Weather
@A Quest £ ECMWF

Al Weather Quest:
Annual Highli

W

Webinar | 24 September 2026 13h UTC

&2 ¥ METEOROLOGICAL
=4 ORGANIZATION

< ECMWF :"* Destination Earth




< < < < < <

Quest framework and participation
Evaluation and scientific insights
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This session is being recorded .

The recording will be made available
online after the webinar. If you do not wish
to appear, please turn off your camera.

Please mute your microphone .

Please keep yourselves muted during
presentations. You are welcome to ask
guestions during the Q&As.
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Fifth WMO Al Webinar

_ . Weath
Quest framework and participation AlGES

The ECMWEF Al Weather Quest is a global benchmark and learning framework launched in August 2025 to compare
ML models for sub-seasonal weather prediction. It is open to all (researchers, tech companies, forecasting institutions, etc.).

Participants currently produce global weekly forecasts
for weeks 31 4 ahead for the following variables:

Near-surface (2m) Mean sea level eIt
temperature (tas) pressure )
(mslp) pr

Forecasts are evaluated weekly against reference
observational datasets, and results are published live:
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Fifth WMO Al Webinar
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Participation overview AlGE

Participation across previous competitive periods
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Evaluation insights : First competitive year overall scores AlGEse

0.20 Week 3 Global average RPSS
018 Dynamical Post-processing Data-driven Hybrid

o The most skilful models use dynamical
forecasts.

(1) Top-performing approaches shifted from post X
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Given skill in post-processing and hybrid forecasting systems, we acknowledge efforts led by CMA,
ECMWEF and IRI to host the WWRP/WCRP S2S database.
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Variable-averaged RPSS
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Evaluation insights : First competitive year overall scores AlGEse

Week 3 Global average RPSS
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5 R

Globally -aggregated, variable -averaged RPSS at week 3 lead time for models

q 6 WA-GFaBdlkléHst 26 weeks of available forecasts. Numbers above
(below) bars indicate the number of weeks assessed.
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Dynamical predictions calibrated
against a reforecast climatology.
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The Quest has observed the
development of innovative
forecasting methods.

TeamCLINTdeveloped multiple skilful
forecasting approaches:
A Bias-adjusted, lagged ECMWF
ensemble forecasts.
A A pretrained U-Net model for
probabilistic forecast calibration.
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Evaluation insights : JI&p-performers overview faveek 3ahead
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Evaluation insights : JI&p-performers overview faveek 4ahead
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Evolution of periodaggregated
variable-averaged RPSS scores
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Fengshun Family by CMAandFDU

China Meteorological Administration | Fudan University
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Fengshun Team (2021~now)

Meteorologists Al Experts
@ Model portfolio
¢ d- DATA-DRIVEN
Jie Wu Chenguang Zhou Zeshéng Dou Yang Zhao
CMA ; A Fengshun
= =] i A FengshunAdjust
Jiahui H Qifeng Qi Ch W Ch Zh
lanul Hu Ireng Qlan enpeng vwang unyan ao AI N NWP
A FengshunHybrid
FDU
University

Lei Chen

Xiaohui Zhong




Research to Operations

CRA40
EEEe——>

FuXi-S2S

Fengshun 1.0: First Data -Driven S2S Forecasting
(Chen et al., 2024)

Operational System

Became Operational ever since September 2024

nature communications
CMA Al Cluster Daily Run:
A800: Scheduled Jobs 16:30 BJT
Article https://doi.org/10.1038/s41467-024-50714-1
A machine learning model that outperforms
. ~25mi
conventional global subseasonal Data ; , it »
s s reprocessin nrerence
forecast models Acquisition - 2
a  FuXi-S2S inference stage
h it ~45min
Input Encoder /5\ al Decoder (1%%!;:;:)[)8!‘5]
Perturbation Add pertubatlon
module
Output
uXi- raining stage ~20min
b FuXi-S2S training stag | o G:;Z‘::;:n Post-
Y s s B processing
Sampling Weighting 5 . i

Input ——» En;::)der N(6}) »ﬂm 20min

_________________________________________ Target

KL loss b
L1 loss

S —— | : [ Run Logs
Target —> E"E’g;’e' b N(th) %Dmﬂ B , Decoder Output

Sampling  Weighting




Fengshun 1.0 open source

, Fengshun 1.0 has been open -sourced
Graphic Products at MAZU Platform

0 0 (XXX EN

http://ew4dall.wmc-bj.net/EW4ALL/predictions https://github.com/NCC-China/CMA-AIM-S2S-Fengshun



