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• Recent Trends in Ensemble-Related Research 
• Initial Perturbations 
• Model Uncertainty 
• Lateral/Lower Boundary Uncertainty 
• Weather/Climate Interface (S2S) 
• Impacts (TCs, Hydrology) 
• Ensemble Structure 
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Number of Article/Year with These Words in the Abstract* 

Research in ensemble 
forecasting and ensemble 
data assimilation 
continues to be active. 

*AMS journals only 
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Number of Article/Year with These Words in the Abstract* 

Research in model 
uncertainty continues to 
grow rapidly. 
 
 Interest in calibration and 
post-processing also 
substantially larger than 
in the early 2000s. 

*AMS journals only 
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• CMC: IAU replaces digital filter, recentering (global); IAU, intermittent to 
perpetual DA cycle (regional) 

• CPTEC: ENKF/Hybrid 3DVAR  
• DWD: SVs of Krylov space, Broyden matrix 
• ECMWF:  Improved SVS, higher EDA resolution 
• JMA: LETKF (global);  SVs (regional) 
• Met Office: En-4DEnVar, 1.5km lagged MOGREPS-UK  
• Meteo France: Regional EDA and 3D-EnVAR 
• NRL:  Perturbed Obs for atmo-ocean coupled model 
• ROSHYDROMET:  EnsDA or LETKF 

 

Initial Perturbations: Continued Focus on DA-EPS Consistency 

Met Office Meteo France CMC 

ICs from ARPEGE EPS, AEROME-EDA 

Control    IAU 



• CMC: Recycle key physics variables (regional) 
• DWD: Smoothed Plant-Craig conv. tend., linear model 

forecast error approximation 
• ECMWF:  Revised SPPT, SPP, consistency in EDA and EPS, 

SL-advection uncertainty 
• JMA: Physics perturbations under development 
• Met Office: SPP, analysis increment additive inflation 
• MeteoFrance:  Regional-SPPT, perturbed parameters, 

Global- testing SPP 
• NCEP:  From STTP to SKEB + SPPT + SHUM 
• NRL: Increment perturbations in coupled system 
• ROSHYDROMET:  Stoch. pattern generator 

 
 

Model Uncertainty: Stochastic Methods, Parameter Variations, AI  

C. Piccolo (Met Office) S. J. Lock (ECMWF) W. Kolczynski (NCEP) 

RMSE Reduced 

Greatly increased 
spread, closer to 

RMSE 

ROSHYDROMET 
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Tropics 250-hpa U 
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• CMC: Regional: SSTs at 10 km, CALDAS (Land DA); Global: Coupling with NEMO 
• CPTEC: Coupled with Brazilian Earth System Model 
• DWD: Improved LAM boundary conditions through dynamically consistent initial 

perturbations in global ensemble 
• JMA:  SST perturbations (global), lower boundary perturbations (regional) 
• MeteoFrance: Surface variable perturbations  
• NCEP:  Soil temp and moisture extension to SPPT 
• NRL: SST perturbations, SST diurnal cycle 
• ROSHYDROMET: Soil perturbations 

 

Lateral/Lower Boundary Uncertainty 

C. Reynaud (Meteo France) JMA W. Kolczynski (NCEP) 

Increases spread but 
still underdispersive 

Soil SPPT – 2-m Temp 



Weather-Climate Interface: S2S Forecasting 

North American Multi-model Ensemble 
(NMME) /SubX 

Sea Ice Prediction Network 
US Navy Contribution 

S2S CMC 



Impacts: Tropical Cyclone Ensemble Forecasting 

D. Richardson (ECMWF) 

HFIP Multi-model Ensemble  
Integrated Intensity-Track Information  

HFIP Multi-model Ensemble 
24-h Intensity Change Probability 

COAMPS-TC / HWRF / GFDL 

07L (Gaston) 
2016082600 

COAMPS-TC / HWRF / GFDL 



Impacts: Hydrology, Extreme Weather, Renewable Energy 
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H. Clocke (U. Reading) 

R. Hagedorn (DWD) 



ECMWF Annual Seminar 11-14 Sept. 2017 
Ensemble Prediction: Past, Present and Future 

I.-L. Frogner (Norwegian Met Institute) showing results from Meteo France, Met Office 

Structure of Ensemble Systems: 
Panel Discussion: F. Bouttier, R. Hagedorn, S. J. Lock, L. 

Raynaud, T. Stockdale (moderator) 

• User/metric dependent 
• Higher resolution for short forecasts* 
• More members for DA, extreme 

events, long forecasts 
• Lagged forecasts a success at Met Office 
• Use small ensembles, “fair” scores, for R&D 



ECMWF Annual Seminar 11-14 Sept. 2017 
Ensemble Prediction: Past, Present and Future 

Structure of Ensemble Systems: 
Panel Discussion: F. Bouttier, R. Hagedorn, S. J. Lock, L. 

Raynaud, T. Stockdale (moderator) 

• User/metric dependent 
• Higher resolution for short forecasts* 
• More members for DA, extreme 

events, long forecasts 
• Lagged forecasts a success at Met Office 
• Use small ensembles, “fair” scores, for R&D 

C. Ferro (U. Exeter) 
M. Leutbecher (ECMWF) 



Extra Slides 



Replacement of MEPS forecast model (Jul. 2017) 

• JMA-NHM L48 => ASUCA L76  

• configuration of ASUCA  identical to deterministic MSM 

 => evaluation of uncertainties in MSM forecasts  with IC and BC pert.  

• Improvement in forecast skills from each member and ensemble mean. 

Implementation of ASUCA L76 in MEPS 
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3h-accumulated 

precipitation at 22 

Jun. 2016 18UTC 

prec. > 10mm/3h: too localized 

prec. > 50mm/3h: too much Perturbed runs take over characteristic 

of forecast from their own control run. 

improved prec. forecast 
Observation 


