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Hans-Ertel-Centre for Weather Research

Five DWD-funded research groups in key areas of weather forecasting and climate research:

�Atmospheric dynamics and their predictability (University Bonn and IfT Leipzig)

�Data assimilation (LMU München)

�Model development (MPI Hamburg)

�Climate monitoring and diagnostics (Universities Bonn and Cologne)

�Use and communication of forecasts (U. Berlin and partners)

Initially funded for up to 4 years (2011-2014), possible extension for 8 further years

Basic research with long-term focus (~10 years) that composites DWD research

Innovative research, improvement of DWD modeling and forecasting system

Facilitate collaboration of universities, research centers and DWD
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Hans-Ertel-Centre for Weather Research, Data Assimilation Branch

Ensemble-based convective-scale data assimilation a nd 
the use of remote sensing observations

LMU: M. Weissmann, R. Buras, G. Craig, K. Folger, M. Haslehner, F. Heinlein,  
C. Keil, P. Kostka, C. Kühnlein, H. Lange, B. Mayer, M. Sommer, M. Würsch

DLR: O. Reitebuch

DWD: T. Janjic-Pfander, R. Potthast, H. Anlauf, A. Cress, R. Faulwetter,  C. Gebhardt, M. Köhler, 
C. Köpken-Watts, H. Reich, A. Rhodin, A. Schomburg, C. Schraff, O. Stiller, S. Theis 

Post-Docs PhD students Master studentsAdditional supervisorsProject lead
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Project overview

1) Observation Impact

Tools to quantify the 
analysis and forecast 

impact of observations

Monitoring of 
observations

Optimized use of 
observations

2) Satellite 
observations

Assimilation of 
additional non-standard 
satellite observations

VIS+NIR radiances
MSG SEVIRI

Improved AMV height 
assignment with lidar

(ADM-Aeolus, lightning)

4) DA Methods

Suitable methodes for 
conv-scale DA

Robust methods for  
non-linear systems with 

non-Gaussian errors

Various toy models,
nudging particle filter

Tests with idealized 
KENDA/COSMO

3) Ensembles

Improved representation 
of uncertainty in EPS

Influence of EPS initial 
perturbations

KENDA perturbations

Impact time of 
observations and flow-

dependence of 
predictability
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Estimating observation impact 
(i.e. contribution to the reduction of 
forecast error by observations)

Adjoint observation impact

(Weissmann, Langland, Cardinali et al., QJ 2012)

NRL NOGAPS
a) Rel. contribution of observation types globally
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Estimation observation impact in COSMO/KENDA

No adjoint available for COSMO

Ensemble-based method base on Liu and Kalnay (2008), Li. Et al. (2010) and Kalnay et al. (2012)

The total contribution of all observations is known (forecast error difference)

We want to estimate the (relative) contribution of a subset without rerunning the analysis and forecast

Matthias Sommer

v innovation vector Impact of subset:
X ensemble forecast perturbations substitute innovation vector with subset of interest 
K Kalman gain 
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First observation impact results (lead time = 0h)

Matthias Sommer
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Assimilation of VIS/NIR radiances

VIS (0.6 µµµµm)                    NIR (1.6 µµµµm)                   TIR (10.8 µµµµm)

- temperature information
- RTTOV
- scattering negligible

- cloud information
- no fast forward operator
- multiple scattering
- only forward operator in EnDA

- MW and IR radiance assimilation is now standard at least for global DA, but assimilation of VIS+NIR

- Traditionally clouds are often seen as contamination in data assimilation, recent efforts to gain more T/q

information in the presence of clouds

- We want to “actively” assimilate clouds, i.e. create and remove clouds

- EnDA has the advantage that only the forward operator is required, but no adjoint or linearization Philipp Kostka
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VIS/NIR forward operator based on libRadtran

Philipp Kostka
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Evaluation of operator with 3D Monte-Carlo simulation

Absolute bias less than 1%

After parallax correction (grid transformation), mean absolute difference less than 6% 06-15 h, but 21% at 18h  

Philipp Kostka
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(without parallax correction)

Philipp Kostka

MSG-SEVIRI

COSMO
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Representation of uncertainty in COMSO-DE-EPS

Christian Kühnlein
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Impact of initial condition perturbations (ICP) in COSMO-DE-EPS (1)

Christian Kühnlein
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Impact of initial condition perturbations (ICP) in COSMO-DE-EPS (2)

Christian Kühnlein
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Data assimilation studies with idealized KENDA/COSMO

Heiner Lange
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Sensitivity studies with different observations

Heiner Lange
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Sensitivity studies with different localization

Heiner Lange
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Status and results

1) Observation Impact

COSMO/KENDA installed 
@ MIM-LMU cluster

First calculation of 
observation impact 
technically successful

Sensitivity studies with less 
approximations and 
localization

2) Satellite Observations

Reasonably fast VIS-
operator for case studies 
developed and 
implemented in 
COSMO/KENDA

First direct assimilation of 
VIS radiances

AMV height correction with 
airborne lidar

AMV comparison to layer 
winds

4) DA Methods

Three test environments 
developed/implemented:
-stoch. cloud model
-modif SW-model
-idealized COSMO/KENDA

Various DA methods 
implemented

Paper comparing LETKF 
and SIR in stoch. cloud 
model (Craig and Würsch, 
QJ 2012)

3) Ensembles

Completed master thesis 
on regime-dependence of 
predictability in EPS (see 
presentation Nov 2011)

Comparison of COSMO-
DE-EPS with and without 
initial condition 
perturbations

Next step:
Investigating KENDA 
perturbations and their 
forecast impact