Fengshun Models for Al Weather Quest

Model portfolio

DATA-DRIVEN

A Fengshun
A FengshunAdjust

Al + NWP

A FengshunHybrid

A light -weighted version
1. Purely Data -Driven (ERAS);
2. Forecast weekly quintiles directly ( tas, pr, slp);

3. Easy to update (no need to calculate model climatology)
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FengshunAdjust. A data-driven ensemble model

AFor the MAM A h
Base Al Models Wieakly ORI or the and JJA seasons, we extended the

Forecasts original Fengshun and FengshunDiffusion framework
Fengshun

* by adding a new model with Group VAE and
/ / s \ Mamba for state -space transition modeling

(@

\§

e N Aug 2025 to May 2026
\—

0.12
FengshunDiff 1o
usion Fengshun 0.06 4
e .
J/ Adjust 2 006
9 [+
- N m_ultl-mod_el _ -
kcorrectlon / callbratlory
Group VAE + e
—
Mamba Gmpwswmngpiwﬁt ,,,,, o wegk?; weekd '\j'eekS weekd we?kS . weekd
) w urface Temperature ean Sea Level Pressure otal Precipitation
New in I A i {_tartim) FengshunAd just FengshunAd just
A l ' - B DUF period B MAM period
|
and JJA y ' e N
/ \ Mipgde)) — # ———— DY —-kimy—v t...;,t.-\ il )
| State-space transition : . *L_ Key Update In MAM:
; modeled with Mamba I _ o

________________ @ + Group VAE base model
+ Mamba state -space transition

\_ + Better forecast skill J
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FengshunAdjust: Case Study

FengshunAdjust Forecast
a — , _ ™ period

near surface
temperature

021 08 Mar, 2026

Y

| RPSS TP, W™ Rpss = 0.356
e | -
mean sea level T i s A,
pressure | UL o R e S — week -3
~ Q>0.8
27 Juli 02 Aug, 2026

Y4

total precipitation

27 Apri 03 May, 2026




FengshunHybrid: AlI+NWP

|~ T T~ 1 | _
| 76 variables | = Fengshuigfi‘f?j;gg FengshunAdjust

| , .

| fromERAS | . groupVAE+MAMBA (Data-driven model)

Input limited to Monday

_ 3 data-driven models -
Ensemble forecasts probability

FengshunHybrid

Weighted mean _
(Hybrid model)

4 dynamical models Ensemble forecasts probability

New in
MAM

ECMWF
ECCC
NCEP

CMA

Dynamical model mean
(Dynamical-S2S)

0.10 1

RPSS
g

Aug 2025 to Aug 2026

I - I - I - I - I

week3 weekd week3 weekd week3 weekd
Surface Temperature Mean Sea Level Pressure Total Precipitation

[ FengshunHybrid with FengshunHybrid with
dynamical ECMWF 4 dynamical models mean
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FengshunHybrid

Variak?les: total precipitation surface temperature
Base time: 26 February, 2026 09 April, 2026
Forecast period: week-3 week-3
RPSS
1.00
0.75
0. 50
s
- 0.25
FengshunAdjust
L 0.00 Fengshunid just (Data-Driven) RpeS (ra0) 0. o1
- —0.25
- -0. 50
FengshunHybrid
075 integrates the advantages of
: . FengshunHybr id
PSS or) 0. 049 both and balances their RPS (tas) 0. 049
L —1.00 respective weaknesses
In case 1, the data -driven model (FengshunAdjust) In case 2, the dynamical_S2S model 18

outperforms the dynamical_S2S model outperforms the data -driven model (FengshunAdjust)



Case Studies

An abnormally northward and strong subtropical high caused

heavy rainfall across the Jiangnan region in early April. Dynamical model mean

Dynamical-S2S

Observed
o EXRW
2E kE =E5Hh SN
2026££045068-04812H :
o -I,%\“’/:/‘a?“'l ,
e, B FengshunAdij
| iy ® gshunAagjust
Data-driven
5P ol //
VYo .\
— HES : GS (2019) 17862 , L j.;:;ia.u, FengShunHybl‘id
_— HAFIR : 1:20 000 000 - T .
Hybrid-model

