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A Executive summary 
Please provide a brief summary of the facility project (scientific vision, strategic im-
portance, scientific objectives and purpose, max. two pages). 
 

Physical, chemical and biological processes within the atmosphere and at the Earth’s sur-
face maintain the conditions necessary for life on Earth. In the past decades, we have ob-
served important changes in climate and in the composition of the atmosphere, which are 
expected to affect the well-being of humankind and the biosphere. The resulting concern 
about global change has stimulated much necessary research, including instrument/tech-
nique development, satellite and in-situ observations. Out of this research has grown an un-
derstanding of Earth as a system, involving physical, chemical, biological and human proc-
esses. This understanding is described in analytical and numerical models of increasing so-
phistication and complexity. These models in turn require observations for testing, validation 
and further development. 

Processes within, or important to the atmosphere cover wide ranges of temporal and spa-
tial scales, from microseconds to decades, from microscopic to global. Consequently, we 
need observations covering that same range of scales, in order to provide the information 
needed to test and develop our understanding of these processes. Remote sensing from 
satellites provides information at global scales, but only covers a limited set of parameters, 
and only at fairly coarse spatial and temporal resolution. Thus in-situ measurements, particu-
larly from aircraft, play an essential and complementary role in the development of our un-
derstanding of atmospheric and biogeochemical processes. The flexibility in mission design 
and in the choice of scientific payload, including in-situ measurements, sampling devices, 
and remote-sensing instrumentation, that is available with aircraft can not be achieved with 
any other platform. Access to a suitable aircraft for measurements throughout the global at-
mosphere including the upper tropical transition region and the very sensitive lowermost 
stratosphere, is therefore essential for addressing the current challenges within atmospheric 
research. 

Atmospheric research at the onset of the 21st century is characterised by an integral ap-
proach. The atmosphere is investigated as part of a coupled system that involves chemical, 
physical and biological processes and human activities. This view is reflected in the goals 
and scientific hypotheses of current and upcoming national and international research pro-
grammes on global change. These programmes include studies on the interactions between 
meteorology, chemistry, climate, the biosphere and human activities in key regions of the 
Earth where major changes are occurring.  

Such key regions of global change, or “global choke-points” are 1) The Eurasian region, 
especially the boreal zone, where rapid climate change is presently being observed, provid-
ing a unique opportunity to study the interactions between climate change, biosphere and 
atmospheric chemistry. 2) The Amazon Basin, where large-scale land use change and de-
forestation is expected to interfere with the self-cleaning processes of the atmosphere and 
the energy dynamics of the global atmospheric circulation. 3) The Southeast Asian region, 
where rapid population growth, industrialisation and urbanisation result in intense regional air 
pollution and large-scale impacts on the atmospheric environment. To effectively study proc-
esses in these and other remote regions requires a long-range (>8000 km) aircraft, which is 
currently not available to the German research community. The proposed High Altitude and 
Long-range (HALO) aircraft will be a prime research facility to stimulate, coordinate, and per-
form such research on a global scale. 

Investigating the complex processes in the Earth System, and in the atmosphere in par-
ticular, requires intensive field measurement campaigns that involve large teams of scientists 
from research institutions and universities. It is essential to simultaneously employ a range of 
in-situ and remote sensing instrumentation to characterise air chemistry, aerosols, clouds, 
radiation fluxes, and the dynamics of the atmosphere. Simultaneous measurements of nu-
merous such parameters must be performed to characterise the photochemical and chemical 
pathways of trace gas and aerosol production and destruction. Such measurements are key 
to constrain photochemical transport models of the atmosphere. Examples of the scientific 
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challenges that will be addressed with HALO are: 1) The influence of aerosol particles on 
cloud microphysics, chemical processes, and radiative transfer; 2) The significance and role 
of exchange processes between biosphere and atmosphere, within the troposphere, and 
between troposphere and stratosphere; 3) The physico-chemical processes resulting in oxi-
dation of biogenic and anthropogenic emissions and aerosol formation and transport in the 
tropical troposphere; 4) Long-range transport of pollutants that affect regional and global air 
quality and climate. Such complex scientific objectives imply large science teams and scien-
tific payloads, as developed by the German atmospheric research community, which can be 
accommodated with the proposed HALO aircraft. 

Recent studies suggest that the upper troposphere and lower stratosphere region is of key 
importance for atmospheric chemistry and climate. Yet, this important part of the Earth’s at-
mosphere has received little study so far, in large part because of the lack of an appropriate 
observational platform. The proposed HALO aircraft, with its high operational ceiling 
(>15 km) will make it possible to investigate the chemistry of the whole troposphere and the 
lower stratosphere, including the influence of increasing aircraft emissions, and to study the 
significance and role of cirrus clouds (including sub-visible cirrus and aircraft condensation 
trails) in atmospheric radiative transfer, climate and atmospheric chemistry. 

The scientific challenges outlined above require an aircraft combining long range, high 
ceiling altitude and large scientific payload. There is presently no such aircraft available for 
research worldwide. The most capable German research aircraft, a Falcon E, has far more 
limited capabilities and is over 25 years old, so that a replacement will have to be sought in 
the foreseeable future. An engineering and technical feasibility study has shown that two 
types of aircraft, the Gulfstream V and the Global Express, are particularly suited for HALO, 
based on their performance specifications. The aircraft is to be equipped with multi-purpose 
openings, mounting points, and basic instrumentation. We propose that the HALO aircraft will 
be operated through the German Aerospace Centre (DLR) flight facilities in Oberpfaffen-
hofen, to benefit from the large experience and operational infrastructure available at this 
institution. Access for the scientific use will be through peer-reviewed proposals to a Scien-
tific Steering Committee. In addition to its role for the German atmospheric research commu-
nity, HALO will also be offered as a European research facility. It is to be expected that the 
availability of such a powerful and capable measurement platform would have a "magnet 
effect", similar to the internationally highly respected German research vessels. 

The research with HALO will take advantage of the specialised contributions by a large 
number of universities and research institutions supporting this initiative, notably in the de-
velopment of highly sensitive and fast response instrumentation required for aircraft meas-
urements. It will also provide prime opportunities and challenges for the active involvement of 
graduate students. The universities supporting HALO perform study programs in environ-
mental physics and chemistry, for which research projects utilising HALO will be of great sig-
nificance.  

The HALO project was initiated by a meeting of the German atmospheric science com-
munity in May 2000, including participants from Universities, the Max-Planck-Gesellschaft 
(MPG), the Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren (HGF), the 
Wissenschaftsgemeinschaft Gottfried Wilhelm Leibniz (WGL), and the Fraunhofer-
Gesellschaft (FhG). The participants unanimously agreed that the acquisition of a modern 
HALO research aircraft is essential to continue the successful research and maintain the 
leading position of German scientists for the next decades in this area. 

This initiative was discussed at the Ministry of Science and Education (BMBF) and the 
participating science organisations, and the Wissenschaftsrat was notified in 2000. Members 
of the science team proposed a comprehensive concept (HALO proposal of February 2001) 
agreed upon by all partners. Based on this concept, DLR and MPG jointly submitted the ap-
plication for a major research facility investment. The submission is fully supported by the 
participating researchers. The potential users expressed their support with letters from 31 
institutes, comprising 13 University institutes, 4 Max Planck Institutes, 2 institutes of the 
WGL, one Fraunhofer Institute, the German Weather Service (DWD) and institutes from 6 
HGF research centres. 
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B Questions regarding the field of research 

B.1 How has your field of research developed over the last ten years and, in your 
opinion, how will it develop nationally and internationally in the coming years? 
(approx. 3-4 pages)  

 
The most fundamental development in our field has been the integration of the atmospheric 
sciences with biology, hydrology, and some aspects of the socio-economic sciences into the 
beginnings of an Earth System Science. This shift in worldview from a discipline-oriented or 
sectoral perspective to an integrated approach has changed the way we are conducting our 
research. Investigations tend to involve scientists from several disciplines, require measure-
ments of large numbers of parameters even within a particular discipline, and cover greater 
spatial and temporal scales. The intellectual challenge and excitement associated with this 
integrated perspective, and the growing capability to use computer models to express this 
Earth System view in a quantitative way let us expect that this trend will continue in the fore-
seeable future. A research aircraft for the coming decades must be well suited to become a 
tool of this new science. 
 

 
Within this overall context of an evolving scientific framework, modern atmospheric research 
has significantly expanded in the last ten years and will continue to expand in the next dec-
ade. There are several reasons for this:  
 

a) the lack of understanding of many aspects of the biogeochemical processes or phe-
nomena that determine the behaviour of the Earth atmosphere system. This in part 
arises from the lack of reliable measurements at the regional and global scales and in 
regions of the atmosphere that are difficult to probe;  

b) the need to understand the impact of increasing anthropogenic emissions stemming 
from a growing world population and improving standard of living accompanied by in-
creasing resource use; 
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c) the observation of the beginnings of global climate change, and need for accurate 
predictions of the significance of this change, arising from either natural fluctuations 
or anthropogenic impacts; and  

d) the need to improve meteorological models required for the prediction of weather pat-
terns, particularly those that influence human well-being . 

 
Research aircraft have been and will remain essential platforms to make the measurements 
required to improve our knowledge in the following active fields of research: atmospheric 
chemistry and climate research, meteorology, biogeochemistry, polar research, oceanogra-
phy, geography, ecology, glaciology, and environmental research in general. Research air-
craft are also needed for development and testing of remote sensing, telecommunications, 
and aerospace scientific and long-term operational applications in general. As the require-
ments of atmospheric science are currently of great significance they are addressed by and 
central to the justification of the proposed large facility HALO. It is however important to note 
that HALO will be flexible enough in its performance so that it can also be used extensively 
for all other Earth research disciplines and will be available for remote sensing and telecom-
munications applications. Examples for such applications are remote sensing applications for 
Earth observation, particularly the coastal zone. Remote sensing techniques are a major tool 
to provide information about coastal water quality, currents, sea state, ice extension, flood-
ing, morphodynamics, land use etc. The new aircraft is expected to play a major role in the 
testing and validation of new remote sensing tools. 
 
Some recent scientific developments of particular relevance to HALO are summarised below: 
 
1. Atmospheric chemistry and climate research 
Atmospheric research began in the 19th century but modern atmospheric science developed 
in earnest in the post-war period, facilitated by the development of measurement techniques 
and computing power. In the last two decades, it has been recognised that human activities 
can influence the chemical and physical behaviour of the atmosphere at all scales, including 
the global scale. Prime examples are the growing concentrations of climatically active trace 
gases and aerosols, and the effects of increasing ozone in the troposphere and decreasing 
ozone in the stratosphere.  
 
Important progress has been made in the understanding of the processes determining the 
amount and distribution of the stratospheric ozone layer, the role of man-made emissions in 
the oxidation power of the troposphere, transfer of solar and terrestrial radiation within the 
earth’s atmosphere, and the radiative forcing of climate by increasing greenhouse gases and 
aerosols. In this context, some important recent findings include: 

• The causal relationship between the chlorine loading of the stratosphere resulting 
from the release of chlorofluorocarbons and stratospheric ozone decline has been 
firmly established. In response to the Montreal Protocol and its amendments, the 
growth of ozone-depleting chlorine compounds in the atmosphere has slowed or 
stopped. However, the amount of atmospheric bromine is still increasing. As a result, 
the recovery of the stratospheric ozone layer is likely to be delayed. 

• It is now widely accepted that tropospheric ozone is to a large extent controlled by in 
situ photochemical processes, being strongly affected by man-made emissions, in 
particular of nitrogen oxides. Therefore, tropospheric ozone has increased substan-
tially in the past century. Ozone is moreover a prime precursor of the hydroxyl radical, 
the main atmospheric oxidant. It is also known that hydroxyl radicals, once they have 
reacted with reduced gases, can be recycled in the presence of nitrogen oxides. For 
remote (clean) marine air, ozone and hydroxyl production and destruction rates can 
be quite accurately quantified.  

• The rapid growth of the amount of greenhouse gases in the atmosphere during the 
past two centuries has been well quantified, and the most significant sources of these 
gases identified. The resultant atmospheric radiative forcing for many gases has been 
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calculated quite accurately. It has been recognised that aerosol particles can contrib-
ute to a significant negative radiative forcing of climate, although aerosols containing 
absorbing pollutants, e.g. black carbon, can result in a positive forcing.  

• Global temperature trends have been well documented, especially at the Earth's sur-
face and in the mid-stratosphere. Climate modelling has recently achieved some suc-
cess in simulating global temperature trends, both in the stratosphere and the tropo-
sphere. This agreement is significantly improved if, in addition to the changes in the 
amounts of the long-lived “greenhouse” gases such as CO2, CH4 and N2O, the 
changes in ozone and aerosols are also accounted for.  

 
Major uncertainties on many processes of fundamental significance remain: some examples 
being: 

• Important uncertainties make a prognosis of the future development of the ozone 
layer very uncertain. These include the decrease rates of the halogen loading in a 
changing atmosphere with decreasing stratospheric temperatures, increasing strato-
spheric water vapour concentrations, and possibly changing transport in the atmos-
phere. A further delay of the expected recovery of the ozone layer cannot be ex-
cluded. 

• The role of the upper troposphere/lower stratosphere (UTLS) region in climate 
and atmospheric chemistry is known to be of great importance, but still poorly under-
stood. Important issues here include the role of cirrus clouds, the impact of civil avia-
tion, and the rapid increase of stratospheric water vapour. The latter increases faster 
than can be explained by methane increases. This may indicate a change in the dy-
namical coupling and consequent transport of water vapour between the troposphere 
and stratosphere, and the role of changing atmospheric dynamics in ozone loss proc-
esses. Deep convection supplies boundary layer pollutants to the UTLS region and 
leads to the formation of NO by lightning, changing its chemical dynamics in a still in-
adequately understood fashion. Furthermore, a quantitative understanding of ozone 
transport from the stratosphere into the troposphere is lacking. 

• The oxidising power of the troposphere may be undergoing significant changes, 
as global levels of hydroxyl radicals have been shown to vary substantially on a de-
cadal time scale. This implies grave deficiencies in our understanding of the self-
cleaning capacity of the troposphere. Since global hydroxyl formation is concentrated 
in the tropics, this also requires improvement of the understanding of tropical tropo-
spheric photochemistry. Better knowledge is needed regarding the various ozone 
precursors and catalysts, including nitrogen oxides, natural and anthropogenic hydro-
carbons, and particularly at lower latitudes. 

• The representation of climate processes in models, in particular our knowledge of 
feedbacks associated with clouds, oceans, sea ice and vegetation, is more qualitative 
than quantitative and limits understanding. Many of the important processes involved 
take place on scales that are much smaller than the grid size of models or the pixel 
size of spaceborne sensors. Airborne research is essential to identify and quantify 
these processes. 

• The largest uncertainty in the assessment of climate forcing is due to inadequate 
knowledge of the effects of anthropogenic aerosols. The combined uncertainty of 
aerosol effects is so large, that a zero net radiative forcing at the present time is 
within the uncertainty limits specified in the Third Assessment Report of the IPCC. By 
scattering and absorbing solar and infrared radiation, and by modifying cloud micro-
physical and radiative properties, aerosols have both cooling and warming effects. 
Furthermore, they can influence the hydrological cycle by limiting evaporation and in-
terfering with rain production mechanisms.  

• In the coming decades the issue of air pollution is expected to take on a new dimen-
sion. This century, the Earth's population will likely grow above 10 billion. With the 
explosive development of megacities in developing countries at tropical and subtropi-
cal latitudes, the amounts, types, and source regions of air pollution are changing 
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drastically. This will probably lead to major atmospheric changes covering large ar-
eas, and largely taking place in regions where observations are lacking and for which 
process understanding is limited. 

 
2. Biogeochemistry and biosphere/atmosphere interactions 
The Earth’s atmosphere is to a great extent a product of biospheric processes. With very few 
exceptions, all major and minor gases in the atmosphere have important, often dominant, 
biospheric sources and sinks. This is particularly relevant for the radiatively and chemically 
active compounds that are at the heart of Global Change, such as CO2, CH4, CO, O3, NOx, 
non-methane hydrocarbons, and many aerosol components. The convergence of biospheric 
and atmospheric research during the last decade of the IGBP has laid the foundations for a 
developing Earth System Science. Examples of major areas of progress over the last decade 
are: 

• The qualitative and quantitative understanding of the global carbon cycle and its role 
in regulating atmospheric CO2 has deepened dramatically. This improved under-
standing forms the basis of process-based models of exchange of carbon and its iso-
topes and of O2 between land biota and the atmosphere. We are now in a position to 
provide fairly accurate estimates of the major fluxes of carbon in and out of the main 
reservoirs (oceans, atmosphere, biosphere).  

• A process-based understanding of the biological production and consumption of 
many important trace gases, such as CH4, NOx, N2O, NH3, dimethylsulfide (DMS), 
and non-methane hydrocarbons, has been developed. 

• The contribution of biological sources to atmospheric aerosols has been identified. 
The biota emit gaseous aerosol precursors (DMS, VOC, NH3, NOx, etc.) that are con-
verted to particles in the atmosphere, but plants and other organisms also release 
primary biogenic particles. These primary and secondary biogenic aerosols are im-
portant in regulating global climate. Their importance is expected to increase in the 
future. 

• Many feedbacks have been identified between biogeochemical processes, such as 
photosynthesis, respiration, nutrient cycling, weathering, soil dynamics, etc., and hy-
drological and climate. These feedbacks affect the exchange of trace gases between 
biota and atmosphere, including the storage and release of carbon. 

 
These findings have opened many scientific challenges that will be addressed in the coming 
decades. Examples are: 

• The interactions between atmospheric/climate change and the carbon cycle 
need to be better understood and quantified. The uptake of carbon into the biota is 
likely to change with the growing atmospheric concentration of CO2, with changing 
temperatures and rainfall, and with the deposition of atmospheric pollutants. We need 
to understand these links at the process level and incorporate them into numerical 
models for a reliable prediction of the future behaviour of the carbon cycle. Investiga-
tions in the boreal region (e.g., Siberia), where temperatures are increasing at dra-
matic rates (up to 1°C/decade), will provide a unique opportunity to study these inter-
actions. 

• The effect of land-use change on trace gas fluxes is expected to be large, espe-
cially in the tropics where land use change, including deforestation, is progressing 
rapidly. Changing vegetation type and structure, land management practices, urbani-
sation, etc. all affect the emission and uptake of important trace gases. Flux meas-
urement from aircraft will be a key tool in upscaling local measurements. Due to its 
excellent low-altitude performance and its ability to deeply penetrate uninhabited re-
gions, HALO will be very well suited for this kind of research. 

• Enhanced production of aerosols from biomass burning and other types of land-
use practices is thought to strongly affect cloud microphysics, and consequently hy-
drology and climate dynamics. These phenomena will need to be investigated using 
combined in-situ measurements and remote sensing. 
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3. Meteorology and Weather Prediction: 
Research in the field of meteorology includes studies for improving understanding of proc-
esses impacting weather evolution and its use for improving weather forecast methods. 
Since the 1980s important progress has been made in the understanding of short term (min-
utes to days) and mid term weather forecast (up to about 10 days). Some important recent 
findings include: 

• Seasonal mean-weather forecasts become possible in some regions and for certain 
conditions by accounting for the coupling of the atmospheric circulation with those in 
the oceans and the cryosphere.  

• Numerical weather prediction models are being used at global and regional scales, 
with the regional scale models coupled or nested into the global models. The regional 
models now include non-hydrostatic effects and flow over steep orography.  

• Weather and climate depend strongly on cloud processes, which are complex and far 
from being understood. For example, the upper troposphere remains often ice super-
saturated while operational models assume that cirrus clouds form immediately when 
reaching ice saturation.  

• Weather prediction benefits increasingly from airborne measurements on airliners 
and from remote sensing systems in space. 

• First steps have been made to develop chemical weather forecasts (forecasts of 
weather properties including air composition).  

 
Major uncertainties on the other hand include: 

• Aerosol models have not yet been included in weather prediction models, mainly 
because of incomplete understanding of the most important processes and because 
of missing observation systems and observation data. Several new space-borne re-
mote sensing platforms for atmospheric aerosols are under development. Whereas 
these new platforms will increase global coverage substantially, they will require con-
tinual support by airborne in-situ experiments for testing and validation.  

• Cloud processes and related radiative transfer are among the largest sources of 
uncertainties in both weather prediction as well as climate research (see above). In 
particular, the formation of precipitation in mixed clouds and potential anthropogenic 
interference, e.g. by aerosol inputs, is not well understood.  

• Atmospheric dynamics, convection and turbulence affect all parts of weather in-
cluding momentum, energy, and mass transfer between the surface and the atmos-
phere and within the atmosphere. The atmospheric dynamics is in part controlled by 
coherent motions overlying more random turbulent parts, which are caused by inter-
action with topography, inversion layers, shear, stratification, rotation and other forces 
at scales larger than the turbulent motions scales.  

• Surface and sub-surface energy-related and hydrological processes. These pro-
cesses play important roles in weather and climate through coupling with the atmos-
phere. New satellite remote sensing instruments in the radio and microwave spectral 
range might provide improved insight in the future, but the spatial resolution will be far 
from sufficient, a gap which can be closed with a high-flying aircraft with ample re-
mote-sensing and in-situ flux measurement capacities. 

 
4. Instrument development: 
Major advances have been made over the past ten years in terms of related instrumentation. 
Some examples with strong involvement by German researchers are: 

• The key atmospheric radical species, including the hydroxyl radical (OH), can now be 
detected reliably from aircraft. This opens a new era of possibilities for validating our 
current concepts of atmospheric photochemistry. 

• Airborne mass spectrometers for the rapid and versatile determination of trace gases 
permit the observation of a vast variety of compounds, even labile atmospheric spe-
cies, and the measurement of trace gas fluxes by micrometeorological techniques. 
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• A multi-axis DOAS instrument has been developed that can determine three-
dimensional fields of many trace gases.  

• Tuneable diode laser instruments have been developed for fast and sensitive meas-
urements of infrared-active gases. 

• Grab sampling techniques with automated canisters and cartridges have been refined 
for application on aircraft. In-flight and post-flight laboratory analysis includes GC and 
GC-MS measurements of a host of non-methane hydrocarbons, breakdown products 
and isotopic composition. 

• The development of aircraft-borne Michelson Interferometric Passive Atmospheric 
Sounder (MIPAS) instruments for simultaneous measurement of a large number of 
atmospheric constituents. The latest version enables the measurement of 2-
dimensional cross-sections of many species. 

• Single-particle analysis of atmospheric aerosols can now be done using airborne 
mass spectrometric techniques. This makes it possible to investigate aerosols at high 
spatial and temporal resolution, and to observe volatile or otherwise labile particles. 

• Multiphase sampling based on the counterflow virtual impactor and other techniques 
can distinguish now super-cooled drops from ice particles. For deployment on high-
speed aircraft new aerosol inlets have been designed, modelled and characterised. 
Combining these new techniques on large research aircraft is expected to lead to ma-
jor advances. 

• The development of aircraft borne radiation sensors with active stabilisation has in-
creased the accuracy of airborne radiation measurements by roughly an order of 
magnitude, which is necessary for the quantification of small anthropogenic effects. 

• Airborne cloud radar has become available only recently. Its deployment together 
with profiling backscatter and water vapour lidars on a high flying platform will en-
hance significantly the observational capabilities for studies of cloud process, cloud 
systems and their relation to radiative transfer. 

 
In fact, the number of presently available instruments would allow us to obtain a far more 
complete picture of the atmosphere than is done in current campaigns. Unfortunately, the 
research aircraft presently available are too small to carry all the necessary instruments. 
HALO is expected to play a key role in making more complete measurement programs pos-
sible, which will stimulate collaborations among universities and research institutes. 
 

B.2 How do you assess the present situation with regard to Germany's participation 
in this field of research? From your institution's point of view, are there any fun-
damental qualitative or structural deficits in this field of research in Germany?  

 
German institutes participate strongly and, as part of the European research, at the interna-
tional forefront of research in atmospheric and Earth sciences. German scientists have 
played a leadership role in the development and implementation of the IGBP and many of its 
core programmes. The community has gained competence from many previous experiments 
and from long-term instrument developments. Various EU programmes have led to a strong 
network of cooperation of atmospheric research institutes all over Europe. The field of re-
search has strongly gained in the past decade from research projects such as the German 
ozone, climate, and atmosphere research programmes. Moreover, it has benefited strongly 
from remote sensing projects such as GOME on ERS-2, and the preparation of the sensors 
MIPAS, SCIAMACHY, ROSIS and others for the ENVISAT satellite. Research projects have 
been supported among others by BMBF, DFG, ESA, and in particular through a series of EU 
research framework programmes. Strong research institutes have been developed, some of 
them newly founded, on the topic of atmospheric research since about 1980 in the old states 
in West-Germany and since 1990 also in the new states in East-Germany. Recently, a new 
institute on coastal research has been founded at GKSS.  
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In the future, the research in this field will develop further with support from the participating 
research institutions such as MPG, WGL, HGF, universities, etc. Additional support is ex-
pected to come from the DFG (the project team plans to apply for special research support), 
and the EU. The EU presently plans the 6th RTD Framework Programme. Within this pro-
gramme a thematic area Global Change is foreseen with research priority lines “Impact and 
mechanisms of greenhouse gas emissions on climate and carbon sinks (oceans, forests and 
soil),” and “Global climate change observing systems.” A further research priority line on 
“Atmospheric pollutants and their impact on air quality, climate and ozone depletion” has 
been suggested to the EU by an advisory committee of atmospheric scientists (see AIRES 
report, 2001). The next phase of Global Change research (including IGBP, WCRP, and 
IHDP) will emphasise integrated studies, which will consider the interactions of human activi-
ties, climate change, hydrology, atmospheric processes, and biology. German scientists are 
actively involved in leading the development of the scientific programme for this new phase 
of Global Change studies. 
 
Fundamental qualitative deficits result from the lack of a large research aircraft. Compared to 
the equipment available in other countries, in particular the USA, German and European re-
search suffers from the lack of a large multi-purpose research aircraft reaching high altitude 
and long distances. The existing platforms are inadequate to study the necessary range of 
atmospheric processes, and too small to carry the available instruments, e.g., with respect to 
multiphase aerosol and cloud physics. This situation will be aggravated in the future because 
of the need to include a growing range of physical and chemical instrumentation for increas-
ingly complex scientific questions.  
 
The community has used alternative instrument carriers such as commercial aircraft and bal-
loons, and has made observations by remote sensing from the surface including mountain 
stations and from satellites. All these alternatives have their merits but do not have the far 
reaching potential of a dedicated and powerful research aircraft. A “flagship” aircraft such as 
HALO is needed to complement the intellectual leadership of German atmospheric scientists 
in the implementation phase of the next phase of Global Change research. 
 
Fundamental structural deficits result from the missing institutional funding of research air-
craft for scientific users. Except for some research within the aircraft operating institutions 
and some minor EU funding for access to European research aircraft supporting training and 
mobility (CAATER and EUFAR programmes), the existing research aircraft can be used only 
with project-specific funding which makes any long term planning and development difficult 
or impossible. The DLR internal R&D program provides about 4 Mio. DM per year for support 
of Falcon usage, which allows for maintaining the operations team and the equipment and for 
some operation for internal users on smaller campaigns, however, it is not sufficient to sup-
port external users and the desired growing involvement in major international projects. In 
contrast to the strong institutional support available in Germany for the use of research ships 
(such as the polar research ship POLARSTERN) and satellites (funded by the European 
member states via ESA), German aircraft users have to provide the project support required 
for the use of research aircraft.  

B.3 What alternative technologies exist for obtaining related or supplementary in-
formation? How have these developed at national and international level over 
the past few years? How do you think they will develop in the next few years? 
(Should there be more than one field of research involved, please answer these 
individual sub-questions separately for each field.)  

 
Alternative technologies for gathering complementary information to what would be obtained 
with the type of manned research aircraft considered in this proposal include:  
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- Instrument packages on commercial airliners: These techniques have been tested al-
ready in the 1970’s and have been used to a major extent since about 1994 in EU and 
national projects. These techniques are ideal to obtain data along the routes of airliners, 
but do not provide flexibility in instrumentation and routes. The aircraft are operating 
mainly along the major traffic routes to and from Europe and do not cover the whole 
globe, especially remote parts of the atmosphere. Nevertheless, these methods will be 
further developed and used, also in cooperation with HALO projects. Major advances 
have been made in the area of compact, long-endurance automated payloads for in-situ 
analyses and sampling of aerosols from aircraft emissions. Measurements are, however, 
limited to those that can be designed to operate in a completely autonomous mode with-
out supervision by an operator. 

- UAV: Unmanned aerial vehicles have been developed for military applications in the past 
decades in several countries. They were limited to minor payloads, lower flight altitude 
and regional operations. Larger UAVs have recently been operated under military control 
in the USA and other countries. A new UAV system, the US Global Hawk, could be of in-
terest to atmospheric science but it is not yet available for civilian research. The use for 
atmospheric research is under consideration between US Air Force and NASA. In Europe 
a consortium of EADS and Northrop Grumman are preparing a proposal for German Air 
Force to use Global Hawk for military reconnaissance applications. These UAVs indeed 
offer interesting alternatives in terms of altitude and long endurance. Their payloads are 
strongly limited and their deployment over the regions under significant anthropogenic in-
fluence is severely limited by air space restrictions. There are projects under develop-
ment that will verify the certification of UAVs in controlled airspace and over populated 
areas. The timeframe for an acceptable operation in Europe is not foreseeable at the 
moment. 

- Zeppelin: Some of the HALO partners plan to use Zeppelins for measurements in the 
boundary layer and in the free troposphere with large payloads and long endurance. 
Zeppelins are complementary to HALO because of different range of operations, ceiling 
and speed. The operation of a Zeppelin might not be cheaper than a larger research air-
craft.  

- US Aircraft such as the DC-8, ER-2, and WB-57 of NASA and other US agencies (NOAA, 
NSF). These aircraft are used on a case-by-case basis within specific projects under 
NASA control also by scientists interested in HALO, but are not available for self-standing 
European research and suffer from various other restrictions. This would also apply to the 
new HIAPER aircraft that is in the planning phase at NCAR. According to present infor-
mation, the schedule for the use of this aircraft is already filled for several years, even be-
fore the order for its production has been placed with the manufacturer. 

- Other European research aircraft in UK: BAe 146; F: Falcon Mystère, ARAT; NL: Citation. 
These research facilities are organised together with the German DLR Falcon within the 
project EUFAR. None of these aircraft offers the power and range of the envisaged 
HALO aircraft. The EUFAR team welcomes the acquisition of the HALO aircraft in a 
European network of complementary facilities.  

- The Russian Geophysica aircraft is a powerful tool for stratospheric research but cannot 
replace the HALO aircraft because of its severe limitations. The aircraft was designed for 
military purposes and is now used for stratospheric research at altitudes up to 21 km by 
various European groups including German partners from DLR, FZJ, FZK, Uni. Frankfurt, 
and others. The aircraft is operated by one pilot, and observers and operating scientists 
cannot fly on board this aircraft. The aircraft offers a limited range and is very expensive 
in operation. Nonetheless, it is seen as a useful complement for HALO in the altitude 
range above 15 km. 

- Satellite and surface based remote sensing instruments and balloons are well suited to 
measure properties of the atmosphere in the middle and upper stratosphere. However, 
measurements of many parameters of the lower stratosphere and the troposphere re-
quire in-situ measurements, and measurements along variable and controllable flight 
paths with high horizontal and vertical resolution. This is the case in particular for NOx, 
HOx, aerosols, and cloud properties, which are highly variable in space and are the key 
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parameters of ongoing atmospheric chemistry research. Such measurements can be 
provided solely from research aircraft such as HALO with proper instrumentation.  

 
In conclusion, the alternative technologies such as other aircraft, balloons, Zeppelins, rock-
ets, mountain observatories and ground or space borne remote sensing facilities all have 
specific merits and serve different and complementary purposes, but cannot compete with 
the HALO aircraft in range, flexibility or controlled access to in-situ measurements.  
 

C Questions regarding the facility itself 

C.1 Scientific objectives and research prospects directly linked to the facility  

C.1.1 Outline the planned research programme.  
 
The HALO aircraft will represent a major improvement in the airborne research capability for 
research institutes and universities to study atmospheric phenomena and their interactions 
from local to global scales. Aircraft measurements are particularly valuable to describe proc-
esses at the scales of transport and photochemistry. The observed spatial variability in 
clouds, aerosols, water vapour and ozone, for example, ranges from less than 100 m (turbu-
lence) to more than 1000 km (synoptic weather systems). Since oxidation processes in the 
atmosphere proceed through radical reaction chains, chemical measurements must typically 
be performed at a time resolution of seconds to minutes. Because of its relatively large size, 
HALO will facilitate the deployment of comprehensive sets of instrumentation, as developed 
within Germany or elsewhere, to simultaneously measure physical and chemical parameters 
to characterise transport, radiation and chemical processes. Furthermore, the long range and 
high altitude performance will greatly increase the fraction of the global atmosphere in which 
fundamental physical and chemical processes can be directly observed.  
 
Improved process understanding from aircraft measurements contributes to the development 
of meteorological and climate-chemical models. These models serve to study complex inter-
actions and feedbacks, and to perform sensitivity studies and scenario-based predictions. 
Confidence in models can only be established by showing that processes are well repro-
duced at all relevant scales. Satellite images, on the other hand, provide generally only a 
two-dimensional picture of the atmosphere, and at fairly coarse resolution. Aircraft measure-
ments provide the required three-dimensional resolution, and they can be linked with satellite 
images to construct a more complete view at regional to global scales. Intensive field meas-
urement campaigns with the HALO aircraft will be guided by model forecasts and (nearly) 
real-time satellite images to plan flight tracks and to independently test models and remote 
sensing retrieval algorithms. 
 
The planned measurement campaigns with HALO address global environmental change, 
with primary emphasis on six major research themes: 
1. Intercontinental pollution transports; 
2. Upper troposphere/lower stratosphere; 
3. Vertical transport in convective systems; 
4. Oxidation and aerosol processes in the tropics; 
5. High latitude climate change and the carbon cycle; 
6. Arctic Ocean, ice and atmosphere. 
 
1. Intercontinental pollution transports 
In the extra-tropical free troposphere (about 1-13 km altitude) hemispheric pollution transport 
is often fast, with wind speeds exceeding 100 km/hr. This implies that trace species with a 
lifetime of about a week or more can be distributed globally. Although pollutant emissions in 
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Western Europe and North America have been reduced with some degree of success, emis-
sions from other regions grow largely unabated. In the Northern Hemisphere the following 
picture emerges. Through the prevailing westerly winds, emissions from the USA contribute 
in particular to the background pollution levels in Europe, for example, of ozone and carbon 
monoxide (lifetime 1-2 months). Europe on the other hand exports its pollutants predomi-
nantly toward Asia. In Asia, rapidly growing pollution emissions from a population of several 
billion are observed, particularly in association with emerging economies in the south and 
east. The large emission sources west and east of the North-Atlantic and North-Pacific 
Oceans contribute to intercontinental plumes that affect air quality and climate on a hemi-
spheric scale. Recently, German research groups have been involved in field measurement 
campaigns in south-eastern Asia (e.g., the Indian Ocean Experiment), which have estab-
lished scientific collaborations and contributed to capacity building. HALO projects will ex-
pand these with the following objectives: 

• quantify the transports and chemistry of pollutant gases and aerosols to and from 
south-eastern Asia; 

• quantify the contribution of SE-Asian emissions to large-scale plumes of trace gases 
and aerosols, and their role in regional and global air quality and climate change. 

