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1. Introduction 

Probing and Modeling the Structure and Exchange of the 
Cloudy Atmosphere 
Clemens Simmer 
Meteorological Institute Bonn 

An overview of the goals and the questions to be answered by the CLIWA-NET and the 4D-
Clouds project. 

2. Aircraft and Balloon-Based Measurements  

The airborne research platform of the FU Berlin: Overview 
of measurements taken during the BBC campaign and 
presentation of first products and analysis 
Marc Schröder, Thomas Ruhtz, Eyk Bösche, Jürgen Fischer 

The Free University Berlin operates a Cessna 207T research airplane. Instruments onboard are 
introduced and their general performance during the BBC campaign is outlined. Calibrated 
radiances of the compact airborne spectrographic imager (casi) and the Free University 
Berlin’s Integrated Spectrographic System (FUBISS) are shown and discussed. We present a 
BBC data catalog to give users an overview of investigated scenes. The catalog contains casi 
images in combination with maps showing the corresponding location of the images. 
Products derived from this catalog involve a cloud mask and a multifractal characterization of 
the cloud fields. The cloud masking technique for casi images received over land has been 
developed on the basis of supervised learning of artificial neural networks. Its performance 
and limitations are discussed. 
A methodology to statistically characterize cloud fields on the basis of casi images is outlined 
and first results are presented. Energy spectra have been calculated in order to find scaling 
ranges and to get a first measure of the degree of stationarity. Depending on these results a 
structure function and singularity analysis are applied to casi data to allow a multifractal 
characterization of cloud fields. 

Balloon-borne turbulence measurements in a lifted fog 
layer 
Holger Siebert and Manfred Wendisch 
Inst. for Troposhperic Research, Leipzig 

Measurements are reported performed with ACTOS (Airship-borne Cloud Turbulence 
Observation System) during the BBC campaign in September 2001. Dynamic, 
thermodynamic and microphysical properties were investigated in boundary layer clouds and 
lifted fog layers with a temporal resolution of at least 100 Hz. First, the general behavior and 
performance of the new ACTOS are discussed. Spectral density functions are calculated to 
analyze the performance of the fast sensors in the cloudy environment. In the second part, a 



lifted fog layer is analyzed in detail as a case study. The fog layer was present for several 
hours which allowed about 20 vertical profile measurements with ACTOS. Beside a general 
overview of the data and the temporal evolution of the fog, correlation analysis is used to 
calculate typical length scales of several thermodynamic and microphysical parameters. 

Airborne Cloud Microphysical Measurements during the 
BBC Campaign 
S. Schmidt, M. Wendisch, E. Jaekel 
Institute for Tropospheric Research  
schmidt@tropos.de 

During the BBC campaign in September 2001, three aircrafts measured cloud microphysical 
and radiation properties. In this presentation, microphysical data from one of the aircrafts, the 
Partenavia, are analyzed. Two different optical instruments were used for microphysical 
measurements on the Partenavia: The PVM-100A (Particle Volume Monitor) measures liquid 
water content LWC and effective cloud droplet radius Re by analyzing the scattering signal of 
a droplet population within the sample volume of a laser beam. It was running with a time 
resolution of 200 Hz, allowing a spatial resolution down to 30 cm. The PVM was 
complemented by the Fast FSSP (Forward Scattering Spectrometer Probe), a droplet sizing 
counter storing inter-arrival times, durations and diameters (2-50 µm) of droplets entering the 
sampling volume of a He-Ne laser beam. Spatial resolution is limited by the sampling 
statistics only. PVM and Fast FSSP measurements are compared. LWC, Re, droplet 
concentration and size distribution are statistically analyzed in order to characterize typical 
spatial scales in the observed clouds. 

Airborne Spectral Irradiance Measurements during the 
Baltex Bridge Cloud Campaign 
E. Jaekel, M. Wendisch, S. Schmidt 
Institute for Tropospheric Research; jaekel@tropos.de 

During the Baltex Bridge Cloud (BBC) campaign the influence of cloud inhomogeneities on 
radiation were investigated. The BBC campaign was performed in September 2001 in the 
Netherlands. Ground-based measurements, carried out with radars, lidars, microwave 
radiometers and radiation instruments, were combined with microphysical and radiative 
measurements by three aircrafts. This presentation focuses on the airborne spectral down– and 
upward irradiance measurements (in the wavelength range between 290 and 1000 nm) carried 
out with a new albedometer. Several cases for stratiform cloud conditions are investigated in 
detail. Spectral down- and upward irradiances below, within and above the clouds are 
presented together with drop microphysics vertical profile measurements. From these 
measurements spectral optical layer properties of the investigated clouds are derived (spectral 
absorptance, reflectance, and transmittance). It is planned to compare these results with 
sophisticated radiative transfer calculations. 



