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OutlineOutline

�� operational setoperational set --up and member generation of COSMOup and member generation of COSMO --DEDE--EPS EPS 

�� basic verification results of the first operational mon thsbasic verification results of the first operational mon ths
(more details in plenary session)(more details in plenary session)

�� current developmentscurrent developments

�� upgrade to 40 members, redesign (BC, physics, soil moi sture)upgrade to 40 members, redesign (BC, physics, soil moi sture)

�� statistical poststatistical post --processing processing 

�� LAFLAF
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Operational setOperational set --up of COSMOup of COSMO --DEDE--EPSEPS
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operational operational setset --upup ::

��20 20 membersmembers

��gridgrid sizesize : 2.8 km: 2.8 km

convectionconvection --permittingpermitting

�� leadlead time: 0time: 0 --21 21 hourshours ,,

8 8 startsstarts per day (00, 03, 06,... UTC)per day (00, 03, 06,... UTC) model domain
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Generation of EPS membersGeneration of EPS members

representing uncertainty inrepresenting uncertainty in

initial conditionsinitial conditions boundary conditions      model physicsboundary conditions      model physics
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Generation of EPS membersGeneration of EPS members

representing uncertainty inrepresenting uncertainty in

initial conditionsinitial conditions boundary conditions      model physicsboundary conditions      model physics

„„ multimulti --modelmodel ““

perturbedperturbed parametersparameters

nonnon --stochasticstochastic
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BC-EPS for boundary and initial 
perturbations

COSMO-DE-EPS 
2.8km

COSMO 7km

BC-EPSBC-EPSGME, IFS, GFS, GSM

Generation of EPS membersGeneration of EPS members
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BC-EPS for boundary and initial 
perturbations

COSMO-DE-EPS 
2.8km

COSMO 7km

BC-EPSBC-EPSGME, IFS, GFS, GSM

Generation of EPS membersGeneration of EPS members

run at ECMWF asrun at ECMWF as
time critical applicationtime critical application
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The 20 members of COSMO-DE-EPS

11 22 33 44 55

GMEGME

IFSIFS

GSMGSM

GFSGFS

BC-EPSBC-EPS
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Generation of Ensemble Members

Perturbation Methods

Peralta, C., Ben Bouallègue, Z., Theis, S.E., Gebhardt, C. and M. Buchhold, 
2012: Accounting for initial condition uncertainties in COSMO-DE-EPS. 
Journal of Geophysical Research, VOL. 117, D07108, 
doi:10.1029/2011JD016581, 2012

Gebhardt, C., Theis, S.E., Paulat, M. and Z. Ben Bouallègue, 2011: 
Uncertainties in COSMO-DE precipitation forecasts introduced by model
perturbations and variation of lateral boundaries . Atmospheric
Research 100, 168-177.  (contains status of 2009)

Peralta, C. and M. Buchhold, 2011: Initial condition perturbations for the 
COSMO-DE-EPS, COSMO Newsletter 11, 115–123.
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COSMO-DE-EPS Overview COSMO GM 2011

� start of pre-operational phase / evaluation

� 20 members � probabilities, quantiles, etc

� runs at 00 UTC, 03 UTC, 06 UTC,…

� start of pre-operational phase

with 40 ensemble members

� reach operational status

� …

December 2010

End of 2012

2013

Q1 2012
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COSMO-DE-EPS Overview COSMO GM 2011

� start of pre-operational phase / evaluation

� 20 members � probabilities, quantiles, etc

� runs at 00 UTC, 03 UTC, 06 UTC,…

� start of pre-operational phase

with 40 ensemble members

� reach operational status

� …

December 2010

End of 2012

2013

Q2 2012
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Main results from preMain results from pre --operational phase (20 members)operational phase (20 members)
�� evaluationevaluation by forecasters (case studies): by forecasters (case studies): 

�� additional benefit for precipitation forecastsadditional benefit for precipitation forecasts

�� provides provides early signals for severe weatherearly signals for severe weather

