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Recent upgraded / planned specification
ÅConfigurations
ïMeteo France: Plan to increase ensemble size
ïRHMC: Plan to increase ensemble size and model resolution
ïECMWF: Plan to introduce 50 member EDA
ïNCEP: Plan to extend forecast length from 16 to 35/55 days, 

change horizontal resolution from 34/55km to 25km
ïCPTEC: Increase horizontal resolution to 60km

ÅModel change
ïDWD: Introduce ICON-EPS
ïCPTEC: Upgrade of model version
ïJMA and BoM: Plan to upgrade (JMA: introduce the latest global 

model, BoM: change from UM8.2 to UM10.6)
ïNCEP:  Plan to upgrade to FV3
ïNRL and CPTEC: Plan to introduce Earth System Model
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Recent upgraded / planned specification

ÅInitial perturbation

ïMeteo France: EDA

ïRHMC: Plan to introduce EnsDaand/or LETKF

ïMet Office: Plan to replace ETKF with En-4DEnVar

ÅUsage

ïMeteo France: Plan to automate end-user weather 
forecast

ïNRL: International Cooperative for Aerosol Prediction 

ïNCEP: Benefit to social and economic impact

ïBoM: Volcanic ash dispersion
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NCEP GEFS Status
V11 (Dec. 2015) V12 (Q2FY2020)

GFS Model Semi-Lagrangian, 2015 FV3 (GFSv15)

Horizontal Resolution TL574(34km)/TL382 (55km) C384(25km)

Vertical resolution L64 (hybrid) L64 (hybrid)

Daily frequency 00, 06, 12 and 18UTC 00, 06, 12 and 18UTC

Forecast length 16days 35 days

Members Control + 20 pert members Control + 30 pert members

Computational Cost 300 nodes (inpeak) ~1000-1200nodes (in peak)

Execution time ~ 60 min ~60 min

Output resolution 0.5O x 0.5O and  1O x 1O 0.25o x 0.25o and 0.5o x 0.5o

Output frequency 3h the first8 days; 6h the rest 3h the first 10 days; 6h therest

Initial perturbations EnKFf06 EnKFf06

Model uncertainty STTP SKEB, SPPT (and SHUM)

Tropical storm Relocation for all members Relocation for all members

Reforecast EMC offline ς20 years 30 years (1989-2018)

Implementation December 2nd 2015 Q2FY2020 5



6ICON Ensemble

Example: Operational ICON-EPS products

1. Mean and extreme values
-Unweighted mean of all members
-Spread of all members
-Minimum of all ensemble members
-Maximum of all ensemble members

2. Percentiles
i.e. physical values of a forecast 
parameter (e.g. T_2M,. . . ), 
which define the 
perc=10,25,50,75,90 [%] parts 
of the ensemble distribution.

3. Exceedance Probabilities
-Probability of event above lower limit 
-Probability of event below upper limit

Global: 0,5ϲ opendata.dwd.de : weather/wmc/icon-eps

www.dwd.de/DE/leistungen/wmc/wmc.html

EU: 0,25ϲ charts available in NinJo at DWD

new: Probability of Turbulence (EDPP)

24h Probability of Precipitation >10mm 
2018-08-28 00:00 UTC +72h

http://opendata.dwd.de/
http://www.dwd.de/DE/leistungen/wmc/wmc.html


Operational global (weather) EPS
Center Resolutions FC Range Members Initial perturbation, DA Model Uncertainty B.C. Note

ECMWF
(Europe)

TCo639L91
TCo319L91 
18/32km

15d
46d

51 SV(Total energy norm) + 
EnDA

SKEB is terminatedand 
Stochastic physics (SPPT)
revised SPPT

coupling to ocean 
model, EDA-based 
land-surface pert. 
in ENS Ics

Hindcast  
dataset 
increased

Met Office
(UK)

20kmL70 7d 17+1
44 for DA
50 for EDA

ETKF
En-4D-EnVar

Random Parameters (RP2) 
->retire
SKEB2 + SPT

SST,Soil moisture 
and deep soil 
temperature

Meteo France
(France)

T798(C2.4) 
L90

4d 35->50 SV (Total Energy Norm)+ 
EnDA (randomly chosen)

A new set of  10 physical 
packages, new model pert.

N
SURFEX and pert. 

HMC
(Russia)

T169L31
SLAV
25-30km

10d 12+2->22 Breeding
EnDAand/or LETKF

N
SPPT

N
SSTpert.