 
2. Upper troposphere/lower stratosphere 
The upper troposphere and lower stratosphere, typically between 8-16 km, has been largely 
unexplored because the required observational platforms were not available. A number of 
interesting research questions have recently emerged, with important contributions by Ger-
man groups. HALO will be used to address the following issues:  

• Cirrus clouds (including sub-visible cirrus) play an important role in the climate sys-
tem. Cirrus microphysical and radiative processes are nevertheless poorly quantified. 
Influences of pollutant aerosols on ice crystal properties and the lifetime of cirrus, in-
cluding aircraft condensation trails, are potentially very strong. Furthermore, hetero-
geneous interactions between cirrus and gases involved in ozone chemistry, similar 
to polar stratospheric clouds, have been speculated about, so that in situ measure-
ments are much needed. Redistribution of water vapour, aerosols and dissolved 
gases through the sedimentation of ice crystals is another unresolved issue. 

• New particle formation, mainly from water vapour, sulphuric acid and possibly other 
semi-volatile aerosol precursor gases, has been observed in the upper troposphere 
and even above the tropopause. Conceivably, ions arising from energetic cosmic and 
solar radiation contribute to the nuclei on which the particles are formed. Alternatively 
or additionally, cirrus outflow, evaporating ice crystals and lightning may contribute to 
aerosol precursors. Comprehensive in situ measurements from HALO near the tro-
popause, partly in the vicinity of cirrus will help to provide explanations. 

• Recent investigations have shown that unexpectedly large amounts of oxygenated 
hydrocarbons can occur in the upper troposphere, which cannot be reconciled with 
the previous general conception that this part of the atmosphere is relatively inert. 
Measurements are called for to indicate the origin, extent and chemical impact of 
these gases. 

• The exchange rate of trace species between the stratosphere and troposphere is very 
uncertain, including the contribution of stratosphere-troposphere exchange to tropo-
spheric ozone. In addition, it is likely, though poorly understood, that relatively short-
lived gases enter the lowermost stratosphere at subtropical latitudes, after which they 
are transported poleward and possibly contribute to ozone chemistry. Also at higher 
latitudes cross-tropopause mixing of short-lived species may affect ozone in the lower 
stratosphere. 

• Recently, German researchers have contributed to the discovery of a several kilome-
tre thick transition layer in the tropical troposphere above 13 km, a region between 
the top of cumulonimbus clouds and the stratosphere. The processes involved in 
transport across this tropical layer, the main transition route from the troposphere into 
the stratosphere, are being debated. HALO will provide an excellent platform to help 
elucidate this issue. 
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Although automated measurements of a limited number of trace species onboard commer-
cial airliners are now being made along some of the main air traffic routes, process under-
standing requires that comprehensive measurements are performed with HALO at the scale 
of transport, mixing and aerosol/cloud formation processes. Commercial airliners travel 
mainly at about 10 km altitude in fixed corridors, which leaves much of the background at-
mosphere unexplored, including the 10-15 km region. Several of the above mentioned issues 
are controversial, therefore, the HALO measurements will likely contribute to discoveries and 
exciting scientific discussions. 
 
3. Vertical transport in convective systems 
Six Helmholtz research centres (AWI, DLR, FZJ, FZK, GFZ, GKSS) have joined efforts to 
perform large-scale, multi-stage field experiments with HALO to investigate convective proc-
esses in different climatic zones. The research consortium will address major deficits of 
knowledge about convective processes in the atmosphere regarding: 

• Convective energy, momentum and water transport and their impact on climate; 
• Rapid vertical exchange of short-lived trace species throughout the troposphere in 

convective systems and subsequent chemical conversions. 
Convective transport has a strong influence on distributions of wind (momentum), tempera-
ture (internal energy), water vapour and trace gases. The mechanisms that determine the 
vertical distribution of these quantities in the atmosphere comprise (listed according to scale) 
molecular diffusion, small-scale turbulence, thermal convection, deep moist convection, syn-
optic vortex formation with associated slantwise convection, and planetary waves as part of 
the general circulation. Convective phenomena cover a large part of the hierarchy of tempo-
ral and spatial scales from shallow cumulus clouds, single thunderstorms, multi-cell thunder-
storms, frontal systems and meso-scale convective complexes that can even extend over 
100 km. Because the size of convective systems is often smaller than the mesh width of 
global meteorological and climate-chemical models, the relevant processes cannot be mod-
elled directly but must be inferred from parameters that describe larger scale phenomena 
(parameterisations). The objective is to establish comprehensive data sets at a range of 
scales to test and improve parameterisation schemes on: 

• Transport processes and precipitation formation; 
• Vertical redistribution of chemically and climatically active trace species. 

At least three regional measurement campaigns will be performed to address several of the 
main uncertainties: 

• Convective precipitation formation in polar cold air outbreaks; 
• Convective transport over polluted regions in Europe; 
• Deep convection in the tropics.  

The intensive field measurement campaigns will focus on the scale of the highest-energy 
vortices (spatial resolution 100 m, temporal resolution 1 s) throughout the troposphere over 
periods of 1-2 days, corresponding to the trajectories of convective structures of typically 100 
km. HALO will accommodate the relevant instrumentation, mainly from German groups, 
complemented with ground measurements, balloon soundings and remote sensing tech-
niques (satellites, Lidars, precipitation and wind Radars). 
 
4. Oxidation and aerosol processes in the tropics 
Tropospheric hydroxyl (OH) is the cleansing agent of the atmosphere, since most oxidation 
processes are initiated by OH radicals. About 80% of atmospheric OH is formed in the trop-
ics (the "great tropical reactor" at 20°N-20°S) [Figure 2]. The strong increase of methane 
(CH4) and carbon monoxide (CO) observed during the past century could have potentially 
depleted OH, however, chemical feedback mechanisms may have (partly) prevented this. 
Nitrogen oxides (NO+NO2=NOx) from fossil fuel and biomass burning and from lightning, for 
example, play an important role in these chemical feedbacks. At present, the global CO 
budget is dominated by direct and indirect anthropogenic sources, of which tropical biomass 
burning is the largest single source. On the other hand, the tropical vegetation is the largest 
global source of non-methane hydrocarbons, which are also removed from the atmosphere 
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by OH. Evidently, the large changes that occur in the tropics, notably the atmospheric carbon 
source change from natural non-methane hydrocarbons to anthropogenic CO, may have 
important implications for the oxidation power of the atmosphere. Biogenic NOx fluxes from 
tropical soils are also expected to change as a result of land use change, including defores-
tation, agricultural development, urbanisation, and industrialisation in the tropics. 
 

 
 
To test proposed OH formation and feedback mechanisms and to constrain models, aircraft 
measurement campaigns must include a large set of chemistry and radiation instrumentation. 
Much of this instrumentation has been developed in Germany and will be deployed on HALO 
with the following objectives: 

• quantify the photochemical fluxes that control OH, first under background conditions 
in tropical marine air, then over the pristine rainforest and subsequently in air masses 
polluted by biomass burning;  

• quantify the effects of deforestation and biomass burning emissions on tropical and 
global OH. 

The aircraft measurements will be accompanied by comprehensive ground-based in situ and 
remote sensing observations that provide a reference to the aircraft measurements and to 
study diurnal cycles. 
 
Measurement campaigns in Africa and South-America as well as satellite observations have 
shown that tropical biomass burning is also a strong source of aerosol particles. Large pollu-
tion plumes travel over the South-Atlantic Ocean and to a lesser extent over the Indian and 
Pacific Oceans, particularly in the dry (burning) season during austral spring. The aerosols 
scatter and absorb solar radiation, cooling the Earth's surface, thus reducing evaporation and 
affecting the hydrological cycle. The relative contribution by scattering and absorption deter-
mine whether the aerosols cool or warm the atmosphere. In addition, pollutant aerosols can 
modify the microphysical and radiative properties of clouds (including their lifetime). The 
tropical measurement campaigns with HALO during biomass burning events will deploy re-
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cently developed in situ measurement techniques to study biomass-burning aerosols with the 
following objectives:  

• quantify the chemical and radiative properties of size resolved aerosol particles; 
• quantify the direct and indirect (through clouds) radiative forcing and climate effects of 

aerosols from tropical biomass burning. 
The aircraft measurements will be accompanied by remote sensing measurements from the 
surface and space, notably by Lidars, to help construct a three-dimensional view of the aero-
sol plumes. To understand the effects of these plumes on atmospheric chemistry and cli-
mate, their characteristics over both land and ocean surfaces must be studied. Differences 
between northern and southern hemisphere regions are valuable in understanding the im-
pact of these large-scale pollution phenomena. 
 
5. High latitude climate change and the carbon cycle 
Climate change, as induced by increasing greenhouse gases, is predicted to lead in particu-
lar to the warming of boreal regions, in part associated with the high-latitude ice-albedo posi-
tive feedback mechanism. Over the last three decades, rapid climate change has been ob-
served in Siberia and Alaska, reaching warming rates as high as 1ºC per decade. Such 
change will affect permafrost, which underlies 25% of the land surface in the Northern Hemi-
sphere. Modelling studies suggest a 15% reduction in the permafrost area by the middle of 
this century. An additional major positive climate feedback at high latitudes is that permafrost 
thawing will release carbon dioxide and methane, and alter the vegetation and surface hy-
drology. The massive amounts of carbon stored in high-latitude soils (peats) can have a pro-
nounced impact on the atmospheric CO2 burden, even if only a modest fraction is released 
as a consequence of climate change. 
 
Another important aspect is that about a third of the past and present anthropogenic CO2 
emissions may be re-assimilated by the terrestrial biosphere. It has been speculated that 
either the North-American or Eurasian continents play an important role, while others claim 
that the tropics are important. The present dramatic warming rates in the boreal zone, 
caused either by anthropogenic effects or natural climate fluctuations, offer a unique oppor-
tunity to study the response of the biosphere to a changing climate. The lessons from these 
investigations will be central to predicting and mitigating the effects of climate change on the 
biosphere.  
 
As part of an integrated research program, these issues will be studied with HALO by per-
forming long flight tracks over the Siberian forests and tundra's, measuring CO2 and CH4 
fluxes and evaporation by combining high-resolution concentration and 3D wind measure-
ments. In addition, carbon isotopes will be measured to help identify sources and sinks. The 
overall objectives within this research theme are: 

• quantify fluxes of carbon dioxide and methane to and from boreal forests and tundra's 
in the Eurasian region; 

• assess climate feedback mechanisms associated with the high latitude carbon cycle. 
A subordinate objective will be to verify to what extent oil and gas production facilities in Si-
beria contribute to methane emissions.  
 
The long range of HALO will enable the direct access of the remote boreal regions during all 
seasons, independent of harsh conditions at Siberian airports. The excellent low-altitude per-
formance of the HALO aircraft and its long endurance makes it a very suitable platform for 
this type of investigation. Collaborations with several Russian groups, established during the 
past decade, will contribute to the admission of HALO into Siberia and the project feasibility. 
The aircraft measurements will be complemented by carbon flux measurements by German 
groups from a 200 m high measurement tower recently erected in the Krasnoyarsk region of 
Siberia. 
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6. Arctic Ocean, ice and atmosphere 
Fluxes of energy, mass and momentum between the polar ocean and the atmosphere are 
strongly influenced by the thickness and extension of sea ice. The development of climate 
models as well as regional polar forecast models requires detailed information about the sea 
ice extent. Especially for the summer and marginal sea ice zones the presently available 
information is insufficient. The prediction of sea ice, important e.g. for high latitude ship traf-
fic, is only possible if the initial state of the ice is known with high accuracy and resolution. 
Furthermore, sea ice thickness is an important parameter in climate change detection, in 
particular because climate change is expected to be relatively strong at high latitudes. In the 
past decade, ice data have been collected mainly from satellite passive microwave sensors 
with a spatial resolution of about 25-100 km. Some case studies have aimed at higher reso-
lution, including recent measurements with submarines with upward looking sonars. At AWI, 
measurements with small aircraft have been performed as well, however, the operational 
range was restricted to 300-400 km. Major objectives within this research theme are: 

• quantify Arctic sea ice properties at high spatial resolution; 
• improve dynamic sea ice models based on aircraft measurements; 
• contribute to high-latitude climate change detection. 

This includes the inner Arctic region, which has yet been largely unexplored. The aircraft 
measurements will use electromagnetic induction sounding, a highly accurate technique to 
measure ice thickness in all regions and seasons. The HALO measurements will also take 
part in combined studies with the RV Polarstern and CryoSat, the latter being planned by 
ESA. 
 
Arctic aerosols and trace gases play an important role in polar air pollution and climate 
change, in particular during springtime “Arctic haze”. The specific conditions in the Arctic 
(aerosol composition, transport altitude, surface albedo, long radiation paths through the at-
mosphere) are complex and poorly understood. It is for example unclear if the aerosol pollu-
tion contributes to a cooling or a warming tendency of the surface and lower atmosphere. 
The Arctic Ocean furthermore contributes to atmospheric chemistry through the release of 
organohalogens from algal blooms. Subsequent release of reactive halogen compounds at 
the ice surface through heterogeneous processes leads to tropospheric ozone depletion 
events. At higher altitudes, i.e., in the stratosphere, ozone depletion is caused by anthropo-
genic halogen compounds, mediated by polar stratospheric clouds (PSCs). German re-
searchers have recently been involved in the discovery of "giant" ice particles in the Arctic 
stratosphere, of which the formation and role in ozone depletion are yet unclear. Additional 
uncertainties regarding future recovery of stratospheric ozone involve PSC formation and the 
role of bromine compounds, especially if recent downward temperature and upward water 
vapour trends continue into the future. HALO will be able to deeply penetrate the Arctic 
stratosphere as well as the troposphere toward the pole, with the aim to: 

• quantify ozone destruction in the Arctic troposphere and lower stratosphere; 
• quantify climate effects of Arctic aerosols. 

These studies will be supported by remote sensing and in situ measurements at high latitude 
stations within the Arctic circle, as established through active collaborations between re-
search groups in Germany and Nordic countries. 
 

C.1.2 What range of services is the facility meant to offer scientists? How do 
these services differ from those of previous facilities? 

 
The concept behind HALO is to provide an optimal platform for airborne atmospheric science 
and Earth observation, a well-equipped flying laboratory that allows the scientists onboard to 
completely focus on their own experiment. The projected range of associated services builds 
on the experience gained during numerous campaigns on the existing research aircraft fleet 
in Europe, and particularly at DLR. It represents the combination of the existing status quo 
and the additional user demands resulting from this experience.  
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Furthermore, due to its unique characteristics HALO will be able to offer many features that 
the present aircraft are simply not able to fulfil. The proposed range of services covers also 
many items that are not directly associated with the aircraft itself, but includes items like ex-
periment preparation or the provision of aircraft and sensor data. Therefore, the choice of the 
associated infrastructure and aircraft operator is of crucial importance for this concept.  
 
In order to be a suitable platform for environmental research, HALO has to provide certain 
mechanical and electronic interfaces that need to be added to the basic aircraft. These modi-
fications of the aircraft frame, electronics, avionics, and sensor systems are prerequisite to 
operate any scientific instrumentation on HALO. In order to simplify the transfer of existing 
scientific equipment, it is planned to copy many standard interfaces from the most popular 
research aircraft in Europe, such as the DLR Falcon. Examples for this are openings and 
certain hardpoints on the aircraft fuselage, experimental power distribution concepts and 
many standard sensors that will be permanently installed on the aircraft. However, over the 
past years many additional requests for modifications came up, which would allow the scien-
tists to use sensors or combination of sensors that could not be operated on the existing air-
craft before. The final decision on the modifications of HALO will be subject to a meeting of 
the future users to bring their needs down to a common denominator, which is constrained 
by financial aspects as well as the possibilities of the aircraft manufacturer.  
 
HALO will carry a basic sensor package and data acquisition system in order to provide a 
complete set of meteorological and aircraft data to each user. The envisaged sensor pack-
age on HALO will be more complete than the ones on the present research aircraft and it will 
use new sensor concepts and better sensor equipment. It is expected that the aircraft opera-
tor is able to operate and calibrate these sensors and that can provide on-site data process-
ing during a campaign.  

In the first year, HALO will have to undergo an extensive flight test programme, which will 
include appropriate in-flight calibration and validation procedures. It is planned that HALO will 
become a European airborne reference platform for these measurements. Again, the final 
configuration of aircraft fixed sensors will be subject to a user meeting. The future service for 
the HALO scientific community will also include the installation of a database, which will con-
tain basic information protocols about campaigns performed, the availability of data sets as 
well as contact addresses for the access to these data. Further requests are expected to be 
made by the future users and will be included into the services, if feasible. 
 
For the first time in Europe, HALO will carry a satellite communication system with worldwide 
coverage on board of a research aircraft. The availability of data on the ground and the pos-
sibility to communicate with the aircraft worldwide and online will allow completely new con-
cepts in operating the aircraft and increase its efficiency. This feature can also be used for 
educational purposes ("flying classroom", see E6). It is also planned to provide associated 
services like certification and installation of user equipment on the aircraft, logistics, cam-
paign support and aircraft sensor data evaluation by the aircraft operator.  
 
This range of services - especially the scientific support - can only be supplied by a flight 
facility with a long-term experience. The DLR Flight Facility has such experience from many 
international scientific campaigns. It represents today the biggest airborne research fleet in 
Europe operated by a single operator and the most extensive service capabilities compared 
to other European operators of similar aircraft.  
 
The aircraft envisaged for HALO offer much more possibilities for atmospheric science than 
any existing aircraft. The HALO aircraft offer a certified ceiling altitude that is 3 km higher 
than reached by the existing European research aircraft. Moreover, the aircraft will be able to 
stay at these altitudes for extended periods. They have a more than three times larger range, 
about twice as much payload, significantly more electrical power and a far larger cabin with 
double size in length and about 30 % more width. Therefore HALO will allow experiments 
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that have not been possible before. HALO can access the atmosphere beyond the flight en-
velopes of the existing research aircraft, it allows new flight patterns and measurement 
strategies, and the envisaged sensor payloads will offer new possibilities in airborne atmos-
pheric science.  

The following table lists some of the planned basic features of HALO in comparison to the 
existing Falcon features. The planning is based on the preliminary user requirements at the 
time of the HALO pre-project phase and has to be evaluated in more detail after evaluation 
by the Wissenschaftsrat and before the launch of the final call for tenders. 

 

Modification HALO Falcon 

CABIN    

Usable floor space 25-30 m2 10 m2 
Seat-rails on cabin top (rack-support)  Available Not available 
SAT-Com system (data – link) Available Not available 
Cabin interphone – system  12 plugs in cabin, 

 2 plugs external (fwd 
and aft) 

1 connection in cabin  

Passenger – address system (moving map)  4 stations 1 station  
Available experimental power  > 80 kW 17 kW 
   
FUSELAGE   
   
Nose– boom for turbulence measurements Available Available  
External heat exchanger Available (30 kW) Experimental  
Hardpoint at the bottom (centreline) for user 
loads 

350 kg 130 kg 

Hardpoint on aircraft nose for standard TAT 
inlets  

10 6 

Hardpoint at lowest point of fuselage Available In tail section only 
Hardpoint at stabiliser fin 2 * 5 kg Not available 
   
WINGS   
   
Wing – stations 8 x 200 kg  4 x 130 kg 
Hardpoints at wing – tips Available, 5 kg Not available 
   
APERTURES    
   
Bottom of the fuselage 2 x Ø>500 mm 

10 x Ø 150 mm 
2 x Ø 515 mm 

Openings on top of the fuselage 1 x Ø>500 mm  
12 x Ø 150 mm 

1 x Ø 515 mm 
4 x Ø 150 mm 

Side hatches  Cabin windows with 
interchangeable in-
serts  
(4 on each side) 

Left: 600 * 400 mm 
Right: Ø 220 mm  
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C.1.3 In your view, what are the facility's main strengths and weaknesses? 

From a scientific or technological point of view, are there any serious 
shortcomings, and if so, please explain them. 

 
HALO provides the opportunity to carry out measurements in areas that can currently not be 
probed by other platforms. This includes nearly the full altitude range of the troposphere and 
lowermost stratosphere, remote parts of the Earth. It can carry comprehensive payloads for 
simultaneous observation of a large set of species. It will be the first European research air-
craft with these specifications and under these flight operation conditions, and will likely be 
unique for many years in the future.  

The main strengths of the proposed HALO aircraft are its long range and endurance, high 
ceiling altitude and large instrument load capacities, which are not available in such combina-
tion on any other research aircraft. It will use existing technology for the base aircraft and 
include modern instrumentation. Further strengths of the aircraft are its flexible operational 
constraints, i.e. it can use most of existing airfields. We are confident that the proposed con-
cept of managing the facility and of access to the aircraft by national and international groups 
is advantageous compared to existing platforms. Many years of experience by DLR to man-
age and operate research aircraft and to provide the effective home base with international 
operation is a further advantage of the HALO project. 

Weaknesses and shortcomings come still from the limitations: Ideally one would like to have 
an aircraft with more than 20 km altitude range, 10 tons of scientific load, global range, and 
fully flexible operations. However such an aircraft does not exist, and even if it did, would be 
far more expensive than HALO. The unavoidable limitations of any feasible research aircraft 
will be overcome by combining this research tool with other, more specific platforms: 
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In order to overcome the limitation in terms of flights above 51000 ft, HALO can be used in 
research projects together with the Geophysica. HALO partners are members of the Euro-
pean Geophysica Economic Interest Group (under foundation) for this purpose. Moreover, 
HALO project members are preparing for testing existing UAVs and developing new UAVs 
for the future. However, these activities cannot replace HALO.  

HALO can also be used in the lower troposphere, with even better flight characteristics than 
other jet aircraft. However, it will certainly not replace the variety of other research air vehi-
cles for these altitudes, including polar aircraft, small aircraft for very flexible operation, or for 
measurement tasks that require very slow cruise speed. 

 
C.1.4 Justify the feasibility of the facility and the state of affairs with regard to 

planning. 
 
The planning for the HALO aircraft goes back to an initiative that was started in early 1999, 
when an international team of reviewers of the climate research institutes within the Helm-
holtz-Gemeinschaft (HGF) recommended to provide a new platform for atmospheric re-
search. The project gained momentum from a memorandum drafted and accepted by repre-
sentatives of German atmospheric sciences who met in Mainz in May 2000. This proposal 
lead to the HALO project proposal submitted to BMBF and the Wissenschaftsrat by the MPG 
and DLR on behalf of 31 institutes from Universities, Max-Planck-Gesellschaft, Wissen-
schaftsgesellschaft Gottfried Wilhelm Leibniz, Fraunhofer-Gesellschaft, Deutscher Wetterdi-
enst and the Helmholtz-Gemeinschaft (see proposal of February 2001). The proposal gives a 
clear specification of the requirements for such a research aircraft. It was presented at the 
Colloquium on the 25th anniversary of the DLR Falcon research aircraft on 5/6March 2001 in 
Oberpfaffenhofen, and gained international support in the discussions. 

Based on experiences from the past, it was generally accepted from the beginning that any 
development of new aircraft technology for HALO would be too risky. New developments 
often require adaptations of the initial performance specifications to what is feasible, which 
would not have been appropriate in this case. The use of UAV was excluded because of per-
formance limitations and operational constraints. Cost of UAV procurement and operation 
are not thought to be lower than that of manned aircraft with similar performance. Large air-
craft like the A340 or B747 were excluded because of the costs. Such aircraft would supply 
more load capacity but not more range or ceiling and would be far more expensive in opera-
tion. Hence, only the class of business jets presently available on the commercial market 
was considered as suitable for the HALO project.  

A large set of jet aircraft candidates was investigated. It was found that only two types of 
business jet aircraft would satisfy the requirements: the Gulfstream V and the Global Ex-
press. All other aircraft suffer from smaller range, ceiling and load capability. Some business 
aircraft with triple engine propulsion provide additional constraints. The possibility that 
equipment mounted on the roof of the aircraft, or ice accreted to such equipment, could 
break off and damage the top-mounted engine would severely reduce the kinds of probes 
that could be installed on top of the aircraft.  

The aircraft of the type Gulfstream G V of the American Gulfstream Aerospace Company 
(General Dynamics) and the Global Express (GE) of the Canadian company Bombardier 
satisfy the essential requirements:  
- range well above 8000 km or more than 10 flight hours for transcontinental experiments 

and long duration measurements;  
- certified ceiling of more than 15 km, 
- maximum payload of 3 tons,  
- a large usable cabin area of 20-30 m2 for simultaneous operation of several complemen-

tary instruments and scientific personnel from several groups (for multidisciplinary and in-
ternational projects), 
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- potential for quick modifications for a wide variety of applications and for flexible use as 
research aircraft with different instrument configurations for various research projects.  

Both aircraft are well established in the market and available globally. They offer high opera-
tional reliability. In case of technical problems the manufacturer and the system suppliers 
provide services worldwide. 

Both aircraft have been presented by the manufacturers to the Flight Facility and users at 
DLR Oberpfaffenhofen in June/July 2001. The GE flight performance up to 51000 ft has been 
presented to DLR Flight Facility and to a few HALO users in a prescribed flight manoeuvre 
sequence. A comparable demonstration of the G V capabilities will be scheduled soon. Dur-
ing these presentations, the specification requirements for HALO were presented by DLR 
and discussed in detail with engineers of the manufacturers. The discussions confirmed that 
both aircraft types satisfy the expected user requirements. Both aircraft use German engines 
for propulsion (see below). 

Because of ongoing negotiations with the US National Science Foundation (NSF) and the 
National Center for Atmospheric Research (NCAR) concerning the US proposal HIAPER, the 
modifications of the Gulfstream variant for airborne research are farther advanced than for 
the Global Express. However, the Gulfstream type G V has at present no certification for a 
European registration. Gulfstream plans to replace the type G V by a G V-SP variant (SP for 
special) in 2002, offering longer range and other modifications, suitable for the European 
market, but at a higher price than the G V. NCAR/NSF announced by end of July 2001 plans 
to acquire the G V type for HIAPER. Substantial cost savings would be possible if an early 
decision to purchase a G V aircraft for HALO would allow Germany to benefit from the engi-
neering development that is going into the construction of HIAPER. 
 
Contacts have also been established to the German Airbus industry (EADS) to study the 
potential of use of an Airbus. However, the technical specifications of Airbus discussed so far 
do not seem to satisfy the specifications of requirements (such as range and ceiling, and 
operations of the crew without oxygen masks) for the research aircraft HALO. 
 
In conclusion, both the Gulfstream G V (in its present version but with European license and 
the G V SP) and the Bombardier Global Express are feasible aircraft types for HALO.  
 

C.1.5 What impact do you expect the targeted research results to have on sci-
entific, technological and social developments? 

 
Expected impact on scientific developments 
 
HALO will contribute to  

• open a new access to investigate the global Earth system, including questions presently 
out of reach for European scientists. One example is large-scale research on interconti-
nental scales at altitudes of up to the lowermost stratosphere. 

• provide answers to the specific scientific questions stated in this proposal with new scien-
tific data, insight and understanding. 

• provide the input for improving models, for model data and for assimilation procedures 
and hence contribute to forecasts of Earth system parameters in the future.  

• support the leading role of German and European scientists in the area of Atmospheric 
Sciences and related Earth System research.  

• facilitate joint long term studies of meteorological processes and atmospheric chemistry, 
e.g., the interaction of cloud chemistry and precipitation, a field that was partly neglected 
due to missing observational tools. 
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Expected impact on technological developments 
 
HALO will contribute to  

• a new large-scale facility for airborne Earth system observation and research, forming an 
integral part of European infrastructure 

• a multi-component platform with new possibilities for testing and multi-parameter valida-
tion of satellite experiments 

• set up the technologies required for conservation of the Earth system against damages 
from climate change and other changes, including natural disasters 

• new instrument developments, including new interconnections of complex sets of instru-
ments  

• new initiatives for data processing (e.g., data transfer from the sensors into the rack per 
telemetry). This saves cables, weight, costs, and makes maintenance easier 

• international standardisation (the HALO development and operations could contribute to 
set new standards) 

• calibration of various aircraft sensors by intercomparison flights 

• miniaturisation of sensors. The aircraft could be used as a test bed for spaceborne in-
struments and would also gain from experiences in space-oriented developments 

• on-line communications, e.g., data transfer via satellite to the ground operation centre. 
On line presentations of quick-look data in the Internet 

• new cockpit instruments, e. g., on-line weather presentation in the cockpit for control and 
optimisation of flight performance. This could be a precursor for later equipment of com-
mercial airliners 

• the aircraft as sensor: pressure distribution on the fuselage or wings combined with GPS 
and inertial navigation system can be developed into a high sensitivity wind and turbu-
lence sensor 

• improved environmental and climate models for the analysis of the atmospheric system, 
the assessment of possible changes, and short- and long-term forecasting.  

 
Expected impact on social developments 
 
The HALO project is addressing several issues that are of special concern to present-day 
society. Among them are the problem of natural risks due to climate change, and the impact 
of anthropogenic changes of the environment on human health and welfare. The HALO re-
sults will offer significant input for the assessment of such possible impacts and are therefore 
of specific value for environmental planning and policy. The results will be available for insti-
tutions and organisations, such as environmental agencies dealing with these issues. 
 
The nature of HALO research requires the formation of new research teams and consortia on 
the national and international level. It thus contributes to the integration of national communi-
ties through science in an ideal way. In particular, it will strengthen the role of Europe in the 
field of atmospheric research. Considering the responsibility of Europe concerning the control 
of climate and environmental change, the project will be a valuable contribution to the fulfil-
ment of this task and related expectations of other countries. The HALO project will reinforce 
the role of European science in the field of climate debates and policy development, enhance 
scientific contacts to scientists on other continents, and open the door for other cultural and 
economic relationships. 
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The HALO project will contribute to inform the public on global changes and their causes and 
could help to increase acceptance for possible mitigation actions. It will increase the knowl-
edge base and improve the scientific basis for optimised political decisions in respect to air 
quality and climate. 
 
The project and associated research has a great potential regarding the education of young 
scientist in the field of atmospheric research. 
 

C.1.6 In what way does Germany as a centre of scientific activity and excel-
lence stand to benefit from implementation of the facility, and to what ex-
tent is it likely to benefit the EU? Please outline alternative infrastructures 
(plans for new facilities or expansion / upgrading of existing facilities) 
should the planned facility not be implemented. 

 
In Germany a large number of institutes will benefit from HALO. The aircraft is an essential 
tool for atmospheric sciences and for Earth system sciences. The facility will allow German 
universities and research institutes to perform top science with a high-quality and unique tool 
on topics that are of high scientific relevance.  

Several of the German teams applying for using the HALO aircraft have the qualification and 
experience required to lead the research in their respective field and to satisfy standards of 
centres of excellence. This can be seen from the respective participation in international pro-
jects, available instrumentation, available experience from past experiments, publications, 
and scientific standing.  

The team of scientific institutions previously supported by the EU in using research aircraft is 
large. Many of them expressed their interest in using the HALO aircraft. The EU will gain 
from such projects in international reputation and influence and solve problems as stated in 
the 6th framework programme (global change).  

Research aircraft of this type will be used for projects mostly by a team of scientists from 
different organisations with various instruments. Even today, the Falcon is often used by 
such international teams, including European, American and other international members. As 
long as the funding for this facility is mainly of German origin, the German teams may often, 
but need not always, have the lead. Within EU projects it can be expected that the project 
coordinator may come from any European country.  

The outstanding features of HALO will bring Germany into a position of a preferred partner in 
airborne research for Earth and atmospheric sciences. This investment will provide the 
chance in workshare agreements with other EU nations to get access to other complemen-
tary facilities and to avoid such investments being duplicated in Europe. 

There is no alternative infrastructure of this type available in Europe. In fact, at present there 
is no comparable infrastructure worldwide. Similar plans for an “High-performance Instru-
mented Airborne Platform for Environmental Research” (HIAPER) aircraft in the USA, pro-
posed earlier than HALO, have recently been decided positively. The positive decision for 
HIAPER demonstrates that American scientists and policy makers see similar needs for such 
an infrastructure. Without a European facility of this kind, Europe would fall behind the US 
competence in this field of research.  

 
C.1.7 Please state the national and international networks and programmes 

into which the facility is to be incorporated. 
 
The new research aircraft will be used within various ongoing and similar future research 
projects. On national German level these programmes include: 
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• AFO 2000 of BMBF: Atmospheric Research (see enclosure);  
• DEKLIM of BMBF: Climate Variability and Prognosis; 
• HGF: Concept of the section „Atmosphäre und Klima“ and „Erdsystemforschung“ within 

the research area „Erde und Umwelt“ of the HGF-Programme. (See the enclosed pro-
gram proposal TRACKS). 

For the community of university institutes there are plans to set up a special research area 
on research topics that can be addressed with HALO within the German Science Association 
(Deutsche Forschungsgemeinschaft, DFG). 

On the international level several research programmes have been defined to which the re-
search with HALO will contribute. These include programmes that are part of the Interna-
tional Geosphere-Biosphere Programme (IGBP) and the World Climate Research Pro-
gramme (WCRP):  
• IGBP/IGAC: International Global Atmospheric Chemistry Project. See the document „At-

mospheric Chemistry in a Changing World”; 
• WCRP/GEWEX: Global Energy and Water Cycle Experiment; 
• WCRP/ACSYS (Arctic Climate System Studies) and the follow-up programme 

WCRP/CLIC (Climate and Cryosphere); 
• WCRP/SPARC: Stratospheric Processes and their Role in Climate.  
The future German contributions to Global Change research have been summarised in a 
document published by the German National Committee on Global Change Research: “Con-
tributions to Global Change Research” (Bonn, 2001). The research foreseen in this scientific 
blueprint is centred on the concept of Earth System Science, and for its observational dimen-
sion would strongly benefit from or even require an aircraft such as HALO. 

The proposal of the European Commission for the 6th RTD Framework Programme contains 
a thematic area Global Change, which requires research of the kind to be performed with 
HALO. The Programme foresees research priority lines “Impact and mechanisms of green-
house gas emissions on climate and carbon sinks (oceans, forests and soil),” and “Global 
climate change observing systems”. A research priority line “Atmospheric pollutants and their 
impact on air quality, climate and ozone depletion” has been suggested to the EU by a team 
of atmospheric scientists (see report “A Global Strategy for Atmospheric Interdisciplinary Re-
search in the European Research Area - AIRES in ERA”, enclosed). 

Further European projects under preparation include the new EUROTRAC-2 Projects 
TROPOSAT (The Use and Usability of Satellite Data for Tropospheric Research), an exten-
sion of EXPORT (European Export of Precursors and Ozone by Long-Range Transport), and 
plans for a COST-action on the Upper Troposphere and Lower Stratosphere. 

The national network of users is documented by the HALO proposal and the set of letters 
from users attached to that proposal. In Europe, the operation of research aircraft is coordi-
nated within the EU-project EUFAR (European Fleet for Airborne Research). The operation 
of HALO will be integrated into this system.  
 

