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Outline

1. The old SV -based ECMWF EPS

2. Ensemble Data Assimilation characteristics 

3. The new EDA -SVINI Ensemble Prediction System

4. EDA-based perturbations and singular vectors
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1. The operational ECMWF Ensemble Prediction System

The operational version of the EPS includes 51
forecasts with resolution:

ÅTL639L62 (~ 32km , 62 levels) from day   0 to 10

ÅTL319L62 (~64km, 62 levels) from day 10 to 15 
(32 at 00UTC on Thursdays).

Initial uncertainties are simulated by adding to the 
unperturbed analyses a combination of T42L62 
singular vectors, computed to optimize total energy 
growth over a 48h time interval (OTI ), and 
perturbations generated using the new ECMWF 
Ensembles of Data Assimilation (EDA) system.

Model uncertainties are simulated by adding 
stochastic perturbations to the tendencies due to 
parameterized physical processes (SPPT scheme).

The EPS is run twice a day, at 00 and 12 UTC.
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1. The old ECMWF Ensemble Prediction System 

Each ensemble member evolution is given by the time integration

of perturbed model equations starting from perturbed initial conditions

The model tendency perturbation is defined at each grid point by

where r j(ū,Ȉ) is a random number and ȉ(p) is a scaling function .

T

t

jjjjj
dttePtePteATe

0

)],(),(),([)(

),,()](),(1[),,( pPprpP
jjj

)()()(
0

ddedede
jj

area

N

k

kkjkkjj

SV

ddSVdSVdde
1

,,
)]2,2()0,([)(



EC/TC/PR/RB -L2 2011 ïRoberto Buizza : Simulation of initial uncertainties using SVs and EDA 5

1. The old ECMWF Ensemble Prediction System

The EPS initial perturbations do not 
sample the tropics in an appropriate 
way, since SVs are computed only for 
few (up to 6) selected regions and 
only 10 initial - time SVs are used for 
each of these regions. 

The lack of spread in the tropics is 
evident from a comparison of the 
ensemble spread and the error of the 
ensemble -mean.

T=0 +48h

+120h
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1. std/EM of ECMWF 399v255 and 639v319 EPS

Over the NH (left), apart for the first 2 days both ensembles have rather good 
spread -skill relationship, with the new 639v319 showing a better match. Over 
the Tropics (right), both systems are under -dispersive for the whole forecast 
range. Can the use of a different set of initial perturbations address this issue?

399v255 (old)

639v319

399v255 (old)

639v319
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4. The TIGGE ensembles (updated 12 Apr ó10) 

Centre

Initial pert

method (area)

Model 

error

Simul

Horizon res Vert 

res

Fcst  

length

(days)

# pert

mem

#runs 

per day 

(UTC)

# mem 

per day

Operational 
& in TIGGE 

archive       
since 

BOM(Australia) SV(NH,SH) NO TL119 (1.5 °x1.5 °) 19 10 32 2(00/12) 66 3 Sep 07

CMA (China) BV(globe) NO T213 (0.84 °x0.84 °) 31 16 14 2(00/12) 30 15 May 07

CPTEC(Brazil) EOF(40S:30N) NO T126 (1.0 °x1.0 °) 28 15 14 2(00/12) 30 1 Feb 08

ECMWF SV(NH, SH, TC) + EDA YES TL639 (0.28 °x0.28 °) 62 0-10 50 2(00/12) 102 11 Mar 08

TL319 (0.56 °x0.56 °) 62 10 -15 (32)

JMA (Japan) SV(NH,TR) NO TL319 (0.56 °x0.56 °) 60 9 50 1(12) 51 21 Nov 07

KMA(Korea) BV(NH) NO T213 (0.84 °x0.84 °) 40 10 16 2(00/12) 34 28 Dec 07

Meteo France SV(local)+EDA YES TL358 (stretched 2.4) 65 3 (4.5) 34 2(06/18) 70 28 Jan 08

MSC(Canada) EnKF(globe) YES TL149 (1.0 °x1.0 °) 28 16 20 2(00/12) 42 3 Oct 07

NCEP(USA) ETR(globe) YES T190 (0.90 °x0.90 °) 28 16 20 4(00/06/12/1
8)

84 27 Mar 07

UKMO(UK) ETKF (globe) YES (0.55 °x0.83 °) 38 15 23 2(00/12) 48 1 Oct 06

The 10 TIGGE ensembles use different methodologies to simulate initial - time and 
model uncertainties. None of them has the right spread for all relevant variables 
and all forecast steps. The possibility of using a combination of techniques have 
been explored to improve the ensembleôs reliability. At ECMWF we have been 
testing the use of Ensemble Data Assimilation perturbations together with SVs.
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2. Ensemble Data Assimilation characteristics 
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2. The ECMWF 4D -Var data -assimilation system

The data -assimilation experiments have been run with the following version of 
the ECMWF data -assimilation/forecasting system:

× 12 -hour 4 -dimentional Variational Data Assimilation System (4D -VAR)

× Resolution: 

× Outer loops at T L511L60

× Inner loops at T L159L60 resolution (50 iter) and T L95L60 (70 iter, reduced phys)

× Same set -up as ECMWF early -delivery suite used in operation

From each analysis, 10 -day T L511L60 

forecasts have been run.
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× The perturbed analyses are generated by randomly perturbing the  
observations and the SST, and by running the forecast model with stochastic 
physics. The random perturbations are defined by sampling a normal 
distribution with the observation error standard deviation (it is assumed that 
observations do not have any bias)

× Differences between pairs of analyses (and forecast) fields should have the 
statistical characteristics of analysis (and forecast) error.
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2. Ensemble Data Assimilation and Ensemble Prediction

× Differences between EDA analyses can 
be used to generate a new set of initial 
perturbations for the EPS, to further 
improve the simulation of initial 
uncertainties.

× In data assimilation, the EDA analyses 
can be used to specify the background 
errors ñof the dayò. The ensemble of 
analyses should indicate where good 
data should be trusted in the analysis 
(yellow shading).
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2. EDA spread sensitivity to stochastic physics

Should the EDA 
include a model error 
simulation scheme?

The std of EDA 
generated in 5 
configurations:

ÅNOST

ÅBS (back -scatter)

ÅSP1M (rev STPH)

ÅSP1M+BS

ÅJb (model error from 
Jb stats) 

has been compared to 
the std of a 5 -member 
multi -analysis system.


