agriculture, health, energy, water)

« Postprocessing for policy and decision making (e.g. calibration, multi-model combination,
downscaling)

« Verification for building trust

- Data and software (e.g. open data and tools, data streams, reference data sets, curation)

 Explaining, attributing and communicating forecasts

» Formulating and communicating risks of extremes

» Good practices for engaging users

(1) (Angel G. Mufioz, WGSIP) Outcomes of the recent Fourth WMO
Workshop on Operational Climate Prediction (OCP-4)

« AAE

5t 7
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ADOIOE W DIE B3| QAXFD USS HIF. Ol BF FTOIE Y A
S

10) Buchard et al.

11) Takacs et al. ¥ Orbe et al.
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13) Climate Service Information System (OIS MHIAXEEAIAE)
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https://wmo.int/events/workshop/fourth-wmo-international-workshop-operational-climate-prediction

(2) (Linda Hirons, University of Reading) Advancing locally-owned
Meningitis Early Warning for Africa

. ALARE
- = =79 g ZYUAI OIS MEY SE-35 dM4-UMA W3)=
UNEP CIS—Pach U 3H-PIF Allo] &8 o2 MAZS Q3 &% 2Ho| &

— Hx Jjme =
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AdH (S AHAE FH-FF A-AA4F t8) el

Vigilance Warning Risk Severity

- 2T - AUEE - ARUAEES dAF - Viglance Warning 55(Yellow(Low)=1,
Z3 o 2 Vigilance Warning Orange(Moderate)=3, Red(High)=5)°l <}
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14) African Centre of Meteorological Applications for Development — Climate Health Desk. 2026 H 32 13
DDAl =HF

EYolRH UE a2 JI=s-8=52A

S22 Al slEZ University of Reading/NCAS, ACMAD,
WMO/UNECA &6t 882z 0I12HA.

https://acmad.org/index.php/official-launch—of-african—climate—health—desk/

_7_



(3) (Emily Ball, BSC) EpiOutlookl®: a seasonal forecasting platform for
climate-sensitive infectious disease risk

« AAE
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(4) (Anca Brookshaw, ECMWF) Climate Services Bring Challenges and

Opportunities to Climate Prediction Science and Research
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15) epioutlook.bsc.es
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Data products Applications/graphical products Tools
- A-AZO9 2E) - AdAS RE - AA oS workflow
- Decadal =157 =d) - C3S Atlas - C3S Atlas user tool
- Projection - BEH S8 AR - EQC(Evaluation and

Quality Control) 7]%

o A WAR]: “ALS = AR BEA S 299 H
“Society requires user-relevant output/products; user relevant
evaluation metrics; services around the products.”
- 4d]1: Long-range prediction®] 7}X|= W< o S8OE oly 2}
enhanced event setl? 9 attribution(¥1Ql )= =)k
- 92 AFA EHYA] ZE o] AAZE d R FA oA Al FA
IRIEE A7 As dE B0, A glo] A AU dSEHAS=
ol F&dt= Wyl ¥kgo]l UEUA e IHoE AEASS
M ZE-E R =(d): Relative Nifo Index)ol] thak 2 oAS A7)
- ¢J|3: C3S Hydrological Seasonal Forecasts 7l %
- Forecast-relevant impact modele] =& g s},
« C3S Decadal o =2 &4 & /‘Hiﬂ
- 7 o] 2(2021-2030): 8 370 Yo dFEHF G HA A

- SPI &1=(2021-2023): =< Wupper <99 1=zl 9 F& 8 ts

=
)

(5) (Daniel J. Befort, ECMWF) Development of products based on
bias-corrected seasonal forecasts
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16) 2 3 lH
17) Merryfield and Lee (2023): 2 =SWAECH G 2SO |/t 2Ms st 8 =X



. AT
- 2024 o2 7)€ Ap# (ERAD)
- 1993-2016(30) 71713k fg Aol Feis 1L
. 2014—2023(10Lﬂ) 7] —3‘—7] 7k HA7E o0 =2 0]%

- 3_7@ 71%712&91 A

- @A dFEe C3S ZdE9 hindcast 713kl 1993-20162 2,
kA2 e 7F 201610l H Sfiv |/l

- ol TS ARRA 8 FE TFSHA g BYF olY 2H(Goodess
et al. 2019) A 71&E717ES AR AAl ) 2l(perception) 3
okz] kS 4 S(Moore et al. 201919).