Base time Valid time Quintile

interval

Thu 19 Mar 2026 ~ Mon 06 Apr 2026 - Sun 12 Apr 2026 ~ Eastern Asia ~ >= 80%
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Performance in Al Weather Quest

Evolution of period-aggregated RPSS scores in the MAM 2026 period, for variable-averaged and the second forecast window: Evolution of period-aggregated RPSS scores in the JJA 2026 period, for variable-averaged and the second forecast window:

01 1 02
1

FengshunHybrid FengshunAdjust

Period-aggregated RPSSs
Period-aggregated RPSSs

CCCCC dFDU [ cMAandFDU] Dynamical_S2SDatabase
CMAandFDU

= D ical_S2SDatab:
° FengshunAdjust e FengshunHybrid ° multimodel_mean e —

FengshunHybrid multimoel_mean

MAM Ranking (Week 4): Hybrid better JJA Ranking (Week 4): Al -Ensemble better

FengshunAdjust C

U Ranking #1 for MAM (Week 4): FengshunHybrid
U Ranking #1 for JJA (Week 4): FengshunAdjust




Higher prediction skill during EI  -Nino developing phase

tas

mslp

2 ENSO also provide
predictability for purely
o data-driven Al model

01-01 02-01 03-01 04-01 05-01 06-01 07-01 08-01
init date

—eo— FengshunAdjust NINO3.4

RPSS for FengshunAdjust in 2026
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atm

Predictability

(weather)

osphere

land

7 days

~30 days

LND

i ’:f =
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Time

FengShun-CSM

Our Team will participate Al Weather Quest in Year2

MJ O,
Beyond:

TC

activityeé

E Land & Ocean forcings provide predictability

source for longer time range.

E Can Fengshun provide skillful prediction at

seasonal or longer time range?

Perturbation

Atmosphere-Land prediction Model

At—24h' At

»'_"—’;r——-w'-"""; .
b | ocn
L~ e | (86%2)
o - M
R 2]
————
—————g P
- £ 4(@2%2)

Perturbation

i :
[ : J v
6[—24!1:0[

Transformer Transformer Dy Transformer P> Transf
- > ...-p{ Transformer >
Block Block b'e 7 Block 'Y El Block i
(O] (5) (30)
hq Eu ha fla
Coupling Module Coupling Module
»
y
C g O)
[ |8
h, 1) R (2-4) (5) h
Transformer Transformer P S Transformer & T
L ... >...p] »...—»{ Transformer —» 0
Block Block N Block =4 Block e
(1) (5) (30)

Ocean-Sea ice prediction Model

How to train a model that captures
variation at different timescale b/w

mult -sphere?

How to introduce physical constrains
given the limited samples?
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2026 El Nino Forecast by Fengshun CSM

Nino3.4 predictions (blue curves) Observed SST Anomaly

Forecast P10-P9O0 e ERA reference (forecast definition)
- Forecast mean (30-day windows) —e— Supplied monthly observations

Init 2026-01-01 Init 2026-02-01 Pentad Mean SST Anomaly 202609P

3.0

2.5

2.0

A:5°

1.0 1

0.5

0.0

Nino3.4 SST anomaly (degC)

Nino3.4 SST anomaly (degC)

—0.5 1

7_0’1‘6'0x 10’16'03 _1016.0‘»‘ 7_026'01 7_015'09 qu’L("\’x 10’)-("01 1316’0A 1016'06 —Lo’l("o% 10’16"’0 7_()7,6'&1

Init 2026-03-01 Init 2026-04-01

3.0 4

2.5

2.0

1:5+]

1.0 1

0.5

0 30E 60E 90E 120E 150E 180 150w 120W 90w B60W 30W 0

0.0

Nino3.4 SST anomaly (degC)

Nino3.4 SST anomaly (degC)

—0.5 1

" 16'03 107_6‘“5 10')_6 ol 1016_09 o o3 7_07»1 0 107_6‘°A 2 6-0° 1016‘06 107_63“ 1016A7' 10?__] 02 | | | | | I C

3 25 2 15 -1 05 0 05 1 156 2 25 3

Forecast: ERA 1981-2010 baseline. Supplied observations: ERSST v6, 1981-2010 baseline. SST products and sampling differ.
Observations are calendar months; forecast windows are shown at their actual midpoints. Missing observations are not extrapolated.
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The END