Structure of microphysical cloud parameters in Cu and 
StCu clouds with examples from the 4D-Clouds/BBC 
campaign in September 2001 
Dagmar Nagel 
GKSS Research Center Geesthacht  

3.  Satellite Measurements 

The CLOUDMAP2 Project and Future Collaboration with 
CLIWANET 
Anke Thoss 
Swedish Meteorological and Hydrological Institute 

CLOUDMAP2 is an EU 5th Framework project that aims to produce and exploit value-added 
remote sensing data products on macroscopic (e.g. cloud-top height) and microscopic (e.g. 
cloud droplet radius, optical thickness, phase, LWP) cloud properties and water vapor 
distributions from new and existing satellite sensors. (MODIS, MERIS, (A)ATSR, MISR, 
SEVIRI). Emphasis is put on validation of satellite products against ground based 
measurements and on intercomparison of methodologies. The end-user of the validated 
products will be the NWP and Climate communities as well as interested meteorological 
services. Also data assimilation experiments will be performed (mainly for novel WV 
products), and scaling issues will be addressed. More information on CLOUDMAP2 
including near real time display of some products is presented at 
http://www.ge.ucl.ac.uk/research/cloudmap2/. 
Within CLOUDMAP2 the groups of Freie Universität Berlin and Rutherford Appleton 
Laboratory will produce cloud products from MODIS for the CLIWANET campaigns BBC 
and CNN2. These datasets shall be validated by SMHI against CLIWANET ground based 
measurements, and be intercompared with each other. Also intercomparisons with 
CLIWANET AVHRR data sets should be feasible since NOAA16 and TERRA have similar 
overpath times. 

4. Ground based remote sensing 

Vertical Profiles of Cloud Liquid Derived by Sensor 
Combination at the Cabauw Site during BBC 
U. Löhnert and S. Crewell 
Meteorological Institute, University of Bonn, Germany, email : uloeh@uni-bonn.de 

An algorithm combining various measurements at the Cabauw site has been developed to 
derive vertical profiles of cloud liquid water content (LWC). Ground measurements of 
temperature and humidity, radiosonde measurements, cloud base measurements from lidar, 
cloud radar reflectivity profiles and 19 microwave brightness temperatures are used as input 
parameters for an optimal estimation algorithm. As an additional virtual measurement, a priori 
profiles, derived from a 1.5 dimensional cloud model, are used to constrain the solution. The 
vertical resolution of LWC is 250 m. LWC profiles were only derived during special cloud 



environments. E.g., these cases exclude drizzle, mixed-phase clouds and liquid clouds 
occurring in multiple layers. Applicability ranges of the algorithm will be discussed and 
statistics of the LWC retrievals derived from the August and September 2001 BBC data will 
be shown. 

Radar Measurements during the BBC/4D-Clouds 
Campaign: An Overview 
M. Quante1, H. Klein Baltink2, H.W.J. Russchenberg3, J. Meywerk1, O. Sievers1  
1 GKSS, 2 KNMI, 3 TU Delft 
The presentation will introduce the radar systems of GKSS, KNMI and TU Delft in operation 
during the BBC/4D-Clouds campaign in August/September 2001. Beside technical 
information some guidance for the interpretation of the measurements (i.e. with respect to 
cloud boundary detection) will be provided. 
More on radar evaluation and instrument synergy related studies will be presented in separate 
contributions. 

Cloud layer statistics during BBC 
Oliver Sievers, Jens Meywerk and Markus Quante 
GKSS Research Center, Institute for Coastal Research, D-21502 Geesthacht 

The main source for dynamical energy in the atmosphere is the radiation field which is 
modified most effectively by clouds. Information about both, the horizontal and vertical 
structure of clouds are required to calculate radiation divergences within each atmospheric 
column. Some first statistics of cloud and cloud layer occurrence measured with MIRACLE 
during the BBC campaign are presented. A focus will be on differences between raw 
MIRACLE data statistics and combined data with Lidar, but also on the influence of changing 
the cloud mask. 