14 TSV R ALtEE Hale Ao Es HH s duk
AFEALS] A 7ol Abolo] M E HHE. ‘HAET {
AREALNAIE ol FEZ 7]Eo] Ho, & e
Ho/stE ddstA .
« 71F71ZF AHER O wEt 2E A= AE 45

o
D
ri

Model-reference products ERA5-reference productsl?
- 29 7F7|3 ¢ke] 2E 252 HAF - Step 10 22 AR 9] systematic biasE
A4k S5 ARE HAHW
- Step 2: Step 1|4 RAHE »d 250
U5 A5E WA \oxF AL
- 2d 2kg9 7R IREe g Qe 7Rt - 7R Addo] o2 AEAE 7HAdolwt
A Aok JEIER o 4

- 1A 7)1Z717F: 1993-2024
- olF 71E713H: FA 0d(d= I 7= i AL
- o]F 7|72 A 10d (o= A= 7] i 7gAlzDh)

18) Rapidly declining remarkability of temperature anomalies may obscure public perception of climate change (PNAS)

19) &I ECMWF Forecast User Guide, Section 8.3.4.1&0{ 2t Nino Plumes S MAHA M0l Yes Y
https://confluence.ecmwf.int/spaces/FUG/pages/673551557/Section+8.3.4.1+Nino+Plumes %
https://charts.ecmwf.int/products/seasonal_system5 nino _plumes &%

20) Mean additive bias correction 7180l 22 2XE HiRE=E 2 otd.

A
21) Oll: 20129 BIXt HIAAl JIEDI2E2 2002-2011E, 2013E EX HALAl JIED|2H2 2003-20124.

flo


https://confluence.ecmwf.int/spaces/FUG/pages/673551557/Section+8.3.4.1+Nino+Plumes
https://charts.ecmwf.int/products/seasonal_system5_nino_plumes
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- SEAS59] 1993-2024 o5& 7] g dFEBEHT E FEFE AF

FHE BE 45 3E A5 (39 389

- o5 7|&7IZE AREAl A st - ol ZIE7IREE 2 k9 3EI(BN) AR
]

5
colE (A TE7Ie R HEoiRl HlEo] Aop(E3] 30 olETIEdlAM FeERD.
Az ARANAME FAZE 2A71(=27) - 233 FAE CFHT 30d o2 AkE BN
o = A Bt e &g wobx7] W&
- A =] FEHA - olF 7E7IE 2H B2 A A e
3ES S z=do] FEHM g 34
qFollM = =24 W37t YetuA S+

(6) (Julia Velletta, ECCC) Calibrating Multi-Year Temperature and
Precipitation Forecasts

o AAMH
— CRPSS 7|8I2 = seasoan! O|F5Atz 2% 28 7|8 = decadal 20| &%t
At = APCCSl A2D 0|5 =X2l EUAME &g ohst g =291

- Hi 7

- Decadal 7729 o&FS &4, ouA, Jd=z&, BF 5 AEA -
AHAAE - g2z Ty 8.

- WMO LC for ADCP22 Zof: ECCCe] CCCma= WMO A|A
GPCW=Z oy Z(CanESM5.0p2, %718k 1961 d~3 ), 10d o K.,
20 otA+E ®n), CMIP6 historical+SSP2-4.5 734 2)

- ECCC decadal 9= AH] 224
- R 7 R A

22) Annual-to—Decadal Climate Prediction
23) Global Producing Centre
24) ClimateData.ca



- o ® 77k Year 1-5, Year 6-10 (4%}, MJJAS, NDJFM)
- Zk5: CanESM5(40 ¢473E #H, 27|18 1961-2026) % ERAS
o oA TS 93 B A(Calibration) 71
_ g

- Seasonal A-8H-E decadalZ FA2): raw anomaly A4k — EE
fitting > CRPSSE Hujgat==2 Bx BAHEAASF AHL)

- ANAE w2AHF Year 1-5= 2 Year 6-102 out-of-sample
hindcast® 2272 7}

- 37+ 259 (Spatial Smoothing)

O+

0|2 Fol7] S8 BAAG T sh9Ah 27Y(9) e
Wl -G EEY - AEEE HA g Gro] tE.
- Az
Uncalibrated Calibrated Calibrated+Smoothed
712 CRPSS 0.425 0.412 0.487
744~ CRPSS -0.045 -0.031 0.028
~7Qe 53] £ 9ee] CRPSSE 7)A
202610 2718} ol = AN E AR div) BA - 2P F F3
sEio] o #=3 fAEHAl sk
- A=
- Ad oS BA7|H-S CanESMS decadal 7|2 - g S A8 F
AAL wADZL. 21
o Z

