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Recentering Based on Scale-Dependent Predictability:

Enhancing 10- to 30-Day Extended-Range Machine Learning Weather Prediction
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(a) WEATHER FORECASTS
predictability comes from initial
atmospheric conditions

525 PREDICTIONS

predictability comes from initial
atmospheric conditions, monitoring the
land/sea/ice conditions, the stratosphere

excellent and other sources

SEASONAL OUTLOOKS
predictability comes primarily from
good sea-surface temperature conditions;
accuracy is dependent on ENSO state

fair \
poor

Zero
1-10 days Weekly averages

10-30 days Monthly or seasonal averages

30-90+ days
FORECAST RANGE

FORECAST SKILL

White, C. J,, et al. (2017). Potential applications of subseasonal-to-seasonal (S2S) predictions.
Meteorological Applications, 24(3), 315-325. https://doi.org/10.1002/met.1654
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Z500 Correlation measure p
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Boer, G. J. (2003). Predictability as a function of scale. Atmosphere-Ocean, 41(3), 203-215.
https://doi.org/10.3137/a0.410302
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(FENGWU vs. ERA5 2024/08/01-31)

Z500 Spectral Anomaly Correlation (ACC): Forecast vs. Reanalysis
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Initial time Inference Stept =1 t=2 t=3
(Analysis) Lead time £ = 6hr £ =12hr £ = 18hr

And so on ...
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Primary goals are:

(@) to dynamically filter out smaller-scale noise to sustain extended-
range forecast performance.

(b) to allow the forecast to smoothly relax toward climatology as model
predictions approach the limit of predictability.
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Initial time  Inference Stept =1 t=2 t=3
(Analysis) Lead time £ = 6hr £ =12hr ¢ = 18hr
And soon ...
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Baseline Forecast: — o
— FENGWU (without RC):
The original, uncorrected model output.

Experiment Forecasts:
— RC (Every Step):
o RC applied at every inference step (6h) from the beginning.
~ — RC (Daily from Day 10):
2E=JHIIE+*
RC #4it7iAlE RC applied once every 24 hours, starting from Day10.

Liu, CC., Hsu, K., Peng, M.S. et al. (2024). Evaluation of five global Al models for predicting weather in
Eastern Asia and Western Pacific. npj Climate and Atmospheric Science 7, 221.
https://doi.org/10.1038/s41612-024-00769-0
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Baseline Forecast:
— FENGWU (without RC):
The original, uncorrected model output.
Experiment Forecasts:
— RC (Every Step):

RC applied at every inference step (6h) from the beginning.

— RC (Daily from Day 10):
RC applied once every 24 hours, starting from Day10.

(A) Spatial Pattern Correlation
(Northern Hemisphere)
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(B) Spread-skill Relationship
(Northern Hemisphere)
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Baseline Forecast: BRI
— FENGWU (without RC): B ET(HHAR: 3-12 July 2025 (AL ER), FIEAEF 0000 UTC

The o.riginal, uncorrected model output. B MUWP (FENGWU) ZJ4415: ECMWF ENS #1341 8118 (FR4F
Experiment Forecasts: 025 | ERHTATAR, AEHLIS0ER KDY
_Fs(fa(Evﬁg ::Z'\)/);r inference step (6h) from the beginnin TR F R AR 5 1/12/25/37/50&_‘;‘)
—RC (FI))F;in from D);y 10): P Jnning B FEREE: Fe/NFFEIERIRIOX (720/\FF)

RC applied once every 24 hours, starting from Day10. B EEI5: ERAS

(C) Zonal-mean Hovmoller Diagram
Case: 7 July 2025 | Asia Pacific: 60-180°E

FENGWU RC (Every Step) RC (Daily from Day 10) Climatology

Latitude (°N)

Zonal Mean U200 (m/s)
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Take Home Message

B EHEREITAR (10-30X) EEGRIRIFASREBR, ERAIEHREER
ERREKEREERR Muwp =22 R THEAHIDME (RC) i) .

B ZDEEERE : (a) @JﬁbLF%«’l‘Rr¥Enﬂu"fﬁﬁﬁﬁﬂﬁ$ﬁ§§ﬁ ;
(b) ETERFLATZREH, ZETRERTIE#hF [mIxFKRE
(Climatology)| SE#E.

B EAEKSLEEMNRE Muwp BEEASIHIREES, Bk
THEE, MEEAYERE RC BITHEE

B 3Bk U200 E =L EE R RC Al R FEZEEIFERATE (PCC) BB, [F
KIRE (RMSE), FEMFEFUNBIRFEREFFHEMFE, #HE
BEEEAEREREARESINGE

B RC HfiTHEFEAEZ HERMNE M MLWP #HE! E (ANFCN3FEHY), HAT]
IRAERZERE MLwP &8 2 FEEREE 1,

B ESIRE . MeEARFRIMA TR E BB EMETIRK ?
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