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Research Themes

Upper-level Rossby waves: triggering, propagation, a nd wave breaking
Moist processes and diabatic Rossby waves

Ensembles and Adaptivity

Weather Systems

Tropical cyclones, European windstorms, Severe Convection, Mediterranean cyclones

……… see Heini Wernli’s Poster on THORPEX PDP Research

Predictability and Dynamics of Weather Systems 
in the Atlantic- European Sector
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The dynamics and predictability 
of Mediterranean cyclones 

leading to high impact weather (HIW)

PANDOWAE-MED

Christoph Kottmeier and Ulrich Corsmeier

Institut für Meteorologie und Klimaforschung, KIT
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26.-27. 03. 99Thyrrenian Sea
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Cases of mesoscale cyclogeneses
associated with heavy flash floods
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Dynamics and predictability of Mediterranean cyclon es. Focus on influence of 

� upper-level forcing
� moist processes 
� surface fluxes

on the development of high impact weather.

Influence of convection of different scales on HIW generation

� small-scale boundary layer turbulence 
� development of cumulonimbus 
� their organisation into mesoscale systems 
� impact on the synoptic scale flow

Priority of the first 3 year phase

� model investigations and data analyses of previous HIW in the Mediterranean
� preparation of the externally funded HALO demo-miss ion NEPTUN in 2010.

Priority of the second 3 year phase

� NEPTUN data will be utilised to study the predictab ility of Mediterranean 
cyclones with new modelling techniques from phase 1 , 

� develop adaptive observing and forecasting strategi es for the Mediterranean.

Goals of PANDOWAE - MED

PANDOWAE
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Selection of historical cases using the SOM technique

The SOM technique is an objective pattern recognition method . It sorts data vectors and allocates 
these vectors to a given number of representative sample vectors. This allows e.g. to distinguish 

between typical flow patterns in a selected area. 
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Schädler and 
Sasse, 2006



Sensitivity studies with IFS/GME/COSMO-LM

Six day 50 member ensemble forecast of 560 gpdm on 5 00 hPa valid for Oct. 21, 2007, starting 
at Oct. 15, 2007. The thick black line represents t he deterministic forecast for the same period. 
The dashed blue line shows the analysis of the 560 gpdm level for Oct. 21, 00 UT.
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Four typical synoptic scenarios causing 
„High Impact Weather” (HIW) in the Mediterranean 

basin

� High amplitude trough approaching Med Sea from the west

� Remnant lower tropospheric circulation activated by upper level trough

� Streamer reaching Med Sea without cyclogenesis

� Lee-cyclogenesis generated south of the Alps

PANDOWAE
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� Missing highly resolved data of the structure of th e  
3-dimensional humidity distribution, 

� Missing information about the sea and land 
surface fluxes of latent and sensible heat and 

� Little information about the flow modification 
caused by the orography.

HALO-Demomission NEPTUN



Institut für Physik der Atmosphäre

The „green“ new German research
aircraft HALO one year ago
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NEPTUN

Cyclogenesis in the Western Mediterranean

causing Hight-Impact Weather (HIW)

A HALO Demonstration Mission

Proposed by

U. Corsmeier, Ch. Kottmeier, A. Wieser , S. Jones (1)
Volker Wulfmeyer, Andreas Behrendt (2)

Andreas Dörnbrack, Gerhard Ehret, U. Schumann (3)

(1) Institut für Meteorologie und Klimaforschung, Universität Karlsruhe/Forschungszentrum Karlsruhe
(2) Universität Hohenheim, Institut für Physik und Meteorologie
(3) Deutsches Zentrum für Luft- und Raumfahrt, Institut für Physik der Atmosphäre
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Frequency of Cyclogenesis in the Mediterranean Area 
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Frequency of intense cyclones between 1957 and 2002 (white) and distribution of episodes of high 
impact weather (grey) characterized by, storms, heavy rain and flash floods (Homar et al., 2006). 



Experimental Plans

(to be coordinated with international projects, e.g. HyMe X)

� Airborne measurements (HALO and Dornier 128) will pr ovide data for the 

analysis of the multiscale processes governing the d evelopment of a 

Mediterranean cyclogeneses with embedded convective rain bands. 