25 5 = A
- T“"O] Z1 hindcaste} H-3 I 2F9 & &3 decadal o =9
axs By 7
- 20263 11¥%H dd &9 dA

25) Kharin et al. (2017): WMO Technical GuidanceOll SM = J|#0/0H ECCC HZE 0= SSZUHAHME AR =



(7) (Carlos Delgado-Torres, BSC) Seamless climate information from
months to multiple vyears: constraining decadal predictions with

seasonal predictions and past observations, and their comparison to
multiannual predictions26)
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- MP(Multi-annual Prediction, thdo|=)
- EU ASPECT2" g2 A Eofx AJ4t
- A 23] 2713}, 2-39 oS, iR dAE
-2 AL - A BE
- TC(Temporal constraining/merging/shadowing) — £ 5 F=A
=, o~ il Bl
-2 dEAAE AVIE dDEte
- 24 Aol HQg glom AEE #= - SPrF U vt 74l ThE
« AR ¥ O
- A5: ZE(SP, MP, DP, HIST) ¥ A &4(ERAD) A=
- W A e(constraining) 7]
-DP - HIST ¢47& 9 T 2Ad & /M4y A= 9 SP A5
X E28)F 7|FOo &2 A9 307 9IS F2 B

26) Delgado—-Torres et al., 2026

27) Adaptation—oriented Seamless Predictions of European ClimaTe. S8dHE2 32 Z 20l Horizon
Europell XIS 0t G = J|= Bl M5 ZZ2MEZ = z0 3082 0tR2= HASHO J|= 0=

ANAES FA=010 AMl-BHE JAZEE KRots A8 2 E=2 &

A= T

28) B2&Z, RMSE(QDI2 2= I1e), BZE U 2XHNiIR03.4-NAO)



- 74=: ACC H residual correlation

- A3
- MP2] Aso] ARk oz 7P =25k TCE A4k vlgo] "Xl GO A
452 MPel S48+ Aol A+
- MP ¥ TC =5 DP - HIST(unconstrained ensemble)E.t} 4 (==

- o)=Y 1-671LESPS ARE A7) TC elZ4o] SPe} HlshE
C dHEZ AHH AFo| 713

3 ||Machine Learning Methods in S252D

A4 4&7): Earth-system prediction across time scales is undergoing a revolution as machine
learning methods are showing comparable skill and much greater computational speed than
traditional physics-based formulations. This session will survey ML methods for forecasting,
post-processing, and other aspects of S2S2D prediction to highlight these exciting new
developments and point towards where we might be heading next. Themes can include:

« Application of ML models to S252D prediction and research

- Emulators (e.g., uncertainty quantification, representation of rare extremes)

 Explainable Al

« ML-based postprocessing (e.g., bias correction, calibration)

» ML-based downscaling

+ Challenges and opportunities for AI/ML in S252D prediction

(1) (oshua Talib, ECMWF) A multi-model comparison of machine
learning and dynamical sub-seasonal forecast skill: Insights from the
Al Weather Quest29
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« Al Weather Quest A7}
ECMWFe] =42 - ZA712& Al/ML ~7]4}F subseasonal o B x| w}7]
A FolH WMO WIPPS # el —2AERZ 5215,

K

29) F=A& aiweatherquest.ecmwf.intOlH 2026.9.24.(5) 13UTCH 2 ZZ2HEQ| = HE L AIAIEE0 ofLlet
S CHH0 CHEt AHILDE JAS B,



- FAEE0] Wl A&t AdRE FAHAT HrF £ fyRE

- o X 2025S0N, 2025DJF, 2026MAM, 2026JJA 717+2] Week3(19-25<),
Week4(26-32) AN A 71 - F5 - 7S 1.5° sid=e AAF
&4 quintile AR

- 7= ERA5 7]4F RPSS(Ranked Probability Skill Score) ¥ 7}

« 3o A&
- 5971 & 2 1057 =l Fo
- d {3 Post-processing($-#2]), Data-driven(d]e]&~7]%H), Hybrid

(3lo] B8] %), Unknowne] 1™ data-driven E2lo] oF 3071= 7 B+-

- 71 4ol £& 42 dynamical JRE &3

- of|: MicroDuet(Post-processinng) % FengshunHybrid(Hybrid)

IFS ti¥], data-driven 2@ oAt Fousk AAE B,
-5 FHE 2 23 72 dF Adsol IF 2 ML BEFoA A=t

ENSO¢} #tdd 2o g2 HSlL

3

AS7HA & 4 A& Av2E 15353l oH 3
- B2 xg2AE A4 dANAE e - AE -y S dy] 20



(2) (Chris Kent, Met Office) Skilful global data-driven seasonal forecasts;
results and current developments for moving beyond a proof-of-concept3®

« AJAME
— MEHAXEU2ZE S5l GloSeab2t wARt ds& 2 2 29
hindcast Atz =2 Q0| MEMXE 78 ML 22 ZE AEH AE of =0

tseE AAME.