C.1.8 Do your investment plans significantly overlap with those of other institu-
tions? If so, how do you assess any possible overlaps (national, Europe-
wide, overseas)? How do you justify these, and how can any possible 
negative effects be prevented? 

 
Overlap with investment plans of other European institutions are not known and are likely not 
to exist. Some overlap exists with the previously mentioned HIAPER initiative in the USA, 
and could be used to mutual benefit of the two projects.  
 
Contacts have been set-up with the HIAPER project team to exchange experiences, specifi-
cations and possibly to coordinate the later use of such aircraft. Based on past experience in 
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transatlantic cooperation, it appears unlikely that German users may obtain access to the 
HIAPER for purely European projects. It is conceivable that European users may fly with 
some instruments in cooperative projects within a larger US team on board the HIAPER. 
However, the transfer costs of an aircraft like HALO across the Atlantic are of the order 100 
k€, which will be restrictive for combined usage of the same aircraft in the US and Europe. 
NCAR has also stated that their planning schedule for the first 5 years of HIAPER, when be-
coming available, will have no free capacities for such international usage. 
 
In Europe there are no activities for an aircraft similar to HALO outside of Germany foresee-
able within the mid term future. Within the European Research Aircraft and Sensors for Envi-
ronmental Research (EURASER) project, which was a concerted action within the 4th EC 
framework program (FP) and which is being continued in a similar project European Fleet for 
Aircraft Research (EUFAR) in the 5th FP, the situation regarding the investments for research 
aircraft in other European countries has been discussed. At the moment, there are 4 Euro-
pean aircraft that have to be replaced within the next few years: The British Hercules C 130 
is going to be replaced by a BAe 146 in 2001. This aircraft (with ceiling below 10 km) does 
not compete with the HALO project because it is dedicated mainly to tropospheric research, 
including low level flights, with moderate range. With four engines it is particularly suited for 
low level flights. It appears that the capabilities of the BAe 146 will be very complementary to 
those of HALO. 
 
The two French aircraft Merlin and Fokker have only a few months of operation left. It is 
planned to replace them by a mid size turboprop like ATR or Do 328, which are not compa-
rable to the long range, high ceiling and heavy payload features of the HALO aircraft. There 
are plans in France to modify an old Falcon 20, similar to the DLR Falcon. This would not 
satisfy the requirements for a HALO aircraft. Moreover, the French aircraft suffers from the 
same age problems as the DLR Falcon. Even if operation of the aircraft may be feasible for a 
further 10 to 15 years, the availability of spare parts might become critical.  
 
The project HALO presents therefore a fundamental and vital aspect for the future of German 
airborne research: Without the realisation of HALO, and at the end of the lifetime of DLR’s 
Falcon, Germany would loose its main tool for atmospheric research, and is therefore risking 
to loose much of its excellent and internationally well-recognised competence in this field of 
research. The age of DLR’s Falcon (25 years) and the long time scales for acquisition, modi-
fication and tests for the HALO aircraft (4-5 years) have to be taken into consideration and to 
be seen in this context. HALO and Falcon should be operated together for an overlap period, 
until HALO is fully tested and operational.  
 

C.1.9 What evaluations of the facility (assessment of concepts, preliminary 
work, etc.) have been carried out by external assessors in the last five 
years? What were the results and what was the impact? How and by 
whom were the evaluation groups named? (see also G.3) 

 

The research concepts of the HGF climate oriented research institutes has been evaluated in 
January 1999, see attachment.  

At its meeting of June 1999, the Fachbeirat (Scientific Advisory Council) of the Max Planck 
Institute for Chemistry (MPIC) discussed the lack of suitable research aircraft for the Insti-
tutes research, and German atmospheric science in general. The Fachbeirat made an em-
phatic recommendation that MPIC should take a leadership role to bring together the appro-
priate agencies to acquire a state-of-the-art research aircraft within Germany. This research 
aircraft should be comparable in quality to the facilities available to scientists in the U.S. 
 
The HALO investment has been discussed during the EURASER workshops with well-
recognised European senior scientists as well as young scientists. EURASER postulated the 
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future needs of the operators. These results can be considered as representative for the en-
tire European research community for environmental airborne research. The following state-
ments have been agreed on by all main European research aircraft operators.: 
 

“... a strong evidence for a European infrastructure development and investigation has 
been postulated.  
 
The most requested aircraft for atmospheric research in Europe fit into three categories: 
• Stratospheric aircraft (e.g. Geophysica) 
• New generation business jet (e.g. HALO) 
• A long range, heavy payload multi engine aircraft (C130, BAe 146) 

 
The European fleet is represented mostly by short range and low payload aircraft, many of 
them at the limit of their lifetime. Major European capabilities are likely to be lost without 
greater coordination and funding by EC. Presently Europe can not compete with the US 
research aircraft fleet in terms of height, range and payload. If equipped properly, Europe 
can move towards the leadership in this area, due to its excellent expertise” 

 
The HALO concept has been presented at the Colloquium on the occasion of the 25th anni-
versary of the Falcon in Oberpfaffenhofen in March 2001 to an international community. The 
discussion supported the general approach.  

The HALO concept has been also presented to the Stratospheric advisory team of the EC 
and was positively commented on in the discussion.  

Moreover, the concept of HALO has been presented to EUFAR and was welcomed as a 
German initiative for improvement of the European infrastructure. Since there is yet no EC 
funding available for major funding of investments in research infrastructure, EUFAR sees no 
alternative to national initiatives. EUFAR intends to implement complementary national re-
search programs with international access to all facilities via work sharing agreements. 
 

C.1.10  From the present point of view, what requirements could be set regard-
ing the possibilities for enlarging / upgrading the facility? 

 

An extension of the period of operation beyond the first six years of operation is highly desir-
able. Based on the experience from similar research facilities it is conceived that HALO 
should be in use for a long period (of the order of 25 years). 

The need for further investments into instruments and further modifications of the aircraft 
may arise during the first six years of operation, and even continue after this period. 

After an initial operation period with testing of all HALO components, the HALO aircraft may 
be used for long-range research experiments. In the course of these experiments it may turn 
out that the number of flight hours (440 hours) envisaged so far is not enough, so that an 
extension of this part may be requested.  

 

C.2 Transfer of research results, importance of the facility for the economy 

C.2.1 What importance do you attach to utilisation of the knowledge that will be 
gained through research using the facility and research on the facility? 
Which business sectors and which key technologies could particularly 
benefit from the results and the development of the facility? Have appro-
priate transfer mechanisms been put in place for this purpose? 
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The utilisation aspects of knowledge gained within the HALO project are difficult to foresee in 
detail, as they will partly depend on the specific results of future missions with this platform. 
However, some general expectations may be formulated: 
 
Research with HALO will improve the knowledge about aircraft emissions and their disper-
sion in the atmosphere. Experience from past research shows that the aviation industry 
benefits from such knowledge which guides the development of less emissive and more effi-
cient aircraft engines. 
 
The sensor industry involved with the development of satellite sensors will benefit directly 
from the possibility of using a high-flying aircraft for prototype testing. Furthermore, the de-
velopment of new sensor systems within the research institutions will spark cooperation with 
and innovation transfer to the sensor industry.  
 
Atmospheric research using HALO will also help in improving operational weather forecasts 
as well as climate predictions on short time scales (for example the "El Niño" climate phe-
nomenon). This has obvious benefits for a wide range of business sectors and the economy 
as a whole.  
 
Generally, the HALO project will provide a better understanding of the Earth-atmosphere 
system. This knowledge serves as basis for assessing global change and helps making in-
formed economic and political decisions. As a prominent example, scientific knowledge 
about the Earth-atmosphere system has led to the Montreal and Kyoto protocols regulating 
anthropogenic emissions of a large number of greenhouse or ozone-depleting gases. In 
some cases the chemical industry has reacted promptly by developing less harmful replace-
ments for gases regulated by these protocols. By providing input to political and economic 
decisions the HALO project contributes to the preservation of our ecosystem and to a sus-
tainable economic development. New market aspects may arise for new applications also 
outside the research area. More generally, the HALO aircraft will enhance international co-
operation beyond science in all respects. This may also lead to enhanced economic coop-
eration and market developments. 
 
The transfer of scientific knowledge to policy makers, industry, and the general public, will 
occur in the form of contributions to scientific assessment reports as well as HALO-dedicated 
reports, press releases or articles. In addition, the organisations carrying HALO (DLR, MPG 
and others) offer specific support in innovation transfer to industry.  
 
 

C.2.2 Are spin-offs expected to arise from this project, and if so, how are these 
being specifically supported? 

 
Spin-offs are to be expected from the instrument developments and from the application pro-
jects, but are hard to foresee. For example one may test remote control of experiments on 
HALO which may be used later on unmanned aircraft. 
  

C.2.3 According to your estimates, to what extent will regional, national and in-
ternational businesses participate in the project by way of contracts 
awarded for planning and construction services as well as for services 
relating to further operation of the facility? 

 
The aircraft presently under consideration, i.e., the Gulfstream G V and the Global Express, 
are equipped with engines of type BR 710 developed and manufactured in Germany (Rolls-
Royce Deutschland). The cost of the engines amounts to about 1/3 of the whole cost of the 
so-called green aircraft. The aircraft modifications can partially be performed by German 
companies. One German company explicitly expressed its interest in this respect. Many of 
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the instruments and other equipment parts are provided by German companies. Mainte-
nance may be performed in cooperation with German companies. Preliminary contacts to 
such a company have been made. This might cause savings in the provision of spare parts, 
engineers and pilots. 
 

C.2.4 When the project is implemented, how will it affect the structure and pri-
orities of extra-university research? 

 
The HALO project will affect the extra-university research within the HGF and at MPG (see 
also D.1). For atmospheric research in the MPG Institutes, it will be the main airborne re-
search platform to conduct the scientific programs outlined above. 
 
For the DLR Flight Facility, the aircraft HALO would become the central research facility. This 
investment will provide an enhanced basis for long-term activity at the Flight Facility and the 
related DLR institutes. At present the DLR operates the Falcon 5E for research in the upper 
troposphere and lower stratosphere. The Falcon has a range of about 3000 km, and endur-
ance of more than 4 hours, a ceiling of about 13 km, and a loading capacity of about 1200 
kg. The Falcon has been in use since 1976 in many national and international projects (see 
description in the Falcon brochure, and in the DLR-Nachrichtenheft on the occasion of the 
25th anniversary, and many related publications as cited in the HALO proposal of February 
2001; see also the HALO homepage, http://www.pa.op.dlr.de/halo/).  
 
The DLR will have to decide on the future of the Falcon when the HALO aircraft becomes 
operational. On one hand, the Falcon is a well-suited aircraft for short range missions with 
limited instrument loads, and is a well tested and characterised facility. Hence, it would be 
desirable to continue the Falcon operation as long as technically and financially possible. On 
the other hand, the Falcon is now over 25 years old (see DLR-Nachrichten Heft), and a re-
placement will have to be sought in the foreseeable future. In principle, the Falcon could be 
kept operational for about further 10 more years. However, some occasional minor technical 
failures of aircraft parts occurred in recent times, which may have been caused by the air-
craft’s age. The Falcon also offers advantages due to its smaller size, which will not be 
matched by the larger HALO at the same operational costs. It may occur that DLR will be 
forced to reduce the costs of aircraft operations by abandoning the Falcon. This question has 
not yet been considered in detail. It will be considered within DLR not before the acquisition 
of the new HALO aircraft is definitely decided.  
 
The investment will provide a long-term support for the field of airborne research in the par-
ticipating institutes, at MPG, HGF and elsewhere. For example, DLR-IPA will invest in a long-
term team of scientists and engineers for long-term research with in-situ instruments and 
Lidar instruments and possibly other instruments using the HALO aircraft.  The additional 
funding as requested in the project plan will give users from all research institutions a se-
cured access to this outstanding airborne research facility over a long period. This situation 
will ensure the user organisations to invest in the relevant research programs and give priori-
ties to the programs using HALO as their access is assured over years. 
 
The aircraft may be used to investigate aspects of global change research, which were not 
feasible up to now (see discussion in section C.1). This could enhance the range of extra-
university research activities considerably.  
 
Problems like anthropogenic changes of the background composition of the troposphere and 
transcontinental transport are of interest to environmental agencies often supporting re-
search in this field. Therefore, one may expect a positive impact on such research activities, 
too, by HALO work. 
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D Questions regarding the institutions participating in the project 

D.1 Please list the establishments participating in the project and outline their con-
tribution and specific competence. To what extent have university scientists par-
ticipated in the planning? 

 
The proposal is submitted by MGP and DLR on behalf of a large number of universities and 
research institutes. The following table lists the participating institutions. Each has expressed 
its interest in a letter that was attached to the HALO proposal of February 2001. The table 
also identifies the specific interest of the various institutes in the specific research topics ex-
plained in the proposal of February 2001.  
 

Research Topic Institute below: Institute name.  
right: Short descriptor of the research topics: C: Chem-
istry and Transport, S: Stratosphere, B: Biosphere,  
K: Convection, P: Precipitation, O: Ocean and Ice,  
T: air traffic and traffic-meteorology, E: Earth observa- 
tion, R: Remote sensing  

C S B K P O T E R

AWI Alfred-Wegener-Institut für Polar- und 
 Meeresforschung, Fachbereich Klimasystem, 
 Bremerhaven 

x x x x x X x x x 

DLR, DFD Deutsches Zentrum für Luft- und Raumfahrt, 
Deutsches Fernerkundungsdatenzentrum, 
Oberpfaffenhofen 

 x x     x x 

DLR, IMF Deutsches Zentrum für Luft- und Raumfahrt, Institut für
Methodik der Fernerkundung, Oberpfaffenhofen 

 x    x  x X

DLR, IPA Deutsches Zentrum für Luft- und Raumfahrt, Institut für
Physik der Atmosphäre, Oberpfaffenhofen 

X x x X x  X x X

DLR, IWP Deutsches Zentrum für Luft- und Raumfahrt, Institut für 
Weltraumsensorik und Planetenerkundung, Berlin 

 x        

DWD Deutscher Wetterdienst     x    x 
FhG, IFU Fraunhofer Institut für Atmosphärische 

Umweltforschung, Garmisch-Partenkirchen 
X  X    x x X

FZJ, ICG Forschungszentrum Jülich, Institut für Chemie und 
Dynamik der Geosphäre 

X X x X  x x  x 

FZK, IMK Forschungszentrum Karlsruhe, Institut für Meteorologie
und Klimaforschung, Karlsruhe  

x X  X   x x X

GFZ Geoforschungszentrum Potsdam         X
GKSS, IAP, 

IfK 
GKSS Forschungszentrum Geesthacht GmbH, Institut 
für Atmosphärenphysik und Institut für 
Küstenforschung 

X  x X x  x  x 

IfT, WGL Leibniz-Institut für Troposphärenforschung, Leipzig x  x x X  x   
MPIB Max-Planck-Institut für Biogeochemie, Jena   X x    X x 
MPIC Max-Planck-Institut für Chemie, Mainz X X X x x  x x x 
MPIK Max-Planck-Institut für Kernphysik, Abteilung 

Atmosphärenphysik, Heidelberg 
X X x  x  X   

MPIM Max-Planck-Institut für Meteorologie, Hamburg x x x X X x x x x 
PIK, WGL Potsdam Institut für Klimafolgenforschung, Potsdam   x     x  
TU Mü, LBI Lehrstuhl für Bioklimatologie und 

Immissionsforschung, Technische Universität 
München 

x  x x   x   

TU Mü, IWC Institut für Wasserchemie, Technische Universität 
 München 

x  x    x   

UniBo, MIUB Meteorologisches Institut, Universität Bonn   x x x    x 
UniBr, IUP Institut für Umweltphysik, Universität Bremen/FB1 X X X x X  x X X
UniF, IMG Institut für Meteorologie und Geophysik, Johann 

Wolfgang Goethe-Universität, Frankfurt 
X X  x x  x x X

UniF, IPG Institut für Physikalische Geographie, Johann 
Wolfgang Goethe-Universität, Frankfurt 

  x     X  

UniF, ZUF Zentrum für Umweltforschung, Johann Wolfgang x   x x  x   
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Goethe Universität, Frankfurt 
UniHa, IMK Institut für Meteorologie und Klimatologie 

der Universität Hannover: (Thema: 
Verkehrsmeteorologie) 

      x   

UniHam, MI Meteorologisches Institut der Universität Hamburg    X X X  X  
UniHd, IUP Institut für Umweltphysik, Ruprecht-Karls-Universität 

Heidelberg 
x x      x X

UniKa, IMK Institut für Meteorologie und Klimaforschung, 
Universität Karlsruhe 

X   X x     

UniKö, IMK Institut für Geophysik und Meteorologie, Universität zu 
Köln 

x x  x x  x x  

UniL, IM Institut für Meteorologie, Universität Leipzig x X  x X    X
UniMa, IPA Institut für Physik der Atmosphäre, Johannes 

Gutenberg-Universität Mainz 
x x x x x  x  x 

UniMü, MIM Meteorologisches Institut München der Ludwig- 
Maximilians-Universität, München 

   x x    x 

 
DLR will operate the aircraft at its research site in Oberpfaffenhofen. This operation will be 
based on the competence of the DLR Flight Facility, located at the airports in Oberpfaffen-
hofen and Braunschweig. The DLR Flight Facility’s competence is strongly enhanced by di-
rect cooperation with the research institutes of DLR, in particular the Institute of Atmospheric 
Physics (IPA) and other institutes (Institute of Remote Sensing Technology, German Remote 
Sensing Data Centre, Institute of High Frequency Technology and Radar Technology) of 
DLR at Oberpfaffenhofen. Moreover the DLR know-how derives from the experience and 
contributions in the fields of space and airborne research in a total of 31 institutes of DLR in 
Berlin, Braunschweig, Cologne, Göttingen, and Stuttgart, besides Oberpfaffenhofen. DLR will 
perform this task in close cooperation with all other HGF institutes (see below).  
 
MPG will adopt leadership in organising the science program performed with HALO, its in-
strumentation, and support its use through workshops. Obviously, this coordination will be 
performed in close cooperation with all other scientists interested in the use of HALO. MPG 
will perform this task based on the competence of several Max Planck Institutes (MPI), rep-
resented by the MPI for Chemistry in Mainz, and strongly supported by the MPI for Meteorol-
ogy in Hamburg, and the MPI for Nuclear Physics (Atmospheric Science Group), and, in 
specific research projects, the MPI for Biogeochemistry in Jena.  
 
The HGF institutes in Bremerhaven, Jülich, Karlsruhe, Geesthacht, and Potsdam all have 
strong competence in airborne research. Bremerhaven concentrates on polar research, 
Jülich and Karlsruhe together with Oberpfaffenhofen and Geesthacht on various aspects of 
atmospheric sciences, Geesthacht on coastal research and Potsdam on Earth System Sci-
ences. All these HGF institutes provide complementary facilities and instruments for airborne 
research.  
 
The Fraunhofer Institute of Environmental Research in Garmisch-Partenkirchen has much 
experience in atmosphere-biosphere interaction and sounding of the atmosphere, e.g., from 
the Zugspitze, and will be merged with the Forschungszentrum Karlsruhe in 2002. 
 
The partners that have contributed letters in the proposal of February 2001 include 13 uni-
versity institutes. These partners have contributed importantly to the discussions (e.g., at the 
Mainz meeting in May 2000), to the project proposal, and were included in the planning of 
HALO. All these partners have considerable, and often long-term, experience in airborne 
research. The university partners will take the lead in university education with HALO and 
proposals to the German Science Foundation.  
 
The proposal is also strongly supported by institutes of the WGL, in particular the Leibniz-
Institute for Tropospheric Research in Leipzig, with much experience in airborne research. 
Other WGL institutes at present include the Potsdam Institute for Climate Impact Research in 
Potsdam, and possibly also the Institute of Atmospheric Physics in Kühlungsborn.  
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D.2 Please describe the main focus of activities carried out by your institution and 
the other institutions involved in this research field. What do the participating in-
stitutions see as being essential aspects of their future activities? Which of 
these are directly linked to the facility? Which of the current or planned future 
key activities will be discontinued or re-oriented if the facility is implemented? 

 
The response to this question is different for each of the 31 institutes included in the above 
table. The key institutes have described their interest and main focus of activities in letters 
attached to the HALO proposal. Further details are provided in an Appendix, see G4.  
 

D.3 What experience do the institutions in charge have in planning and operating 
large-scale facilities? 

 
Planning and operations of the HALO aircraft will be performed under the responsibility of the 
DLR Flight Facility (Flugbetrieb) in Oberpfaffenhofen. The German Aerospace Centre (DLR), 
is one of the largest research centres in Germany. One of its main tasks is the operation of 
large scale research infrastructures for scientists within and outside of DLR. Therefore DLR 
has the necessary experience, competence, infrastructure, and economic continuity to oper-
ate HALO among the other existing large scale facilities.  
 
The DLR Flight Facility in Oberpfaffenhofen has more than 30 years of experience in operat-
ing research aircraft for atmospheric and environmental science. It is the largest provider for 
research aircraft operations in Europe. The Facility has operated many aircraft during this 
time from small single engine aircraft to jets. Among other aircraft, it is presently operating 
the Falcon E, a well-known atmospheric research aircraft in Europe.  
 
Over the years, the Flight Facility has built up an additional infrastructure and a large range 
of associated services, which are unique in Europe. The service offered covers campaign 
preparation, certification and installation of user equipment, logistics, aircraft operation and 
maintenance as well as the operation of basic sensor systems, data acquisition and evalua-
tion. Many campaigns have shown that this concept provides the best possible environment 
for efficient and successful science on an aircraft. There is no other flight facility in Europe 
that offers this scientific service and a comparable spectrum of unique infrastructures like 
calibration and test facilities along with the aircraft associated standard services. It is an ob-
vious advantage that the existing personnel, infrastructure and software can directly be used 
for the projected aircraft. The quick establishment of HALO as a top research infrastructure in 
Europe will be much facilitated by the past experience with aircraft projects.  
 
Furthermore the successful acquisition of an aircraft like HALO requires a partner with com-
petence and know-how to select the aircraft and to be an efficient interface between the fu-
ture scientific users and the aircraft manufacturer. DLR is well informed about the user needs 
and speaks the languages of these two parties, and it can ensure that the HALO project uses 
the experience gained in Germany and Europe over many years. It has the competence to 
lead the user discussions on modifications and basic sensors. DLR has developed concepts 
for the aircraft equipment like modifications, sensors and data acquisition systems as well as 
for the concept of operation. DLR is also able to guide the process of selecting, ordering and 
accepting the aircraft and it has the experience to design and perform the necessary flight 
tests and calibration programmes.  
 
Within the EC funded concerted action EURASER (European Research Aircraft and Sensors 
for Environmental Research), the Flight Facility has established a network in which most of 
the operators and many junior and senior users of research aircraft in Europe collaborate on 
topics of mutual interest. From this concerted action a series of publications, a Final Report 
EURASER (http://www.dlr.de/FB/euraser/homepage.html) and actions were launched, that 
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both outline the present situation of the research aircraft fleet in Europe and the necessity for 
a new generation business jet aircraft such as HALO. EURASER expressed the general 
need in Europe for future aircraft as well as continuity in EC funded access programs for this 
kind of unique large-scale facilities (Falcon, HALO). DLR is strongly engaged in EUFAR, 
which will coordinate the European fleet of airborne research. 
 

D.4 Describe the research results of the past years achieved either a) at your insti-
tution, b) at one of the collaborating institutions or c) worldwide which were 
most important for implementation of the facility. 

 
The answers to these questions by the various partners are collected in an appendix, see 
G4. This appendix also provides information on the competence and research of the various 
participating institutes.  
 
With respect to collaboration, many German institutes have been cooperating for many years 
in the German Climate -, Ozone -, Tropospheric -, and Aerosol-Research programmes of 
BMBF. They have performed joint programmes within Special Research Areas (SFB) and 
Priority Research programmes (Schwerpunktprogramme) of the German Science Foundation 
(Deutsche Forschungsgemeinschaft, DFG). The HGF institutes have cooperated within the 
HGF programmes (Erde and Umwelt).  
 
The German institutes have cooperated with many European Institutes in Research Projects 
funded by the European Commission. They are also cooperating within European and inter-
national Earth Observation Programmes with spaceborne remote sensing systems, as coor-
dinated by the European Space Agency (ESA) and other space agencies.  
 
Finally German Institutes have been very visible in transatlantic and other international pro-
grammes such as the World Climate Research programme (WCRP), the International Geo-
sphere and Biosphere Programme (IGBP) and the research programmes of the Weather 
Services coordinated by the World Meteorological Organisation (WMO).  
 
The national contributions to IGBP are coordinated in Germany by the National Committee 
for Global Change research (NKGCF) of DFG with support by BMBF. The national programs 
and contributions to spaceborne Earth Observations of ESA are coordinated by the DLR 
Earth Observation Committee. The meteorological research in Germany is performed with 
advice from the Wissenschaftlicher Beirat des Deutschen Wetterdienstes (DWD, German 
Weather Service). Representatives of the participating institutes are members of these com-
mittees. This list of organisations and committees will be extended.  
  
As a consequence of this strong international activity, the need for airborne research in the 
field of Earth Sciences has grown as well. Such airborne research is complementary to re-
search with other tools (such as balloons, rockets, ships, spaceborne systems, mountain 
stations and other ground based stations, computers, laboratories). The success of such 
activities is exemplified by the international achievements and research programmes per-
formed since about 1960 (Geophysical year), and by the many airborne research pro-
grammes performed since then.  
 

D.5 How many members of staff and what qualifications will be required for the ap-
propriate use and operation of the facility? What is the personnel situation at the 
various participating institutions? How will additional staff requirements be met? 
Is it necessary to re-allocate some of the existing personnel? 
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For scientific missions typically 20-50 staff from many institutes cooperate in intensive meas-
urement campaigns. Additional groups of scientists and students are involved in the data 
analysis. The HALO users in the various research institutes in general have staff with suit-
able scientists and technicians as demonstrated when performing similar experiments in the 
past. However all institutes require additional project support for temporal positions, notably 
PhD students, and to finance part of the basic staff to perform extensive experiments. This is 
a common situation nowadays for many types of research. The following table summarises 
the number of staff members and students typically participating in airborne research.  
 
The personnel situation in the institutes is quantified approximately by the following table, 
which lists the number and capacity of staff and students directly or indirectly contributing to 
airborne research with aircraft or aircraft related data at present (or in the future when HALO 
will become available). The numbers are estimates either confirmed by the institutes (C) or 
estimates by the HALO project team (E). The numbers are uncertain by about a factor of two 
because it is difficult to separate airborne research activities from other related research and 
support activities. 
 
Definitions: 
Staff: Number of permanent and temporally employed staff members contributing to airborne 

research  
Doctoral and diploma (PhD and Master) students: Number of students contributing to air-

borne research;  
Total personnel capacity (person-years per year): Total personnel work time (staff + doctoral 

and diploma students) contributing to airborne research annually per year. 
The table refers to estimates either by the HALO project team (E) or confirmed by the part-

ners (C).  
 
Institute  Staff (number 

of permanent 
and temporary 

positions) 

Doctoral and 
diploma stu-
dents (num-

ber) 

Total person-
nel capacity 

(person-years 
per year)  

C 
/ 
E  

1. AWI Alfred-Wegener-Institut für Polar- und 
Meeresforschung, Fachbereich Kli-
masystem, Bremerhaven 

8 2 10 C 

2. DLR, DFD Deutsches Zentrum für Luft- und Raum-
fahrt, Deutsches Ferner-
kundungsdatenzentrum, Oberpfaffen-
hofen 

8 1 5 C 

3. DLR, IMF Deutsches Zentrum für Luft- und Raum-
fahrt, Institut für Methodik der Ferner-
kundung, Oberpfaffenhofen 

8 2 5 C 

4. DLR, IPA Deutsches Zentrum für Luft- und Raum-
fahrt, Institut für Physik der At-
mosphäre, Oberpfaffenhofen 

40 10 30 C 

5. DLR, IWP Deutsches Zentrum für Luft- und Raum-
fahrt, Institut für Weltraumsensorik und 
Planetenerkundung, Berlin 

6 2 5 E 

6. DWD Deutscher Wetterdienst 1 - 0.1 E 
7. FhG, IFU Fraunhofer Institut für Atmosphärische 

Umweltforschung, Garmisch-
Partenkirchen 

10 3 5 C 

8. FZJ, ICG Forschungszentrum Jülich, Institut für 
Chemie und Dynamik der Geosphäre 

20 5 10 E 

9. FZK, IMK Forschungszentrum Karlsruhe, Institut für 
Meteorologie und Klimaforschung, 
Karlsruhe  

10 3 8 C 

10. GFZ Geoforschungszentrum Potsdam 4 1 2 C 
11. GKSS, 

IAP, IfK 
GKSS Forschungszentrum Geesthacht 

GmbH, Institut für Atmosphärenphysik 
und Institut für Küstenforschung 

8 4 8 C 

12. IfT, WGL Leibniz-Institut für Troposphärenfor-
schung, Leipzig 

10 3 4 C 
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13. MPIB Max-Planck-Institut für Biogeochemie, 
Jena 

5 3 2 E 

14. MPIC Max-Planck-Institut für Chemie, Mainz 
(Andreae+ Lelieveld) 

32 15 30 C 

15. MPIK Max-Planck-Institut für Kernphysik, Ab-
teilung Atmosphärenphysik, Heidelberg, 
(Arnold+ Roeckmann) 

10 11 21 C 

16. MPIM Max-Planck-Institut für Meteorologie, 
Hamburg 

10 4 5 C 

17. PIK, WGL Potsdam Institut für Klimafolgenfor-
schung, Potsdam 

4 1 2 C 

18. TU Mü, 
LBI 

Lehrstuhl für Bioklimatologie und Immis-
sionsforschung, Technische Universität 
München 

2 1 1.5 C 

19. TU Mü, 
IWC 

Institut für Wasserchemie, Technische 
Universität München 

4 4 8 C 

20. UniBo, 
MIUB 

Meteorologisches Institut, Universität 
Bonn 

4 3 1 C 

21. UniBr, IUP Institut für Umweltphysik, Universität 
Bremen/FB1 (Burrows + Künzi) 

6 4 8 E 

22. UniF, IMG Institut für Meteorologie und Geophysik, 
Johann Wolfgang Goethe-Universität, 
Frankfurt 

2 4 4 C 

23. UniF, IPG Institut für Physikalische Geographie, 
Johann Wolfgang Goethe-Universität, 
Frankfurt 

1 1 0.5 E 

24. UniF, ZUF Zentrum für Umweltforschung, Johann 
Wolfgang Goethe Universität, Frankfurt 

4 1 3 C 

25. Uni Ham Meteorologisches Institut der Universität 
Hamburg 

3 3 5 C 

26. UniHa, 
IMK 

Institut für Meteorologie und Klimatologie 
der Universität Hannover: (Thema: 

Verkehrsmeteorologie) 

1 1 0.5 C 

27. UniHd, 
IUP 

Institut für Umweltphysik, Ruprecht-Karls-
Universität Heidelberg 

18 60 20 C 

28. UniKa, 
IMK 

Institut für Meteorologie und Klimafor-
schung, Universität Karlsruhe 

5 4 5 E 

29. UniKö, 
IMK 

Institut für Geophysik und Meteorologie, 
Universität zu Köln 

2 3 2 C 

30. UniL, IM Institut für Meteorologie, Universität Leip-
zig 

2 2 2 E 

31. UniMa, 
IPA 

Institut für Physik der Atmosphäre, Jo-
hannes Gutenberg-Universität Mainz 

5 5 5 C 

32. UniMü, 
MIM 

Meteorologisches Institut München der 
Ludwig-Maximilians-Universität, 
München 

6 16 2 C 

Sums  259 182 219.6  
 
For the aircraft operation, the DLR flight department has a permanent staff of 31 experienced 
employees in Oberpfaffenhofen. This staff operates the present fleet. Due to the integration 
of HALO into an already well established and Approved Aeronautical Workshop (Luftfahrt-
technischer Betrieb) and due to synergetic effects, the additional staff needed for the HALO 
operation can be limited to a maximum of about ten employees.  

Four pilots with Airline Transport Pilot Licenses (ATPL) are needed for the continuous opera-
tion of HALO. Therefore, the existing pilot staff has to be expanded. The DLR flight crews 
consist of pilots holding professional pilot licences (CPL-IFR = Commercial Pilot License-
Instrumental Flight Rules or ATPL) as well as test pilot licences and university degrees in 
either physics or aeronautics, or other additional qualifications/educations in mechanics. 
They are experienced to fly even under severe weather or other extreme conditions. (e.g., in 
Arctic, Antarctic and tropical regions, in thunderstorms, in jet exhausts of commercial air traf-
fic etc.). They update and improve their skills through regular simulator training and continua-
tion training. The crew operates according to the rules of 2. DVO LuftBO.  
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The Approved Aeronautical Workshop status implies, that maintenance and repairs can be 
performed by the LTB itself. Thus, for line and heavy maintenance, avionics, and campaign 
support of HALO, 4 people will be needed: 2 airframe and powerplant mechanic (A&P ≈ 
Prüfer Klasse 2), 2 flight engineers with Gulfstream V or Global Express rating and inspector 
authorization (IA ≈ Prüfer Klasse I).  
 
Every flight will be accompanied by a specialised mechanic/flight engineer, who, whenever 
required, will be able to analyse and handle technical problems on site.  
 
Due to the Approved Design Organisation status (EB- Entwicklungsbetrieb), modifications at 
the aircraft and integration of new instrumentation can be certified for airworthiness by the 
experts of the DLR flight department's and airworthiness office infrastructure itself. The me-
chanical and electronic workshops provide racks and interfaces needed to integrate new 
instrumentation on the aircraft. Further team members are trained and available to calculate 
the stability (by FEM methods) of instrumental loads to be flown. This team should be en-
larged by at least two engineers to fulfil the requirements for the extended HALO instrument 
packages. Moreover, additional personnel will be required for sensor operation, data proc-
essing and electrical interfaces of the HALO aircraft. Additionally, personnel will also be 
needed for the increasing demand of user support and logistics.  
 
In total the number of personnel of the Flight Facility involved in the preparation of a HALO-
campaign can easily increase up to 20 persons or more. But as already mentioned above, 
due to synergetic activities of the permanent staff of 31, the extra staff needed for the HALO 
operation can be limited to a maximum of about ten employees 
 
If HALO is operated from DLR Oberpfaffenhofen, there is no specific need to re-allocate ex-
isting personnel. 

D.6 What costs have been incurred so far for preliminary development work etc. for 
the facility, and how have these been financed? How much external funding 
(not including budgetary funds) has been obtained for this purpose by your insti-
tution (or its cooperation partners) in the last five years (broken down into fund-
ing from the Federal Government, regional government, the DFG, the EU, busi-
ness and industry and other sources)? Please specify the fields in which this 
funding was used. 