� Flight schedules will address the synoptic scale ba roclinicity, convergence, 

and trough lines. 

� The upper tropospheric horizontal wind, the vertica l structure of temperature, 

humidity and wind as well as the sea and land surfa ce fluxes of latent and 

sensible heat and the modification of the near surf ace wind field by the 

orography are to be observed by measurements (HALO, Dornier, radiosonde

network, ground stations). 
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Proposed measurement area

Mediterranean cyclone 
causing the Brig flash 
flood in Switzerland, 
September 23 to 
September 24, 1993. 
Surface pressure (white 
isolines) and height of the 
500 hPa topography 
(colour code) are shown
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Proposed flight pattern for HALO



Research aircraft

HALO

COPS, 2007

DO 128

300 W m-2

VERTIKATOR, 2002
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Turbulence probing system at nose boom
IMK Multi-Sensor dropsonde system
DLR 2µµµµm scanning wind LIDAR 
DLR water vapour DIAL 
Scanning rotational Raman LIDAR* for temperature me asurements



Institut für Physik der Atmosphäre

HALO-THORPEX

Andreas Dörnbrack, Gerhard Ehret, Ulrich Schumann
DLR Oberpfaffenhofen

Volker Wulfmeyer, Andreas Behrendt, Hans-Stefan Bau er 
Universität Hohenheim

Sarah Jones
Karlsruhe Institute of Technology

A Demonstration Mission of the German HALO Aircraft

planned for autumn 2011 (50 flight hours)
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Institut für Physik der Atmosphäre

Aims of  HALO-THORPEX

- demonstrate the possibility of simultaneous airborne remote
sensing observations of wind, water vapor and temperature
from the lower stratosphere to the boundary layer

- investigate the three-dimensional water vapor field and 
dynamical structures of streamers and their relationship 
to extreme precipitation events

- perform HALO flights to test targeting observing strategies 
to improve the predictive skill of high-impact weather events
over Europe

HyMeX -> HALO-THORPEX Ch. Kottmeier for German Group



Instruments

- 1.6 µm scanning Doppler Wind Lidar (DLR, IPA)

- 4 wavelength water vapor DIAL (DLR, IPA)

- Basic Meteorology (DLR, FB)

- Dropwind sondes (DLR, KIT Karlsruhe)

- Microwave Temperature Profiler (DLR)

- Scanning rotational Raman Lidar (Uni Hohenheim)
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T-NAWDEX:
North Atlantic Waveguide and Downstream Impact Experiment

- suggested for the European THORPEX plan by the Predictability 
and Dynamical Processes Working Group

- The scientific aims: 
(1) to address the triggering of waveguide 

disturbances by different processes and the disturbances’ 
subsequent downstream evolution

(2) the study of the downstream impacts 
of the waveguide disturbances over Europe, the Mediterranean, 
and northern Africa

Planning meeting late fall 2008 in Oberpfaffenhofen, Germany
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Dynamics, forecast quality and predictability

of subtropical upper troughs

5-day EPS-forecast (spaghetti plot)

Lars Wiegand & Peter Knippertz

Institute for Atmospheric Physics, University Mainz
dataset: 

� ECMWF operational 
Ensemble Prediction 
System

� 1995-2007

goals: 

1. System identification

2. Climatology

3. Forecast quality

4. Predictability

5. Dynamics

6. High-impact weather

Geopotential 
height @ 500hPa

01. Jan. 2000

552gpdm

576gpdm
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Other potential contributions:

HyMeX -> Other Ch. Kottmeier for German Group

Regional Climate Modelling with COSMO-CLM for integrati ve studies and 
Mediterranean atmospheric water budget diagnostics ,  
G. Schädler, KIT Karlsruhe

Future Regional Climate Change in Mediterranean
Heiko Paeth, Würzburg

Model investigation of aerosol effects (e.g. Saharian d ust, sea salt, …) on 
Mediterranean weather systems and atmospheric water budg et with
COSMO-ART
B. Vogel, KIT Karlsruhe

Diagnostics and statistics of HIW in the Mediterranean
U. Ulbrich, FU Berlin