« ACE2-ERA5(Ai2 Climate Emulator 2) =& A7)

- 6A1ZF 7+Z autoregressive ML =4, ERA5(1940-2022)= 1} s}
- AA fRAA A FoE FEEM FAH ENSO 98403 Ad
« ACE2 2 ACE2-hybrid H]ul

A AR ABAAEET 53 2o AE dSFaAME Fon|sh

3 A
2208 9 5 JEIk
ACE2 (persisted SST - 3l ®) ACE2-hybrid (predicted SST - 3| 1)
- GloSeas} A5 HluL - A4 NAO 4=4: ACE2<ACE2-hybrid
- AE&F NAO 934 FAF - g efH Y SSTE A ASHAE NAO 2
- OPE Ay e "9 ENSO A fA ]. A% 71% 22 A3 — ENSO A&7}
- persistence 2 ENSO A& dSHoh 4=  ACE2 2~Z 9] 34 A

- 2025/26 HHHA Y HE(+-) A= FAF
— “promising real-time performance”

(3) (Bobby Antonio, University of Oxford) Seasonal prediction using the
GenCast3D probabilistic machine learning model32)

o AAHE
— Medium—range ML 2 & AHA SIS
st Y ZE (NEMO)O| ZAgetst EI_’EEI O._:‘?
— CPU 7|8t ME 2Ylu} GPU 7|8 ML & ZF AL XpRl 91 EfRl AH SQX|
(@)

7]
SNEET=ENTIEE -t

1Ml
:1_|
H1J
LOﬂ
9
e
-
o
Ral
=
—
A
N
Hl
e
>
O
m
)
o

rir

« AT 571

- Medium-range ML 2do] AA FRIME & ZAFsl=4] 39l

- ML 235 A qrRe] A5 HEstH dddArealistio) 3) ]
Aol I8

30) Watt—Meyer et al. 2025 (npj Climate and Atmospheric Science)

31) 2 OIS JHegst Al J18 medium-range €M OIS 22 (Price et al. 2025, Nature)

32) Antonio, Strommen & Christensen (2026) Climate Dynamics; Antonio, Strommen, Ortega & Christensen
(2026) ACE2-NEMO, arXiv:2603.28704.



o }‘\jl
- GenCast-Persisted(11€ 190 SST anomaly persist) %
GenCast-Forced(reanalysis SST forcing) Hlxl
- ENSO(2015/16 €Y= % 2010/11 2FYrh)
- GenCast-Forced”} GenCast-Persisted2.t} 3#Z=(GPCP/SEAS5)3} ¢
FrAFSHAl ol &%
- NAO

« 43 1. GenCastE o] &3 AHA o= 4

J—- B
le] L

- GenCast-Forced 77415 > GenCast-Persisted 3 SEASS A
- GenCast7} s el tigk AT vt S5dee v
. A% 2: ACE2 + NEMO A%
- ML ti7| 23t 7]Ee] 9% sgrde] a3 ddo=M 7S
2= & vIRE EoF
- 7] HolA @k ACEZ29] zAZ ZAEC] =&d(el: ofgt
ENSO =] w7 U%, oi7]-s1 flux 241 5).
- %&3: out-of-sample H|Z~E 7}, plug-and-play
- 2 S5 Ak B 7 dolx

(4) (Jakob Schloer, ECMWF) AIFS39)-SUBS: Extending Data-Driven
Forecasting to Sub-Seasonal Timescales
o AAE

— AIFS—SUBSE medium—-range22 2 MAE AIFSE sub—seasonal 22
=SHESH A|EZ IFSEC S22 HEF g
=

: 42 EE U FMSIILL £2 AUS 2oin SSWe
22 S OMEE o= Y& E5 JH5E

A Aus Az AQ5E 245 u(chaos) ARE AR
159} o] 28 T ol
v)r

Z}713] A (autoregressive) 7-x=2 @ AE T}

« AIFS-SUBS A7

- 24 Encoder-Processor-Decoder +%¢] Graph Transformer,

33) Observed SST(GenCast 2 AIFS), Slab Ocean(ACE2-SOM), ML Ocean(SamudrACE)