 
The HALO project preparation has been carried out by the individual institutes participating, 
without external funding and without dedicated budgets. The costs accumulated during the 
12 months of preparation were assigned to the HALO proposal preparation, project man-
agement, pre-screening of aircraft, analysis of technical data from aircraft manufacturer, de-
velopment of concepts for basic sensor configuration, data acquisition and processing. In 
total, about 20 months personnel costs accumulated at the Flight Facility and the Institute for 
Atmospheric Physics for the HALO project. In addition several man-months were contributed 
by the participating scientists for the proposal preparations, including extensive information 
exchange with aircraft manufacturers 
 
At present, the DLR Flight Facility Oberpfaffenhofen is running four research aircraft: Falcon 
20 E5 - (D-CMET), a twin-engine jet aircraft; DORNIER 228-212 (D-CFFU), a twin-engine 
turboprop aircraft, DORNIER 228-101 (D-CALM), a twin-engine turboprop aircraft, and a 
Cessna 208B Grand-Caravan (D-FDLR), a single engine turboprop aircraft, see 
http://www.dlr.de/FB/. The total cost for running these existing aircraft of the DLR Flight Facil-
ity Oberpfaffenhofen amount to 5.6 Mio. € p.a., composed of  

1.8 Mio. € Personnel  
1.8 Mio. € Consumables 
0.8 Mio. € Depreciation 
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1.2 Mio. € Infrastructure/internal Services 
 
DLR supports these expenses with about 3.6 Mio € p.a. from internal resources and 2 Mio. € 
p.a. from external contracts. In the past five years, about half of these contracts came from 
other national research organisations, 1/4 from government and 1/4 from the EC. 
 
The operations costs for HALO will be larger than those of the aircraft operated by DLR so 
far, because of its larger size and larger range of operations and the multi-user concept. For 
the intercontinental usage with 440 flight hours p.a., a cost volume of 3.8 Mio € p.a. is fore-
seen, including minor enhancements of instrumentation. 

E Users 

E.1 Which disciplines are dependent on use of the multi-purpose facility for re-
search purposes and to what extent; which disciplines stand to benefit from it 
(main interested parties)? How can use of this facility reconcile the different 
needs of diverse groups of scientists? 

 
Research in the following disciplines can not be adequately performed without having access 
to research aircraft:  

Atmospheric sciences, (atmospheric physics and chemistry, including or overlap-
ping with biogeochemistry, geophysics, meteorology and climate research), Earth 
observation in connection with polar research, oceanography, geography, ecology, 
glaciology and environmental research in general.  

 
Research aircraft are also a prerequisite for development and testing of remote sensing, 
telecommunications, high-frequency technology and radar technology, and aerospace appli-
cations.  
 
The facility is of central importance in particular for research on the atmospheric composition 
in the upper troposphere and lower stratosphere and for measurements in remote regions. 
There are many atmospheric parameters (for example concentrations of trace species and 
cirrus particle morphology), which cannot be measured with the required accuracy and reso-
lution by other means . It will be impossible to design innovative experiments in, e.g., the 
tropics or over the polar regions without having access to a long-range research aircraft. 
 

E.2 What situation do you anticipate with regard to external users (duration and ex-
tent of use, origin of users)? How have potential users been taken into account 
in the planning for the facility? (If available, please enclose with your responses 
appropriate documentation on user meetings.) 

 
Since the HALO aircraft will be operated by DLR Flight Facility, all users are considered to be 
"external". Nevertheless, under the new programme organisation of HGF, all HGF users 
could also be considered to be internal. To avoid confusion, however, this question is under-
stood in the sense that users outside the applying organisations (DLR, MPG) are considered 
as external users. 

The Falcon was originally (in 1976) provided for users from the German meteorological sci-
ences, mainly at universities (see DLR-Nachrichten issue on the 25th anniversary). The DFG 
promised to support scientific users for 100 flight hours annually. However, it turned out that 
the expenses for such a research aircraft and the required infrastructure and competence in 
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instrument development and experiment performance could not be set-up by university insti-
tutes without institutional funding. Moreover, the financing conditions at DLR required that 
users had to pay for all the operation expenses (full costs, including depreciation). Such ac-
cess was expensive and required a project budget of typically 100 to 500 k € per campaign, 
to cover the entire experiment costs. Only a few university institutes were therefore able to 
apply successfully for such resources at the DFG or similar research funding agencies. This 
is explained in more detail in the HALO proposal of February 2001. As a consequence, the 
Falcon aircraft was used to large extent by DLR-internal users, and by a few MPG and other 
HGF users. Since the early 1990s, the participation by external users from all over Europe 
has grown considerably, in particular because of joint German and European Research pro-
grammes with funding from the EC and BMBF. The DLR itself strongly supported this coop-
eration by participation and coordination of several related infrastructure and research pro-
grammes. Still, the support available for operations is often limited and a constraint for coop-
eration, in particular with German university institutes. Moreover, the Falcon is too small to 
accommodate cooperation of a larger team of instrument-scientists from various institutes.  

Obviously, the operational costs of HALO will be considerably higher than those of the Fal-
con. Hence, the costs for HALO operations can hardly be provided by the users based on 
applications for research-project funding, just as it is the case for the use of the vessels of 
the German research fleet. Therefore, the HALO team applies not only for the investment 
required to set-up the HALO infrastructure but also for the funding required for full operation 
for a large number of flight hours and access days in experiments for a long period. The six 
years initial operation period is defined basically for practical reasons.  

As a consequence of the HALO concept (larger aircraft and basic support for operations) the 
participation of non-DLR users of the HALO aircraft will be much larger than for the Falcon. It 
will in particular facilitate university research projects.  

The planning of the facility takes into account the experience gained in operating the DLR 
Falcon (since 1976) and other European and international research aircraft. Planning began 
with the meeting in May 2000 in Mainz, with participation of many university institutes. This 
meeting resulted in a memorandum, which clearly stated the need for a new research aircraft 
with the specification as now included for HALO. It was concluded that such an aircraft is 
needed for successful research in the next decades and for a leading role of the participating 
scientists in the earth sciences. The memorandum was submitted to BMBF. The proposal for 
a new research aircraft entered a list of planned major German research investments. The 
BMBF submitted this list to the Wissenschaftsrat for evaluation and advice.  

By February 2001 a detailed project proposal was prepared and agreed upon by all users. 
Based on this project plan, and on behalf of all users, DLR and MPG submitted the proposal 
to BMBF and Wissenschaftsrat in March 2001.  

The HALO aircraft will be operated under the following conditions: The facility will be open to 
"external" as well as "internal" scientific users under equal conditions, as controlled by a sci-
entific advisory committee (WLA) established by the sponsoring agencies. The HALO aircraft 
will be open in principle to all earth sciences and other science disciplines requiring access to 
a research aircraft with the specifications offered by HALO. HALO will enable innovative in-
terdisciplinary and international research, which requires the availability of a high flying, long 
range, high load-capacity, well instrumented research aircraft (the conditions are meant to 
apply in one or several combinations). Users, whose requirements can be satisfied with a 
small or short-range aircraft will be asked to consider other facilities. This does not exclude 
the use of HALO aircraft in smaller missions or test missions to test new or changed instru-
mentation or to test certain measurement procedures before a major research mission is 
performed that requires the entire capacity of HALO. Users will be selected on the basis of 
research proposals, after expert review, based on quality and costs of the proposed research 
project and suitability for HALO. It is expected that most projects will be performed by a con-
sortium of scientists from various institutes and various nations. The WLA will also stimulate 
collaborations after it has a good overview of the planned activities. 
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Each project may require access to the aircraft for one or several flight missions, of typically 
one week to one or even three months duration. The research projects often require several 
missions in various subsequent years. 

Users will have to prepare (and finance) their specific instruments themselves such that they 
can be implemented safely and efficiently on HALO. The flight facilities will provide support 
(competence, man power, costs) for such implementation procedures. 

The users will have access to data of all other instruments operated routinely by the DLR on 
HALO. 

The Flight Facility will also provide laboratory rooms and other support near the hangar for 
experiment preparation and performance.  
 

E.3 How is access to the facility organised for scientists from universities and for 
other external scientists? 

 
Scientists from universities belong to the community of potential HALO users as explained 
above (E2). They will have access to the HALO aircraft in all respects and at equal condi-
tions. They are encouraged to use HALO also for education purposes (within doctoral and 
diploma thesis works), and this may imply that occasionally small mission will be carried out. 
The WLA (see E.2 and F.1.3) will have at least one member representing the university us-
ers. 
 
All users will have to acquire additional funding for costs occurring during experiment per-
formance besides the HALO operation costs (mainly for travelling, extra instrumentation, and 
data analysis).  
 
The users will have to submit project proposals for this purpose to funding agencies such as 
DFG, BMBF, EU etc. They may submit their proposal in advance to the WLA to attain the 
assurance that the research can be performed with HALO once their other project costs are 
funded. The WLA and the HALO project leader will set up a procedure that assures confiden-
tiality of innovative scientific ideas.  
 

E.4 What role does the facility play in training and furthering the future generation of 
scientists (both guided and independent scientific work, seminars, postgraduate 
studies, etc.)? 

 
The HALO aircraft will play an important role in training and furthering the future generation 
of scientists. Field campaigns with aircraft are very attractive to students, because it enables 
them to learn directly from measurements during real atmospheric conditions. From experi-
ence it is known that such experiments fit excellently within the time frame of doctoral and 
diploma (PhD and Master) theses. Within a doctoral project a student may conceive (to-
gether with his or her advisor) the details of a new experiment, develop or modify the instru-
ments and the operations, perform the experiment by flying him/herself as scientific observ-
ers on board the aircraft, record and evaluate the data, and finally publish the analysed re-
sults. The airborne part of such a mission is also very well suited for a diploma thesis project.  
 
Students very much enjoy participation in such missions, and are motivated to pur-
sue atmospheric and climate research. They learn how to cooperate with scientists 
from other institutions, often from other countries and within other countries, since 
team-work is critical in airborne research. The mission usually represents a major 
lifetime experience. The overall experiences gained in such missions and their prepa-
ration and analysis contribute essentially to the qualification of students. Students 
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therefore gain considerable qualification for later career opportunities. Often they establish 
contacts with users and industry representatives during the missions, which may lead to job 
positions later.  
 
Furthermore, the DLR Flight Facility will apply for European Commission (EC) programs that 
support access to unique infrastructures. Since 1995 the EC supports special access pro-
grams for large-scale facilities in environmental research within the 5th (TMR) and 6th (IHP) 
framework programs. The DLR Falcon and its related infrastructure has been funded in the 
two previous “Access Projects”, STAAARTE (Scientific Training and Access to Aircraft for 
Atmospheric Research Throughout Europe) and CAATER (Coordinated Access to Aircraft for 
Transnational Environmental Research). These access programs enable European scientists 
to get acquainted with this type of infrastructure, including training and a full user service. 
These projects are expected to be continued as part of future EC framework programs. 
These projects are presently running with great success and increasing demand. The suc-
cess of STAAARTE has been well recognised both by EC via reviews as well as by the users 
themselves through many reviewed publications and two STAAARTE workshops at EGS 
symposia (in Nice,1998 and 2000). 
 
Since 6 years the DLR Flight Facility, triggered by the above EC access programs, offers a 
special novice training course that has been set up for the Falcon to show the possibilities of 
aircraft use, available sensor systems, flight operations and associated limitations, campaign 
management and scientific guidance of multi-aircraft missions, mission logistics, sensor sys-
tem installation, sensor system certification, aircraft interfaces, on-board data acquisition and 
processing units, post-flight data processing etc. A scientist of the DLR Flight Facility acts as 
“facilitator” to guide the inexperienced user through the EU access programs. This service is 
unique in Europe and it can easily be adjusted to accommodate HALO users. Furthermore, 
during the modification and establishment phase of HALO there will be some good opportuni-
ties for students from technical universities to work on diploma theses. 
 
An additional initiative is the establishment of an International Max Planck Research School 
(IMPRS) for Experimental Atmospheric Chemistry and Physics to address regional and 
global atmospheric change. The IMPRS will support the education of graduate students 
through grants, colloquia and specialised courses. The graduates will be actively involved in 
the development of sensitive and fast response instrumentation, and in field measurement 
campaigns with HALO to study chemical and physical processes within the atmosphere. The 
initiating partners of the IMPRS are the MPI for Chemistry and the Universities of Mainz, 
Heidelberg and Frankfurt. Active collaborations furthermore include a large number of uni-
versities and research institutions in Germany (including the DLR), several other European 
countries and the USA. The IMPRS aims to contribute to a stimulating and internationally 
oriented environment for high quality research and education. It will support university teach-
ing programs through specialised courses, student exchanges, interactive international video 
lectures, workshops and e-learning through the Internet. Students from developing countries 
can also participate in the training program and can apply for research opportunities. Support 
for the IMPRS has been requested through a proposal to the Max Planck Society. 
 

E.5 In which fields of work and research can future scientists be employed following 
successful qualification? 

 
The participation in HALO missions will provide qualifications in Earth and environmental 
sciences, the development and deployment of highly sophisticated instrumentation, the proc-
essing of large data sets, data evaluation and analysis, project management, team work, 
contacts with aircraft industry and instrumentation industry, international cooperation, and 
communication.  
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HALO scientists will obtain career opportunities in weather services, environmental agencies, 
research institutes and academia, industries related to instrumentation, data processing and 
handling, environmental consulting, the energy sector, chemical industry, and traffic and 
aviation related sectors. This is supported by the experience with previous aircraft-related 
project students and co-workers who are presently in such positions.  

E.6 How will the plans for the facility and the future research results be presented to 
the general public (i.e. not just the scientific community)? 

 
The project plan has been made available by Internet, and copies have been sent to every-
body expressing interest.  
 
Progress will be announced by emails to all users, press releases, Internet (see HALO 
homepage, http://www.pa.op.dlr.de/halo/), conferences and proceedings. For each HALO 
campaign an additional Internet page will be established to inform the public. Efforts will be 
made to describe HALO projects in popular science magazines, newspapers and other me-
dia, e.g., through press releases associated with campaigns and major results. The Internet 
will also be used to establish a "flying classroom" from which schools, for example, can 
download information about the atmosphere, HALO projects and global environmental 
change. During measurement campaigns with HALO, the public will be able to monitor the 
progress through "quick-looks" of the results, including descriptions of the domain of the 
campaign, research topics, goals, pre-campaign modelling results and practical information 
such as flight tracks and meteorological and atmospheric chemical forecasts. 
 
The International Max Planck Research School (IMPRS), as mentioned in section E.4, will 
contribute to the communication of HALO research to the research community, students of 
schools and universities, and the general public, using modern communication technology. 
The manager of the IMPRS will work closely with the HALO project leader at the DLR, to 
coordinate education and public relations activities. 
 

E.7 To what extent do you expect the facility to be used by private-sector compa-
nies? 

 
The facility is primarily planned for Earth science research. In the past, the DLR Falcon has 
also been used, to a minor fraction, by private-sector companies. Such applications may oc-
cur again for HALO.  
 
HALO is of interest to the private-sector as a flying reference for air data measurements, as a 
platform for the test of own equipment and as a source of high quality remote sensing data. 
Similar to the DLR Falcon, HALO can be used to calibrate air data systems on other aircraft, 
since it can provide high quality data on basic meteorological parameters. An example for 
this is the RVSM (Reduced Vertical Separation Limit) in-flight calibration, which is of interest 
to operators of commercial aircraft as well as to aircraft manufacturers. HALO can also pro-
vide other reference data like measurements of the size distribution of droplets to flight test 
experiments concerned with icing on aircraft. In the past the DLR Falcon has offered this kind 
of measurement results to aircraft manufacturers. Scientific instrumentation and equipment, 
which is developed for satellite or aircraft application, is usually to be tested on an aircraft 
before operation in space. HALO is a very attractive platform for this kind of test since it pro-
vides all necessary data to the instrument developer to evaluate the experiment. HALO is 
large and flexible enough to allow for additional reference instrumentation. The HALO air-
craft, in particular with advanced remote sensing instruments, is of interest to private sector 
companies for mapping, monitoring and assessment purposes. It is also anticipated that the 
awareness of atmospheric environmental problems, which presently attain a global perspec-
tive, will grow in the private sector, in particular in relation to traffic and energy. The HALO 
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project will provide the access to information that will be needed to develop company strate-
gies. 

F Project management, location, costs and schedules 

F.1 Project management 

F.1.1 Please outline your approach concerning project planning and manage-
ment and name your quality assurance procedures. 

 
The HALO project was initiated by the entire German atmospheric science community based 
on a meeting in Mainz in May 2000. Following this initiative the DLR and MPG took the lead 
in submitting the application for a major research facility investment.  
 
To support these activities a preparation project for HALO was installed at DLR, by decision 
of the DLR board of directors of September 2000, with Dr. Helmut Ziereis as project leader 
under institutional responsibility of the flight facilities. The project structure may be revised by 
the DLR board of directors when the funding decision is made or when any other reason 
makes changes necessary. The main objective of the project is the preparation of a decision 
on the HALO investment and operation. This includes support for the proposal and evalua-
tion of the technical, logistical and financial aspects of the HALO project. The project leader 
has experience in airborne atmospheric research with the Falcon and other research aircraft. 
The project team consisting of the project leader and the staff from the Flight Facilities bene-
fit from the long experience of DLR Flight Facilities in acquiring and operating aircraft.  
 
The preparation project is performed in close cooperation with scientists of the DLR Institute 
of Atmospheric Physics, of the MPG and other institutions participating in the HALO pro-
posal. Active scientists of MPG and DLR in this respect are Prof. Meinrat Andreae and Prof. 
Jos Lelieveld (Max Planck Institute of Chemistry, Mainz) and Prof. Ulrich Schumann (DLR 
Institute of Atmospheric Physics, Oberpfaffenhofen). 
 
All activities within the project are being documented. This documentation is available for all 
persons at DLR, MPG and other participating institutions who are involved in the HALO pro-
ject. After the funding decision the project team will release a request for proposals to utilise 
the new research aircraft according to the guidelines of the potential aircraft users. The pro-
ject team will supervise acquisition, construction and modification of the aircraft and the 
preparation of the necessary logistics at the DLR Flight Facility in Oberpfaffenhofen.  
 
After the delivery of the modified aircraft, the HALO project team will also assist the users in 
preparation and performance of aircraft measuring campaigns.  
 
The project leader will be responsible for all scheduling aspects of the HALO aircraft and for 
the coordination with the Flight Facility, the WLA, and the users. He collects the user propos-
als, checks the technical practicalities with the Flight Facility and transfers the proposals to 
the WLA, which will meet two times a year, or more often when necessary. He prepares sup-
porting material for the WLA allocation committee meetings, supports the WLA in solving any 
questions arising from the proposals, and he also informs the WLA if a proposal has to be 
postponed, modified or even rejected for practical reasons or technical problems. He informs 
the users of the decisions made by the WLA. He prepares an annual report for both the WLA 
and BMBF about the activities within the project HALO. The latter will be distributed among 
the funding agencies and the user community. 
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The WLA (see also F1.3.) will decide on the proposals based on the scientific merit and prior-
ity and will provide a list of projects that has to be performed within the next few years. This 
list will be updated every 6 month by the WLA with the help of the project manager. 
 
The Flight Facility management will be responsible for all operational aspects of the HALO 
aircraft. The practical decisions on the flight operations planning will be taken by the HALO 
project leader following the advice of the WLA, and under control of the management of the 
Flight Facility. Any conflict that cannot be resolved at this level has to be decided by the 
board of directors of DLR within the Lenkungsausschuss (LA), possibly in consultation with 
HGF, MPG and the sponsoring agencies. The LA meets twice a year, which will be coordi-
nated in connection with WLA meetings. The diagram shows schematically the HALO organ-
isational structure.  
 
The DLR Flight Facility is registered as Approved Aeronautical Workshop (luftfahrttech-
nischer Betrieb = LTB), and the DLR has its own Approved Design Organisation 
(Entwicklungsbetrieb = EB) according to German air-traffic-law regulations. The registration 
also covers the installation of the relevant quality assurance procedures and includes the 
availability of staff with according certification licenses. 
 

F.1.2 How is budget responsibility organised structurally and in terms of per-
sonnel? 

 
The HALO project leader within the DLR will be responsible for the project budget (acquisi-
tion and operation of the aircraft). He will report directly to the head of the flight facilities 
within DLR. All processes are supported by the control of DLR administration's bookkeeping 
and cost-calculation system. An annual report will list the finances and activities to the WLA, 
and to the funding agency BMBF. Parts will be reported to the general public. 
 

F.1.3 Has an advisory board been established, or are there plans to do so? If 
so, please specify its functions and name its members. 

 
An advisory board (Wissenschaftlicher Lenkungsausschuss – WLA) has been established at 
the meeting in Mainz in May 2000. For the time being, the WLA comprises Prof. Meinrat An-
dreae (MPI für Chemie, Mainz), Prof. Ulrich Schmidt (Uni. Frankfurt), Prof. Jost Heintzenberg 
(WGL-IfT Leipzig) and Prof. Ulrich Schumann (DLR-IPA, Oberpfaffenhofen). The WLA is 
responsible for all scientific questions concerning the HALO project and accompanies the 
work of the preparation project within the DLR. Ultimately, the composition of the WLA will 
have to be decided by BMBF and other funding agencies, in consultation with the user com-
munity. It should include members nominated by the presidents of MPG and HGF. The WLA 
will receive secretarial support from the HALO project team.  
 
The WLA will evaluate the scientific proposals for the use of the HALO aircraft and will estab-
lish a priority list of the projects. In doing so, external advise will be acquired from interna-
tional experts. The WLA will guide the HALO project leader and Flight Facility management 
in their decisions on the planning, performance and deployment of the HALO aircraft. The 
project leader and the management will have to follow the WLA decisions unless important 
technical or economical reasons prevent this. In the latter case, the HALO management will 
contact the chair of the WLA.  
 

F.1.4 Who has organisational responsibility for maintaining permanent opera-
tion of the facility? 

 
The HALO aircraft will be operated by the DLR flight facilities department in Oberpfaffen-
hofen. This organisation has more than 30 years of experience in operating research aircraft 
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and has built up a very flexible multifunctional infrastructure with a complete set of services 
for effective usage of research aircraft on international standards. Excellent relations have 
been established with the scientific user community. The head of the flight facilities reports to 
the board of directors of DLR. A “Lenkungsausschuss (LA)” of the main users, under chair-
manship of a member of the board of directors of DLR, oversees the operations. This LA will 
also oversee the HALO project within DLR. More details on the DLR Flight Facility in 
Oberpfaffenhofen are given in section F.2.  
 

 
 
 

F.2 Location 

 
F.2.1 Please outline your locational planning of the facility. 

 
HALO will be operated out of the Oberpfaffenhofen Flight Facility of DLR. The Flight Facility 
is located at the runway of the Special Airfield Oberpfaffenhofen with direct access to the 
Fairchild Dornier company. The length of the runway (2286 m) guarantees the operation of 
the HALO aircraft under all temperature/weather conditions.  
 
The Flight Facility is equipped with an aircraft hangar of about 1500 m2. However, this han-
gar is not large enough to accommodate the HALO aircraft. A new hangar has been de-
signed, which will include modern laboratories and offices dedicated to the HALO users. The 
costs for a new hangar have been included in the HALO budget. The hangar and additional 
laboratories can be realised in the direct vicinity of the existing infrastructure with direct ac-
cess to the apron and refuel station and to the facilities of the flight department: mechanical 
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workshop, avionics workshop, electronic workshop, calibration facilities; user offices and 
laboratories, departments for maintenance and aircraft documentation, aircraft operation and 
mission planning, flight-system engineering, sensor and data operation, meteorological fore-
cast, inspection and quality control, headquarters and offices of the Flight Facility and flight 
operations.  
 
The additional staff for HALO operation, maintenance, and user support will be integrated 
into the existing infrastructure.  
 

F.2.2 Outline any general locational factors which, in your opinion, may be ad-
vantageous or disadvantageous to implementation of a large-scale facil-
ity at your location? What possibilities have been envisaged for a) a na-
tional location, b) a location elsewhere in Europe and c) a location over-
seas? 

 
Important reasons to choose the DLR Flight Facility in Oberpfaffenhofen as the HALO opera-
tor have already been listed under C.1.2 and D3. Some additional aspects are given here.  
 
The operation of an aircraft like HALO must take place in a facility that is approved by the 
national authority of the country where the aircraft is registered. In general this can happen in 
organisations which have been certified as operator (Luftfahrtunternehmen) and JAR 145 
Approved Maintenance Organisations or Luftfahrttechnische Betriebe (LTB). For modifica-
tions a license as Approved Design Organisation (Entwicklungsbetrieb) is necessary. The 
DLR Flight Facility satisfies all legal and organisational requirements.  
 
DLR can rely on several decades of experience in research-flight operation. Its competence 
is based on own developments and on knowledge gained through close cooperation with 
engineers and scientists from international scientific customers. DLR is one of the largest 
research centres in Germany and can guarantee the continuity and financial stability that is 
necessary for the operation of a large research facility like HALO. The infrastructure at the 
DLR Flight Facility includes environmental simulation chambers and calibration facilities. 
Some of them are unique and result from long-term developments by the scientific staff. 
Since 6 years, the Flight Facility offers, triggered by EC access-programs, a special begin-
ner/newcomer training course that has been set up for the Falcon to introduce the possible 
aircraft usage, available sensor systems, flight operations and connected limitations, cam-
paign-management and scientific guidance of multi-aircraft missions, mission logistics, sen-
sor system installation, sensor system certification, aircraft interfaces, on board data acquisi-
tion and processing units, ground post-processing etc. This unique service will be adopted to 
HALO users. At DLR several scientific institutes operate a variety of highly advanced air-
borne sensor systems. This competence will be made available for HALO users.  
 
The vicinity of both airfields, Augsburg and Munich, as alternate aerodromes is advanta-
geous for operations. In case of choosing the Global Express from Bombardier, the vicinity of 
Fairchild-Dornier as a Bombardier service centre gives an extra benefit regarding service and 
maintenance availability.  
 

The DLR Research Centre Oberpfaffenhofen is unique in Europe and therefore gives rise to 
advantages that are not equalled elsewhere in Germany or Europe:  
- the availability of several scientific institutes, operating a variety of highly advanced airborne 
sensor systems,  
- the availability of the largest research Flight Facility for environmental research in Europe 
side by side,  
- the availability of the related know-how, and  
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- the availability of the new technology infrastructure connected with the DLR Research Cen-
tre.  
Therefore the HALO users will also benefit from the unique scientific and high technology 
environment of the DLR.  
 
DLR institutes at Oberpfaffenhofen, that are mainly using aircraft platforms are:  
 
Institute of Atmospheric Physics,  
Institute of Radar and High Frequency Technology, 
Institute of Remote Sensing Technology, and the 
Institute of Communication Techniques. 
 
These institutes and groups are all well known for their excellent research. They (staff up to 
about 100 persons each) maintain close cooperation and contact to an international scientific 
community working in the same field of research. Thus the HALO user will greatly benefit 
from this intellectual environment. It enables the new user to get personal access to scien-
tists who are leading capacities in their area of research. 
 
Each of the above institutes have very well equipped facilities, operating state of the art de-
vices for data processing and evaluation, modelling, workshops and many more, which can 
be act as catalyst to the research of the new user.  
 
Other facilities like the DFD (Deutsches Fernerkundungsdatenzentrum), the GSOC (German 
Space Operation Centre) or the Robotic Centre make the DLR in general a very exciting en-
vironment for researchers also interested in satellite data applications and in space and as-
tronautical themes. 
 
Alternative companies acknowledged as Luftfahrtunternehmen or Maintenance organisations 
are available, but none of them has the scientific competence that is prerequisite for a large 
portion of the requested services. Commercial aircraft operators and small companies in 
general do not have access to facilities similar to those available at DLR Oberpfaffenhofen. A 
privately owned company may not offer the required stability as a national research centre 
for long-term research infrastructure operations. 
 
Other organisations in Europe operating research aircraft exist in England, France, the Neth-
erlands, Spain and Russia. However, the above advantages/synergy effects cannot be pro-
vided by any other German or European operator. Furthermore, the service is far beyond the 
scope of any commercial aircraft operator. Commercial operators could not provide similar 
infrastructure and could not guarantee the same continuity as needed to run a research air-
craft over decades of operation. For this reason also all other research aircraft operators of 
comparable size are under control of nationally funded organisations (e.g. NASA, NOAA).  
 
 

F.2.3 What would be the consequences for a) the research institutions cur-
rently involved in your project and b) for the national research institutions 
working in your field of research if the facility (or a similar facility) was 
implemented at another location and possibly by other (domestic or for-
eign) applicants? 

 
The reasons to operate the HALO aircraft out of DLR Oberpaffenhofen have been discussed 
in C1.2, D3 and F.2.2. 
 
If the facility would be implemented at another location, and operated by another organisa-
tion, the scientific community would lose the advantages of the established competence of 
DLR flight facilities. The additional (marginal) costs of HALO operations would be higher than 
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those for HALO operation at DLR where much of the infrastructure does exist already. Some 
specific consequences are explained below. 
 
DLR Flight Facility together with the DLR institutes offer a unique range of services and in-
frastructure that does not exist at any other national or European organisation on this large 
scale. This integrated system consists of  
• Integrated know-how and continuity of know-how through experienced and skilled staff; 
• Long-term collaborations with the scientific community involved; 
• Continuity in operation; 
• Full service comprising: Advisory service, consultation, planning, instrument certification 

and integration, sensor calibration, aircraft operation, scientific/technical skilled aircraft 
crews, experienced aircraft operation dispatchers, customs handling, flight planning, ob-
taining flight permissions, arranging and shipping of equipment to remote operation areas 
etc. 

• Direct link to an appropriate runway. 
 
All parts of this integrated system are prerequisite for airborne research campaigns and can-
not be reduced or replaced without consequences for the overall success of the project.  
 
 
There is no private company in Germany or Europe that has a comparable infrastructure or 
range of services as developed throughout the last decades at DLR. No private company wil 
be able to afford a similar infrastructure without large additional costs and loss of security 
and continuity. Cost reducing synergy effects cannot be expected from combining research 
with commercial objectives. Therefore the operation under private company management or 
at another location with less infrastructure would offer no advantage.  
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F.3 Costs 

F.3.1 Please detail the expected total cost broken down into investment, per-
sonnel and operating costs. How do you assess the long-term cost im-
pact, and on what criteria is your assessment based? 

 
The following cost assumptions are an update of the initial planning for HALO, presented to 
the BMBF and the Wissenschaftsrat in February 2001. The cost statement now includes the 
knowledge of two specific presentations of the aircraft manufacturers in DLR and a recent 
update on the status of the US HIAPER project obtained from NCAR. 
 
Cost overview:  
Total Investment, valid August 2001   97,0 Mio € 
Planning and project Management costs, valid Aug. 2001     1,4 Mio € 
Budget for initial 6 years operation, 6 x 3,8 Mio € ,4% p.a.   29,4 Mio € 
Reserve for non foreseeable risks and miscellaneous     5,0 Mio € 
Total estimated costs for acquisition and six years opera-
tion, no risks; valid for decision in 2001 

132,8 Mio € 

escalation for funding decision after Mar 2002; ca 4 % p.a.  ca. 6 Mio € p.a. 
  
 
These costs are structured as follows: 
 
Budget request for acquisition of aircraft and infrastruc-
ture (years 2002-2005): 

 

Green aircraft new (Price July 2001; valid for contract until Mar. 
2002 ), 36,5 Mio US $; 0,85 US$ /€ 

43,0 Mio € 

Modifications and basic sensor installation, according to list 
(ca. 100 % of the green aircraft) 

43,0 Mio € 

Infrastructure and technical basic equipment, 
(Hangar, user rooms, ground equipment, special tools etc.) 

 6,0 Mio € 

Special scientific Instrumentation to be agreed by WLA   5,0 Mio € 
Total estimated Investment, valid August 2001 97,0 Mio € 
escalation for funding decision after Mar 2002; ca 4 % p.a.   4,0 Mio € p.a. 
Reserve for non foreseeable risks and miscellaneous   5,0 Mio € 
 
 
The planning costs for elaborating the final specifications, evaluation of proposals, monitoring 
of aircraft and modification realisation, development of basic sensors and infrastructure as 
well as managing the acceptance procedures are calculated as follows: 
 
Budget request for planning (2001-2005):  
Personnel costs (ca 12 MY) 1,3 Mio € 
Consumables (Travel and subsistence for Management and 
WLA, consulting etc.) 

0,6 Mio € 

Planning and project Management costs, valid Aug. 2001 1,9 Mio € 
Contribution by DLR: one man-year from Institut Physik der 
Atmosphäre and from Flugbetriebe each for 5 years 

-0,5 Mio € 

 
 
The operating costs are calculated using a deployment scenario of 440 flight hours and 180 
occupation days per year. They include all additional direct costs for the operation of the air-
craft with all user support functions. The structure of the operating costs is as follows: 
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Budget request for initial Operation phase 2004-2009: per year 
Personnel: Pilots, Mechanics, QS Engineers, Sensor- and 
Data-handling, user support, Campaign logistics, etc 

0,6 Mio € 

Consumables for aircraft disposal: Insurance, Registration, 
Time depending maintenance, Repairs,  

1,0 Mio € 

Consumables for aircraft operation: Fuel, Maintenance, ATC 
and Landing fees, etc 

1,2 Mio € 

other campaign costs: Travel costs, small parts, Transports. 
Rentals and Insurance for campaign logistics; Certification of 
scientific installations, etc. 

0,5 Mio € 

Consumables for user instrumentation and user support to be 
agreed by the WLA 

0,5 Mio € 

Total Budget for Operations per year, Valid Aug 2001 3,8 Mio € 
 
 
All prices are given without value added taxes and without import taxes. The estimated an-
nual budget requests and the estimated influence of price escalations due to decisions after 
end of 2001 is given in the following table: 
 

HALO, Annual Budget request and influence of escalation 

costs 2001 esc. p.a. year 0 year 1 year 2 year 3 year 4 year 5  year 6 year 7 year 8 year 9 total 0-9
costs under order 2001:

Investments 97,0  5,00 37,00 35,00 20,00 97,00
Projekt Management 1,4  0,10 0,30 0,60 0,40 1,40
Operations p.a. 3,8 4% 1,80 2,50 4,60 4,80 5,00 5,20 5,40 29,30
Reserve 5,0  5,00 5,00
Total per yearin Mio. €  5,10 37,30 35,60 27,20 2,50 4,60 4,80 5,00 5,20 5,40 132,70

costs under order 2002 4% 5,25 38,42 36,67 28,02 2,58 4,74 4,94 5,15 5,36 5,56 136,68

costs under order 2003 4% 5,41 39,57 37,77 28,86 2,65 4,88 5,09 5,30 5,52 5,73 140,78

costs under order 2004 4% 5,57 40,76 38,90 29,72 2,73 5,03 5,25 5,46 5,68 5,90 145,00
 
 

F.3.2 How do you rate the status of the table of costs and how up-to-date is it? 
 
The costs listed in chapter F.3.1 are best estimates. They differ from those given in the 
HALO proposal of February 2001. Since then it was learned that the decision on this invest-
ment takes longer than anticipated at that time. A budget decision is now expected to be 
made after 2002. 
 