Combining Radar, Passive Microwave and Ceilometer data 
from 4D-Clouds field phase 
Jens Meywerk, Markus Quante and Oliver Sievers 
GKSS Research Center Geesthacht 

During the joint 4D-Clouds/CLIWA-NET major observational phase in August/September 
2001 in Cabauw, The Netherlands, time-series of vertical profiles of radar reflectivities, 
Doppler velocities and linear depolarization ratios have been recorded by the GKSS 95 GHz 
polarimetric cloud radar MIRACLE. 
It is anticipated to combine these measurements with microwave derived liquid water path 
(from MICCY) and ceilometer visible cloud base height information to retrieve an estimate of 
liquid water content profiles in water clouds. First attempts of integrating these various 
datasets have been made, examples will be presented and issues will be discussed. 
In addition to the vertical radar profiles mentioned above, horizontal, vertical and volume 
scans have been performed at selected times, quasi-simultaneous with MICCY. Some 
examples of these scans will be shown and discussed. It is expected from this workshop to 
push forward the combination of MICCY and MIRACLE scans. 



Possibilities with High Time Resolution Lidar Data 
Dorien Lolkema, Arnoud Apituley 
RIVM Bilthoven, The Netherlands; dorien.lolkema@rivm.nl 

During the BBC-campaign in August and September 2001 High Time Resolution Lidar 
measurements were done with the RIVM lidar. This means that during data acquisition 2- to 3-
seconds averages were taken. A profile from 100 m to 15 km is available, although above 10 
km averaging is necessary since SNR is high in this region. 
At the Cliwa-net web pages day plots from the RIVM lidar are shown which contain 5-minutes 
averages. These day plots can not be manipulated with respect to color scale and zooming. 
Detailed plots of the 2- to 3-seconds averages reveal much more information about cirrus, low 
clouds, precipitation, and so on. Examples of these will be shown, among which a 
precipitation event of less then one minute. 

High resolution spectroscopy of the Oxygen A-band in 
zenith-scattered light; Implications for cloudy sky photon 
path length 
T.Scholl, U.Nägele, U.Platt, and K.Pfeilsticker 
Institut für Umweltphysik, Universität Heidelberg, INF 229, D-69120 Heidelberg, 
Germany 

High resolution DOAS spectroscopy of the Oxygen A-band (760-780 nm) in zenith-scattered 
light is a powerful tool to infer path length distributions (PDF) of solar photons transmitted to 
the ground. The PDFs are determined by interpretation of the measured Laplace transformed 
of the probability density functions of optical paths. Solar photon PDFs thus provide 
information on multiple scattering statistics of cloudy sky radiative transport (RT). When 
combining solar photon PDFs measurements with simultaneous RADAR measurements of the 
3D cloud structure and radiometric measurements of the Liquid Water Path (LWP) effects of 
the 3D cloud structure on the RT can be studied thoroughly.  
The present talk will report on the applied instrumental method, on the interpretation of the 
measured spectra with respect to the various types of cloudy sky photon PDFs, and their 
relation to cloud type, cloud height, liquid water path encountered during ' the 
4D-Wolkencampaign' held at Cabauw/NL in September 2001.  

Super-cooled water over Cabauw 
Hannelore Bloemink  
KNMI (Royal Netherlands Meteorological Institute) 

The detection, occurrence, LWP and horizontal distribution of super-cooled water over 
Cabauw during the CLIWA-NET campaigns. 



Evaluation of cloud liquid water retrieved by ground-based 
microwave radiometer during CLIWA-NET campaigns 
J. Güldner 
Deutscher Wetterdienst 

An important aim of CLIWA-NET is the comprehensive collection of observations about the 
cloud liquid water content as basis for the evaluation of ground-based microwave information. 
Therefore simultaneous microwave radiometer, radiosonde, ceilometer and IR radiometer data 
at Cabauw and Lindenberg supplemented by radiative transfer calculations are used for 
comparison and validation. In particular, different effects of partial cloudiness on the results 
of various methods are discussed.  

First Results of Microwave Radiometer Intercomparison 
Campaign 
Susanne Crewell1 and MICAM Team 

1University of Bonn, Auf dem Hügel 20, 53121 Bonn, Germany 

During the first two weeks of the BBC campaign a microwave radiometer intercomparison 
campaign (MICAM) took place at Cabauw, Netherlands. In total eight radiometers, differing 
in frequencies, bandwidth, antenna properties etc., participated. Additionally, UK Metoffice 
launched about 30 Vaisala RS90 radiosondes. Time series each about 12 h long were 
performed at 90, 40, 30 and 20 deg degree. We will show comparisons of brightness 
temperatures measured at about the same frequencies by different radiometers and compare 
them with brightness temperatures simulated from the radio soundings. The uncertainties due 
to the gas absorption in the microwave spectral range and the implications on the retrieval of 
atmospheric parameters will be discussed. 