34) Artificial Intelligence Forecasting System: 2#=—->X2S3t—HI0lEJ[Et 02— X2l L BHE SE0A dold
H B82S CtCt

gt 0lE 222 Y (Lang et al. 2024a)



24 A7+ B} 28, almost-fair CRPS loss function
- A} &: ERAS/ERA5.1 2 operational analysisS(A®& % 7]bH AA T
H= MJO, BA5H)
- &+ Pre-training(ERASZ 1-step AFA M) — ERAS+operational
analysis AF5 2 FHtj 3¢ rollout fine-tuning
« AIFS-SUBS 9= A%
- A
- AIFS-SUBS7} IFSE T #2314 w2 H3KH(bias)S H Y.
- fCRPS+= Week2 ©]% [FS¢} 53t 5
- MJO
- Multivariate RMM 3A 4= AIFS-SUBS <} IFS7} TAFSHAl A
- OLR &A= AIFS-SUBS7} I[FSR Y ¢ =
- Amplitude bias: AIFS-SUBS®] #H3gFo] [FSE T 2}
- 454
£ 2009 19 SSW35 A}#| ol A, AIFS-SUBS g IFS =% ZA3% %

o3} olMIE

A

4 | Predictability and Prediction Skill

Al Z7l: The sources and mechanisms of S2S2D predictability are only partially understood and
are incompletely represented in our climate prediction models. This session will bring together
theoretical, modelling, and observational results to highlight current understanding and modelling

capabilities and to inform future research and development of S2S2D climate predictions. Themes

can include:

» Modelling, theoretical and observational studies

- Sources of predictability (e.g., modes of variability, teleconnections, ocean-, sea ice-,
land-atmosphere interaction)

« Interactions across temporal and spatial scales

» Model representation and predictability of extremes

Predictability and prediction of monsoons

Predictability and prediction skill across Earth system components
« Windows of opportunity, when and where might forecasts have skill?
« Model errors and their impact on forecast quality

35) Sudden Stratospheric Warming



(1) (Matthew Newman, NOAA) Seasonal Precipitation Skill in Current
Climate Forecast Models is Due to Initial Tropical Conditions Alone36)

« AIAHY
— O B8 SST/t ol 54 l LAY 0[A] IdE| e dl AHOILE & 4=
22 H XI|XNEE SAHE T SEY YHe=

|
GO EfHY SSTQ 7| =7} i

C AT

- Y W A 71F0)E mABe] A S ISP oftleld e
- dZ4e) AR TR, §A-302), AWl AR FrolAE
ool AuzIgle] BHon} o FaA o FHsLA T

° Hot]g%

- MA3D: AEZAQ %7]3} o B(SMYLE3®) th4l, CESM2<9] 12001d #7]
control run ghelB oA, =7] ZZAGST/SSHH 718 FAHsE A
(analog)E AT 2t 7IEo &2 o} 1 o]Fo] AHES PFE o
HE AEsteE o5 7)H

- SMYLE(CESM2 ~71¥h3} CESM2-MAE &Y 7]17H1979-2019)0 A4 H] L

« A3}

- MY o= APAITE 71, CESM2-MA 2} SMYLES] ~Zo] A —
MAZ} %2713 »d& o 31]_24 o5 U/\].t‘sl-g_ 9]“]

- Analog A& 7130 7500 = EES Zrlam MA ~Zo| Soah
7R =] A] °}% — Al SST & F7F ARE g oS0 dddo=

71q8kA] X

- 21 AsA|zE W—L— 3371 CMIP6 =4 7|9k MA MMES] 7 o S4do]
NMME®] 7 dSAHRY =5

« U-Net 7|5} Al-optimized MA Oﬂ? F7F 470 (Toride et al., 2025)

- U-Net A14%& CMIP6= sH5A17] 5| SST/SSH 271 248 98 %
analog AACE A F LA} 7]F)oll AHES A HH 7}?74 W

- A 7R glel shsd 7 A7 Etl B ol FEEA JAF

ofr

=1

36) Amaya et al. 2026, J. Appl. Meteor. Climatol., doi:10.1175/JAMC-D-25-0235.1
Toride et al. 2025, Artif. Intell. Earth Syst., doi:10.1175/AIES-D—-24-0045.1

37) Model-Analogs

38) Seasonal-to—Multiyear Large Ensemble
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A zero-out(masking) A @M= I BIF IS = Aol HA
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(1) (SAGE3? Energy Task Team) WWRP SAGE Energy Task Team:
Useful, Used and Usable Subseasonal Forecasts for Energy
« S25 ZT2AE(2016-2023)= d=4 dd L dSA|2" ol E LA
ANZoY gAAA KPo o A F&(uptake)S A 32 0] AL
- o]0 $5 ¢ZS F - AN AT - 1A - oA A7) Bolo] HAHo=w