Two manufacturers presented their aircraft in detail at meetings in Oberpfaffenhofen in June 
and July 2001. The discussions confirmed that the requested modifications are feasible. Both 
vendors were involved in the US HIAPER project. General information was obtained about 
the US NCAR proposal, which now provides a more specific view of the complexity of modifi-
cations and instrumentation. Due to higher certification standards of the new aircraft the 
modifications will be more expensive than anticipated. The manufacturers presented quoted 
list prices for the acquisition of the green aircraft. NCAR provided information about their 
modifications. This information assures that the cost estimates for the aircraft with modifica-
tions and basic instrumentation are realistic. However, final budget requests for the HALO 
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modifications cannot be given before the specific quotations by the manufacturers will be 
available. This will not be possible before funding has been secured, and DLR authorised to 
issue an official call for proposals. The prices in the tables are valid for August 2001, they will 
be constant for contracts until March 2002. A price escalation of about 4 % p.a. has to be 
taken into account fore later decisions. 
 
The HIAPER and the present HALO cost estimates are consistent with the Gulfstream air-
craft G V. Gulfstream informed DLR that the production of two identical aircraft will save 
about 70% of the green aircraft, or 28 Mio. € for the second aircraft. Such a reduction can 
only be realised with a totally coordinated modification concept between NCAR and DLR, 
which seems possible with minor constraints. The price improvement would need to be di-
vided between the partners in this case. The main disadvantage of this chance to reduce the 
costs is, that Gulfstream will produce the G V only until the end of 2002. Thereafter, a new 
type G V-SP will be produced, with advantages only for commercial users but not for scien-
tific applications. The price for the basic G V-SP will be about 5 Mio. US$ higher than for G 
V. As the G V-SP is a new type of aircraft with a similar structure, main engineering work can 
be transferred, however, flight testing and certification will have to be renewed, which will 
dramatically reduce the benefits of a similar G V solution. Gulfstream assumes at the mo-
ment, that G V orders or options can only be placed until end of this year for the last aircraft 
being produced end of 2002. It has to be considered that with a used aircraft the benefit of 
this solution can partly also be realised in a later decision schedule. 
 
The exchange rate in the $/€ ratio has changed since the last calculation and remains a risk. 
At the moment it is calculated in the tables with 0,85, which is intended to provide conserva-
tive estimates (the actual value is 0,91 at end of August 2001). 
 
The costs for adopting the infrastructure are calculated based on DLR experience in the es-
tablishment of buildings and other infrastructure. It is confirmed that the hangar with the addi-
tional infrastructure can be realised within the cost and time frame for the HALO project as 
shown in the tables.  
 
The costs for the operation during an initial period of six years are calculated by DLR with the 
experience of many years in research aircraft operation. The escalation of 4% against 2001 
prices will cover unknown escalations, which were especially high for fuel and air traffic fees 
in the past. A risk is only anticipated for aircraft damages. This could be covered only by a 
full hull insurance, which is not standard for government owned equipment. 
 
The escalation rate of 4% is taken with respect of the actual market situation, which is char-
acterised by strong demand and long delivery times for both aircraft to be selected. There-
fore continuous annual escalations of 4% steps or more are to be expected. To avoid this 
known development a quick decision or the authorisation for a formal Request for Proposal 
on the HALO investment is advisable to take advantage of an early price quotation. 
 

F.3.3 How is the overall cost for the facility financed? Are there plans to involve 
foreign partners in the financing, and to what extent would this be realis-
tic? What mechanism is used for apportioning overall costs (or parts 
thereof) to any foreign partners involved? Are there plans to involve in-
dustry? If so, what will be the modalities, and what kind of services will 
be provided? 

 
MPG and DLR apply to BMBF for financing of the additional investment and operation costs 
for HALO. This application also covers the overall cost of the facility, including the prepara-
tion phase. 
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An apportioning of the HALO financing between HGF, MPG and DFG is not feasible at pre-
sent.  
 
HALO will become part of the DLR Flight facilities department, which is financed through 
DLR institutional funding and external resources according to the usage of the existing air-
craft.  
 
It would be desirable that part of the costs may be covered by the EU within the 6th frame-
work programme. However, this programme foresees until now no direct contributions to in-
vestments in research infrastructure. The same is true for the European Science Foundation 
(ESF), which also has no resources for investment programs on European infrastructure de-
velopment.  
 
The scale of the new facility will be of European dimension and it is planned to also offer the 
HALO use to the international community, notably through European programs. The EC is 
expected to provide support for users from outside Germany for using the HALO aircraft, 
similar to the STAARTE and CAATER projects. Moreover, HALO will become part of EUFAR 
(European Fleet for Airborne Research). These developments may contribute to reduce the 
operational costs or contribute to increase the amount of flight hours for European users, 
however, these contributions cannot yet be quantified.  
Italian partners have expressed their interest in cooperation. For example, Italian agencies 
could provide access to the Geophysica aircraft in return for access to HALO.  

One may conceive even larger infrastructure consortia, containing infrastructure for global 
change research including ships, balloons, computers, satellite, and several research aircraft 
of various kind. Such a consortium could agree on splitting the costs and providing access to 
all European scientists at a comparable level. However, the organisation of such consortia is 
beyond the time frame of the HALO project and requires strong, long-term political prepara-
tion and support. For HALO we propose to follow a work-sharing strategy between national 
facilities, as long as no European Organisations or European funded infrastructures are 
available. The EUFAR conditions involve the mutual acceptance of international access to 
the national facilities. England and France are establishing or planning new and complemen-
tary facilities in the same time frame as HALO. The reciprocal use of facilities from other 
countries with specific capabilities will become common within Europe. 

 
F.3.4 What financial consequences do you expect if the project were to fall be-

hind schedule? 
 
If the decision on HALO will be delayed by one year, escalations will become valid as ex-
plained above (possibly about 4 Mio € p.a.). 
 
In case of delays after project start, for example in case of a delay in acceptance of the air-
craft, parts of the operations team will already be hired and the planning team has to con-
tinue its work. Such a situation would have negative implications for the time of operations for 
the aircraft with its user projects. However, the personnel costs are less than 1/6 of the op-
erations costs and the teams will be set up gradually. Therefore such delays should have 
only a small impact on HALO operations.  
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F.4 Schedule 

 
F.4.1 What is the schedule for implementation of the facility? Please provide 

the necessary details concerning planning, construction, time of commis-
sioning and periods of use. 

 
 

 
F.4.2 Specify the annual period of use for the facility and the total period of op-

eration including / without any expansions to the facility. 
 
The use of the HALO aircraft for specific projects will be planned annually, for as far ahead 
as possible (likely 2-3 years). The annual schedule of flight operations is usually set up by 
November for the coming year, with minor modifications during the year of operation. The 
following table serves as a prototype mission planning for any year of HALO operation.  

Nr. Vorgangsname
1 H A L O

2 Phase 1 "Decision Making Process"

3 CoordinationHGF+ MPG

4 Preparationof Proposal

5 Submissionof application to BMBF/ Science Council

6 Evaluationof the proposal by the Science Council

7 Decision Makingby the BMBF

8 Prescreening of qualified aircraft + reconciliation with users

9 Preparationof call for tenders

10 Phase 2 "Acquisition"

11 Call for tenders + evaluation

12 Release of funding by the BMBFand purchase order of the HALO
aircraft

13 Productionof basic aircraft (green aircraft)

14 Acceptance test of basic aircraft

15 Manufacturer

16 Finalacceptance test

17 Trainingengineers / pilots

18 Planningand construction of HALO hangar

19 Phase 3 "Final modifaction / test"

20 Integrationof standard instrumentation

21 Performance and calibration flights

22 Phase 4 "Beginning-of operation"

23 Operation

HGF + MPG

Manufacturer

FB OP

Manufacturer

FB OP

Manufacturer and others

DLR

FB OP

FB OP

        FB OP = DLR Flight Facility

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
2000 2001 2002 2003 2004 2005 2006 2007 200

Formatiert: Nummerierung und
Aufzählungszeichen

Formatiert: Nummerierung und
Aufzählungszeichen
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 Number 

of flights 
Flight 
hours per 
mission 

Total flight 
hours 

Days of opera-
tion during Mis-
sion 

Days of pre- 
and post-
mission access  

      
Two aircraft campaigns in Europe (4 weeks each) 

      
Ferry flights 2 3 6   
Mission flights 10 5 50 26 5 
∑   112  62 
      

One aircraft campaign in the tropics (4 weeks) 
      
Ferry flights 2 12 24   
Mission flights 10 5 50 26 5 
∑   74  31 
      

One aircraft campaign in the Arctic region (4 weeks) 
      
Ferry flights 2 4 8   
Mission flights 10 5 50 26 5 
∑   58  31 
 

Global deployment (4 weeks) 
      
      
Mission flights 12 8 96 26 5 
∑   96  31 
      

Five smaller aircraft campaigns based from Germany (2 weeks each) 
      
Mission flights 5 4 20 10 3 
∑   100  65 
      
∑∑   440  220 
 
 
The HALO project foresees an initial operation period of six years. The lifetime of such an 
aircraft is about 25 years and the necessity for a extension of HALO operation is likely.  
 
A specific planning of the sequence of flight missions for the various scientific questions has 
not yet been established. Specific HALO projects have to be planned in coordination with 
research proposals, e.g. to the EC. Based on experiences from the past, such planning 
should be possible about 2 years prior to the first HALO operations. For HALO operations 
starting in 2007, this implies detailed planning to start in early 2004 with decisions on the first 
specific missions during 2005. The first specific missions will be prepared as soon as the 
HALO project is positively decided. Initial plans to use HALO will be presented at a users’ 
workshop in the fall of 2001. 
 



- 55 - 

G Additional information 

The institutions involved are requested to provide, if applicable, the following addi-
tional documents in triplicate:  

G.1 Proposal for the facility (if any); 

 
In March 2001 the Max Planck Society (MPG) and the German Aerospace Centre (DLR) 
jointly submitted the application for the HALO project to the Ministry of Science and Educa-
tion (BMBF). This application comprises the following essential topics that are only partially 
covered by the answers to this questionnaire: 
 
• Purpose and relevance of the HALO project. 
• Detailed description of the scientific objectives and visions. 
• Evaluation of atmospheric and Earth observation research with aircraft in Germany, 

Europe and the United States. 
• Working plan and time schedule of the project. 
• User requests for the HALO aircraft. 
• User request for the operation of the aircraft. 
• Evaluation of the envisaged aircraft. Fourteen aircraft have been reviewed concerning 

their ability to fulfil the user requests. 
• Evaluation of the costs for acquisition and operation of the HALO aircraft. 
• User institutions and their scientific interests in the new aircraft. 
• European research projects with aircraft during the last five years. 
• Current national research projects with aircraft. 
• Instrumentation suitable for measurements on research aircraft available in Germany. 
• Selected references of the participating users. 
• Selected aircraft campaigns performed with the DLR Falcon since 1992. 
• References of scientific publications based on measurements obtained with the DLR Fal-

con (more than 220). 
• Letters from 31 institutions supporting the HALO project. 
• Internet links. 
 
Copies of the proposal are enclosed with this questionnaire. 
 

G.2 List of publications (publications in renowned scientific journals, collections, 
monographs, textbooks) of the leading scientists involved in developing the fa-
cility; 

 
See separate enclosures after G4. 
 

G.3 Documentation of the evaluations carried out with regard to the facility (as-
sessment of concepts, preliminary work, etc.) by external experts in the last five 
years; 

 
HGF-review: This review provided the incentive to plan for the HALO facility. It was dis-
cussed in the HGF senate and submitted to BMBF in 1999. See Appendix. 
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Memorandum of May 2001 (complete German version and a shortened English version as 
provided to the EU on the Conference on Large-Scale Infrastructure in Strasbourg in Sept. 
2000). See Appendix. 
 

G.4 Organisational charts of the scientific institutions involved. 

 
See separate enclosures. 
 



- 57 - 

Appendix: HALO Institutes 
 
 
This Appendix contains the answers of the HALO user-institutes with respect to the following 
questions, sorted by institute, numbered according to the Table in D5.  
 

 
D.2: What do you see as being essential aspects of your future activities by your institution in 

your research field? Which of these are directly linked to HALO? Which of the current or 

planned future key activities will be discontinued or re-oriented if HALO is implemented? 

 
D.4: Describe the research results of the past years achieved either a) at your 
institution, b) at one of the collaborating institutions or c) worldwide which were most 
important for implementation of HALO. 
 
G.2: List of publications in renowned scientific journals of the leading scientists involved 
in developing the facility. 

 
Each institute has been asked to provide up to 2 pages of information Including a maximum 
of 10 references, see below. 
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1. Alfred-Wegener-Institut für Polar- und Meeresforschung (AWI),  
Fachbereich Klimasystem, Bremerhaven 

 
D.2 
The Alfred Wegener Institute for Polar and Marine Research (AWI) in Bremerhaven 
was established as a public foundation in 1980. The mandate of AWI includes 
fundamental scientific research in the polar regions, national coordination of polar 
research projects and logistic support of polar expeditions from other German 
institutes. AWI is a member of the Helmholtz Association of German Research Centers 
(HGF) and provides a major contribution to global environmental research, in 
conjunction with other HGF centres as well as university and non-university research 
institutions. As an interdisciplinary research institution for natural sciences, AWI studies 
the natural variability of the climate system over time scales of small and large 
magnitude. The research conducted at AWI focuses on the two polar regions but 
includes other regions as well where this is deemed necessary.  
 
Within the three sections of AWI’s Climate System department investigations of 
physical and chemical processes in the system atmosphere-cryosphere-hydrosphere 
are carried out. The section Regional Circulation emphasises studies of small-scale 
processes and circulation properties in polar regions using observational and modeling 
techniques. The section Large-scale Circulation uses coupled numerical models to put 
forward climate scenarios of recent and paleo conditions. The section Physics and 
Chemistry of the Atmosphere uses fieldwork, laboratory investigations and model 
simulations of processes in the tropo- and stratosphere to study physical and chemical 
processes relevant to the climate of the Earth. 
 
The physical and chemical processes causing the stratospheric ozone depletion that 
has been observed in polar regions over the last two decades are a subject of key 
interest. Observations of the stratosphere are performed all-year round at both the 
Neumayer station (Antarctica) and Koldewey station at Ny-Alesund (Spitsbergen). Both 
stations contribute results to the NDSC, GAW and BSRN global networks. At 
Neumayer station an Air Chemistry Observatory is operated all-year round which 
measures a large number of air constituents. At Spitsbergen the most relevant 
stratospheric species are measured at the stratospheric observatory (primary Arctic 
NDSC station Ny-Alesund). Results obtained at this station have significantly 
contributed to numerous national and international ozone research campaigns like, 
EASOE, SESAME, SOLVE/THESEO etc.. 
 
D.3 
AWI has 20 years of experience in operating research stations, research vessels and 
research aircrafts in harsh environments. AWI has set-up research stations in 
Antarctica (Neumayer station, Kohnen station, Dallmann Laboratory at Jubany station). 
The over-wintering station Neumayer has an air chemistry, a meteorolgoical and a 
geophysical observatory. In the Arctic, the Koldewey station has been set-up with a 
stratospheric observatory (NDSC-station Ny-Alesund, Spitsbergen) which is also 
operated throughout the year. AWI operates also large scale facilities like the research 
vessels Polarstern and Heincke as well as the polar aircrafts (Dornier Do 228) Polar 2 
and Polar 4. Polarstern is frequently used as a mobile platform for atmospheric 
research (e.g. ALBATROSS campaign in 1996). 
 
D.4 
Selected results of research carried out by the Climate System department at AWI  
 
- establishing a data set for Arctic aerosols during the airborne ASTAR 2000 

campaign 
(ASTAR = Arctic Study of Tropospheric Aerosol and Radiation) 
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- providing evidence for stratospheric chemical ozone loss in the Arctic by the 
MATCH campaigns with ozone sondes 

- evidence for PSC formation and classification of PSCs during Arctic winters (lidar 
measurements and backscatter sondes) 

- observation of tropospheric spring-time ozone holes in the Arctic and Antarctic (e.g. 
ARCTOC project)  

- investigating the oxidising capacity of the troposphere over the North Atlantic 
(NARE = North Atlantic Regional Experiment, ALBATROSS campaign) 

- remote sensing of sea ice distribution (e.g. ARTIST campaign)  
- design and modification of instruments (e.g. sun-photometer, Lidar, FTIR-

spectrometer, UV spectral radiometer) for use on mobile platforms (aircrafts, ships) 
  
AWI has carried out its investigations on the polar aricrafts, research stations and 
research vessels in national and international cooperation with numerous other 
research institutions. 
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2. / 3.  Deutsches Zentrum für Luft- und Raumfahrt 
Deutsches Fernerkundungsdatenzentrum (DFD) 
Institut für Methodik der Fernerkundung (IMF) 

 
The two DLR-institutes DFD and IMF form jointly the Cluster für Angewandte Fernerkundung 
(CAF, "Applied Remote Sensing Cluster"). 
 
The research activities of the IMF are directed towards development and test of innovative 
remote sensing technology. One of its main goals is to use signal and image processing 
techniques to develope new algorithms and procedures for extraction of information from 
remote sensing data. These new algorithms will be integrated in operational processors and 
transfered to the DFD to generate remote sensing products in a routine manner, such as sea 
surface temperature maps, vegetation index maps, digital terrain models etc. Beside this the 
tasks of DFD include receiving, archiving and distribution of satellite data. Furthermore it 
supports users with data acquisition and processing services in joint applied remote sensing 
projects.  
 
The expertise of the CAF is concentrated in the following fields: 
 
- Development and operation of satellite ground segments for receiving and processing 

scientific and commercial remote sensing data 
- Information techniques for long term archiving and retrieval of large data sets 
- Development of procedures and methods for generation of operational remote sensing 

products in the disciplines climatology, atmospheric research and land surface monitoring 
- SAR and InSAR processing 
- Photogrammetry and Image Analysis 
- Determination of biological parameters from ´ocean colour´ measurements in costal 

zones and inland waters 
- Extraction of hydrophysical parameters of the ocean from SAR data 
- Operation of airborne imaging sensors 
- Development of spectrometers and data analysis methods for measuring of parameters 

of the upper atmosphere 
 
With respect to airborne remote sensing the CAF was involved in the past in many joint 
projects with university institutes and other research centres in the field of agriculture/ 
forestry, land use mapping, geology, thermal mapping, physical oceanography, monitoring of 
lakes etc. For these purposes the CAF operates various optical airborne sensors: Aerial 
Survey Cameras, Multispectral Scanners and Imaging Spectrometers. Presently the CAF 
operates two imaging spectrometers as a so called ´European Large Scale Facility´ for the 
the EC. 
 
The main interest in using a high flying airborne platform is related to spectral high resolution 
instruments for sounding the upper atmosphere. 
 
D4: Latest research results with respect to atmospheric spectrometers: 
 
- Development of an airborne far infrared heterodyn spectrometer (2.5 THz) for 

measurement of OH and H2O in the tropopause and stratosphere/mesosphere 
- Development of enhanced detector/mixer technology for the terahertz spectral range in 

close cooperation with DLR Institute für Weltraumsensorik und Planetenerkundung 
- Validation measurement of OH during CRISTA/MAHRSI campaign (Space Shuttle 

mission in 1997). OH column densities (50-90 km) were compared and found to agree 
within error bars, but there ist still no agreement with chemical models of the atmosphere 

- Optimised sensor allows for OH measurement not only in emission - but also in 
absorption mode using the sun as radiation source (solar occultation). 
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4. Deutsches Zentrum für Luft- und Raumfahrt  
Institut für Physik der Atmosphäre (IPA) 

 
The Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR), the German Aerospace Centre, 
performs aerospace research and is responsible for management of the national space 
programme. DLR is funded by the Federal Ministry of Research and Education, the German 
Federal States, and by specific projects. DLR includes 31 research institutes in the fields of 
air and space research and operations, energy technology, and traffic research, and runs 
large facilities like research aircraft, satellite data receiving stations, wind tunnels and others.  
 
The DLR-Institut für Physik der Atmosphäre (DLR-IPA, Institute for Atmospheric Physics) in 
Oberpfaffenhofen near Munich performs research in atmospheric dynamics, atmospheric 
trace species, remote sensing, cloud physics, and Lidar methods. Major topics of research 
addresses: atmospheric processes and trace species in the troposphere and stratosphere at 
regional and global scales, climate change, and applied meteorology, e.g. with respect to air 
traffic. The traffic oriented climate research within IPA has been awarded with the title “DLR-
center of excellence” in 2001. DLR-IPA develops simulation models for large-scale, meso-
scale, and micro-scale atmospheric dynamics and air chemistry, air-borne instruments for 
measurements of chemical species, aerosols and meteorological parameters, software tools 
for passive remote-sensing and processing of satellite data, and airborne and spaceborne 
Lidar instruments. DLR-IPA has a many years expertise in performing field experiments 
using research aircraft, Radar, Lidar, and satellite instruments. In cooperation with other HGF 
institutes from AWI, FZJ, and FZK, it performes the “HGF Strategiefonds-Projekt” PAZI 
(Particles and Cirrus). DLR-IPA has also a many years experience in coordinating 
international research projects, e.g., the EU-projects Projects AERONOX (Impact of NOx 
Emissions from Aircraft upon the Atmosphere at Flight Altitudes 8 - 15 km , 1992-94), 
POLINAT 1 and 2 (Pollution from Aircraft Emissions in the North Atlantic Flight Corridor, 
1994-1996 and 1996-1998; see Schlager et al. 1997, 1999, Schumann et al. 2000), 
EULINOX (European Lightning Nitrogen Oxides Experiment, 1998-2000; see Huntrieser et 
al., 2001), INCA (Interhemispheric differences in cirrus properties from anthropogenic 
emissions, 2000-2002) and TROCCINOX (Tropical Convection, Cirrus, and Nitrogen Oxides 
Experiment, 2001-2004). IPA is partner of the Geophysica Consortium. 
 
D4: Selected research results of the Institute of Atmospheric Physics in the past 5 years 
were:  
- Several new instruments have been set up for trace gas concentrations (NO, NO2, NOy, 

HNO3, CO, CO2, O3, H2O), aerosols in the size range from a few nm to mm particle 
diameters, and cloud particles, and deployed on the Falcon. A new NO/NOy instrument 
has been developed for the Geophysica and for an B767/A340 within the CARIBIC 
project.  

- Airborne lidar instruments have been developed for aerosols, water vapour, ozone, and 
wind fields 

- The overall impact of aircraft emissions on the composition of the atmosphere and on 
climate has been assessed based on in-situ measurements in aircraft plumes and traffic 
corridors and based on satellite data and modelling results.  

- Ozone changes in the Arctic stratospheric have been measured with Lidar methods and 
the expected trend in the future has been numerically simulated with a coupled climate-
chemistry model, indicating the possibility for a warming and an relatively early ozone 
recover in the Arctic compared to the Antarctic.  

- The amount of lightning induced NOx from thunderstorms over Europe has been 
measured in some cases. Thunderstorms were found to release large numbers of small 
(nanometre sized) aerosols of yet unknown composition.  

- Mesoscale atmospheric dynamics in flows over mountains has been measured during the 
Mesoscale Alpine Programme recently, including new measurements with a wind lidar 
and H2O lidar and dropsondes on board the Falcon.  
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The DLR has performed measurements on the Falcon in strong cooperation with scientists 
from other institutions providing additional instruments. Out of the list of many instruments 
some are mentioned: CIMS (F. Arnold, Heidelberg), Frostpoint hygrometer (J. Ovarlez, LMD, 
Palaiseau), CVI based instruments (J. Ström, Uni. Stockholm), FISH hygrometer (C. Schiller, 
Jülich), flask samplers for CO and hydrocarbons (D. Kley, FZJ, and J. Slemr, IFU, FhG, now 
MPI Mainz), MASP aerosol spectrometer (S. Borrmann Uni Mainz and D. Baumgardner, 
NCAR), and others. 
The Falcon was operated in coordination with other research aircraft in international projects. 
Some of the partner aircraft had instruments which were not available on the Falcon and 
which would also hardly fit in size to the Falcon, but are essential. Some of them are listed 
below: DC-8 (NASA): HOx, Hercules C130 (UK): hydrocarbons, MOZAIC Airbus: 
Hygrometers, and others. The IPA team has used MOZAIC data for humidity analysis and is 
cooperating with the CARIBIC project team by providing an NO/NOy instrument.  
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5. Deutsches Zentrum für Luft- und Raumfahrt  
Institut für Weltraumsensorik und Planetenerkundung (IWP) 

 
The DLR Institut für Weltraumsensorik und Planetenerkundung in Berlin performs several 
research activities in remote sensing which are relevant to the HALO project. First of all we 
developed the small satellite BIRD which will be launched end of September 2001 with an 
Indian rocket into a low Earth orbit. Equipped with an optical and two IR cameras BIRD will 
observe fires and volcano eruptions to determine temperatures and hot spot sizes. In the 
US/DLR project SOFIA, which is a Boeing 747 with a 2.5m telescope on board, the Berlin 
Institute is developing air-borne spectrometers and cameras for investigating the interstellar 
medium and the upper atmosphere of the Earth. Together with the industry an airborne 
digital camera with stereo capability has been developed which is now available on the 
market and used for photogrammetry and remote sensing. 
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6. Deutscher Wetterdienst (DWD) 
 
The German Weather Service operationally runs routine soundings for standard atmospheric 
parameters at 9 stations providing data for weather forecasting. At its Meteorological 
Observatories Hohenpeißenberg and Lindenberg, special observing programs are conducted 
on a long term basis. In Lindenberg, special aerological data are collected (Lindenberg 
column) with sondes and remote sensing techniques. At Hohenpeißenberg, longterm 
observations for surveying the ozone layer and other air chemical parameters (trace gases, 
aerosol, turbidity) are performed as part of the international Global Atmosphere Watch 
programme. The data of both observatories are intended for trend investigations and are 
frequently used for validation purposes. 
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7. Fraunhofer Institut für Atmosphärische Umweltforschung (IFU), Gar- 
misch-Partenkirchen 

 
The Fraunhofer Institute for Atmospheric Environmental Research is one of 48 research 
institutes of the Fraunhofer Society focussing on applied research. Major goals of the 
research performed at IFU is to study the influence of anthropogenic activities on the 
chemical composition of the atmosphere and their impact on the environment in general. The 
results are used for defining mitigation strategies and/or for consulting purposes. The 
Institute has 55 employees, among these 30 scientists plus several PhD-students and post-
docs. 
 
The present research activities at IFU focus on studying (i) the concentration, distribution, 
trends and transport of major atmospheric trace substances (gases and aerosols) in the 
troposphere and stratosphere, (ii) the interaction between the changing atmosphere and the 
biosphere, (iii) the impact of global climate change on regional climate and its ecological 
impact, (iv) the UV-radiative transport through the troposphere as function of changing 
stratospheric ozone and (v) general air pollution problems on the micro- and mesoscale. IFU 
utilises an integrated research approach for problem solving, including process-studies, field 
experiments, long-term measurements at several stations and numerical simulations. IFU 
has considerable experience in developing airborne instrumentation for atmospheric 
parameters and in performing aircraft measurements as well in coordinating large field 
experiments. The IFU activities are incorporated in national and international programs. 
 
Major activities performed at IFU and that potentially may require HALO support are: 
 
a) Studying the Interaction between biosphere and atmosphere in a changing world 

including the impact of landuse change and changing eutrophication caused by input of 
nutrients from the atmosphere into ecosystems. 
 

b) Quantifying the spatial and temporal change of the chemical composition of the 
troposphere and lower stratosphere, including stratosphere/troposphere exchange and 
long-range transport of pullutants. 
 

c) Establishing and operating Ground Truthing Facilities (GTF) for satellite data at Zugspitze 
and Cape Point (South-Africa). 
 

d) Assessing urban and regional air pollution in developing countries and countries in 
transition, including aircraft missions to obtain the regional concentration field of major 
primary and secondary pollutants. 

 
For these studies IFU is deploying two small aircraft (including an ultralight aircraft) equipped 
with miniaturised instruments for measuring parameters of relevance for these experiments. 
The deployment of a larger aircraft could significantly expand the regional coverage obtained 
by the two IFU aircraft. 
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8. Forschungszentrum Jülich (FZJ) 
 
Forschungszentrum Jülich is the largest research centre in Germany with more than 4000 
employees. Atmospheric research, relevant to this proposal, is carried out at the Institut für 
Chemie und Dynamik der Geosphäre, ICG-I (Stratosphere) and ICG-II (Troposphere). The 
programme of these institutes, together with that of the ICG institutes, was recently evaluated 
by a so-called Strukturkommission and is incorporated into the HGF Forschungverbund 
Umwelt. 
Atmospheric research at FZJ targets on the investigation of stratospheric ozone, transport 
and chemistry in the UT/LS, photochemistry of the free troposphere and boundary layer 
including the coupling to the biosphere and the soil. ICG pursues an unique strategy of 
bracketing theory groups working on models of tropospheric and stratospheric chemistry and 
dynamics as well as experimental groups developing and deploying highly sophisticated in-
situ instruments. The instruments are used in simulation chambers (amongst others in the 
new SAPHIR chamber), in dedicated field campaigns involving ground-based 
measurements, ships, research aircraft (including the M55 Geophysika, FZJ will become 
member of the EEIG Geophysika), and large balloons as well as regular measurements from 
in-service aircraft (MOZAIC). For measurements in the boundary layer and in the free 
troposphere, future measurements with Zeppelins are planned. Increasing attention is lead 
on the use of satellite data to extend the data obtained in field campaigns and for the use in 
theory studies. Providing that the HALO proposal will become successful, the ongoing 
research activities in the UT/LS could be extended, based on the available experimental and 
theoretical work, complementary to the use of other carriers and infrastructure. 
 
Expertise 
a) Instrument development 
The atmospheric institutes at FZJ have a long standing expertise in the development of 
accurate, sensitive and fast response instrumentation for measurements of trace 
constituents, e.g., NO, NOy, NO3, OH, HO2, CO, PAN, VOC, H2O, halogen radicals, a photo 
ionisation single particle aerosol mass spectrometer and instrumentation to measure 
photolysis rates. Several of these developments pioneered the field and are now used by 
many research groups. These instruments were integrated and certified for the use on 
various carriers, research aircraft, passenger aircraft, high altitude aircraft, and large 
balloons. 
Recently, ICG developed a large outdoor chamber (SAPHIR) for the simulation of 
photochemistry under realistic trace gas and radiation conditions. 
 
b) Organisation of and participation in campaigns 
Up to now, FZJ participated in the planning, conduction and scientific interpretation of several 
large airborne field campaigns and programmes, such as STRATOZ III, TROPOZ, AASE, 
MOZAIC, NARE/OCTA, TACIA, MAXOX, STREAM, POLSTAR, APE-THESEO, and SPURT. 
Similarly for ground-based field campaigns, e.g. POPCORN, SLOPE, ALBATROS, 
BERLIOZ, and EUROTRAC TOR, and balloon-borne campaigns, e.g. CHEOPS, EASOE, 
SESAME, THESEO and SOLVE. 
 
c) Scientific research areas and major results achieved in the past years 
- quantification of the long-term global increase of stratospheric constituents (CFCs, H2O) 
- investigation of halogen photochemistry in the stratosphere and its impact on ozone 
- quantification of stratospheric ozone loss in the Arctic 
- determination of the quasi-global distribution of key species (H2O, NOy, O3, NO, PAN, 

NHMC etc) in the UT/LS 
- investigation of condensation processes in the UT/LS 
- determination of long range transport to the trace gas levels in the free troposphere 
- quantification of fast photochemistry and trace gas degradation in the troposphere 
- studies on biogenic emissions 
- investigation of heterogeneous processes in the lower troposphere 
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9. Institut für Meteorologie und Klimaforschung (IMK), Forschungs- 
zentrum Karlsruhe 
 

The "Institute of Meteorology and Climate Research" (IMK) is a joint institution of the 
Forschungszentrum Karlsruhe and the University of Karlsruhe. Main research areas are the 
interaction between land surface and the planetary boundary layer, convective processes in 
the troposphere including cloud physics and precipitation, dynamics and chemistry of trace 
species in the troposphere and tropopause region, stratospheric processes and studies of 
aerosol properties in the laboratory. IMK develops and operates numerical models for 
mesoscale and global applications in the troposphere and stratosphere, the results of which 
are validated by aircraft measurements. Various instruments have been developed for the 
measurement of soil and atmospheric parameters with in-situ and remote-sensing 
techniques. The instruments are used for ground-based, aircraft (Transall, Geophysica, 
CARIBIC) and balloon measurements, and will be operated in satellites. IMK has a long 
experience in large field experiments (REKLIP, TRACT), in cooperating in EU campaigns 
(e.g. EASOE, SESAME, THESEO), and in participation in activities of the Russian 
Geophysica and within the passenger aircraft project (CARIBIC). 
 
The IMK is interested in the following research fields that especially target the HALO aircraft: 

Convection in the troposphere: Activities focus on studies of convective systems, 
specifically on the formation of precipitation and the turbulent transport of energy, water, and 
trace gases. The primary region of interest is Europe, special interest is on vertical exchange 
and long-range transport of pollutants from it's densely populated urban districts. Improved 
parameterisations are sought for the representation of convective and precipitation 
generating processes in air quality, weather forecast and climate models. Based on 
sophisticated instrumentation HALO will provide comprehensive data sets in the troposphere 
essential for verification and validation purposes. 

Chemistry and transport, particularly in the UT/LS: The IMK participated on various national 
and international short- and long-term aircraft studies. One main focus is on the budget of 
diverse trace gases in the UT/LS (quantification of sources and sinks, the role of atmospheric 
processing and transport). New light-weight instruments will be developed such as a mass-
spectrometer for the in-situ measurements of hydrocarbons.  

Stratospheric processes: The IMK develops and operates ground-based infrared and 
millimetre-wave instruments, balloon and aircraft MIPAS experiments as well as chemical-
transport models for studies relevant to ozone depletion and climate change. A MIPAS 
instrument will be adapted to obtain 2-D cross-sections from HALO to study processes in the 
lowermost stratosphere, e.g. across the edge of the polar vortex. 

Remote sensing: The MIPAS space experiment will be launched onboard ESA's ENVISAT 
(Environmental Satellite). The IMK is also involved in the planning of three future satellite 
missions (ACECHEM, GeoSCIA, TROC) mainly related to research in the troposphere and 
the tropopause region. In-situ and remote-sensing instruments onboard HALO could 
contribute to the validation of satellite measurements. A nadir viewing MIPAS should be used 
to test sounding of tropospheric species by future space instruments. 
 
D4: a) In the past years, IMK researcher provided the following (selected) research results: 
Low tropospheric research: 
A mid-sized research aircraft (Dornier 128) was extensively equipped for physical and 
chemical quantities and surface remote sensing. It has been successfully used in field 
experiments (BERLIOZ 1998, EVA 1999, KONVEX 2000, ESCOMPTE 2001). Experience 
exists regarding measurements of turbulent fluxes of heat, humidity, momentum and ozone, 
nitrous oxidic compounds, broadband solar and infrared radiative fluxes, as well as surface 
thermometry and vegetation mapping. Mesoscale transport and chemical models with 
different resolution and physics (e.g. KAMM2, KAMM/DRAIS/MADE model system) are used. 
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It is planned to use HALO flight capabilities and instruments similarly to past studies and to 
merge integrated research concepts with its extended observational capabilities. 
Upper troposphere/lower stratosphere (UT/LS) research: 
In-situ and remote-sensing observations on board research (Transall, flown 1991-1995, and 
Geophysica) and passenger aircraft (CARIBIC) resulted in various scientific results, e.g.: 

• A new highly resolved in situ measurable chemical tropopause definition was 
proposed based on the interrelation of O3 and CO. 