Statistical analysis of the cloud structure in azimuth scans 
of the Cloud Liquid Water Path 
Victor Venema 
University of Bonn, Auf dem Hügel 20, 53121 Bonn, Germany; victor.venema@uni-
bonn.de 

During the BBC campaign the first experiments with scanning microwave radiometer and 
cloud radar have been made. The 22 channel microwave radiometer Miccy and the cloud 
radar Miracle have made quasi-simultaneous azimuth scans with constant elevation, elevation 
scans with constant azimuth angle, and sector scans where these two patterns were combined. 
In this presentation the first analysis of the cloud Liquid Water path (LWP) in the azimuth 
scans of Miccy will be shown. Complicating factors in the analysis are the non-constant 
angular velocity of the instrument due to start up and slow down accelerations and wind drag 
variations, gaps in the data in some directions e.g. due to the obstruction by the tower, and the 
changes in measurement volume when the elevation angle changes. All these effects influence 
considerably the measurement statistics.  
Care is taken to find statistic descriptions which are representative for the cloud structure 
without artefacts of the measurement process. Statistical properties in the LWP scans that are 
of interest are the autocorrelation function and measures of anisotrophy and intermittence. 



Calibration of the ground based spectrometer and the 
airborne albedometer 
Michael Schmidt 

The different types of essential calibration of spectrometer are shown in this presentation. In 
this particular case there is presented the determination of the cosine response and the spectral 
responsivity (absolute calibration). The last one was carried out at the meteorological 
observatory in Potsdam (DWD). 

5. Modeling results  

A 3D Monte Carlo model for computing spectral solar flux 
densities and heating rates in cloudy atmospheres  
S. Gimeno Garcia and T. Trautmann 
Institute of Meteorology, University of Leipzig 

A model interface is developed for the three-dimensional Monte Carlo model MCC4 which 
provides the 3D distribution of the spectral absorption and scattering properties within a 
cloudy atmosphere. The Monte Carlo model accounts for molecular scattering, extinction by 
aerosol particles and cloud droplets as well as for absorption by atmospheric gases. 
Eventually, this model interface will be used to provide the input for radiative transfer 
simulations to compute radiative flux densities and the average intensity field in the 
wavelength region 400-1000 um employing MCC4 and the 3D radiative transfer code 
SHDOM. Preliminary results will be presented to demonstrate that MCC4 is capable to 
resolve 3D radiative effects in inhomogeneous clouds on spatial scales extending from 50 m 
up to several 100 m. Our next goal is to compare aircraft measurements of spectral radiative 
flux densities observed by our project partner IfT during the BBC campaign in summer 2001 
with corresponding 3D radiative transfer simulations. This requires a comprehensive set of 
input data for standard meteorological parameters, the atmospheric aerosol and for various 
micro- and macrophysical cloud parameters as observed during the BBC campaign. 

3D radiative effects in a biomass burning plume: 
Cooperation between the AFO2000 joint projects 
4DCLOUDS and EFEU 
T. Trautmann (1), B. Früh (2) and J. Trentmann (3) 
(1) Institute for Meteorology, University of Leipzig 
(2) Institute of Atmospheric Physics, University of Mainz 
(3) Max-Planck Institute for Chemistry, Mainz 

The aim of the cooperation is to investigate 3D radiative effects on the actinic flux density for 
a biomass burning plume. The plume was simulated employing a mesoscale climate model 
having a fine spatial resolution. The center of the plume was characterized by a maximal 
aerosol optical depth of 5 - 10 (at wavelength 550 nm). Comparisons have been carried out 
between a 3D radiative transfer model (SHDOM) and a 1D radiative transfer model 
(DISORT). The radiation field was strongly influenced by spatial inhomogeneities within the 
biomass burning plume. Local differences of the spectral actinic flux densities between the 



3D and 1D results (independent column approximation) ranged within -40 % and +200%. 
Similar differences were computed for the upwelling radiative flux densities in the vicinity of 
the plume. This leads to the conclusion that standard 1D radiative transfer models can not be 
employed to simulate and interpret the radiation field in the vicinity of a finite biomass 
burning cloud. In addition, the size distribution and the single scattering albedo of the 
atmospheric aerosol particles turned out play an important role, too. Therefore, an accurate 
modeling of the optical properties of biomass burning aerosols also calls for a detailed 
knowledge of their physico-chemical properties as determined from dedicated laboratory 
studies. 