NE5 WWRP SAGEE &Wslgon B whg= oX

289 5 Y=
ofel] gt 271
c 4T} B
- oAAA AL S25 = FR BgAel BHF ol F
- S25 &9 A% D BHUM tat ofs) FH
- 35 Auo BHAYS AR wIsts PHE AL
- D% YAF - ANAS 52 BF AAA-ARA ARUY 73

(2) (Veronica Torralba, BCS) Advancing Seamless Climate Information for
vineyard management
+ ASPECT Z2AE koA BSCe 233l toli2lrh 35 /aar A-ga
0 2E 7|5 AR AH] 2
 BA AYYE 4R AMem, SPH, ZAAS 5 4 53 A=E
Aatstel A - dd - 10d 52 AR o2 A3Htemporal mergingi®)
¢ A2l A 8 E Al oiFk B S19-10d olE AR 8 s sjelus

39) Subseasonal Applications for aGriculture and Environment

40) Solaraju—Murali et al. 2025, Delgado—-Torres et al. 2026, Abid et al. submitted
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(3) (Elise Olson, ECCC) Development of Marine Heatwave Seasonal
Forecasts at ECCC
« ECCCe] A4 MHW & ARAA /N 3l
- T8 A%
- CanSIPSv39] A" SST reforecast A5 =2 12719 X3P A|Z171A]
MHW & &4 e
- NMME®} AR Ao Holn dF A9 H 671 dPA gt A=
NMME %57}
- Parametric calibration &8-& &3 &&4 MHW 939 AF= 7)d
« 3% ECCC Canadian Centre for Climate Services &¥|o|X & 3t
Au] 2 7RA] A
o« AJAFA
- MHW®] deg) A= dH+ SS
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ol A& 2= ARoIA|TE B A+t 9 e AJacox et al. 2022)=
2H+ SST A SA5E AHEE
- MHWS] A A& J-9st dAYUSO] A 2AYENSO, 3%
8 F)I0|BE €HF ASEE MHW oS HARE
(o)

(4) (Joanne Couallier, EPOC) Decadal Climate Predictions to Improve
Water Management in France
o 22 Y9 decadal 7w HE AF 2 U] AR AH| A AlF
o IPSL-CMBA-LR H|Z7]38} Y& AEo)4 NAO 3 AMV A5 7[Hto g
57 W E AMEANERE 8d B ArE AdSska, GROMD 7 RE=

FHFH 4 F Ao 3B NHENE =

41) ZTA INRAEOIA JHE St Hydrological Rainfall-Runoff 2 &



(5) (Christopher Goddard, ECMWF) Advancing Multi-System Decadal
Climate Prediction within C3S
« C3S decadal o= AMu]2~ A7)
- 3k 713 CMCC, DWD, Met Office, BSC, UiB-NERSC
- A& ABlx
- £%3}% decadal 2 AIZF 9= 2 hindcast #F
. /141]3 uli-ﬁﬂ /\].i%42) ;q]:g_ 01]7(6]
°§‘rL = s d5
84 thE Mt B3l 7|9l S = T8 R A 82 F
o}‘/POlX]t& of| o] EI7ls3stE=E 4k &
background forcing®] 2143k dejo]E7} &
7% o 7|#HEL VolRes-REWE Saf thd 34t 234 ¢4
Al AlEsHA g8t &3t & 1I71E oWl A=

Aug B AL AL U8,

n
W,
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E
I
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¢ AAH
- 9 A9l decadal AZE o)) & Au2E HUR WF A%
Aol Hol =AU
- ’“‘Ei‘ﬂﬂ ATE AH: AA DAFE 233 L& decadal S ARl
HES JHAE = FFER oY
‘%‘%ﬂ‘ﬂoﬁ gk AAFS
(6) (Sarah Henze, University of Hamburg) A seamless co-creative
approach to decadal prediction: the Coming Decade Project
« Coming Decade ©|YAMEEH A7)
- %9 A 7] 71Bo] Felshe AL FY TeAE
- %j}_
- 2] A% 715 =22l ICON XPP4) 718k Al5f A FA| 2~Elme] s
(DWDe] A decadal o)A 2~=(MPD) o A)
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42) =< (BSC), HIHXI(CMCC), & (DWD), 28 (Met Office), B2 (UiB-NERSC)
43) Volcanic Response Readiness Exercise