• In-mixing of tropospheric air into stratospheric intrusions was demonstrated to be an 
important mechanism for the atmospheric formation of new aerosol particles. 

• The isotopic composition of atmospheric water vapour was demonstrated to trace the 
passage of water vapour from the Earth surface into the extra-tropical lower 
stratosphere. 

• Precise and extremely fast (8Hz) sensors for the airborne measurement of O3 were 
constructed and deployed within CARIBIC. 

Stratospheric research: 

MIPAS-STR, a cryogenic FTIR limb sounder has been successfully operated from the 
Geophysica aircraft during the 1999 APE-GAIA campaign. Profiles of several atmospheric 
species were measured with a vertical resolution of ~2 km below flight level and in flight 
direction of ~30 km, resulting in 2-D cross-sections of the trace gases. 
Examples of MIPAS-STR measurements during APE-GAIA include (i) the measurement of 
denitrified air masses inside the Antarctic polar vortex and, together with the similar Italian 
far-infrared instrument SAFIRE-A, (ii) the first simultaneous measurement of the dominant Cly 
species, ClO, ClONO2 and HCl at the beginning of the recovery phase. The distribution of the 
chlorine species showed that the Antarctic recovery of the reactive chlorine is mainly into HCl 
rather than into ClONO2 as observed for the Arctic polar vortex. 
D4: b) and c) The IMK has vital collaborations with diverse research institutes, e.g., with the 
MPI-C (Mainz), IfT (Leipzig), University of East Anglia (UK), KNMI (Netherlands), Lund 
University (Sweden), IROE, Florence (Italy). 

1. Corsmeier, U., et al., Ozone and PAN formation inside and outside of the Berlin plume - 
Process analysis and numerical process simulation, J. Atmos. Chem., accepted, 2001. 

2. Glatthor, N., et al., MIPAS-Transall observations of the variability of ClONO2 during the 
Arctic winter of 1994/95, J. Atmos. Chem, 30, 81-101, 1998. 

3. Hartmann, J., et al., Roll vortices and boundary layer development during a cold air 
outbreak. Bound. Layer Meteorol., 84, 45 - 65, 1997. 

4. Höpfner, M., et al., HNO3 and PSC measurements from the TRANSALL: Sequestering of 
HNO3 in the winter of 1994/95, J. Atmos. Chem, 30, 61-79, 1998. 

5. Höpfner, M., et al., MIPAS-STR data analysis of APE-GAIA measurements, Proceedings 
of International Radiation Symposium 2000, St. Petersburg, Russia, 24-29 July 2000, W. 
L. Smith and Y.M. Timofeyev, Eds., A. Deepak Publishing, 1136-1139, 2001. 

6. Kalthoff, N., et al., Mesoscale Wind Regimes in Chile at 30°S. J. Applied Meteorology, 
submitted, 2001. 

7. Panitz, H-J., et al., Mass budget simulation of NOx and CO for the evaluation of 
calculated emissions for the city of Augsburg (Germany), Atmos. Env., submitted, 2001. 

8. Wetzel, G., H. Fischer and H. Oelhaf, Remote sensing of trace gases in the midinfrared 
spectral region from a nadir view, Appl. Optics, 34, 467-479, 1995. 

9. Zahn, A., et al., Identification of extratropical two-way troposphere-stratosphere mixing 
based on CARIBIC measurements of O3, CO, and ultrafine particles, J. Geophys. Res., 
105, 1527-1535, 2000. 

10. Zahn, A., Constraints on 2-way transport across the Arctic tropopause based on O3, 
stratospheric tracer SF6 ages, and water vapor isotope (D, T) tracers, J. Atmos. Chem., 
39, 303-325, 2001. 
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10. GeoForschungsZentrum Potsdam (GFZ) 
 
B1.1 How has your field of research developed over the last ten years and, in your opinion, 
how will it develop nationally and internationally in the coming years? 
Aerogravimetry:  
During the past ten years, aerogravimetry was established as an operational geophysical 
and geodetic instrument. For the coming years, we expect new sensor systems applying 
strap-down technologies and gradient measurements which will significantly enhance 
resolution and accuracy.  
 
Aeromagnetometry:  
Aeromagnetometry is a well established explorational and geophysical tool. For HALO a 
combined total and vector field sensor assembly should be developed. 
 
B.2: How do you assess the present situation with regard to Germany’s participation in this 
field of research? 
The GFZ was responsible for the EU-MAST III research program AGMASCO (Airborne 
Geoid Mapping System for Coastal Oceanography) that significantly triggered research and 
application in the field of aerogravimetry. 
 
C.1.1: Outline the planned research program 
The planned aerogeophysical application of HALO will for the first time connect satellite 
missions and surface data in terms of wavelength resolution in geomagnetics and 
gravimetry. 
 
C.2.1: What importance do you attach to utilisation of the knowledge that will be gained 
through research using the facility and research on the facility? 
HALO will be the only available platform to connect satellite and ground based information in 
gravimetry and magnetometry over the continents. This is also valid to a limited degree for 
other remote sensing techniques as 3D-scanning and optical observations. 
 
C.1.5: What impact do you expect the targeted research results to have on scientific, 
technological and social developments? 
In the field of gravimetry for the very first time a global data set could be generated that 
includes the continents from regional to global scale. This means a completely new database 
for close to all gravitational effects of the landmasses would be available. This would have 
considerable impact in earth modelling and exploration. 
 
D.2:  
Essential aspects for the GFZ Potsdam, Division1: Dynamics and Kinematics of the Earth, 
are research programs that enhance and supplement the CHAMP, GRACE and GOCE 
satellite missions in respect to the gravity and geomagnetic field recovery. The CHAMP 
satellite is already operative since about one year and supplied essential new data to 
construct an enhanced global geoid and gravity field, a new geomagnetic crustal model plus 
many other data as limb soundings etc. The follow-up mission GRACE will start in about one 
year and will lead to even better accuracy and spatial resolution for the gravity field recovery. 
CHAMP data resolves the global gravity field in wavelengths from about 600 km upwards in 
a mean altitude of about 400 km. GRACE will be able to enhance the maximum resolution to 
about 400 km. GOCE is planned to operate in an altitude of about 250 km with a spatial 
resolution of about 100 km but with a limited lifetime due to the low orbit. 
Surface or airborne data for the gravity and magnetic field recovery until now is only available 
in local to regional scales but with a high spatial resolution and accuracy. 
Over the oceans, satellite altimetry data is available to bridge the gap between near-surface 
regional data and the satellite mission for gravity measurements only. Over land and 
complex coastal areas no such thing as altimetry data is available to bridge this gap. 
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HALO would be a tool to connect near-surface data and satellite data to fill the still existing 
spectral gap between these data sets. With survey altitudes of about 10 km and a range of 
1000 km as offered by HALO this would be both possible for magnetic and gravity data. 
Bridging this gap among other things would for very first time enable us to recover the 
continental gravity field from the sub-km scale up to the global scale with no interpolation or 
gaps and to resolve the short wavelength magnetic field around the continents and islands. 
HALO would be a very suitable platform for the GFZ to install airborne gravimetry and 
magnetometry equipment. Newly investigated CHAMP data shows for instance considerable 
differences for the Himalaya region when compared to EGM96 data. HALO could help to 
resolve the full extend of the Himalaya with a spacing of 50 km with only 30 survey flights. 
Africa could be surveyed with a line spacing of 100 km in 50 flights, South America in 40 
flights.  
If HALO would be available, the presently existing aerogravimetry system of the GFZ could 
already be used for such investigations. An aeromagnetometry system should be acquired 
and adapted to HALO. In case of availability of HALO, the GFZ would be interested to 
support such research and to provide instruments and personnel. 
 
D.4:  
The HALO application focused on by GFZ has no direct connection to meteorological or 
atmospheric employment. It mainly needs HALO as a platform for straight and level flights 
mostly over rugged continental terrain in its full extend. 
Similar operations have been conducted using modified anti-submarine warfare aircraft, 
Orion P3, over the oceans and the Arctic but not over mountainous continental terrain. The 
Naval Research Laboratory in Washington operates five modified Orion P3 aircraft for such 
investigations. Within the project USAC an Orion P3 was used to map the area between the 
southern tip of South America and the northwestern part of the Weddell Sea, Antarctica 
(LaBrecque, J. L., et al., 1987: The USAC Program: Magnetic Anomalies of the Western 
Weddell Sea Basin, EOS. Trans. AGU, 68, 1459). Lately, an Orion P3 has been mainly used 
to map Greenland and the Arctic (Arctic Gravity Project, http://www.nima.mil/GandG/agp ).  
There is only a small number of Orion P3 aircraft available with a limited lifetime due to their 
age. This aircraft has no pressurized cabin and is limited in its altitude range. Until now, no 
such platform as HALO was available for geophysical and geodetic mapping over the 
continents. The Orion P3 is ageing rapidly and therefore only available for a limited time for 
aero-marine surveys. There is no replacement in sight. 
 
1. Yang, Y.; He, H.; Xu, G. (2001): Adaptively robust filtering for kinematic geodetic 

positioning. Journal of Geodesy, 75, 109-116 
2. Biancale, R.; Balmino, G.; Lemoine, J.-M.; Marty, J.-C.; Moynot, B.; Barlier, F.; Exertier, 

P.; Laurain, O.; Gegout, P.; Schwintzer, P.; Reigber, Ch.; Bode, A.; König, R.; 
Massmann, F.-H.; Raimondo, J.-C.; Schmidt, R.; Zhu, S.Y. (2000): A New Global Earth's 
Gravity Field Model from Satellite Orbit Perturbations: GRIM5-S1. Geophysical Research 
Letters, 27, 3611-3614 

3. Bastos, L., Cunha, S., Forsberg, R., Olesen, A., Gidskehaug, A., Timmen, L., Meyer, U. 
(2000): On the use of Airborne Gravimetry in Gravity Field Modelling: Experiences from 
the AGMASCO-Project, Physics and Chemistry of the Earth, Band 25, Nr. 1, 1 - 7 

4. Forsberg, R., Olesen, A., Bastos, L., Gidskehaug,. A., Meyer, U., Timmen, L. (2000): 
Airborne Geoid Determination, Earth, Planets and Space, Band 52, 863 - 866 

5. Gruber, T.; Reigber, Ch.; Schwintzer, P. (2000): The 1999 GFZ Pre-CHAMP high 
resolution gravity model. In: Geodesy beyond 2000, Springer, Heidelberg, 121, 89-95 

6. Xu, G. (2000): A concept of precise kinematic positioning and flight-state monitoring from 
the AGMASCO practice. Earth Planets Space, 52, 831-835 

7. Schwintzer, P.; Reigber, Ch.; Bode, A.; Kang, Z.; Zhu, S.Y.; Massmann, F.-H.; 
Raimondo, J.C.; Biancale, R.; Balmino, G.; Lemoine, J.M.; Moynot, B.; Marty, J.C.; 
Barlier, F.; Boudon, Y. (1997): Long-wavelength global gravity field models - GRIM4-S4, 
GRIM4-C4. Journal of Geodesy, 71, 189-208 
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11. GKSS – Institut für Küstenforschung (IFK) 
 
The GKSS Forschungszentrum Geesthacht GmbH (GKSS) is one of the national research 
facilities belonging to the Hermann von Helmholtz Association (HGF). GKSS has two sites at 
Geesthacht near Hamburg and Teltow near Berlin. The three main GKSS research areas 
cover materials science, environmental research, and separation processes using membrane 
technologies. Major research facilities at GKSS include the Geesthacht research reactor 
(FRG-1), which is used as a source of neutrons for research purposes, extensive 
experimental and testing facilities, pilot plants, and a research vessel. GKSS comprises 3 
research institutes. 
 
The GKSS Institute for Coastal Research is focused on providing basic and applied research 
which helps to understand coastal processes with respect to water quality, ecology, 
morphodynamics and coastal climate and helps to base management decisions on sound 
information and predictions. In particular expertise exists at GKSS in the field of optical and 
radar remote sensing of coastal waters and the atmosphere, measurements of water and 
atmospheric trace substances and particles, modelling of mesoscale processes in the sea 
and atmosphere and statistical analysis of long time series. GKSS IFK has several years of 
experience in conducting and coordinating intensive field measurement projects including 
airborne campaigns, e.g. EUCREX, BALTEX, ESA campaigns. Future activities in the 
atmosphere counting on airborne sampling will include measurements of persistent organic 
pollutants (POPs) and their atmospheric interaction and transport via aerosols and clouds as 
well as validation projects in conjunction with new satellite missions devoted to observations 
of the coastal zone. 
 
D4: The Institute for Coastal Research was founded in 2001 by merging and rearranging the 
former Institute for Hydrophysics, Institute for Physical and Chemical Analysis and Institute 
for Atmospheric Physics. Selected related research results and activities of the Institutes in 
the past 5 years were: 
 
- Development of new algorithms for retrieving coastal water constituents such as 

phytoplankton and suspended matter concentrations based on inverse modelling and 
neural network technology. This technique has been adopted by ESA as the operational 
procedure for producing MERIS level 2 data. 

- Lidar ozone profile measurements above the Atlantic ocean revealed their strong 
variability with latitude and regional wind systems related to source regions. Correlation 
statistics could be derived for ozone concentration, wind speed and origin of air masses. 

- The GKSS Raman lidar system was for several campaigns (POLECAT) deployed in 
Northern Sweden. Several processes could be identified that determine the composition 
and life cycle of polar stratospheric clouds. 

- The assessment of cloud composition and the derivation of comprehensive sets of in situ 
measured cloud particle size spectra (liquid and ice) during the EUCREX, CARL, Cliwa-
Net, Clare2000 campaigns forms a sound basis for cloud microphysical studies and the 
validation of numerical models. The quality of airborne particle measurements could be 
significantly improved. 

- Dynamical processes and turbulence in upper tropospheric ice clouds have been 
extensively observed during ICE, EUCREX, ARM-CART and CARL. Dominant features 
could be identified and typical turbulence parameters could be quantitatively specified for 
different cloud types. Shear induced turbulence can play a significant role in the life cycle 
of jet stream and frontal cirrus. 

- The structure of frontal and stratiform cloud systems could be extensively assessed 
during several international field campaigns (CARL, CLARE, Cliwa-Net) using a 95 GHz 
polarimetric Doppler radar. Typical geometrical and dynamical cloud properties could be 
determined. The data sets are currently being used for algorithm development in 
collaboration with the European Space Agency (ESA). 
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- From the BASYS and other field experiments it could be concluded that air-sea exchange 
of volatile mercury species is an important process in the overall-cycling of mercury in the 
Baltic Sea. Mercury deposition to the Baltic Sea is dominated by wet deposition of 
divalent and particulate phase mercury. 

- Newly developed and revised concepts in analytical quality assurance (AQA) resulted 
from a strategy project. In the field of experimental AQA a continuous reagent-delivery 
system and solid-diluted calibrants were developed. The work resulted in the first 
implementation of a project-assisting AQA for HGF centres. 

 
The IFK has established and vital collaborations with many national and international 
research institutes, universities, hydrographic and weather services (i.e. BSH, DWD, KNMI), 
and space agencies (e.g. ESA and NASA). 
 
1. Danne, O., M. Quante, D. Milferstädt, H. Lemke, and E. Raschke, 1999: Relationships 

between Doppler spectral moments within large-scale cirro- and altostratus cloud fields 
observed by a ground-based 95 GHz cloud radar. J. Appl. Meteor., 38, 175-189. 

2. Doerffer, R., K. Sorensen, J. Aiken, 1999: MERIS potential for coastal zone applications. 
Int. J. of Remote Sensing, 9, 1809-1818.  

3. Ebinghaus, R., F. Slemr, 2000: Aircraft measurements of atmospheric mercury over 
southern and eastern Germany. Atmospheric Environment, 34, 895-903.  

4. Fujiyoshi Y, Quante M, Danne O, Raschke E, 1999: Properties of Deep Stratiform Ice 
Cloud Revealed by 95 GHz Cloud Radar - A Case Study. Contr. Atmos. Phys., 72, 113-
125.  

5. Lemke, H., and M. Quante, 1999: Backscatter characteristics of nonspherical ice crystals: 
Assessing the potential of polarimetric radar measurements. J. Geophys. Res., 104, 
31739-31752. 

6. Neidhart, B., Wegscheider, W. (Eds.): Quality in Chemical Measurements. Training 
Concepts and Teaching Materials. Springer-Verlag Berlin Heidelberg, 2001. 

7. Quante, M., P.R.A. Brown, R. Baumann, B. Guillemet, and P. Hignett, 1996: Three 
aircraft intercomparison of dynamical and thermodynamical measurements during the 
Pre-EUCREX campaign. Contr. Atmos. Phys., 69, 129-146. 

8. Quante, M., and D.O’C. Starr, 2001: Dynamical processes in cirrus clouds: A Review of 
Observational Results. In D.K. Lynch, K. Sassen, D. O’C. Starr, and G.L. Stephens 
(eds.): Cirrus. Oxford University Press, 346-374. 

9. Leiterer, U., D. Nagel, R. Stolte, 1997: Typical vertical profiles of aerosol spectral 
extinction coefficients derived from observations of direct solar radiation extinction during 
aircraft experiments Arctic Haze 94/95 and Merisec 93/94. Atmos. Res., 44, 73 - 88. 

10. Nagel, D., A. Herber, L.W. Thomason, U. Leiterer, 1998: Vertical distribution of the 
spectral aerosol optical depth in the Arctic from 1993 to 1996. J. Geophys. Res., 103, 
1857 - 1870. 
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12. Institut für Troposphärenforschung, Leipzig (IFT) 
 
D2: 

a) development and application of position-stabilised airborne radiation sensors 

b) development and application of airborne cloud samplers with counterflow virtual 

impactors (CVI) 

c) development and application of autonomous aerosol sensors and samplers for 

airborne platforms 

d) development and application of airborne turbulence measurements in cloudy 

environments 

e) complementary laboratory simulations of aerosol/cloud interactions 

All of these are directly linked to HALO. None of the current or planned future key activities will 
be discontinued or re-oriented if HALO is implemented.  
 
D.4: Describe the research results of the past years achieved either a) at your institution 
1. stabilised airborne radiation sensors 
2. ground based and airborne CVIs 
3. an autonomous airborne aerosol payload as part of CARIBIC 
4. a balloon borne turbulence payload for in-cloud measurements 
5. a laminar flow cloud simulator (patent applied for) 

 
a) Over the past five years aircraft borne radiation sensors with active stabilisation have 

been developed at our institute (Wendisch, M., Müller, D., Schell, D. and 
Heintzenberg, J., 2001. An airborne spectral albedometer with active horizontal 
stabilisation. J. Atmos. Oceanic Technol.: accepted), which have been internationally 
recognised as major advancements in airborne radiation measurements. The 
Counterflow Virtual Impactor (CVI) technique for sampling and real-time analyses of 
hydrometeors has been developed further at our institute (Mertes, S. et al., 2000. 
Changes of cloud microphysical properties during the transition from supercooled to 
mixed-phase conditions during CIME. Atmos. Res.: accepted; Schwarzenböck, A. 
and Heintzenberg, J., 2000. Cut size minimisation and cloud element break-up in a 
ground-based CVI. J. Aerosol Sci., 31(4): 477-489; Schwarzenböck, A., 
Heintzenberg, J. and Mertes, S., 2000. Incorporation of aerosol particles between 25 
and 850 nanometers into cloud elements: Measurement with a new complementary 
sampling system. Atmos. Res., 52(4): 241-260). Water and chemical mass balance 
sampling is now possible with CVI and complementary technology. Further 
development is underway to segregate super-cooled drops from ice particles during 
CVI sampling. Within the project CARIBIC IfT developed and characterised an 
aerosol inlet ( Hermann, M., Stratmann, F., Wilck, M. and Wiedensohler, A., 2001. 
Sampling characteristics of an aircraft-borne aerosol inlet system. J. Atmos. Oceanic 
Technol., 18: 7-19) and an automated aerosol payload for sampling onboard of a 
commercial aircraft, which has been flown successfully for about four years 
(Brenninkmeijer, C.A.M. et al., 1999. CARIBIC - Civil Aircraft for Global 
Measurements of Trace Gases and Aerosols in the Tropopause Region. J. Atmos. 
Oceanic Technol., 16: 1373-1383; Hermann, M., 2000. Development and application 
of an aerosol measurement system for use on commercial aircraft. Ph.D. Thesis, 
University of Leipzig, Leipzig, 114 pp; Zahn, A. et al., 2000. Identification of 
extratropical 2-way troposphere-stratosphere mixing based on CARIBIC 
measurements of O3, CO, and ultrafine particles. J. Geophys. Res., 105(D1): 1527-
1535). 

b) The development of automated condensation particle counters profited from the 
collaboration with the Institute for Atmospheric Physics (DLR-NEPA). The CARIBIC 
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payload is based on a joint development by the Max-Planck-Institute for Chemistry in 
Mainz and the Institute for Meteorology and Climate Research of the Research 
Center Karlsruhe. 

c) The unique aerosol system of the CARIBIC payload is a joint development with the 
Institute for Nuclear Physics of the University of Lund, Sweden. The CVI was jointly 
developed initially with the Department of Atmospheric Sciences, University of 
Washington, Seattle and the Department of Meteorology, University of Stockholm, 
Sweden. At NCAR, USA the CVI technique has led to major advances in airborne 
cloud physics research. 

 
1. Brenninkmeijer, C.A.M. et al., 1999. CARIBIC - Civil Aircraft for Global Measurements of 

Trace Gases and Aerosols in the Tropopause Region. J. Atmos. Oceanic Technol., 16: 
1373-1383. 

2. Hermann, M., Stratmann, F., Wilck, M. and Wiedensohler, A., 2001. Sampling 
characteristics of an aircraft-borne aerosol inlet system. J. Atmos. Oceanic Technol., 18: 
7-19. 

3. Hermann, M. and Wiedensohler, A., 2001. Counting efficiency of condensation particle 
counters at low-pressures with illustrative data from the upper troposphere. J. Aerosol 
Sci.: accepted. 

4. Schwarzenböck, A. and Heintzenberg, J., 2000. Cut size minimization and cloud element 
break-up in a ground-based CVI. J. Aerosol Sci., 31(4): 477-489. 

5. Schwarzenböck, A., Heintzenberg, J. and Mertes, S., 2000. Incorporation of aerosol 
particles between 25 and 850 nanometers into cloud elements: Measurement with a new 
complementary sampling system. Atmos. Res., 52(4): 241-260. 

6. Siebert, H. and Teichmann, U., 2000. Behaviour of an ultrasonic anemometer under 
cloudy conditions. Bound.-Layer Meteor., 94: 165-169. 

7. Wendisch, M., Müller, D., Schell, D. and Heintzenberg, J., 2001. An airborne spectral 
albedometer with active horizontal stabilization. J. Atmos. Oceanic Technol.: accepted. 
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13. Max-Planck Institut für Biogechemie, Jena 
 
The new Max Planck Institute for Biogeochemistry, Jena, was set up in 1997 to study the 
global biogeochemical cycles, particularly the carbon and nitrogen cycle, and their current 
and future role in the Earth System. The Institute combines theory, observation and 
experiment and synthesis/analysis to address these problems. Facilities of the Institute 
include modern computing and support, extensive laboratories, and a new atmospheric 
measurement program being intercalibrated to the CSIRO and CMDL systems. 
Measurement tools include a stable isotope laboratory and a 14C measurement facility. Tools 
to analyze observations include detailed models of atmospheric transport, of the land 
biosphere, the coupled land-atmosphere system and the coupled land-ocean-atmosphere 
system. Satellite data are used in addition used to infer parameters of the land and ocean 
biosphere and the composition of the atmosphere. The satellite data are partially coupled 
and assimilated into the models. Although the Institute is new, its members are involved in 
large projects in Europe and the US (EUROSIBERIAN CARBONFLUX, CANIF, NASA-EOS). 
A particular focus of the institute is the study of the Siberian Ecosystem within the framework 
of the projects Eurosib and TCOS funded by the European Union. These projects are part of 
the CarboEurope project cluster that focuses on the European Carbon Cycle. Because of its 
size, the Siberian Ecosystem is central to the global carbon cycle. Furthermore it is likely to 
undergo large changes because warming trends in this region are the largest on the globe 
and also because large parts of the soils are permafrost areas. The Siberian measurement 
program includes detailed studies that characterize the Siberian forests and soils, regular 
atmospheric measurements with airplanes at 6 stations across Siberia, and a tall tower 
atmospheric gas measurement station in Central Siberia that is currently established. 
 
1. Heimann, M., and T. Kaminski, 1999. Inverse modelling approaches to infer surface trace 

gas fluxes from observed atmospheric mixing ratios, in Approaches to scaling of trace 
gas fluxes in ecosystems, ed. by A.F. Bowman, pp. 277-295, Elsevier, Amsterdam. 

2. Kaminski, T., M. Heimann, and R. Giering, 1999. A coarse grid three-dimensional global 
inverse model of the atmospheric transport - 1. Adjoint model and Jacobian matrix, 
Journal of Geophysical Research-Atmospheres, 104 18535-18553. 

3. Kaminski, T., M. Heimann, and R. Giering, 1999. A coarse grid three-dimensional global 
inverse model of the atmospheric transport - 2. Inversion of the transport of CO2 in the 
1980s, Journal of Geophysical Research-Atmospheres, 104 18555-18581. 

4. Knorr, W., and M. Heimann, 2001. Uncertainties in global terrestrial biosphere modeling 
1. A comprehensive sensitivity analysis with a new photosynthesis and energy balance 
scheme, Global Biogeochemical Cycles, 15 207-225. 

5. Knorr, W., and M. Heimann, 2001. Uncertainties in global terrestrial biosphere modeling, 
part II: Global constraints for a process-based vegetation model, Global Biogeochemical 
Cycles, 15 227-246. 

6. Levin, I., R. Langenfelds, M. Schmidt, M. Ramonet, P. Ciais, M. Gloor, K. Sidorov, N. 
Tchebakova, M. Heimann, E.-D. Schulze, N.N. Vygodskaya, O. Shibistova and J. Lloyd 

7. Two years of trace gas observations over the Euro-Siberian domain derived from aircraft 
sampling - a concerted action, submitted to Tellus, 2001. 

8. J. Lloyd, Ray L. Langenfelds, Roger J. Francey, Manuel Gloor, Nadejda M. Tschebakova, 
Daniil Zolotukhine, Willi A. Brand, Roland A. Werner, Armin Jordan, Colin A. Allison, 
Vitaly Zrazhewske, Olga Shibistova and E.-D. Schulze. A first trace gas climatology 
above Zotino, central Siberia, submitted to Tellus, 2001. 

9. Schimel, D.S., W. Emanuel, B. Rizzo, T. Smith, F.I. Woodward, H. Fisher, T.G.F. Kittel, 
R. McKeown, T. Painter, N. Rosenbloom, D.S. Ojima, W.J. Parton, D.W. Kicklighter, A.D. 
McGuire, J.M. Melillo, Y. Pan, A. Haxeltine, C. Prentice, S. Sitch, K. Hibbard, R. Nemani, 
L. Pierce, S. Running, J. Borchers, J. Chaney, and et al., 1997. Continental Scale 
Variability in Ecosystem Processes - Models, Data, and the Role of Disturbance, 
Ecological Monographs, 67 251-271. 

10. Schulze E-D, Wirth C, Heimann M (2000) Managing forests after Kyoto. Science 289: 
2058-2059. 
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14. Max-Planck-Institut für Chemie, Mainz 
 
The MPI for Chemistry in Mainz is one of about 80 research institutes of the Max-Planck 
Society in Germany, supporting fundamental research. The institute has been founded in 
Mainz in 1949, and has a long history in atmospheric research. Presently it has about 250 
employees, of which about half are in the Departments of Atmospheric Chemistry (Director J. 
Lelieveld) and Biogeochemistry (Director M.O. Andreae), next to the Departments of 
Geochemistry and Cosmochemistry. The research themes include atmosphere-biosphere 
and atmosphere-ocean exchanges, global cycles of atmospheric trace species, climate 
influences of aerosols and trace gases, photochemistry of the tropical troposphere and 
stratospheric ozone. The research methods include the development and use of global 
chemistry-climate models, atmospheric chemical process models, the retrieval and use of 
satellite data, the development of instrumentation and its deployment in field measurement 
campaigns with ships, aircraft and in ground-based stations. Roughly half the staff of the 
Atmospheric Chemistry and Biogeochemistry departments is actively involved in aircraft 
measurements. 
 
1. Andreae, M. O., B. E. Anderson, D. R. Blake, J. D. Bradshaw, J. E. Collins, G. L. 

Gregory, G. W. Sachse, and M. C. Shipham, Influence of plumes from biomass burning 
on atmospheric chemistry over the equatorial Atlantic during CITE-3, J. Geophys. Res., 
99, 12,793-12,808, 1994. 

2. Andreae, M. O., T. W. Andreae, H. Annegarn, F. Beer, H. Cachier, W. Elbert, G. W. 
Harris, W. Maenhaut, I. Salma, R. Swap, F. G. Wienhold, and T. Zenker, Airborne studies 
of aerosol emissions from savanna fires in southern Africa: 2. Aerosol chemical 
composition, J. Geophys. Res., 103, 32,119-32,128, 1998. 

3. Andreae, M. O., W. Elbert, R. Gabriel, D. W. Johnson, S. Osborne, and R. Wood, Soluble 
ion chemistry of the atmospheric aerosol and SO2 concentrations over the eastern North 
Atlantic during ACE-2, Tellus, 52B, 1066-1087, 2000. 

4. Andreae, M. O., P. Artaxo, et al., Transport of biomass burning smoke to the upper 
troposphere by deep convection in the equatorial region, Geophys. Res. Lett., 28, 951-
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15. Max-Planck-Institut für Kernphysik, Heidelberg (MPIK) 
 

1) Research group "Atmospheric Trace Gases" 
 
The research group "Atmospheric Trace Gases", led by Prof. Dr. F. Arnold, is part of the 
Atmospheric Physics division (director: Prof. Dr. K. Mauersberger) of the Max-Planck-
Institute for Nuclear Physics, Heidelberg. Since many years, the group participates in 
national and international (mainly EU-funded) research projects with its aircraft-borne, 
formerly also rocket-, and balloon-borne mass spectrometers. 
 
The activities of the "Atmospheric Trace Gases" group at MPIK focus on atmospheric trace-
substance measurements using aircraft-borne and ground-based instruments, mainly mass 
spectrometers developed and built by the group with the help of the highly experienced staff 
in the electronics and mechanic workshops of the institute. Atmospheric ultra-trace gases 
such as sulfuric acid, sulfur dioxide, nitric acid, acetone, peroxy radicals, small and large ions 
are measured in both clean and polluted air masses from the boundary layer up to the lower 
stratosphere. Future activities will include investigation of aerosol nucleation in the European 
boundary layer and free troposphere, and a study of peroxy radical chemistry in the upper 
troposphere with special attention to convective vertical transport. 
 
D4: 
a) Selected research results of the "Atmospheric Trace Gases" group in the last five years 

are: 
• The concentrations of peroxy radicals were measured in the troposphere by a newly 

developed method relying on amplifying chemical conversion. Dilution of the sample air 
with either N2 or O2 allows to discriminate between HO2 and RO2 radicals. A peroxy 
radical calibration source was also developed. 

• Acetone was detected in the upper troposphere and its large-scale distribution 
investigated. Repeatedly very high concentrations were found indicating that acetone 
may be the major source of hydroxyl radicals in the upper troposphere. 

• Gaseous and aerosol sulfuric acid were measured simultaneously in the free 
troposphere. The mixing ratio of gaseous H2SO4 in the upper troposphere and lower 
stratosphere was found to increase with the square root of the SO2 mixing ratio. The total 
concentration of H2SO4 strongly increases above its background value on penetrating the 
exhaust plume of a jet aircraft engine burning fuel with a high sulfur content. A lower limit 
of the conversion efficiency of fuel sulfur to H2SO4 of 0.34% was derived. 

• Atmospheric ions were investigated using an ion mass spectrometer operated in a high-
pass mode. A large fraction of ions with masses above 8000 amu was detected in the 
exhaust plumes of jet aircraft in flight, but large ions are sometimes also present even in 
the cloud-free upper troposphere. Measurements with an electrostatic probe at various 
distances behind a jet engine at the ground indicate a large initial ion number density 
which decreases with increasing plume age due to ion/ion recombination. 

• The vertical distribution of nitric acid and its fraction of the total reactive nitrogen 
compounds was measured in the Arctic winter lower stratosphere. Thereby nitrification 
events could be detected. Nitric acid concentrations were also measured in the exhaust 
plume of jet aircraft both in flight and at the ground. 

• Ion-induced nucleation was studied in the laboratory. 
 
b) A large part of the above-mentioned work was performed on board of the DLR research 

aircraft Falcon and in close cooperation with DLR-IPA. Other frequent cooperation 
partners were FhG-IFU, FZJ-ICG and MPIC. The additional parameters measured by the 
partners are essential for a comprehensive evaluation and interpretation of the data. 
National projects include Schadstoffe in der Luftfahrt (SULFUR campaigns), KONVEX, 
and UFA. 
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c) The group participated in a number of international aircraft measurement campaigns, 
e.g., POLINAT II/SONEX, STREAM III + IV, ACE II/FREETROPE, INCA. 
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2) Nachwuchsgruppe Röckmann 
 
A new BMBF-funded research group (“Nachwuchsgruppe”) in atmospheric sciences has 
been established in 2000 at the Atmospheric Physics division of MPIK. The group studies the 
isotopic composition of atmospheric trace gases and uses isotopic fractionations as tracers 
for various chemical and dynamical processes in the atmosphere, with special emphasis on 
the upper troposphere and lower stratosphere. 
 
New analytical methods to determine the isotopic composition of CO2, CH4 and N2O have 
been developed over the past year. In particular, these advanced methods now allow isotope 
measurements on very small air samples. Furthermore, additional isotope techniques for 
other trace components are under development.  
The air samples for isotopic analysis are collected by stratospheric balloons and aircraft (e.g. 
CARIBIC project) in the upper troposphere / lower stratosphere region. HALO will be an ideal 
platform to obtain additional air samples from a region that is so far not accessible, and will 
therefore be a major support for the research carried out by the group. 
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16. Max-Planck-Institut für Meteorologie, Hamburg 
 
The Max-Planck-Institute for Meteorology in Hamburg is one of about 80 institutes of the 
Max-Planck Society in Germany performing basic research. Since its foundation in 1975 it 
concentrates on climate research. With about 150 employees it focuses largely on modelling 
of the coupled ocean/atmosphere/land-system (2 of 3 departments), but also develops in one 
department remote sensing sensors and algorithms (including those for satellites) that are 
applied in atmospheric research. The latter department has also used aircraft for research in 
cloud microphysics. Aircraft were fundamental to characterize arctic marine clouds with 
respect to water and ice content, extent and life cycle. The main thrusts of the experimentally 
oriented group are, however, ground-based lidar profiling of ozone, aerosol and water 
vapour, cloud radar development and applications as well as groundbased interferometry for 
atmospheric profiling and composition. With HALO these thrusts would change. 
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17. Potsdam Institut für Klimafolgenforschung e.V. (PIK)  
Department of Global Change and Natural Systems 

 
PIK has now 10 years of record for studying interactions between various 
subcomponents of the Earth System, focusing on perturbations caused by human action 
such as recent climate change and changes in human land use. Principle methods of 
research are the development, adaptation and use of numerical models in a wide range 
of arenas, from climate at global and regional scales, through impact sectors such 
as water, agriculture and forests, to economical models. Observations are derived 
from a broad network of partner institutes and include climatological, 
socio-economic and land cover data, produced from statistics, remote sensing and 
ground observations. PIK scientists play central roles in the International 
Geosphere-Biosphere Programme (IGBP), occupy several critical authorship functions 
for the Intergovernmental Panel on Climatic Change (IPCC) and directly advise the 
German Federal Government on global change issues. PIK presently holds several major 
research grants from the European Union, notably in the area of ecosystem dynamics. 
 