Control is 
produced by 
2 models.

NCEP
(USA)

TL574L64
TL382L64
->25km 
(FV3)

8d
+8d
35d

21->31,51 EnKF + Tropical storm 
relocation

stochastic pert. to account 
for random model errors
SKEB, SPPT,  SHUM, 
process based param.

N
Stochastic pert. of 
land, couple with 
ocean

Dynamical 
core: Euler 
to Semi-
Lgrangian

NRL/FNMOC
(USA)

T359L60 16d 21
80 for Ini.
Pert.

local ET
SSTpert.

SKEB-mc
Multi physics ensemble

N
SST initial pert. 
ocean, ice, wave 
coupling

Partof the 
U.S. multi-
model 
ensemble

CMC
(Canada)

0.35ϲL45 16d 20 Ensemble KF stochastic pert. of physical 
tendencies and SKEB, 
further pert. to the physics

new method to 
evolve SST and sea-
ice

DWD
(German)

40km 180h 40 LETKF Change convectionscheme
Stochastic representation

SST random pert. ICON

Black: current, Red: recent upgrade, green: planned or research



Operational global (weather) EPS

Center Resolutions FC Range Members Initial perturbation, DA Model Uncertainty B.C. Note

CPTEC/INPE
(Brazil)

TQ213L42 15d
30d

15 EOF-based perturbation
EnKF, Hybrid 3D-Var

N N Couple with 
earth system 
model

BoM
(Australia)

~60kmL70
33km

10d 18 UM8.2->10.6

JMA
(Japan)

TL479L100
TL479L100 
TL319L100

11d
18d
34d

27
13
13

SV(Total energy norm)
+LETKF (pert. Inflation)

Stochastic perturbation of 
physics tendency

Rev, SST and 
sea ice
Pert. on SST

Update 
model

CMA
(China)

T213 L31 10d 15 SV SPPT N

KMA
(Korea)

~40kmL70
32km (p)

12d 24
44

ETKF
Hybrid Ensemble 4D-Var

Random Parameters 
(RP2) and SKEB2.

N

Black: current, Red: recent upgrade, green: planned or research



REGIONAL
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Recent upgraded / planned specification
ÅConfigurations
ïMeteo France: Plan to increase ensemble size, extend forecast 

length, increase from 2 to 4 times per day
ïJMA: Increase ensemble size from 11 to 21, 1 to 4 times per day
ïBoM: Six domains at 2.2km resolution based on MOGREPS-UK 

with 12-18 members
ïMet Office: Hourly cycling and using time-lagging
ïCMC: Increase horizontal resolution and vertical levels

ÅMove to operational system
ïNRL: COAMPS variable resolution is being transitioned to 

operation
ïRHMC: Plan to operate in 2019
ïJMA: Plan to operate in 2019

ÅUsage
ïNRL: COAMPS-TC is a part of U.S. multi-model ensemble
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Å Operational Ensembles will be part of upcoming "APS3" suite

ï City-scale:

Å "CE3" is in development, planned for operations 
Q2-2019

ÅSix domains (right) at 2.2km resolution

ÅBased on PS39 MOGREPS-UK, but RA1-M and RA1-T 
physics used on different domains

Å12-18 members (compute permitting), 36-hour FCs, 
four times a day

ÅPlanned for operations Q2-2019

BoM NWP Ensembles ςStatus / Plans



www.metoffice.gov.uk

Hourly ensemble schematic

This takes advantage of 
UKV now running hourly 
4DVar and the recent 
increase in number of 
global ensemble 
members 

It runs a small ensemble (3 members) every hour and use time-lagging to 
create a larger ensemble (18 members per 6h cycle)

From early 2019:
Hourly cycling, which includes 18 members runs to T+120.



Operational regional EPS
Center Resolutions FC Range Members Initial perturbation, DA Model Uncertainty B.C. Note

Met Office
(UK)

2.2kmL70
1.5kmL70-
120

54h 11+1
18/24

High Resolution Analysis + 
global EPS
Convective ensemble DA

Stochastic physics 
using random 
parameter

Perturbing parameters 
in JULES

UM
Hourly 
operation

Meteo 
France
(France)

2.5km 45-51h 12->16 Deterministic Analysis+
Pert. From 3.2km ensemble 
assimilation

SPPT Pert. of surface
LBC  selection with 
clustring

AROME

DWD
(German)

2.8km 27h
45h

20
40

IFS, GMS, GME, GSM
Ensemble DA  based on LETKF

Increase Pert. 
Parameters

Global ICON EPS, soil 
moist pert.