�� most most beneficialbeneficial for for convective precipitationconvective precipitation in summerin summer

�� drawback: jumpiness between consecutive runs drawback: jumpiness between consecutive runs 

�� probabilisticprobabilistic verification (for periods of several months)verification (for periods of several months)

�� probabilities perform better than deterministic probabilities perform better than deterministic ““ yes/noyes/no ””

�� particularly for particularly for high precipitation thresholdshigh precipitation thresholds

�� particularly for particularly for longer lead timeslonger lead times

�� drawback: drawback: underdispersivenessunderdispersiveness (esp. for wind gusts and T_2M)(esp. for wind gusts and T_2M)
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Main results from preMain results from pre --operational phase (20 members)operational phase (20 members)
�� evaluation by forecasters (case studies): evaluation by forecasters (case studies): 

�� additional benefit for precipitation forecastsadditional benefit for precipitation forecasts

�� provides early signals for severe weather provides early signals for severe weather 

�� most most beneficalbenefical for convective precipitation in summerfor convective precipitation in summer

�� drawback: jumpiness between consecutive runs drawback: jumpiness between consecutive runs 

�� probabilistic verification (for periods of several months)probabilistic verification (for periods of several months)

�� probabilities perform better than deterministic probabilities perform better than deterministic ““ yes/noyes/no ””

�� particularly for high precipitation thresholds  particularly for high precipitation thresholds  

�� particularly for longer lead timesparticularly for longer lead times

�� drawback: drawback: underdispersivenessunderdispersiveness (esp. for wind gusts and T_2M)(esp. for wind gusts and T_2M)

modify time schedule to benefit from EPS in summer 20 12modify time schedule to benefit from EPS in summer 20 12



COSMO GM 2012, Lugano, WG7 parallel session                                          Gebhardt et al., DWD

VERIFICATION OF COSMOVERIFICATION OF COSMO--DEDE--EPS EPS 

all results for hourly precipitation all results for hourly precipitation 

in June / July 2012in June / July 2012

EPS EPS notnot calibrated or postcalibrated or post --processedprocessed

observations: rainobservations: rain --gauge adjusted radar gauge adjusted radar 
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BrierBrier SkillSkill Score    (Score    ( referencereference : : deterministicdeterministic runrun of COSMOof COSMO --DE)DE)
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ReliabilityReliability diagramdiagram ROC ROC areaarea
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precipitationprecipitation

Rank Rank histogramhistogram
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precipitationprecipitation wind wind gustsgusts

Rank Rank histogramhistogram

2m temperature2m temperature
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COSMOCOSMO--DEDE--EPS status and plansEPS status and plans

� start of pre-operational mode (9th Dec 2010)

� undergoing evaluation by forecasters
(EPS quality and visualization by NinJo) 

� upgrade to 40 members, redesign

2011

2012

switch to operational mode
(22nd May 2012)

2013 / 14

2010
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upgradeupgrade to 40 to 40 membersmembers

�� use of COSMOuse of COSMO --LEPS members as boundary conditionsLEPS members as boundary conditions
(COSMO(COSMO--LEPS is driven by IFS EPS of ECMWF)LEPS is driven by IFS EPS of ECMWF)

�� additional physics perturbations (diffusion, roughness  length)additional physics perturbations (diffusion, roughness  length)

�� perturbation of soil moistureperturbation of soil moisture
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The 20 members of COSMO-DE-EPS
40 11 22 33 44 55

GMEGME

IFSIFS

GSMGSM

GFSGFS

BC-EPSBC-EPS
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11 22 33 44 55

GMEGME

IFSIFS

GSMGSM

GFSGFS

BC-EPSBC-EPS

COSMO-
LEPS

COSMO-
LEPS

M1M1

M2M2

M3M3

M4M4
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VERIFICATION VERIFICATION 

20 members / 40 members20 members / 40 members

winter 2011/12 (1 month)winter 2011/12 (1 month)

work by Andreas Rwork by Andreas R ööpnackpnack
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11--hourly hourly precipitationprecipitation 40 40 membersmembers