44) eXtended Predictions and Projections



- ENSO #H& /MM,
(Fefs HIHS

- HlY oz ASS
- AAMA: dds AFES Zo)7] Y= =g MEHICON XPP)t
A2 @ F deots ZRAE Z7|HE WY FZ3= “co-creative”

Ho]'/}—] 2 7(1-_']—/_6-1- ]'61:

2 O 2~A Y #H(80km—5km), AFEAF 8 XA}
&3 78 old8f), THEk 01]1 271 A
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Third International Conference on Subseasonal to Seasonal to Decadal Prediction (S2S2D)

From Global Ensembles to Local Decisions: o APCC UN &
- - - T GREEN s o environment
A Seamless Climate Service Value Chain for the Pacific Islands CLMATE gzl Aecc cLimate centen  programme

Jin Ho Yoo*, Daeun Jeong, Jeongmin Han, Hyun-Ju Lee | APEC Climate Center | www.apcc21.org | * jnyoo@apcc21.org

History of PICASO! under ROK-PI CIiPS? Project Roadmap of PICASO under UNEP CIS-Pac5°® Project APCC MME Forecast System
* Phase 1: The PICASO system was inaugurated in 2017 during the » Duration: 2021.9-2027.9 e L * Operational Framework: The APCC seasonal
first phase of the ROK-PI CIliPS project. Its primary mission was to » Budget: Total $50 million (APCC portion: $1.64 million) E SR G forslc?a;tc'js bazgég‘ MME Ptred'Ct'ogSt?’]Stighar}d S
. : . e . . : ublished on S wepsite aroun e 0
provide customized seasonal rainfall forecasts for Pacific Island » Target Countries: Cook, Niue, Palau, Marshall, and Tuvalu T ° - -
_ _ SO : ; : : Qomee i o S every month, freely accessible to users worldwide.
NMHSs? by leveraging state-of-the-art MME* data from various ‘ ObJeCtolve: To strengthen national C“mat.e SEIVICES th.roygh four key pillars e ’ - Participating Centers: 16 operational centers and
climate models provided by APCC>. @ Institutional frameworks; @ Observation and prediction systems; research institutes from 11 countries worldwide
» Phase 2: As the system evolved through ROK-PI CIiPS Phase 2, a ® Communication and dissemination; ® Enhanced coordination T g (ﬂ)“""““A“«i*f“v"“"““' participate in the APCC MME system by routinely
new feature called CoCO® was developed, which combines « APCC's role: Technical training to enhance in house forecasting and multi- ?rOVIdlngfthelr predictions as ensembles of global
: . : ! Tk T . _ : : orecast fields.
various forecast information, such as SCOPIC”. APCC MME. model ehsemble preqllctlpn capacity: trammgo for early career scientists i e » Forecast Products: APCC's real-time operational
ACCESS-S model of BoM&. through its Young Scientist Support Program; and technical support for the | | forecasts are issued in both deterministic and
generation of sector tailored climate information in all five countries. orobabilistic forms.
1 Pacific Island Countries Advanced Seasonal Outlook 4 Multi-Model Ensemble 7 Seasonal Climate Outlooks in Pacific Island Countries 10 Global Climate Model 13 Probability Density Functions 16 U.S. Drought Monitoring
2 Republic of Korea-Pacific Islands Climate Prediction Services 5 APEC Climate Center 8 Bureau of Meteorology 11 Pacific Meteorological Council Meeting 14 Kernel Density Estimation
3 National Meteorological and Hydrological Services 6 Consensus Climate Outlook 9 Enhancing Climate Information and Knowledge Services for resilience in 5 island countries of the Pacific Ocean 12 Linear Error in Probability Space 15 Soil and Water Assessment Tool Plus

PICASO' — Downscaling Global Predictions to Local Decisions CoCO®% — An Integrated Consensus Forecast System

Why localized prediction? Why CoCO?

« GCM'0 output from a single grid point cannot resolve local-scale variability — even nearby stations with * The 4t PMC" Honiara Statement (2017) identified a remaining need for a user-friendly, integrated approach
different topography show different predictability. to determine the optimal prediction for higher-quality forecast information across the Pacific Islands.

* This local heterogeneity is a fundamental limitation of GCM-based prediction and why tailored, station- » Under the ROK-PI CIiPS 2, PICASO v2.0 was developed to meet the need through the function —
scale prediction is required. integrating PICASO with existing forecast systems.