COSMO

HMC
(Russia)

2.2km 48h 10 COSMO-S14-EPS N
SPPT, Addutuve 
model-error pert.

COSMO-S14-EPS Test-
operation
COSMO

JMA
(Japan)

5kmL76 39h 20+1 SV(Total energy norm)
Hybrid DA

N
Pert. tendency

JMA global EPS
Perturbed SST

Test-
operation

NCEP/SREF
(US)

16kmL41 1+12,
1+12

Multi analysis Variety of physics 
scheme

Stochasticsoil moisture Frozen

NRL/FNMOC
(US)

4km 120h 10+1 Perturbed synoptic scales
Perturbed Rankine Vortex

N GEFS/NAVGEM with 
synoptic perturbations

COAMPS-TC
In all basins

NRL/FNMOC
(US)

45/15/5km 72h 20+1 Downscalingfrom global 
ensemble

Parameter variations NAVGEM ensembles COAMPS

CMC
(Canada)

15km 72h 20+1 Interpolated from global EPS
Improved by global EPS

Stochastic pert. of 
physics

Global EPS
Improved by global EPS

GEM

CMA
(China)

Multi Scale Blending
(GEPS and LETKF)

RP Global EPS UM

KMA
(Korea)

3kmL70 45h 23+1 Downscale from Global EPS
LETKF

RP Global EPS UM

Black: current, Red: recent upgrade, green: planned or research



EXTRA SLIDES
CONTRIBUTION FROM MANY CENTERS
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Arpege-EPS status and plans :

operational aspects



Arpege-EPS status and plans :

operational aspects



Arpege-EPS status and plans :

operational aspects



Arome-France EPS (PEARO) status and plans :

operational aspects

Current (Sept 2018)

ǒoperational production, 12 members, 4x/day

ǒArome model at 2.5kmL90 (vs 1.3km deterministic  system)

ǒmax forecast range: 45 to 51 hours

ǒInitial Conditions : deterministic analysis + perts from 3.2km ensemble assimilation

ǒLateral Boundaries : PEARP global ensemble

ǒModel perturbations : SPPT + surface schemes

Recent changes (Spring 2018)

ǒfrom 2 to 4 ensembles per day, extended forecast ranges

ǒICs changed from PEARP to ensemble assimilation = much better short ranges up to ~18 h

ǒrevised LBC selection with new clustering algorithm = reduced synoptic-scale overdispersion, more equiprobable members

Planned changes (2019-2020)

ǒincrease ensemble size from 12 to 16 members

ǒuse ensemble to automate end-user weather forecasts



US Navy Global Ensembles:
Å Current configuration: 
Å T359L60 (37 km) 21 member ensemble run at 00Z and 12Z out to 16 days. 80-member 

6-h ensemble forecasts are run every 6 hours to produce the initial perturbations, but 
only 20 members (plus one control) are run out to 16 days.

Å Stochastic Kinetic Energy Backscatter is employed to account for model uncertainty.
Å Part of the National Unified Operational Prediction Capability multi-model ensemble.

Å Plans: 
Å Testing initial SST perturbations and a simple SST diurnal cycle model for 2019.  
Å Also testing a multi-physics ensemble.
Å Navy Earth System Model (global atmosphere-ocean-ice coupled) forecast system, 

with a 16-member ensemble run weekly out to 45 days, planned for operations in 
2019.  This system is contributing to the NOAA SubXmulti-model ensemble.

US Navy Mesoscale Ensembles:

Å COAMPS-TC ensemble: 
Å 11 members at 4 km resolution for TCs in all basins.
Å Undergoing pre-operational testing by October.
Å Part of the multi-model ensemble with HWRF

Å COAMPS ensemble capability (variable resolution) is being transitioned to 
operations. Initially it will used in a downscaling way with cold starts from the global 
NAVGEM ensemble.