BCBC--EPS EPS drivendriven membersmembers (1(1--20)20)

LEPS LEPS drivendriven membersmembers (21(21--40)40)

Threshold in mm/h

BrierBrier SkillSkill
ScoreScore

singlesingle --membermember
RMSERMSE

forecast time in h
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Threshold in m/s

BrierBrier SkillSkill
ScoreScore

singlesingle --membermember
RMSERMSE

wind wind gustsgusts 40 40 membersmembers

BCBC--EPS EPS drivendriven membersmembers (1(1--20)20)

LEPS LEPS drivendriven membersmembers (21(21--40)40)

forecast time in h
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Threshold in m/s

modified tur_len

BrierBrier SkillSkill
ScoreScore

singlesingle --membermember
RMSERMSE

wind wind gustsgusts 40 40 membersmembers

BCBC--EPS EPS drivendriven membersmembers (1(1--20)20)

LEPS LEPS drivendriven membersmembers (21(21--40)40)

forecast time in h
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Threshold in K

BrierBrier SkillSkill
ScoreScore

singlesingle --membermember
RMSERMSE

2m 2m temperaturetemperature 40 40 membersmembers

BCBC--EPS EPS drivendriven membersmembers (1(1--20)20)

LEPS LEPS drivendriven membersmembers (21(21--40)40)

forecast time in h
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adding 4 adding 4 LEPS members as BCLEPS members as BC leads to mixed results:leads to mixed results:

•• slight improvement for precipitationslight improvement for precipitation

•• neutral for wind gustsneutral for wind gusts

•• degradation for 2m temperaturedegradation for 2m temperature

•• separation between BCseparation between BC --EPS and LEPS members obviousEPS and LEPS members obvious
�������� can make calculation and/or interpretation ofcan make calculation and/or interpretation of

probabilistic products complex probabilistic products complex 

•• wait for summer resultswait for summer results ……
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Ensemble experiment with perturbed coefficient for Ensemble experiment with perturbed coefficient for 
minimum diffusionminimum diffusion
(heat and momentum (heat and momentum tkhmintkhmin, , tkmmintkmmin))

�� (modified) operational setup + perturbation of (modified) operational setup + perturbation of tkhmintkhmin , , tkmmintkmmin
Range:  [0.2 ,0.5, 0.8]Range:  [0.2 ,0.5, 0.8]
4 members 0.5,  8 members 0.2,  8 members 0.8 (of 20 m embers)4 members 0.5,  8 members 0.2,  8 members 0.8 (of 20 m embers)

�� Test period: Test period: November 2011November 2011 , 00 UTC runs, 00 UTC runs

�� compared with (modified) operational setupcompared with (modified) operational setup

�� ““ modifiedmodified ”” means: 0.5 is the default valuemeans: 0.5 is the default value

work by Michael work by Michael BuchholdBuchhold
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SpreadSpread --SkillSkill relationrelation

2m 2m temperaturetemperature

perturbedperturbed minimumminimum diffusiondiffusion

modifiedmodified operational operational 
COSMOCOSMO--DEDE--EPSEPS
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perturbedperturbed minimumminimum diffusiondiffusion 2m 2m temperaturetemperature

modifiedmodified operational COSMOoperational COSMO --DEDE--EPSEPS

Brier Skill
Score

Reliability
diagram

thresholdthreshold in Kin K
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Ensemble experiment with perturbed coefficient for Ensemble experiment with perturbed coefficient for 
minimum diffusionminimum diffusion
(heat and momentum (heat and momentum tkhmintkhmin, , tkmmintkmmin))

�� BSS of 2m temperature increasesBSS of 2m temperature increases

�� slight improvement of reliability (T_2M below slight improvement of reliability (T_2M below ““ coldcold ”” threshold)threshold)

�� spread of 2m temperature increasesspread of 2m temperature increases
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Ensemble experiment with 
perturbed soil moisture

