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Outline

üEnsembles: the ECMWF way

üThe Ensemble of Data Assimilations (EDA)

üThe ensemble of ocean analyses (ORAS4)

üThe medium-range/monthly ensemble (ENS)

üThe seasonal ensemble (S4)

üEnsemble-based international projects: TIGGE, S2S, EUROSIP

üConclusions: ongoing research and development
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Ensembles: the ECMWF way

ORAS45 Delayed Ocean 

Analysis ~12 days 

ORTAS45 Real Time 

Ocean Analysis ~8 hours

HRES

TL1279L137 (d0-10)

Seasonal S4 51

TL255L91 (m0-7/12)

ENS51

TL639L91 (d0-10)

TL319L91 (d10-15/46)

Atmospheric model

Wave model

Ocean model

Atmospheric model

Wave model

EDA25

TL399L137
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ENS51

S451

HRES

EDA25

ORAS45

ERAint 4DV

PDF(0) << 4DV+EDA25+ORAS45

PDF(0) << ERA+ORAS45 (the past)
PDF(T) << HRES+ENS51/S451

They simulate the effect of:
Å Observation/initial uncertainties
Å Model uncertainties (2 stochastic schemes)

Ensembles: the ECMWF way
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Outline

üEnsembles: why? How? 

üThe Ensemble of Data Assimilations (EDA)

üThe ensemble of ocean analyses (ORAS4)

üThe medium-range/monthly ensemble (ENS)

üThe seasonal ensemble (S4)

üEnsemble-based international projects: TIGGE, S2S, EUROSIP

üConclusions: ongoing research and development

ENS51

S451

HRES

EDA25
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ERAint 4DV



OpenIFS User Meeting (ECMWF, 10 -12 June 2015 ) ïRoberto Buizza : The ECMWF ensembles 6
© ECMWF

The ECMWF Ensemble Data Assimilation (EDA)

Each observation has an error (instrument, representativeness) and also each model 
trajectory should take model error into account. A way to generate a set of perturbations 
that take both these effects is to run an ensemble of analyses.
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Background error correlation length 
scale for long(pmsl) and pmsl

km

The EDA is used to estimate flow dependent stats

The 25-member Ensemble of Data 
Assimilations provides the 4DV-HRES 
with flow dependent background error 
statistics.

ωUn-pert obs

ωEDA var/co-var

4DV00

ωStatic Jb

ωPerturbed obs

ωModel err

EDA00 ωUn-pert obs

ωEDA var/co-var

4DV12
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This figure shows the differences between 
EDA-based temperature correlations at ~28 
hPa for two points, (45°N;0°E) (blue) and 
(45°S;0°E) (red) for a day in January 
(dashed) and June (solid). 

The plot shows, e.g., that the SH winter (red 
solid) and summer (red dashed) 
temperature correlations are significantly 
different, a feature that cannot be 
accurately presented by climatological 
correlations.

EDA flow-dependent stats are key to assimilate obs
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üEnsembles: why? How? 

üThe Ensemble of Data Assimilations (EDA)

üThe ensemble of ocean analyses (ORAS4)

üThe medium-range/monthly ensemble (ENS)

üThe seasonal ensemble

üEnsemble-based international projects: TIGGE, S2S, EUROSIP
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ORTAS4configuration:

Á 6-day delay to allow for obs arrival, with 
an update every 10 days

Á Resolution: ORCA_100_z42

Á Members: 5 (1 control, 4 pert)

Á SST: strong relaxation to gridded SST

Á Perturbed atmospheric wind-stress

Á Obs coverage unc simulated by rejecting 
10% of argo obs and 5% or other obs

YMD YMD+7 YMD+10

The real-time ensemble ocean analysis (ORTAS4)
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9b{ ƛƴƛǘƛŀƭ ǇŜǊǘǳǊōŀǘƛƻƴǎΥ ǘƘŜ ǎƛƴƎǳƭŀǊ ǾŜŎǘƻǊǎΩ ŎƻƳǇƻƴŜƴǘ

tŜǊǘǳǊōŀǘƛƻƴǎΩ ŎƻƳǇƻƴŜƴǘǎ 
pointing along the 
directions of maximum 
growth amplify most.

If we knew the directions of 
maximum growth we could 
estimate the potential 
maximum forecast error.

t=0

t=T1

t=T2
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To formalize the computation of the 
directions of maximum growth a metric 
(inner product) should be defined to 
ΨƳŜŀǎǳǊŜΩ ƎǊƻǿǘƘΦ

The metric used at ECMWF in the 
ensemble system is total energy.
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The problem of the computation of the directions of maximum growth of a time evolving 
trajectory is solved by an eigenvalue problem:

where:

ïE0 and Eare the initial and final time metrics

ïL(t,0)is the linear propagator, and L* its adjoint

ïThe trajectory is time-evolving trajectory

ï t is the optimization time interval

usn 221
0

*21
0 =-- ELELE
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ENS configuration: SVs & EDA & stoch-phys

Each ensemble forecast is given by the time integration of perturbed equations

Initial perturbations are defined using 25 perturbed analyses (generated by the ECMWF 
Ensemble of Data Assimilations)and initial singular vectors (SVINI)

ǿƛǘƘ ǘƘŜ ΨŎŜƴǘǊŀƭΩ όǳƴǇŜǊǘǳǊōŜŘύ ŀƴŀƭȅǎƛǎ ŘŜŦƛƴŜŘ ōȅ
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ENS forecasts

× SVs: at 00 and 12 UTC, they 
are computed along a forecast 
trajectory (6-54h)

× EDA: at 00 and 12 UTC, only 
the EDA run over the previous 
12h window is available

× ENS: 

Å The unperturbed (control) 
analysis is defined by the 
6h HRES 4DVAR analysis 
(green box), with fg started 
from the previous DCDA 
analysis (black box).

Å Initial perturbations are 
defined by a combination 
of SV- and EDA-based 
perturbations
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ENS SV component (22/09/2007 t=0)

At t=0, SVINI 
perturbations are more 
localized in space, and 
have a larger component 
in potential than kinetic 
energy. They also show a 
westward tilt with high, 
typical of baroclinically 
unstable structures.

T �±(MEM5 -CON)                         U �±(MEM5 -CON) 

30
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50
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