NRL: Multi-model Tropical Cyclone Ensemble: 
COAMPS-TC, NOAA HWRF, and NOAA HMON:

Hurricane Harvey



NRL COAMPS-TC
Future Plans



NRL: International Cooperative for Aerosol 
Prediction Multi-Model Ensemble (ICAP-MME)

CURRENT ICAP OPERATIONS - as of May 2018 



NRL: International Cooperative for Aerosol 
Prediction Multi-Model Ensemble (ICAP-MME)

June 2016 ςMay 2017 ICAP MME AOD validation with AERONET





Upgrade plan of the operational
global EPS at JMA

ÅUpgrades in the physical processes of the Global EPS model 
based on the latest JMA-GSM

ïAdopting GSM implemented in July 2017 for deterministic 
forecasting, keeping the consistency among deterministic and 
ensemble forecasting models

ÅUpgrades in LETKF-based perturbations

ïUse of inflated perturbation derived from the ensemble of 6-hour 
forecasts instead of analyses
ÅMitigating underdispersivenessat initial conditions

ÅFocusing efforts in improving the characteristics of 6-hour forecasts, which 
will be used for hybrid DA.

ïAdjustment of the scale of horizontal/vertical localization in the 
LETKF
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EPS work at DWD

Č Operational global ICON-EPS products since January 2018

ü After two years of EPS evaluation phase

Č Tuning changes in the convection scheme in order to reduce 

temperature bias dipole in the tropics

ü Bias dipole: too cold in lower troposphere, too warm in middle 

troposphere; problem affects EPS and deterministic forecasts, but 

CRPS is even more sensitive to it than RMSE in deterministic system

ü Most important changes affect downdrafts, with reduced initial 

downdraft mass flux at LFS and increased entrainment

Č Ongoing developments for improved stochastic representation of 

model errors



27ICON Ensemble

Example: Operational ICON-EPS products

1. Mean and extreme values
-Unweighted mean of all members

-Spread of all members

-Minimum of all ensemble members

-Maximum of all ensemble members

2. Percentiles
i.e. physical values of a forecast 

parameter (e.g. T_2M,. . . ), 

which define the 

perc=10,25,50,75,90 [%] parts 

of the ensemble distribution.

3. Exceedance Probabilities
-Probability of event above lower limit 

-Probability of event below upper limit

Global: 0,5Á opendata.dwd.de : weather/wmc/icon-eps

www.dwd.de/DE/leistungen/wmc/wmc.html

EU: 0,25Á charts available in NinJo at DWD

new: Probability of Turbulence (EDPP)

24h Probability of Precipitation >10mm 

2018-08-28 00:00 UTC +72h

http://opendata.dwd.de/
http://www.dwd.de/DE/leistungen/wmc/wmc.html


bias differencesBias CRPS

T and RH in the tropics: radiosonde verification
solid lines: with convection retuning, dashed lines: reference



BoM NWP Ensemble Development  

(Sept 2018)

Michael Naughton, Shaun Cooper 

<Firstname>.<Lastname>@bom.gov.au



BoM NWP Ensembles ïStatus / Plans

Č Bureau is developing global and city-scale ensembles:  ACCESS -- GE and CE.

Č As with nearly all ACCESS NWP systems, based on analogous UKMO systems (MOGREPS, 

etc)

Č Current operational NWP suite ("APS2") has no ensemble systems.

Č The APS2-dev version of GE ("GE2") continues to be run as a research demonstration 

real-time trial.

Č Relatively old now: UM 8.2, N216 (60km) resolution

Č Operational Ensembles will be part of upcoming "APS3" suite

Č Global:

Č "GE3" is in development, planned for operations Q1-2019

Č integral component of global modelling now, due to hybrid-VAR

ČUM 10.6, N400 (33km) resolution (UKMO PS39 model and DA components)

Č 18 members (though subject to compute cost)



Č Operational Ensembles will be part of upcoming "APS3" 

suite

Č City-scale:

Č "CE3" is in development, planned for operations 

Q2-2019

ČSix domains (right) at 2.2km resolution

ČBased on PS39 MOGREPS-UK, but RA1-M and 

RA1-T physics used on different domains

Č 12-18 members (compute permitting), 36-hour 

FCs, four times a day

ČPlanned for operations Q2-2019

BoM NWP Ensembles ïStatus / Plans



BoM NWP Ensembles ïGE2

Č Research system, but real-time running and supporting demonstrations including:

Č Streamflow forecasts, and volcanic-ash dispersion

(David Robertson, CSIRO)

Average (all lead-times) precip CRPS, across 

all catchments

PME = Poor Man's Ensemble

(Richard Dare)

Probability map of ash-concentration amount

GE2 driving HYSPLIT dispersion model