Addition and subtraction of half the difference betw een CAddition and subtraction of half the difference betw een C--EU EU 
und Cund C --DE soil moisture in all layers but the lowestDE soil moisture in all layers but the lowest

test period test period June/July 2012June/July 2012
Reference : operational CReference : operational C --DEDE--EPSEPS

work by Michael work by Michael BuchholdBuchhold

-

m1

+.5*inc

m2

-+.5*inc-.5*inc……-.5*inc+.5*inc--.5*inc

m20m19m18......m6m5m4m3 
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Ensemble experiment with 
perturbed soil moisture

�� BSS of 2m temperature increases (BSS of 2m temperature increases ( ““ warmwarm ”” thresholds)thresholds)

�� spread of 2m temperature increasesspread of 2m temperature increases

�� slight (if any) improvement of reliability (T_2M abov e slight (if any) improvement of reliability (T_2M abov e ““ hothot ””
thresholds)thresholds)

�� slightly better results for precipitationslightly better results for precipitation
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COSMOCOSMO--DEDE--EPS status and plansEPS status and plans

� start of pre-operational mode (9th Dec 2010)

� undergoing evaluation by forecasters
(EPS quality and visualization by NinJo) 

� upgrade to 40 members, redesign

� statistical postprocessing

2011

2012

switch to operational mode
(22nd May 2012)

2013 / 14

2010
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Logistic regression approach : 
A standard method with readily understood characteristics 
Regression coefficients β : ‘semi’ parametric approach
Address directly the probabilities p

predictor x

pr
ob

ab
ili

ty
p

LOGISTIC REGRESSION  

forfor precipitationprecipitation
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Extended Logistic regression including the predictand 
threshold as predictor provides the full probability distribution (Wilks 2009)

Logistic regression approach : 
A standard method with readily understood characteristics 
Regression coefficients β : ‘semi’ parametric approach
Address directly the probabilities p

LOGISTIC REGRESSION  

Many advantages :
- Coefficients (β) independent of  the threshold
- Probabilities mutually consistent .
- Possibility to derive additionally calibrated quantiles
- Take advantage of all the training sample
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Predictor: ensemble mean
+ power transformation     
+ weighting

Training period: 45 days
Daily update 
6-hourly precipitation     

LOGISTIC REGRESSION  

Extended Logistic regression with interaction terms

0.1mm 1mm

5.mm 10mmOriginal ensemble forecasts
Calibrated ensemble forecasts
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Predictor: ensemble mean
+ power transformation     
+ weighting

Training period: 45 days
Daily update 
6-hourly precipitation     

LOGISTIC REGRESSION  

Extended Logistic regression with interaction terms

0.1mm 1mm

5.mm 10mmOriginal ensemble forecasts
Calibrated ensemble forecasts

Ben Bouallègue, Z., 2012:
Calibrated short-range ensemble 
precipitation forecasts using 
extended logistic regression with 
interaction terms. 
Submitted to Weather and 
Forecasting
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calibrationcalibration of wind of wind componentscomponents probabilitiesprobabilities at at 
Frankfurt AirportFrankfurt Airport

((workwork byby Nina Schuhen and Isabel Alberts)Nina Schuhen and Isabel Alberts)
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COSMOCOSMO--DEDE--EPS status and plansEPS status and plans

� start of pre-operational mode (9th Dec 2010)

� undergoing evaluation by forecasters
(EPS quality and visualization by NinJo) 

� upgrade to 40 members, redesign

� statistical postprocessing

� lagged average forecast

2011

2012

switch to operational mode
(22nd May 2012)

2013 / 14

2010
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COSMOCOSMO--DEDE--EPS status and plansEPS status and plans

� start of pre-operational mode (9th Dec 2010)

� undergoing evaluation by forecasters
(EPS quality and visualization by NinJo) 

� upgrade to 40 members, redesign

� statistical postprocessing

� lagged average forecast

� initial conditions by LETKF (“KENDA”)

� lateral boundary conditions by ICON EPS

2011

2012

switch to operational mode
(22nd May 2012)

2013 / 14

2010
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Thank you!


