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Abstract: This paper re¥iews the development history, key technologies, and application value of

ensemble pregigtion, which originated from the understanding of atmospheric nonlinearity and chaotic
ince Lorenz proposed the “butterfly effect” in the 1960s, it has quantified forecast
uncertainty by ing multiple perturbation experiments into numerical weather prediction. Initial
perturbation techniques*have evolved from breeding vectors and singular vectors to ensemble Kalman
filtering, while model perturbation techniques include stochastic kinetic energy backscatter, stochastic
physics parameterization perturbations, and multi-physics ensembles. In the early 1990s, major
international meteorological centers successively established global and regional ensemble prediction
systems. Through statistical post-processing techniques, ensemble prediction systems have generated
various probabilistic forecast products, significantly improving the accuracy and timeliness of extreme
weather warnings. In recent years, Al-based ensemble models represented by Google SEEDS etc. have
achieved breakthroughs, delivering superior forecast performance at lower computational costs. Future
ensemble prediction will develop toward a new paradigm combining physical models with Al to further
enhance the forecasting capabilities.
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Fig. 1 Concept map of a single modgl fo rn ensemble prediction
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E L, Shutts (2005) W E % SKEB NATEETR , BYMEIR

HiE 58 18 3K 45 £ RENTHENE, XIRERIL (VC ) B3E ( Shutts and Allen,
2007 ) , BN ERES , IMERET BEBRNDRERR. LB HZFFEEF
BREASMBPERENTEEERE , AE TEENTREXRSRENHR.
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( Guan and Zhu, 2017 ).
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EIIRAKEESTHITEFBINA. ERUTOUHEMRFARA , B HETIREN D HEZ 50
M4 —2.
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WREF - Weather Research and Forecasting
AROME - Application of Research to Operations at Mesoscale
ALADIN - Aire Limited Dynamic Adaptation International Development

Eta - The eta vertical coordinate regional model ‘

RSM - Regional Spectrum Model
)
COSMO - The Consortium for Small-scale Modeling
MOGREPS - the Met Office Global and Regional Ensemble Prediction Syst

PEARP - Prévision d'Ensemble ARPEGE
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BYHE :

CMA - China Meteorological Administration

CMC - Canadian Meteorological Center

ECCC - Environmental Climate Change Canada

ECMWF - European Center for Medium-Range Weather Forecast
JMA - Japan Meteorological Agency

MSC - Meteorological Service of Canada

NCEP - National Centers for Environmental Prediction

UKMet - United Kingdom Meteorological Office

WMO - World Meteorological Organization

4DVar - 4-dimensional Variation -
AROME - Application of Research to Operations at Mesoscale

ALADIN - Aire Limited Dynamic Adaptation International Development
CNOP - Conditional Nonlinear Optimum Perturbation

COSMO - The Consortium for Small-scale Modeli

EDA - Ensemble Data Assimilation
EFAS - European Flood Awareness Syst
EFI - Extreme Forecast Index
EnKF - Ensemble Kalman Filter
ERAS5 - ECMWEF Reanalysis version
Eta - The eta vertical coordin
ETKF - Ensemble Transfor

MOGREPS - the e Global and Regional Ensemble Prediction System
MOS - Model Output Statistics

RSM - Regional Spectrum Model

SKEB - Stochastic Kinetic Energy Backscatter

SPP - Stochastic Physical Parameters

SPPT - Stochastic Perturbed Physical Tendency

SREF - Short-Range Ensemble Forecast

VC - Vorticity Confinement

WRF - Weather Research and Forecasting

EUROSIP - European Seasonal to Interannual Prediction,
MACC - Monitoring Atmospheric Composition and Climate
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NAEFS - North American Ensemble Forecast System

PEARP - Prérision d'Ensemble ARPEGE

S2S - Subseason to Season

THORPEX - The Observing system Research and Predictability Experiment
TIGGE - THORPEX Interactive Grand Global Ensemble

Al - Artificial Intelligence

GEE - Generative Ensemble Emulation

GPP - Generative Postprocessing

SEEDS - Scalable Ensemble Envelope Diffusion Sampler

CRPS - Continuous Ranked Probability Score
MJO - Madden-Julian Oscillation

RMOP - Relative Measure of Predictability
RMSE - Root Mean Square Error

ROC - Relative Operator Characteristics
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