Tailoring MME Predictions to Local Climate How CoCO works

« PICASO is a hybrid system: statistically post-processed dynamical seasonal prediction. . — _ —
» Procedure: Identify predictors by comparing the correlation patterns of observations and MME with local Skill-based weighting
climate— Extract the predictor - Apply Bayesian regression to relate the predictor to local climate Discrete tercile probabilities from The continuous PDFs from PICASO

- : each system are converted into and a user-selected system are
Beyond Seasonal Rainfall — Adding Monthly and Temperature Forecasts to PICASO o oS 0618 i [ merged into a joint probability

* This multi-scale and multi-variable approach is expected to allow for higher user satisfaction by offering oreserving each forecast's distribution. which is then reduced (LEPSW‘score.), SO a more skillfgl |
detailed decision-support data that better meets the specific operational needs of various sectors information while enabling finer back to discrete tercile system is weighted more heavily in
compared to seasonal-only forecasts of rainfall. combination. orobabilities. the consensus.

Q) PICASO —

Each system's weight is derived
from its own historical forecast skill

Fiji 2023 MAM
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The 2023 MAM precipitation in Nadi
Airport (31680) is predicted to be ABOVE
NORMAL (65%) (i.e., ABOVE (65%),
NORMAL (31%), BELOW (4%)).

The prediction skill at Nadi Airport
(91680) is Very High.

Combining

the process of integrating two

Two probability distributions probability distributions Make the joint probability distribution Normal range: 493.2 ~ 713.1 mm/3mon

From different prediction systems of the two probability distributions
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CoCO Algorithm CoCO Forecast Interface

Sector-Tailored Information — Extending PICASO to National Decision Support

In-Country Stakeholder Consultation Sector-tailored Applications in Five Countries

« APCC conducted multi-year, in-country site visits across the Pacific Islands.

* One-on-one meetings were held with NMSs and relevant agencies (water,
« Streamflow forecasting technology for the Avana Valley, Rarotonga’s « Technology to produce wildfire risk prediction information + Water-level forecast model for Ngerimel Dam using semi-distributed

angCU|ture: health: d Isaster management, etC') principal drinking-water source « ML/Al-based program to predict core wildfire risk factors; statistically SWAT-plus’™ paired with a Tank model

e APCC assessed sector by sector: « Support reliable drinking-water management and supply policy optimized a climate model against Niue's historical fire records and * Automated system linking probabilistic climate forecasts - daily
! « Localized forecast-display methods and operating guidelines to build observations, securing a wildfire-risk prediction algorithm tailored to weather scenarios - dam water-level forecasts, with risk information

 What information each sector needed to act on its own national independent local operational capacity island characteristics displayed according to Palau's 4-stage drought response criteria
plans/criteria within its decision-making workflow: : e ~ T ~ e
« What data limitations each sector was facing; and
« What PICASO could feasibly provide given its station-based forecasts. | -
« These findings were used to identify the five country-tailored applications 1Y S /4

58 (May)

shown on the right section. TS s
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* Probabilistic drought forecast system using rainfall observations and PICASO forecasts, tailored to the country's * Probabilistic drought forecast system using rainfall observations and PICASO forecasts, tailored to the
drought response criteria country's drought response criteria

 Drought probability and a USDM?6 historical database with automated collection  Staged drought-probability

« A user-friendly information display integrating drought criteria, probability, and historical records into one * A user-friendly information display integrating drought criteria, probability, and historical records into one
dashboard dashboard

PICASO 3-month Drought Outlook (Mar-May 2026) at Kwajalein

Forecast Summary

Marshall A Note: The PICASO interface images presented in this poster are from the current, pre-upgrade version. As this upgrade is now underway under UNEP CIS-Pac5 project, the final interface will differ from what is shown here.

Implications

PICASO — Downscaling Global Predictions to Local Decisions CoCO — An Integrated Consensus Forecast System Sector-Tailored Information — Extending PICASO to National Decision Support
By statistically bridging coarse global model output and station- By merging PICASO with the other forecast systems that Pacific By translating PICASO's climate prediction information into applications
scale observations, PICASO makes it possible to predict local Island NMSs use, CoCO consolidates multiple, often conflicting built around each country's own decision workflows, this effort enables
climate variability that GCMs' low spatial resolution alone cannot forecast products into a single, skill-optimized consensus. The working-level use of climate information between Pacific Island NMSs
capture. This predictor-based approach also extends beyond resulting forecast is not just simpler to use but also more reliable and the sectors. This sector-by-sector approach aligns PICASO's outputs
seasonal rainfall to other timescales and variables, allowing the than any one product could be on its own. with the warning criteria and response procedures that the sectors

same underlying framework for more specific information that already operate by.

decision-makers actually need.