The department for Global Change and Natural Systems has a specific responsibility 
in carrying out assessments of possible impacts of environmental change on 
ecosystems, up to a continental scale. Recent studies have focused on European 
ecosystems, as well as on the global land biosphere as a whole. The main issues 
concern the direct and indirect impacts of increased CO2 on ecosystems, and their 
ramifications on the overall biosphere and carbon cycle. Additional studies deal 
with impacts on (natural) disturbance regimes, such as fire and wind throw. Remote 
sensing data have been increasingly used to test assumptions incorporated in process 
models that in the end are intended for use in a forward-looking mode, i.e. for 
vulnerability scenario studies. This work has primarily concentrated on the 
derivation of physical quantitities that relate to vegetation structure more 
directly than NDVI. One department member (Wolfgang Lucht) also belongs to the MODIS 
Science Team, and the group is closely associated with german and European space 
research institutes. A new EU-funded project (SIBERIA-II, coordinated by C. 
Schmullius, Jena) focuses more detailed on Siberian forests and their dynamics as 
observed from space. 
 
1. Cramer W., A. Bondeau, FI. Woodward, IC. Prentice, RA. Betts, V. Brovkin, P.M. Cox, V. 

Fisher, J. Foley, A.D. Friend, C. Kucharik, M.R. Lomas, N. Ramankutty, S. Sitch, B. 
Smith, A. White, and C. Young-Molling, Global response of terrestrial ecosystem 
structure and function to CO2 and climate change: results from six dynamic global 
vegetation models. Global Change Biology. 7(4):357-373, 2001. 

2. Cramer W., D.W. Kicklighter, A. Bondeau, B. Moore III, G. Churkina, B. Nemry, A. Ruimy, 
A.L. Schloss and participants of the "Potsdam NPP Model Intercomparison", Comparing 
global models of terrestrial net primary productivity (NPP): Overview and key results. 
Global Change Biology 5 (Suppl. 1):1-15, 1999. 

3. Cramer W., H.H. Shugart, I.R. Noble, F.I. Woodward, H. Bugmann, A. Bondeau, J.A. 
Foley, R.H. Gardner, B. Lauenroth, L.F. Pitelka, O. Sala and R.W. Sutherst, Ecosystem 
composition and structure. In: The Terrestrial Biosphere and Global Change: Implications 
for Natural and Managed Ecosystems. BH Walker, WL Steffen, J Canadell and JSI 
Ingram (eds.). Cambridge, Cambridge University Press., 190-228, 1999. 

4. Cramer W. and W. Steffen, Forecast changes in the global environment: What they mean 
in terms of ecosystem responses on different time-scales. In: Past and future rapid 
environmental changes: The spatial and evolutionary responses of terrestrial biota. B 
Huntley, W Cramer, AV Morgan, HC Prentice and JRM Allen (eds.). Berlin, Springer-
Verlag. 47: 415-426, 1997. 

5. Hu, B., W. Lucht, A. Strahler, C. B. Schaaf, and M. Smith, Surface albedo and angle-
corrected NDVI from AVHRR observations over South America, Remote Sens. Environ., 
71, 119-132, 2000. 



- 85 - 

6. Lucht, W., A. H. Hyman, A. H. Strahler, M. J. Barnsley, P. Hobson, and J.-P. Muller, A 
comparison of satellite-derived spectral albedos to ground-based broadband albedo 
measurements modelled to satellite spatial scale for a semi-desert landscape, Remote 
Sens. Environ., 74, 85-98, 2000. 

7. Lucht, W., Expected retrieval accuracies of bidirectional reflectance and albedo from 
EOS-MODIS and MISR angular sampling, J. Geophys. Res., 103, 8763-8778, 1998. 

8. Lüdeke M. and G. Petschel-Held, Syndromes of Global Change - an information structure 
for Sustainable Development. In: Indicators of Sustainable Development. B Moldan and S 
Billharz (eds.), SCOPE 58, p. 96-98, Wiley & Sons, London, 1997. 

9. Petschel-Held G., A. Block, M. Cassel-Gintz, J. Kropp, M.K.B. Lüdeke, O. Moldenhauer, 
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18. Lehrstuhl für Bioklimatologie und Immissionsforschung, Technische 
Universität München (TU Mü, LBI) 

 
The main focus of the group at LBI is the modelling of atmospheric transport processes with 
Lagrangian transport models. The group has two modelling tools, both driven with data from 
the ECMWF (European Centre for Medium-Range Weather Forecasts). The first tool is the 
Lagrangian trajectory model FLEXTRA; the second tool is the Lagrangian particle dispersion 
model FLEXPART, which calculates the transport and dispersion of non-reactive tracers.  
 
With FLEXTRA, for instance, the LBI investigated the sources and the distribution of ozone 
observed in the uppermost troposphere and stratosphere (Stohl et. al, 2001a). Ozone 
measurement data taken aboard commercial aircraft within the framework of the MOZAIC 
(Measurement of Ozone and water vapour by Airbus In-service Aircraft) program were 
combined with trajectories calculated by FLEXTRA. With FLEXPART aircraft measurement 
data of NOy and CO were analyzed in order to study the export of NOy from the North 
American boundary layer during NARE (North Atlantic Regional Experiment) 96 and 97 
(Stohl et al., 2001b). At present, LBI investigates ascending airstreams and long-range 
transport of trace gases by using MOZAIC data and other aircraft measurement data in 
combination with FLEXTRA and FLEXPART results. This study is performed within the 
CARLOTTA (Climatology of Ascending Airstreams and their Relation to the Long-Range 
Transport of Trace Substances in the Atmosphere) project funded by the BMBF (AFO 2000). 
In addition, both models are used to provide forecasts of the transport and distribution of CO 
(and NOx) during the measurement campaigns within the framework of CONTRACE 
(Convective Transport of Trace gases into the upper troposphere over Europe). CONTRACE 
is a collaborative project of DLR, IFU Garmisch, MPI-K Heidelberg, and LBI, coordinated by 
DLR and funded by the BMBF (AFO 2000). The model forecasts will support the flight 
planning during the CONTRACE measurement campaigns. 
 
At present, there are two scientists and one Ph D candidate who contribute to airborne 
research at LBI. 
 
The measurement data obtained by the new research aircraft HALO would be very useful 
and helpful to further validate FLEXTRA and FLEXPART and to study long-range transport 
processes in more detail especially in regions of the atmosphere where measurement data 
are rare so far. In addition, the group at LBI could support the flight planning during HALO 
measurement campaigns by providing forecast products similar to those provided during the 
CONTRACE campaigns. 
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19. Institut für Wasserchemie, Technische Universität München  
The IWC and its director, Prof. Dr. Reinhard Niessner, have considerable experience and an 
extensive scientific record in environmental analytical chemistry and aerosol research. In July 
2000 a BMBF AFO2000 “Nachwuchsgruppe” focused on the investigation of carbonaceous 
aerosol components in the atmosphere (chemical composition, reactivity and hygroscopicity) 
has been established by Dr. Ulrich Pöschl. Also the research groups for laser spectroscopy 
(headed by Dr. Ulrich Panne) and for photoacoustic spectroscopy (headed by Dr. Christoph 
Haisch) are working on the development of techniques for the chemical analysis of 
atmospheric aerosols. The IWC and the scientists named above have been involved in a 
wide range of aerosol research projects and airborne or ground-based field measurement 
campaigns in collaboration with national and international atmospheric research institutions.  

In the past two years new and improved methods have been developed for the analysis of 
organic aerosol components (in particular for aromatic compounds and biopolymers: LC-
APCI-MS, online thermodesorption and laser-fluorescence, enzymatic techniques, etc.) and 
soot (photoacoustic spectroscopy). Moreover, a wide range of well established analytical 
techniques is available and in use for the analysis of the elemental composition and 
inorganic components of air particulate matter (SEM-EDX, TXRF, ICP-MS, IC, etc.). 
Moreover physicochemical processes like the interaction of aerosol particles with reactive 
trace gases (O3, NO2) and water vapour and their photocatalytic activity have been and are 
investigated in laboratory and field studies.  

The implementation of HALO will provide significantly improved opportunities to sample and 
investigate atmospheric aerosol particles with various online and offline techniques available 
and under development at the IWC.  
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and H2O adsorption, benzo[a]pyrene degradation and atmospheric implications, 
Journal of Physical Chemistry A, 105, 4029-4041, 2001. 
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Aerosols on Filters by Laser-induced Plasma Spectroscopy. Spectrochimica Acta B, 56, 
839-850, 2001. 

10. L. Krämer, Z. Bozoki and R. Niessner; Characterisation of a Mobile Photoacoustic Sensor 
for Atmospheric Black Carbon Monitoring. Analytical Sciences, 17, 563-566, 2001. 
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20.A Meteorologisches Institut der Rheinischen Friedrich-Wilhems-Universität  
Bonn (MIUB) 

 
Research Group on Remote Sensing and related aspects (Prof. Dr. C. Simmer) 
 
At MIUB three research groups work on the general topics Remote Sensing and Mesoscale 
Modeling (Prof. Dr. C. Simmer, Dr. S. Crewell), Large Scale Climate Change (Prof. Dr. C. 
Simmer), and Remote Sensing of Surface Processes (Nachwuchsgruppe Dr. M. Drusch) with 
different potential links to HALO. The groups work on the improved measurement, 
understanding and modelling of tropospheric clouds including radiation transfer and 
precipitation development, its connection to the hydrological cycle. The future activities 
concentrate on the internal 3-dimensional structure of clouds as revealed by available 
ground-based remote sensing techniques and its relevance for radiation processes and 
remote sensing (BMBF/AFO2000/4DWOLKEN, EU/CLIWA-Net, EarthCare), for cloud 
dynamics and the precipitation process (BMBF/GLOWA/IMPETUS,DWD), and their relation 
to climate (Nordrheinwestfälische Akademie der Wissenschaften). Another aspect is the 
coupling between clouds and surface exchange processes, which is studied by combining 
mesoscale atmospheric and hydrological models (DFG/SFB350, DFG/Graduiertenkolleg, 
EUMETSAT/LandSAF). Remote sensing of the land and ocean surfaces and quantification of 
sub-surface hydrology from satellites will be further developed (BMBF/-
DEKLIM/HyperSATAN, BMBF/DEKLIM/BALTIMOS, EU/ELDAS, ESA-ESTEC/SMOS).  
 
Recent research results of the groups: 
• Development of a radar simulation tool. The tool is currently implemented at the German 

and Finnish weather services (DWD, FMI) and used to validate the operational 
precipitation forecasts by comparison with radar network data. The tool is currently 
extended to cloud radars. 

• Development of a high-resolution multichannel microwave radiometer including 
polarization (MICCY). The radiometer is the central tool in the EU/CLIWA-Net and 
BMBF/AFO2000/4D-WOLKEN projects, where the synergy of MICCY-measurements 
with cloud radar data and measurements from coordinated flights with 3 aircrafts is 
exploited. 

• Development of a polarized radiative transfer model for the microwave range including 
non-sphericle particles. The results have been used to detect (in cooperation with 
DLR/OP, A. Hornbostel) and explain the polarized microwave emission from precipitating 
clouds. An algorithm to separate cloud and precipitation column abundances on the basis 
of the polarization signal has been proposed. 

• Development of a multi-sensor retreival algorithm for the cloudy troposphere based on 
optimal estimation. The algorithm has been tested successfully for a combination of a 
passive microwave radiometer with a cloud radar. The algorithm is currently extendend to 
include infrared radiances.  

• Development of initialization procedures using remotely sensed clouds and preciptitation 
for cloud resolving atmospheric models in cooperation with DWD. We could prove that 
significant improvements of the nowcasting capability for precipitation and cloudiness can 
be achieved. 

• Coupling of an hydrological model with lateral water flow with the mesoscale model of the 
German Weather Service (DWD). The LM of the DWD has been coupled successfully 
with the TOPLATS hydrological model in cooperation with Princeton University (E. 
Wood). It could be shown that the improved simulation of the spatial and temporal 
distribution of soil moisture by TOPLATS and the 2-way coupling has significant effects 
on all meteorological parameters including cloud and precipitation development. 

• Development of a hyperspectral soil and vegetation radiative transfer model. In 
cooperation with Pinceton University (E. Wood) the model has been used to quantify the 
scale-dependency of the errors in the retrieval of soil moisture from satellite and air-borne 
measurements. 
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• Detection of possible mechanism to explain decadal variations of the North Atlantic 
Oscillation (NAO). The influence of tropical volcanic eruptions on the energy balance of 
the tropical lower stratosphere seems to trigger positive NAO-phases in the midlatitudes. 

 
All aspects of the future research would profit substantially from the availability of an airplane 
equiped by a range of direct cloud and aerosol measurement devices and remote sensing 
instruments. Most scientists of the groups have some experience with air-borne data in their 
field of expertise. Flying at high altitude HALO could support especially our regional 
experiments towards clouds and surface processes by dedicated remote sensing 
instrumentation, which the group develops together with industry.  
 
Based on our current experience with aircraft measurements during the BBC(BALTEX Bridge 
Campaign) campaign in the framework of the BMBF/AFO2000/4D-Wolken project 
coordinated by MIUB we plan to extend in cooperation with University Hohenheim 
(Wulfmeyer) the cloud research by including the temporal evolution of the 3-dimensional 
water vapour field. The capacity of HALO to house even Lidars together with other remote 
sensing instruments like microwave profilers would be a mayor advance in this field. With 
HALO available we would redirect our line of research, which currently relies more on grond-
based instruments mainly due to cost arguments to a synergetic mix with air-borne research. 
Also the groups working on remote sensing of surface and sub-surface hydrology would 
welcome the availability of HALO for small scale-large swath surface remote sensing with 
passive microwaves. A proposal has been made already to develop a portable dedicated low 
frequency dual polarization radiometer for soil moisture retrieval. It is conceivable that this 
instrument could also operate from HALO as a platform. 
 
1. Czekala, H., S. Crewell, C. Simmer, A. Thiele, A. Hornbostel, and A. Schroth: 

Interpretation of polarization features in ground based microwave observations as 
caused by horizontally aligned oblate rain drops, Journal of Applied Meteorology 
(accepted)  

2. Löhnert, U., S. Crewell, A. Macke, and C. Simmer: Profiling cloud liquid water by 
combining active and passive microwave measurements with cloud model statistics. 
Accepted for publication in Journal of Atmospheric and Oceanic Technology  

3. Drusch, M., T.J. Jackson and E.F. Wood: Passive microwave remote sensing of 
atmospheric and land surface parameters during the Southern Great Plains Hydrology 
Experiment 1997, J. Hydrometeorology, 2, 181-192, 2001.  

4. Crewell, S., H. Czekala, U. Löhnert, C. Simmer, Th. Rose, R. Zimmermann, and R. 
Zimmermann: Microwave Radiometer for Cloud Carthography: A 22-channel ground-
based microwave radiometer for atmospheric research. Radio Science, 36, 621-638, 
2001. 

5. Haase, G. and S. Crewell: Simulation of radar reflectivities using a mesoscale weather 
forecast model. Water Resources Research, 36, 2221-2230, 2000. 

6. Czekala, H., S. Havemann, K. Schmidt, T. Rother, and Clemens Simmer: Comparison 
of microwave radiative transfer calculations obtained with three different 
approximations of hydrometeor shape. Journal of Quantitative Spectroscopy and 
Radiative Transfer, 63:545-448, 1999.  

7. Drusch, M., R. Lindau and E.F. Wood, 1999: The impact of the SSM/I antenna gain 
function on land surface parameter retrieval, Geophys. Res. L., 26, 23, 3481-3484 

8. H. Czekala and C. Simmer: Microwave radiative transfer with non-spherical 
precipitating hydrometeors. Journal of Quantitative Spectroscopy and Radiative 
Transfer, 60(3):365-374, 1998.  

9. Q. Liu, C. Simmer, and E. Ruprecht: Estimating Longwave Net Radiation at Sea 
Surface from the Special Sensor Microwave/Imager (SSM/I). Journal of Applied 
Meteorology, 36:919-930, 1997.  

10. Klein, U., S. Crewell, and R. L. de Zafra: Correlated millimeter-wave measurements of 
ClO, N2O und HNO3 from McMurdo, Antarctica, during polar spring 1994, Journal of 
Geophysical Research, 101, 20925-20932, 1996. 
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20.B Meteorologisches Institut der Rheinischen Friedrich-Wilhelms-Universität 

Bonn (MIUB) 
 
Research Group on Cloud Physics and Atmospheric Chemistry (Dr. A. Bott) 
 
The research activities of the group on cloud physics and atmospheric chemistry focus on 
the numerical modeling of cloud processes within the atmosphere. We simulate in detail the 
interaction between clouds and aerosol particles. The role of aerosol particles for the 
formation and life cycle of clouds is investigated by means of different one-, two- and three-
dimensional cloud models. Of particular importance are chemical reactions in the gas and 
the liquid phase, since the chemical modification of aerosol particles due to cloud processes 
improves their capability to act as cloud condensation nuclei. 
 
For the validation of our model results it is of essential importance to obtain measurements of 
cloud microphysical parameters such as the spectral distribution of cloud drops and 
interstitial aerosols as well as the chemical composition of the cloudy air, of aerosol particles 
and drops. With HALO it will be possible to obtain the necessary spectral data which are 
presently not yet available in the literature. During field experiments we would like to 
cooperate with experimentalists in order to coordinate measurements and numerical model 
calculations.  
 
1. Bott, A., 1998: A flux method for the numerical solution of the stochastic collection 

equation. J. Atmos Sci., 55, 2284-2293. 
2. Bott, A., 1999: A numerical model of the cloud-topped planetary boundary-layer: cloud 

processing of aerosol particles in marine stratus. Environmental Modelling and Software, 
14, 635-643. 

3. Bott, A., 2000: A numerical model of the cloud-topped planetary boundary-layer: 
Influence of the physico-chemical properties of aerosol particles on the effective radius of 
stratiform clouds. Atmos. Research, 53, 15-27. 

4. Bott, A., 2000: A flux method for the numerical solution of the stochastic collection 
equation: Extension to two-dimensional particle distributions. J. Atmos Sci., 57, 284-294. 

5. Wurzler, S. C.,and A. Bott, 2000: Numerical simulations of cloud microphysics and drop 
freezing as function drop contamination. J. Aerosol Sci, 31, S152-S1523. 
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21. Institut für Umweltphysik der Universität Bremen (UB, IUP)1 
 
The Institute of Environmental Physics (IUP) at the University of Bremen, Germany, was 
established in 1989. The IUP comprises the following three departments: ‘Physics and 
Chemistry of the Atmosphere’, ‘Earth Remote Sensing’ and ‘Tracer Oceanography’. The 
affiliated Institute of Remote Sensing (IFE) is exclusively concerned with space experiments. 
The IUP/IFE has been active for more than 10 years active in various areas of remote 
sensing. Remote sensing techniques are in use covering the spectral range from UV to 
microwaves. The sensors are operated on satellites, aircraft and on the ground.  
 
21. A.  Department of Earth Remote Sensing (IFE, Prof. Dr. K. F. Künzi) 
 
This department has several different scientific focuses including the remote sensing of the 
earth surface and the cryosphere, and the investigation of the trace gas composition of the 
stratosphere and the mesosphere. Both these areas of research exploit microwave remote 
technology. One important focal point was and still is the middle atmosphere, and in 
particular the investigation of anthropogenic changes to the ozone layer. The institute has 
large experience in developing and operating remote sensors on the ground (e.g. NDSC 
station in Ny Ålesund), on aircraft (e.g. the airborne submillimeter radiometer ASUR), and in 
space (MAS on ATLAS, GOME on ERS-2). The ASUR sensor participated in all major 
European campaigns on board the FALCON aircraft to investigate the stratosphere, namely 
EASOE, SESAME and THESEO, as well as in the NASA SOLVE campaign sharing the DC-
8 aircraft with 17 other instruments. Future projects will comprise the participation of ASUR in 
the NASA Leonid campaigns using the US FISTA or DC-8 aircraft. ASUR will also contribute 
to the SCIAMACHY validation again using the FALCON aircraft.  
 
As a University Institute, IUP/IFE-UB is also involved in the education. In this context it 
established a new M.Sc. course in Environmental Physics in 2000.  
 
At the Institute a variety of different measurement techniques for the detection of trace 
constituents and parameters of importance and significance to Atmospheric Chemistry and 
Physics have been developed. Both in-situ sampling and remote sensing techniques. 
Several experiments have been performed on the Falcon. It is planned to use HALO 
extensively. 
 
The IUP/IFE has over 10 years of experience in constructing and operating atmospheric 
microwave receivers in the frequency range from 100 to 700 GHz. The IUP is a key 
contributor to a number of national and international campaigns (supported by BMBF, EU, 
ESA, NASA) to monitor the earth’s atmosphere and to validate space borne sensors on 
ATLAS, UARS, ERS-1 and ADEOS-I.  
 
Ongoing projects include besides others the Airborne Submillimeter Radiometer (ASUR), an 
airborne receiver developed to measure stratospheric profiles of minor atmospheric 
constituents like ClO, HCl, O3, and N2O. The ASUR instrument has been used to investigate 
the arctic stratosphere and to validate space borne instruments. All flights have been 
performed using the DLR FALCON with the exception of the last campaign THESEO-SOLVE 
when ASUR was operated on board of the NASA DC-8 aircraft: The EASOE campaign 
1991/92. Validation of MLS on UARS, 1992 and 1993. Validation of MAS on ATLAS-1, April 
1992 (Azores). In collaboration with the Space Research Organization of the Netherlands 
(SRON) ASUR has been upgraded with new superconducting mixer technology in 1993 and 
successfully used during SESAME (1994 and 1995). Validation measurements for GOME on 
ERS-2, 1996 and 1997. Validation of ILAS on ADEOS, 1997. In 1998 the frequency 
coverage of the sensor has been enlarged to cover additional spectral lines of HO2, HNO3, 
H2O, CH3Cl, and BrO. This latest version of ASUR was in use during: THESEO-HIMSPEC in 
                                            
1 This contribution has been edited by the HALO team without further review by the IUP. 
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1999 (together with OLEX and MIPAS) and SOLVE / THESEO 2000. Future activities will 
include the SCIAMACHY validation campaigns again using the DLR FALCON. During the 
Leonid storms in November 2001 and 2002 missions for mesospheric investigations will be 
flown using the US aircraft FISTA and/or DC-8.  
 
For all these measurements the use of a high flying aircraft was mandatory. The exact match 
in time and location with important events, like e.g. satellite overpasses or the occurrence of 
polar stratospheric clouds, could only be realized thanks to the flexibility and reliability of 
these platforms. However the very limited space and performance of the FALCON did limit 
severely the scientific return of many of these campaigns. The synergy by simultaneous 
measurements of a well balanced set of complementing sensors is an indispensable 
prerequisite for the achievement of many scientific objectives.  
 
The Department is also involved in the JEM / SMILES will be a sub-millimeter limb sounder 
operating on the International Space Station (ISS). Representatives from the institute are 
part of the ESA ACE-CHEM science preparatory group. The group is planning to work 
theGRAS instrument (Global Navigation Satellite System Receiver for Atmospheric 
Sounding) will be part of EUMETSAT/ESA's METOP missions. These occultation 
measurements yield temperature and water vapour profiles.  
 
The availability of an aircraft with much improved performance will allow to conduct 
campaigns with optimised payloads, allowing to measure all key parameters simultaneously. 
 
D4:  
During the last 10 years the microwave remote sensing groups at the IUP have made a 
major contribution to achieve a better understanding of chemical and dynamical processes in 
the arctic stratosphere. Important achievements has been the precise measurements of ClO 
and its temporal and spatial variations, the key constituent in anthropogenic ozone 
destruction, and a good estimate of chemical ozone destruction in arctic spring. Furthermore 
the activities to validate space borne sensors has to be mentioned. Recently the limited 
range and payload of the Falcon has necessitated flying aboard the NASA DC8 aircraft. 
 
1. Crewell, S., K. Künzi, H. Nett, T. Wehr, P. Hartogh: Aircraft Measurements of ClO and 

HCl during EASOE 1991/92; Geophys. Res. Lett., Vol. 21, No. 13, pp. 1267-70, June 
1994 

2. Crewell, S., R. Fabian, K. Künzi, H. Nett, T. Wehr, W. Read and J. Waters: Comparison 
of ClO measurements by airborne and spaceborne microwave radiometers in the Arctic 
winter strato-sphere 1993; Geophys. Res. Letters, Vol.22, No.12, pp. 1489-1492, Juni 
1995 

3. Mees, J., S. Crewell, H. Nett, G. de Lange, H. van de Stadt, J. J. Kuipers and R. H. 
Panhuyzen: ASUR - An Airborne SIS Receiver for Atmospheric Measurements of Trace 
Gases at 625 to 760 GHz; IEEE Trans. Microw. Theo. Tech., Vol.43, No.11, November 
1995 

4. Titz, R., M. Birk, D. Hausamann, R. Nitsche, F. Schreier, J. Urban, H. Küllmann, H.P. 
Röser: Observation of stratospheric OH at 2.5 THz with an airborne heterodyne system; 
Infrared Phys. Technol. 36, pp. 883-891, 1995 

5. Wehr, T., S. Crewell, K. Künzi, J. Langen, H. Nett, J. Urban, P. Hartogh: Remote Sensing 
of ClO and HCl over Northern Scandinavia in Winter 1992 with an Airborne Submillimeter 
Radio-meter; J. Geophys. Res., 100, No. D10, pp. 20957-68, October 1995 

6. de Valk, J., A. Goede, A. de Jonge, J. Mees, B. Franke, S. Crewell, H. Küllmann, J. 
Urban, J. Wohlgemuth, M. Chipperfield, A. Lee: Airborne Heterodyne Measurements of 
Stratospheric ClO, HCl, O3 and N2O during SESAME 1 over Northern Europe; J. 
Geophys. Res. Vol.102, No.D1, pp. 1391-98, January 1997 

7. Küllmann, H., H. Bremer, M. von König, K. Künzi, A. P. H. Goede, Q. L. Kleipool, H. 
Hetzheim: The ASUR Sensor: A state-of-the-art remote sensing instrument for 
stratospheric trace gas measurements. Air pollution research report 73, Proc. 5th 
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European Workshop on Stratospheric Ozone, St. Jean de Luz, France, pp. 699-702, 
1999 

8. Bremer, H., A. Kleinböhl, M. von König, H. Küllmann, K. Künzi, A. P. H. Goede, H. 
Hetzheim: Stratospheric ozone decrease observed by ASUR during the Arctic Winter 
1999/2000. Proc. Quadrennial Ozone Symposium , Hokkaido University, Sapporo, 
Japan, 3.7.-8.7.2000, pp. 259-260 

9. von König, M., H. Bremer, V. Eyring, A. P. H. Goede, H. Hetzheim, Q. L. Kleipool, H. 
Küllmann, K. Künzi: An Airborne Submm Radiometer for the Observation of Stratospheric 
Trace Gases. in: Pampaloni, P., S. Paloscia (Hrsg.): Microwave Radiometry and Remote 
Sensing of the Earth's Surface and Atmosphere, pp. 409-415, 2000 

 
21.B. Department of the Physics and Chemistry of the Atmosphere (Prof. J. P. 

Burrows) 
 
The research of the department of the Physics and Chemistry of the Atmosphere PCA) is 
focussed on improving our understanding of the troposphere and stratosphere. In addition to 
laboratory studies of the kinetics and spectroscopy of atmospheric free radicals and gases, it 
has active research groups making both in situ and remote sensing measurements of trace 
atmospheric constituents. The PCA has developed a series of remote sensing ground based 
measurements stations. These participate in both the Network for the Detection of 
Stratospheric Change (NDSC). 
 
The Institute (Prof. J. P. Burrows) is the lead scientific(LS)/Principal Investigator(PI) 
institution responsible for the instruments GOME-1 (Global Ozone Monitoring Experiment) on 
the ESA ERS-2 (second European Research Satellite) and the SCIAMACHY (Scanning 
Imaging Absorption specroMeter for Atmospheric ChartographY) on ENVISAT and it is also 
closely involved with the development of the GOME-2 instrument, which is an operational 
instrument, which will fly on Metop-1. –2 and –3 between 2005 and 2020. The Institute 
collaborates with NASA.  
 
The satellite projects GOME, SCIAMACHY and GeoSCIA form an important core activity of 
the work within the department. GOME has now made over six years of successful 
measurements, since the launch of ERS-2 in April 1995. Inversion of its measurements of 
earth radiance and irradiance yield the stratospheric distributions of the stratospheric and 
tropospheric constituents. It is main scientific data products are ozone profiles; total column 
amounts of ozone, nitrogen dioxide, chlorine dioxide, bromine monoxide, formaldehyde and 
sulphur dioxide; tropospheric columns of ozone, nitrogen dioxide, chlorine dioxide, bromine 
monoxide, formaldehyde and sulphur dioxide. 
 
GOME is a smaller versiuon of SCIAMACHY, observing the atmosphere between 230 and 
790 nm. The instrument SCIAMACHY will be launched aboard the ESA ENVISAT at the end 
of 2001 and the beginning of 2002. It extends the measurements of GOME to cover the 0.8 
to 2.38 μm and observes in alternate limb and nadir viewing geometry as well solar and lunar 
occultation. These enable it measure the important greenhouse gases and other important 
parameters. 
 
GeoSCIA is a new project, building on the heritage of GOME and SCIAMACHY, which plans 
to make diurnal measurements of the same species as SCIAMACHY. In contrast to 
SCIAMACHY and GOME, which fly on Low Earth Orbit satellites, GeoSCIA will make diurnal 
measurements from its geostationary orbit. 
 
In addition to the ground based and satellite instrumentation the PCA has developed 
together with the Institute of Environmental Physics at the University of Heidelberg, the 
AMAXDOAS instrument, which is a ultraviolet visible near infrared remote sounding 
instrument. AMAXDOAS is optimised for measurements from aircraft. 
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The development of in-situ measurement techniques, notably for tropospheric peroxy 
radicals and vertical profiles of H2O and CH4. 
 
D2.2 
The validation and exploitation of the SCIAMACHY and GOME (both GOME-1 and GOME-2) 
JEM/SMILES, GRAS and the development of GeoSCIA are essential activities. The 
exploitation will focus on the study of first global measurements of form the lower 
stratosphere and troposphere. This focuses on improving our understanding the natural 
phenomena and anthropogenic processes, which modulate the composition and behaviour of 
the atmosphere. There are a large number of scientific applications, which will use this data: 
 
The assessment of the interaction between global warming and stratospheric ozone 
depletion chemistry, 
The assessment of the global importance of biomass burning and pollution,  
The study of the importance of natural phenomena such as lightning, 
The improvement of numerical weather prediction. 
 
D2.3 
The exploitation of the existing and planned satellite experiments exploring the atmosphere 
rely heavily on the aircraft facility to validate their data. The HALO will extend and improve 
this capability which at present is limited: The continuing study of the stratospheric gases by 
means of microwave; the measurements of the compsition peroxy radicals. 
 
D2.4 
Without the HALO facility much of the work of the institute will have to be re-orientated. With 
the implementation of HALO it will enable the institute to improve its measurements and 
achieve a much improved validation of the satellite instruments being launch in the next 
years. 
 
D4 
Satellite data needs to be extremely well validated for it to be of used an used by the 
community. The current capability is limiting he development of our understanding and the 
capability to validate and synergistically exploit the satellite data products. Thus the 
validation of the GOME, SCIAMACHY and GeoSCIA instrumentation requires a high flying 
aircraft having an adequate payload of both in-situ and remote sensing instrumentation. 
 
1. J. P. Burrows, M. Weber, M. Buchwitz, V. V. Rozanov, A. Ladstätter, Weißenmayer, A. 

Richter, R. DeBeek, R. Hoogen, K. Bramstedt and K.U. Eichmann 1999, "The Global 
Ozone Monitoring Experiment (GOME): Mission Concept and First Scientific Results", J. 
Atmos. Sci. 56 151-175. 

2. H. Bovesmann, J. P. Burrows, M. Buchwitz, J. Frerick, S. Noël, V. V. Rozanov, K. V. 
Chance, A. P. H. Goede 1999, "SCIAMACHY- Mission Objectives and Measurement 
Modes", J. Atmos. Sci. 56 126-150.  

3. R. Hoogen, J. P. Burrows, S. Noël, U. Platt and T. Wagner, “SCIAMACHY Mission 
Objectives and Validation Concept: the German contribution”. Proceedings 14th ESA 
Symposium on European Rocket and Balloon Programmes and related Research, 
Potsdam Germany 31st May – 3rd of June 1999 ESA SP-437 September 1999 pages 227-
234. 
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22.  Institut für Meteorologie und Geophysik der J. W. Goethe Universität  
Frankfurt (JWG-IMG) 

 
The Group „Atmospheric Physics“ at the Institute for Meteorology and Geophysics (IMG of 
the J.W. Goethe University Frankfurt) has started an extensive research programme on 
stratospheric chemistry and dynamics in 1995. At present three senior scientists and six PhD 
students are involved in cooperative national and European research projects. The main 
objectives are the development and deployment of instruments for the in-situ measurement 
of long-lived tracers (e.g. CH4, N2O, CO, H2, CO2, SF6, CFCs) onboard research aircraft and 
large balloons. The senior scientist have more than 20 years of experience in this field.  
 
At present two fully automated gaschromatographs , the instruments HAGAR (= High Altitude 
Gas Analyser) and GHOST (=Gas cHromatograph for the Observation of Stratospheric 
Tracers) and two cryogenic whole air samplers are operated. The group has participated in 
several related field campaigns, (e.g. SESAME, THESEO, APE-GAIA, STREAM II and III, 
SPURT) and the instruments were deployed on large balloon payloads (TRIPLE) as well as 
on several research aircraft (Cessna Citation, Learjet, Geophysika).  
 
The data on the temporal and spatial variability of these trace gases are interpreted to derive 
qualitative and quantitative information on dynamic transport and mixing processes as well 
as for monitoring the long term change in stratospheric composition due to anthropogenic 
emissions and their impact on the chemistry of the ozone layer.  
 