Introduction to cloud structure generators 
Victor Venema 
University of Bonn, Auf dem Hügel 20, 53121 Bonn, Germany; victor.venema@uni-
bonn.de 

For the 3D radiative transfer calculations one needs 3-dimensional cloud fields as input data. 
One can use cloud models for this, but it is not straight forward to simulate a cloud which has 
the statistical cloud properties that have been measured. In the literature there are two 
interesting algorithms to generate cloud structures: a fractal and a Fourier method. These 
algorithms are unfortunately only able to make clouds with the right slope of the LWP-
variance spectrum and do not use or presever other statistical cloud properties, e.g. concerning 
cloud boundaries, or intermittent properties.  
In this presentation a very flexible way will be introduced to generate a cloud field with the 
measured statistical cloud properties: a search algorithm based on an evolutionary strategy. In 
an evolutionary strategy the clouds (genes) are competing with each other under the condition 
that the fittest will win (in our case the one that fits best to the measured cloud properties). 
New clouds that are tested are generated by making small alterations (mutations) to the 
already successful old clouds. A difficult step in this process is the formulation of the fitness 
function; it has to be computationally inexpensive and reward steps in the right direction 
(even when the fit to the measured data does not improve; for example a cloud with a cloud 
base at 1 km should be more fit than one with a cloud base at 0.5 km for a measured cloud 
base height of 2 km. 

Broadening of convective cells during cold air outbreaks: a 
high resolution study using a parallelized les model  
Dr. Siegfried Raasch 
Institut fuer Meteorologie und Klimatologie, University of Hannover   

The broadening of mesoscale convective cells (MMC) during cold-air outbreak (CAOB) 
situations is studied using large-eddy simulation (LES). The study is focused on the question 
about which physical processes are responsible for the large aspect ratios of MMC observed 
during CAOB situations. Indications are given by earlier numerical simulations of CAOBs, 
that adiabatic heat sources are causing the cell broadening and are thus responsible for these 
large aspect ratios. Nevertheless, due to insufficient computer resources, the principle 
question of cell broadening remains from these studies, because they either used a too small 
model domain or a too coarse horizontal grid resolution (grid spacing of 1 km).  
Using the parallelized LES model PALM we have been able for the first time to carry out 
simulations for a large area combined with a fine grid resolution avoiding the shortenings of 
the earlier studies. We performed two principal runs using an initialization according to a 



situation observed during the ARKTIS1991 experiment. For all runs the model domain covers 
an area of 70 x 70 km**2 in the horizontal and 5 km (resulting in 700 x 700 x 80 grid points). 
The simulations were performed on 256 processor elements (PE) of a CRAY-T3E covering a 
period of 12.5 h. Each PE required 115 CPU-h in total. Run1 includes the whole water cycle, 
whereas run2 takes the same initial parameters but the water cycle was switched off in order 
to study the influence of adiabatic heat sources on cell formation and broadening. 
During Run1 the formation of MMC is identified. A clear visual signal of MMC can be 
detected in the horizontal cross sections of the thermodynamic variables (e.g., liquid water 
content), whereas the dynamic field variables are characterized by spatially randomly-
distributed up- and downdrafts so that the organized cells can hardly be detected from them 
by eye. Here, each MMC is an organized conglomeration of many up- and downdrafts - a 
phenomenon which could not be observed in earlier studies due to their much coarser grid 
resolution. Nevertheless, a clear peak at the wavelength of the cells is seen in the spectra of all 
variables. In good agreement with previous studies the dominating aspect ratio increases to 
about 10. In contrast to run1 during run2 no formation of MMC could be identified. The flow 
structure and the dominating aspect ratios during run2 agree with the ones detected in 
cloudless convective boundary layers. Within the whole period of the simulation the aspect 
ratios remain between 3 and 3.5.  
Since in run2 the formation of MMc fails to appear, our study gives strong evidence that 
diabatic heat sources are responsible for the existence and broadening of MMC, avoiding the 
shortcomings of earlier investigations. A more detailed explanation for the cell broadening 
mechanism will also be given. 
At the end of the talk, I will also give a short overview over our recent and planned LES-
studies within DEKLIM and AFO2000 concerning the effects of inhomogeneous land surface 
on the turbulent structure of the CBL. 

6. BBC issues and scientific discussion 

The BBC database  
Hannelore Bloemink  
KNMI (Royal Netherlands Meteorological Institute) 

An overview of the BBC database. 