D4: 
 

a) In the past years two in situ instruments for tracer measurements from research aircraft 
have been developed in our group: a two-channel gas chromatograph (GC) for use in 
aircraft with pressurised cabins (GhOST II), which has been used on the Cessna Citation 
and the Learjet; and a two-channel GC combined with an infrared absorption sensor for 
CO2 (HAGAR), which can work under ambient conditions and has been deployed on 
stratospheric balloons and on the M55 Geophysica aircraft (Riediger et al., 2000). The 
GC-channels of these instruments allow flexible configuration to measure simultaneously 
a number of long-lived tracers such as N2O, SF6, CH4, CO, and various CFCs at a time 
resolution of 1-2 minutes, which constitutes a drastic improvement over traditional 
sampling techniques. These measurements have been used to infer details of 
stratosphere-troposphere exchange at midlatitudes (Wetter et al., 2000) and in the tropics 
(Volk et al., 2000). 

b) The development of the in situ GC for the Geophysica and balloons proceeded in a joint 
project with the University of Cambridge and also profited from collaborations with the 
Forschungszentrum Jülich, the Max-Planck-Institute for Chemistry in Mainz, and 
NOAA/CMDL, USA. 

c) The two new in situ instruments were deployed in coordinated international projects on 
the Cessna Citation at Northern midlatitudes (STREAM project) and on the Geophysica 
aircraft over the Indian Ocean and over the Antarctic. The joint deployment of the 
Geophysica and the DLR-Falcon within the 1999 APE-THESEO project over the Indian 
ocean led to the discovery and in situ sampling of ultrathin tropical tropopause clouds 
which may play an important role in drying air entering the stratosphere.  

 
1. Engel, A., U. Schmidt, D. McKenna, Stratospheric trends of CFC-12 over the past two 

decades: Recent observational evidence of declining growth rates, Geophys. Res. Lett. 
25, 3319 – 3322, 1998. 

2. Riediger, O., C. M. Volk, M. Strunk, and U. Schmidt, HAGAR – A new in situ tracer 
instrument for stratospheric balloons and high altitude aircraft, In: Stratospheric Ozone 
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1999 (N. R. P. Harris, M. Guirlet and G. T. Amanatidis Eds.) Air Pollution Research 
Report 73, p. 727 - 729, European Commission, Brussels (2000). 

3. Schmidt, U. and A. Khedim, In situ measurements of carbon dioxide in the winter Arctic 
vortex and at midlatitudes: an indicator of the 'age' of stratospheric air, Geophys. Res. 
Lett. 18, 763 – 766, 1991. 

4. Schmidt, U., R. Bauer, A. Engel, R. Borchers, and J. Lee, The temporal variation of 
available chlorine, Cly, in the Arctic polar vortex during EASOE, Geophys. Res. Lett. 21, 
1215 – 1218, 1994. 

5. Schmidt, U., Observations of Chemical Composition, In: The Stratosphere and its Role in 
the Climate System, NATO Asi Series, Series I: Global Environmental Change, Vol. 54 
(G. Brasseur, Ed.), p. 261 - 292, Springer-Verlag Berlin Heidelberg (1997). 

6. Strunk, M., A. Engel, U. Schmidt, C. M. Volk, T. Wetter, I. Levin, H. Glatzel-Mattheier, 
CO2 and SF6 as stratospheric age tracers: consistency and the effect of mesospheric 
SF6-loss, Geophys. Res. Lett., 27, 341 – 344, 2000. 

7. Volk, C. M., J. W. Elkins, D. W. Fahey, R. J. Salawitch, G. S. Dutton, J. M. Gilligan, M. H. 
Proffitt, M. Loewenstein, J. R. Podolske, K. Minschwaner, J. J. Margitan, K. R. Chan, 
Quantifying transport between the tropical and mid-latitude lower stratosphere, Science, 
272, 1763-1768, 1996. 

8. Volk, C.M., J.W. Elkins, D.W. Fahey, G.S. Dutton, J.M. Gilligan, M. Loewenstein, J.R. 
Podolske, K.R. Chan, and M.R. Gunson, Evaluation of source gas lifetimes from 
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Rudakov, In situ Tracer Measurements in the Tropical Tropopause Region During APE-
THESEO, In: Stratospheric Ozone 1999 (N. R. P. Harris, M. Guirlet and G.T. Amanatidis 
Eds.) Air Pollution Research Report 73, p. 661 - 664, European Commission, Brussels 
(2000). 
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the long-lived tracers N2O, CFC-12 and CFC-11; In: Stratospheric Ozone 1999 (N. R. P. 
Harris, M. Guirlet and G. T. Amanatidis Eds.) Air Pollution Research Report 73, p. 614 - 
618, European Commission, Brussels (2000). 
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23. Institut für Physische Geographie der J. W. Goethe Universität Frankfurt  
(IPG) 

 
The Institute of Physical Geography focuses its research on the geo-factors related to space 
and time. The relation among the abiotic factors relief, water and soil are essential in the 
research activities. The main fields are geoecology, global change, geomorphology, 
Quaternary landscape history, soil science and hydrology. The intense interdisciplinary 
cooperation with natural and social sciences as well as with the humanities is characteristic 
for the Institute.  
The profile of the ongoing research activities at the Institute are shown in the following 
research programmes: 
• Joint Research Project 268 (SFB 268) of the Deutsche Forschungsgemeinschaft 

"Culture, Language, and Environment of the West-African Savannah" 
• Priority Programme of the Deutsche Forschungsgemeinschaft "Changes of the Geo-

Biosphere during the last 15,000 years. Continental sediments as evidence of changing 
environmental conditions." 

• Graduierten-Kolleg "Archaeology and Archaeometry" 
• HYDROSTAR (High Performance Industrial Polymers based on modified Starch). Project 

in the 5th framework programme of the EU 
• BIOLOG/BIOTA (Biodiversity in Western Africa) (BMBF) 
Further research activities on global change are carried out both in and out of Europe. 
 
Aerial and satellite remote sensing plays an important role in most of the projects named 
above. Several projects involve the use of very large scale remote sensing data. Together 
with the Gefa-Flug GmbH the Institute developed a remote controlled hot air blimp as a 
camera platform. The blimp has been used very successfully for large scale aerial monitoring 
in the Wetterau (Germany), Spain and Burkina Faso (West Africa). Digital image processing 
is employed as an important tool for monitoring changes in vegetation and geomorphological 
dynamics and regionalisation of the results using medium scale aerial images is one of the 
aims of future research in this fields. The importance of digital image analysis within the 
Institute’s projects will further increase as multitemporal aerial and satellite images provide a 
wide range of information in space and time segments.  
 
1. Marzolff, I., Ries, J. B. (1997): 35-mm photography taken from a hot-air blimp: Monitoring 

land degradation in Northern Spain. - In: ASPRS (Hrsg.): Proceedings of the First North 
American Symposium on Small Format Aerial Photography, Oct 14-17 1997, Cloquet, 
Minnesota, USA. ASPRS Technical Papers, Bethesda, S. 91-101. 

2. Ries, J. B., Marzolff, I. (1997): Identification of sediment sources by large-scale aerial 
photography taken from a monitoring blimp. Phys. Chem. Earth, 22, 295-302. 

3. Andres, W., Litt, T. (1999): Editorial. - In: ANDRES, W. & LITT, T. (eds.): Termination I in 
Central Europe. Quaternary International, 61: 1-4. 
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7. Ries, J. B., Marzolff, I. (2001 in print): Monitoring of gully erosion in the Central Ebro 
Basin by large scale aerial photography taken from a remotely controlled blimp. Catena. 



- 99 - 

24. Zentrum für Umweltforschung der Johann Wolfgang Goethe-Universität 
  Frankfurt/Main (ZUF) 
 
The Centre for Environmental Research (Zentrum für Umweltforschung, ZUF) was founded 
in 1985 as a body that would have the task of planning, conducting, and coordinating 
research on envinronmental problems at the Goethe University of Frankfurt am Main. 
Scholars from a number of faculties are engaged in research on the interactions between the 
atmosphere and the biosphere, analysing both theoretically and experimentally the system in 
its unaffected state and the changes brought about by human activities. The Centre’s 
environmental laboratory is developing analytic procedures for dealing with specific aspects 
of environmental research, and offers analytic services to scholars. 
ZUF deals with environmental problems as defined in national and international 
environmental programmes. At present these are the destruction of the ozone layer, air 
pollution, acid rain, the greenhouse effect, damage to forests, loss of species diversity, 
protection of the soil and ground water, and noise pollution. 
Under this umbrella researches of ZUF have been involved in research projects concerning 
the chemistry and the transportation of trace materials in the troposphere and lower 
stratosphere since many years, for example Jaeschke et. al. 1976. 
In the years between 1984 and 1996, ZUF participated at a collaborative research center 
(SFB 233) entitled „Dynamics and chemistry of hydro meteors“, which was funded by the 
DFG. Since then a particular interest is directed to the aqueous phase of the atmosphere and 
the formation of clouds and precipitation. Therefore long time experiences are available 
concerning the application of sampling and chemical analysis on bord airborne platforms. 
In the framework of the SFB, the first airborne cloud drop collector was built at ZUF which is 
able to collect drops in differnt size ranges. It is seen the possibility to apply the constructed 
impactor during measuring flights with the new research aircraft HALO. Theoretical ideas of 
the „cloud processing“ could be examined by measurements of the dynamics of the chemical 
composition inherent in cloud drops and iceparticles. By the aid of HALO the flight pattern 
could be streched from the cloud basis up to the tropopause. Up to now the new airborne 
cascade impactor was successfully applied for size segregated sampling of liquid droplets. 
The principal possibility of applying the developed impactors also for the sampling of 
iceparticles, could not be tested up to now, since a suitable research aircraft was missing. 
Examinations about the phase distribution of trace materials between gas and icephase 
therefore restrict at the moment themselves only to laboratory attempts. By HALO, also field 
measurements could be taken in attack. 
Presently another scientific interest is dealing with field experiments about examinations of 
the phase distribution and chemical conversion of aerosol-forming gaeses. In most recent 
time, the interest increasingly turns towards the exploration of the role, that organic gases 
play in the atmosphere. For such examinations, high-sensitive sampling and analysis 
procedures have been developed at ZUF for the determination of Nonmethan Hydrocarbons. 
The sensitivity of the method goes down to the ppt-range. The quality of the analysis was 
assured through comparison measurements with other institutes during the field campaign 
BERLIOZ in 1998. These methods can be put in to the further exploration of the organic 
chemistry in the troposphere and lower stratosphere in a measuring platform like HALO. 
 
1. Jaeschke, W., Schmitt, R., Georgii, H.W. (1976): Preliminary results of stratospheric SO2 
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3. Franke, H., Maser, R., Vinnichenko, N., Dreiling, V., Jaenicke, R., Jaeschke, W. and 
Leiterer U. (1997): Adaption of microphysical and chemical instrumentation to the 
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airborne measuring platform Iljushin Il-18 "Cyclone" and flight regime planning during the 
Arctic Haze Investigation 1993-1995. J. Atmos. Res. 44, 3-16. 

4. Jaeschke, W., Beltz, N., Dierssen, J.P., Haunold, W., Krischke, U., Reinecke, A., 
Salkowski, T. and v. Trümbach, J. (1997): Measurement on the distribution of trace 
substances in the arctic troposphere. J. Atmos. Res. 44, 199-221. 
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25. Meteorologisches Institut der Universität Hamburg 
 
The Meteorological Institute of the University of Hamburg conducts airborne marine 
meteorological research in middle and high latitudes since more than 20 years and plans to 
continue this kind of research in future. In the frame of this research, aircraft of the German 
fleet of meteorologically equipped aircraft were and will be applied. Operations in remote 
regions (e.g. Arctic and North Atlantic) were restricted or even impossible. With the HALO 
aircraft new dimensions of operational possibilities will be opened. The new facility is planned 
to be used in the following research fields: 
a. Arctic climate system research 
Primary investigation fields are the characteristics and the role of Arctic inversions, the 
properties of sea ice (coverage ,surface temperature, albedo etc.) and clouds, and the 
impact of cyclones on sea ice. With the HALO aircraft equipped with in situ and remote 
sensing instruments and with facilities to drop radiosondes and autonomously measuring ice 
buoys, trans-Arctic flights will be feasible. Flight missions will either be concentrated during 
intensive observation periods or be flown regularly one or two times per year (Arctic 
monitoring studies). 
b. Cyclones and the North Atlantic climate system 
Primary investigation fields are the characteristics and the role of North Atlantic cyclones and 
atmospheric fronts. Trans-Atlantic flight missions to study e.g. aspects of the energy and 
water cycle of these synoptic systems are intended. 
c. Deep and organised convection 
In spite of many existing process studies the role of deep convection and organised 
convection for transport of energy and matter is still open and not parameterised in weather 
and climate models. Here, trajectory-following flight missions over long distances, e.g. in 
north-south oriented cold-air outbreaks over the North-Atlantic are 
intended. 
 
D4: 
During the past years the Meteorological Institute of the University of Hamburg organised 
and participated in field campaigns on the following topics: 
• Cold-air outbreaks from the Arctic sea ice and organised atmospheric convection 
• Atmospheric fronts and their modification during passage from sea to land 
• Cyclones in the Fram Strait: their properties and their impact on the ice export from the 

Arctic Ocean. 
 
The field campaigns were conducted successfully and the results were published in reviewed 
journals. Experimental data were used to promote process understanding and to validate 
various models. Further significant progress in these research areas on meso- and synoptic-
scale processes and phenomena needs the availability of a long-range aircraft such as 
HALO. 
 
1. Brümmer, B., 1997: Boundary layer mass, water and heat budgets in wintertime cold-air 
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26. Institut für Meteorologie und Klimatologie der Universität Hannover 
 
The Institute is interested in the usage of HALO for the topic of Traffic Meteorology:  
 
1. Investigation of weather risks for air traffic:  

- turbulence ( Hauf, 1984) 
- gravity waves (Hauf, 1993) 
- lightning (Finke & Hauf, 1996), 
- aircraft icing, clouds etc. (Hauf & Schröder, 1998) 

 
2. Increase of efficiency of air traffic (Sasse & Hauf, 2001) by 

- Time and fuel saving by proper route planning 
- Minimisation of weather influences 
- Optimal usage of presently available weather information and weather predictions 

in the cockpit of airliners 
 
1. Maren Sasse, Thomas Hauf: A Case Study on Thunderstorm Induced Delays at Frankfurt 

Airport. Submitted to Meteorological Applications, 2001.  
2. Hauf, T., F. Schröder: Supercooled Large Drops and Aircraft Icing. Proceedings IWAIS 
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study. Mon. Wea. Rev., 121, 3282 – 3290, 1993. 
5. Hauf, T.: Turbulenzmessungen mit dem Forschungsflugzeug Falcon. Meteorol. Rdsch., 

37, 163 – 176, 1984. 
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27. Institut für Umweltphysik der Ruprecht-Karls-Universität Heidelberg  
(IUP-HD) 

 
The Institute for Environmental Physics at the University of Heidelberg, founded in 1973, is 
world-wide among the first institutions that were addressing environmental issues by means 
of physical methods. At present the major scientific foci of the Institute span from (paleo-) 
climatological information stored in deep sea sediments, foraminifers, stalagmites, ice cores, 
tree ring, and ground waters, the subsurface hydrological cycle, the biochemical cycle of 
greenhouse gases, gas exchange at the atmosphere/water interface, the impact of pollutants 
on the atmospheric ozone photochemistry and climate to the radiative transfer and the solar 
energy deposition in the cloudy atmosphere. Major technological achievements of the 
Institute comprise measurements of trace quantities of stable (D/H, 18O/16O, 13C/12C, 15N/14N, 
3He, and 4He) and radioactive isotopes (T/H, 7Be, 10Be, 14C, 210Pb, 222Rn, 230Th, 232Th, 234U, 
238U, et cetera) by means of mass spectrometry, accelerator mass spectrometry, and gas 
counters in samples taken from a wide range of environmental compartments, very precise 
measurements of CO2, CH4, N2O, CFC's and SF6 by GC in air and soil waters, image 
processing of the air/water gas exchange, ground penetrating radar, x-ray tomography, 
modeling and numerical simulation of water flows in unsaturated soils, and finally differential 
optical absorption spectroscopic (DOAS) measurements of atmospheric trace gases (O3, 
NO2, NO3, HONO, BrO, ClO, IO, OClO, OIO, aromatic hydrocarbons,..) as well as 
atmospheric photon pathlengths in cloudy skies, all conducted with optical spectrometers 
operated from either the ground, aircraft, balloons, or satellite (GOME, SCIAMACHY).  
Prof. U. Platt, who pioneered the DOAS technique, is together with Prof. K. Roth coheading 
the IUP-Hd. The Institute employs a permanent staff of 8 scientists, ~100 graduate, 
postgraduate, and PhD students, ~10 non-permanent postdocs, and frequently hosts visiting 
scientists coming from all over the world. 
 
The project Halo will allows us to address the following major scientific objectives  
- Investigation of the strat/trop exchange (by advection and particle sedimentation) of water 
by monitoring the stable (D, and 18O) and radioactive (T) isotopes of water vapor  
- Investigation of rates and timescales of the strat/trop exchange by monitoring the UT/LS 
aerosol's composition with respect to their cosmonuclide concentrations (7Be, 10Be, 210Pb, 
..)  
- Investigation of the UT/LS exchange by monitoring the concentrations (CO2, CH4, N2O, 
CFC's and SF6) and the isotopic composition of the trace gases CH4, CO2, N2O, ...  
 - Monitoring of photochemically active trace gas species around the tropopause by multi-
axis DOAS measurements  
- Monitoring of long-range transport of pollutants (e.g., HONO, NO2, O3,.....  
- Validation of ERS-2 GOME's and ENVISAT's SCIAMACHY level 1 products  
- Monitoring of the variability and typical spatial scale of the backscattered radiation of the 

atmosphere, e.g., the influence of clouds on the atmospheric budget of short-wave 
radiation 
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Boundary Layer, Nature, 397, 572-573, 1999. 
2. Hebestreit K., et al., First DOAS Measurements of Tropospheric BrO in Mid Latitudes, 
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Verification of German methane emission inventories and their recent changes based on 
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28. Institut für Meteorologie und Klimaforschung (IMK), Universität  
Karlsruhe 

 
The “Institute of Meteorology and Climate Research” (IMK) is a joint institution of the 
University Karlsruhe and of the Forschungszentrum. Current research covers exchange 
processes between the surface and the planetary boundary layer, convection, cloud and 
precipitation physics as well as transport and diffusion of natural and anthropogenic trace 
gases in the lower troposphere. Special emphasis is given to the influence of orography 
initiating and triggering all processes indicated. All scientific topics are treated by larger field 
both experiments and numerical model simulations. Experimental work is not only limited to 
field studies but also comprises development and improvement of sophisticated instruments. 
Many field campaigns (TRACT, BERLIOZ, KONVEX 2000) have essentially been supported 
by use of aircraft. 
 
The institute presently is involved in the following specific research fields which can strongly 
be expanded by application of the HALO aircraft: 
 
1. Transport and diffusion of trace gases in the troposphere  

Investigation of air quality problems arising from the combined action of chemical 
transformations, long range and turbulent transport of trace gases and aerosol particles 
emitted from cities and industrial complexes by measurements and meteorological-
chemical models. 

 
2. Atmospheric turbulence and convection 

Research on turbulence and – recently – on organised convection, in particular related to 
the effect of orography, leading to a redistribution of momentum, mass, energy and 
humidity between the surface and the upper troposphere or lower stratosphere. 

 
3. Cloud microphysics and radar meteorology 

 Numerical studies on the development of precipitation in warm and mixed clouds as well 

as radar – based investigations on the dynamics of convective cells. 

 
The activities mentioned so far are restricted to the lower troposphere and smaller scale areas 
because of the limited capabilities of research aircraft used (DO 128, HELIPOD). 
 
Based on measurements over longer times and larger areas, especially near and inside large 
convective systems, taken e.g. by the HALO aircraft, the institute is able to extend its 
research activities in the fields of turbulence, convection and transport of pollutants with the 
aim to assess (validate) commonly used estimates as well as to improve and redevelop new 
parameterisations for application in NWP and climate models. 
 
With regard to precipitation-generating clouds it is highly desirable to have HALO equipped 
with an onboard cloud or precipitation radar. The benefit of such an instrument has 
impressively been demonstrated during the intensive observation period of the Mesoscale 
Alpine Programme (MAP) where airborne radar measurements have been performed by the 
US-aircraft P23 (NOAA) and ELECTRA (NCAR). 
 
D4 a)  Some research results achieved by IMK in past years: 
 
- The Berlin Ozone Experiment BERLIOZ showed that about 20 % of ozone in the plume 

is produced by local emissions. The process analysis indicates in many cases good 
agreement (10 % or better) between measurements and simulations not only in the 
ozone concentrations but also with respect to the physical and chemical processes 
governing the total change. 
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- Using water vapour, O3 and NO2 as tracers the terrain induced “handover” (exchange ) 
processes could be measured over the Black Forest and the contribution to the total 
vertical exchange between the PBL and the free troposphere could be calculated. 

 
- Based on numerical simulations with the stochastic collection equation for 

hydrometeors and aerosol particles new parameterisation schemes have been 
developed for use in mesoscale and NWP models. 

 
With respect to aircraft measurements by DO 128 IMK has enlarged the aircraft’s research 
capabilities by the integration of a sensor package for the measurement of CO, NO, NO2, 
CO2 and O3 with frequencies between 1 Hz and 20 Hz, and detection limits of 1 ppb. The 
equipment does not only allow to detect mean quantities, but also, using the eddy-correlation 
technique, to calculate small-scale turbulent trace gas fluxes. 
 
b) and c) The IMK has vital collaborations with national and international research institutes  

which resulted in common publications, e.g., with the IFU (Garmisch-Partenkir-
chen), CIALS (La Serena/Chile), University of Canterbury (Christchurch/New 
Zealand), Meteo France (France). 
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29. Institut für Geophysik und Meteorologie, Universität zu Köln 
 
At the University of Cologne, Institute for Geophysics and Meteorology, a regional chemistry 
transport model (EURAD) and a global model of the middle atmosphere (COMMA) have 
been developed and applied for atmospheric research. Studies of stratosphere-troposphere 
exchange, impact of air traffic emissions and long-range tracer transport in the troposphere 
have been carried out employing the models. The modelling group has participated in 
several national and international atmospheric research programmes (e. g. OFP, Impact of 
Emissions from Aircraft, EUROTRAC, TOASTE, RIFTOZ, SANA, AFO2000). The EURAD 
model is a cooperative effort with the Rhenish Institute for Environmental Research at the 
University of Cologne (RIU) and the Research Center Jülich. Present research is focusing on 
regional air pollution forecasts, transatlantic transport of pollutants, chemistry and transport 
of the tropopause region, four-dimensional chemical data assimilation and model validation. 
The EURAD model is designed for the treatment of photo-oxidants and aerosols as well. 
 
1. Danilin, Y.M., A. Ebel, H. Elbern, H. Petry: Evolution of the concentration of trace species 

in an aircraft  
2. Ebel, A., H. Elbern, J. Hendricks, R. Meyer: Stratospheric-tropospheric exchange and its 

impact on the structure of the lower stratosphere. J. Geomagn. Geoelectr., 48, 135 - 144, 
1996.  

3. Ebel, A.: Chemical transfer and transport modeling. In: Transport and Chemical 
Transformation of Pollutants in the Troposphere, P. and P.M. Borrell (eds), Springer, Vol. 
1, pp. 85 - 128, 2000. 

4. Elbern H., H. Schmidt,; A four-dimensional variational chemistry data assimilation 
scheme for Eulerian chemistry transport modeling. J. Geophys. Res. 101, 18583 - 18598, 
1999. 

5. Elbern, H. and H. Schmidt: Ozone episode analysis by four-dimensional variational 
chemistry data assimilation. J. Geophys. Res., 106, 3569 - 3690, 2001. 

6. Hendricks, J., F. Baier, G. Günther, B.C. Krüger, A. Ebel: Stratospheric ozone depletion 
during the 1995-1996 Arctic winter: 3-D simulations on the potential role of different PSC 
types. Ann. Geophysicae, accepted for publication, 2001. 

7. Jakobs, H.J., S. Tilmes, A. Heidegger, K. Nester, G. Smiatek: Short-term ozone 
forecasting with a network model system during summer 1999. J. Atmos. Chem., in 
press, 2001. 

8. Memmesheimer, M., M. Roemer, A. Ebel: Budget calculations for ozone and its 
precursors: seasonaland episodic features based on model simulations. J. Atmos. 
Chem., 28, 283 - 317, 1997. 

9. Petry, H., J. Hendricks, M. Möllhoff, E. Lippert, A. Meier, R. Sausen, A. Ebel: Chemical 
conversion of subsonic aircraft emissions in the disperging plume: calculation of effective 
emission indices. J. Geophys. Res., 103, 5759 - 5772, 1998. 

10. Schell, B, I.J. Ackermann, H. Hass, F.S. Binkowski, A. Ebel: Modeling the formation of 
secondary organic aerosol within a comprehensive air qulaity model system. J. Geophys. 
Res., in press. 
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30. Institut für Meteorologie der Universität Leipzig (UniL-IM): 
 
The Institute for Meteorology at the University of Leipzig is engaged in the research topics 
climate of cities, water buget in catchment areas on the regional scale, soil humidity and 
evaporation, atmospheric radiative transfer, remote sensing of trace gases, aerosols and 
clouds, conceptual and statistical models for atmospheric and ocean dynamics regarding the 
interaction of different scales and the interplay of atmosphere and ocean, cloud and 
precipitation models, natural climate variability and the impact of the ocean, floodings in 
Middle Europe on a secular time scale, climatology of winds of the upper middle atmosphere, 
interaction of the stratosphere, mesosphere, and lower thermosphere.  
 
The Institute for Meteorology has a strong background in the education of meteorologists in 
undergraduate and graduate programmes. Since several years strong connections in 
different atmospheric research topics have been established to the Leibniz Institute for 
Tropospheric Research, Leipzig, Germany. Among others these research topics include: 
Spectral measurement and spectral modelling of the photochemically and energetically 
relevant radiation in clear and cloudy sky, optical characterisation of particles from biomass 
burning, development of models to simulate cloud microphysical processes in a size-
resolved manner, acoustic tomography inside the atmospheric boundary layer. Plans in the 
near future will include research regarding the optical and radiative properties of mineral 
dust. 
 
D4: 
 
The institute has gained several years of experience in simulating atmospheric radiative 
transfer for studying the energy budget, photochemistry and remote sensing. Selected 
research results of the Institute for Meteorology which are relevant for HALO related 
research are listed next. The research topics concentrate on the development, verification 
and improvement of various simulation models which have been developed by UniL-IM: 
 
Optical properties of aerosol, warm cloud and ice particles based on the classical Mie theory 
and more general scattering theory for nonspherical particles. Research will be accomplished 
regarding radiative transfer in clear and cloudy atmospheres and its influence on 
atmospheric dynamics. Observational data are required for (i) particle size distribution, 
particle shape and particle composition, (ii) spectrally resolved radiative flux densities and 
radiances in the solar and terrestrial wavelengths, (iii) thermodynamical, radiative and 
turbulence processes in cirrus clouds for the midlatitudes, the subtropical and tropical 
regions. 
Cloud-resolving models including spectral and bulk microphysics for simulating the dynamics 
and precipitation processes in middle- and upper-tropospheric mixed-phase clouds. 
Observational data are required quantifying the dynamical structure of clouds together with 
the simultaneously existing precipitation fields. 
Novel techniques have been developed regarding retrievals of stratospheric and tropospheric 
trace gases (c.f. O3 and NO2). These techniques allow to account for the spherical shape of 
the Earth's atmosphere and are very fast in terms of computer time because they fully exploit 
advantages of perturbation theory. Future research will include remote sensing of 
tropospheric aerosols and of surface reflection properties (bidirectional reflectance 
distribution). To validate these models in-situ measurements are needed for trace gas 
profiles, vertical aerosol profiles (total number, size distribution and composition) and for the 
surface reflectance. Moreover, HALO measurements are ideally suited to provide validation 
data for the satellite instruments itself (c.f. SCIAMACHY, PICASSO-CENA) 
Simulation of polarised radiative transfer: Models are under development which allow to 
simulate the polarised radiation field in the solar spectral region. Such models will be used to 
assess the effect of mineral dust particles and cirrus clouds. Lidar measurements of the 
polarized backscatter signal at several wavelengths, pointing in upward and downward 
direction, could be used to infer parameters of the particle size distribution and details of 
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particle composition. These parameters can then be used for the radiative transfer 
simulations. 
 
1. Trautmann, T., B .P. Luo, A. Tsias, K.S. Carslaw, and Th. Peter, 1998: Application of light 

scattering theory to lidar measurements of polar stratospheric clouds. Extended Abstract, 
Conference on Light Scattering by Nonspherical Particles, NASA Goddard Institute for 
Space Studies, September 29 - October 1, New York NY, USA, Amer. Meteorological 
Society, Boston, Mass.,112-114.  

2. Bösch, H., C. Camy-Peyret, M. Chipperfield, R. Fitzenberger, H. Harder, C. Schiller, M. 
Schneider, T. Trautmann, and K. Pfeilsticker, 2000: Comparison of measured and 
modeled stratospheric photolysis frequencies of NO2 (J(NO2)) at large solar zenith 
angles. Geophys. Res. Lett., 28, 1179-1182. 

3. Früh, B., T. Trautmann, M. Wendisch, and A. Keil, 2000: Comparison of observed and 
simulated NO2 photodissociation frequencies in a cloudless atmosphere and in 
continental boundary layer clouds. J. Geophys. Res., 105, 9843-9857. 

4. Landgraf, J., O. P. Hasekamp, M. A. Box, and T. Trautmann, 2001: A linearized radiative 
transfer model for ozone profile retrieval using the analytical forward-adjoint perturbation 
theory approach. J. Geophys. Res., reviewed and revised. 

5. Junkermann, W., C. Brühl, D. Perner, E. Eckstein, T. Trautmann, B. Früh, R. Dlugi, T. 
Gori, A. Ruggaber, J. Reuder, M. Zelger, A. Hofzumahaus, B. Bohn, A. Kraus, S. 
Mölders, F. Rohrer, D. Brüning, G. Moortgat, A. Horowitz, and J. Tadic, 2001: Actinic 
radiation and photolysis processes in the lower troposphere: Effect of clouds and 
aerosols. J. Atmos. Chem., in press. 

6. Kay, M. J., M. A. Box, T. Trautmann, and J. Landgraf, 2001: Actinic flux and net flux 
calculations in radiative transfer - A comparative study of computational efficiency. J. 
Atmos. Sci., in press. 

7. Simmel, M., T. Trautmann, and G. Tetzlaff, 2001: Numerical solution of the stochastic 
collection equation - comparison of the Linear Discrete Method with other methods. 
Atmos. Research, reviewed and revised. 

8. Trautmann, T., and C. Wanner, 1999: A fast and efficient method for simulating 
multicomponent collision kinetics. Atmos. Environ., 33, 1631-1640. 

9. Trautmann, T., I. Podgorny, J. Landgraf, and P. J. Crutzen, 1999: Actinic fluxes and 
photodissociation coefficients in cloud fields embedded in realistic atmospheres. J. 
Geophys. Res., 104, 30173-30192. 

10. Trentmann, J., M. O. Andreae, H.-F. Graf, P. V. Hobbs, R. D. Ottmar, and T. Trautmann, 
2001: Simulation of a biomass burning plume: Comparing model results with 
observations. J. Geophys. Res., in press. 
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31. Institut für Physik der Atmosphäre, Universität Mainz (MPI-IPAM) 
 

The Institute of Atmospheric Physics at the Johannes Gutenberg University in Mainz is 
devoted to the education of meteorologists and atmospheric physicists in undergraduate 
and graduate programs. Research work is performed on cloud and aerosol physics and 
chemistry, as well as the modelling of dynamical processes. The Institute of Atmospheric 
Physics has a history of aircraft borne experimental work extending back to 1983. 
Instruments were developed and implemented by IPAM personnel on the DLR Falcon, 
the Dutch Cessna Citation, a GFD Learjet, the Russian Ilyushin 20, the high altitude 
research airplanes Geophysica from Russia and ER-2 of NASA, as well as various 
smaller research aircraft and motorized glider planes. The measurement campaigns were 
performed in the Siberian and Canadian Arctic, Central and Southern Europe, the North 
Atlantic region, the tropics, and also in the polar, mid-latitude and tropical stratosphere. 
Funding was provided by the Commission of the EU, the BMBF/BMFT, the Russian 
Academy of Sciences, and the Deutsche Forschungsgemeinschaft through Collaborative 
Research Centers from 1982 until 1997.  
The results of the Collaborative Research Center 233 “Dynamics and Chemistry of 
Hydrometeors”, which cover the aircraft campaigns CLEOPATRA, NORDEX96, and 
others, are comprehended in 26 individually peer reviewed chapters by Jaenicke (ed.), 
DFG 2001. Similarly the aircraft borne measurements of the joint Russian-German “Arctic 
Haze Project” are described in a special issue of “Atmospheric Research”by Jaenicke, R. 
(ed.), 1997.  
In the recent years emphasis was placed on in-situ experiments for aerosol research 
covering also the particulate biogenic component, as well as stratospheric aerosol, and 
experiments related to the cloud physics and heterogeneous chemistry of cirrus, tropical 
subvisual upper tropospheric clouds, and polar stratospheric clouds. Considerable efforts 
have been made for the design and implementation of aircraft borne sampling inlets and 
particle measurement instrumentation. For the near and mid-range future the 
implementation and deployment of recently developed instrumentation for the in-situ real-
time chemical analysis of individual aerosol particles or populations of small numbers of 
particles are anticipated.  
 

1. Jaenicke, R. (ed.), Dynamics and Chemistry of Hydrometeors: Final Report of the 
Collaborative Research Center 233 to the Deutsche Forschungsgemeinschaft, DFG, 
Wiley-VCH, 586 pages, 2001. 

2. Thomas, A., Borrmann, S., Kiemle, C., Cairo, F., Volk, M., Beuermann, J., Lepuchov, B., 
Santacesaria, V., Matthey, R., Yushkov, V., MacKenzie, A. R., and L. Stefanutti, In-situ 
measurements of background aerosol and subvisible cirrus in the tropical tropopause 
region, J. Geophys. Res., submitted August 2001. 

3. Borrmann, S., Luo, B., and M. Mishchenko, The application of the T-matrix method to the 
measurement of aspherical particles with forward scattering optical particle counters, J. 
Aerosol Sci., 31, 789-799, 2000. 

4. Borrmann, S., Thomas, A., V. Rudakov, V. Yushkov, B. Lepuchov, T. Deshler, N. 
Vinnichenko, V. Khattatov, and L. Stefanutti, In-situ aerosol measurements in the 
northern hemispheric stratosphere of the 1996/7 winter on the Russian M-55 Geophysika 
high altitude research aircraft, Tellus, 52B, 1088-1103, 2000. 

5. Jaenicke, R. (ed.), Special Issue on the Artic Haze Project, Atmospheric Research, vol. 
44, part 1 and 2, 1997. 

6. Borrmann, S., Solomon, S., Dye, J. E., Baumgardner, D., Kelly, K. K., and K. R. Chan, 
Heterogeneous reactions on stratospheric background aerosols, volcanic sulfuric acid 
droplets, and type I PSCs: The effects of temperature fluctuations and differences in 
particle phase, J. Geophys. Res., 102, 3639-3648, 1997.  

7. Borrmann, S., Solomon, S., Avallone, L., and J. E. Dye, On the occurrence of ClO in 
cirrus clouds and volcanic aerosol in the tropopause region, Geophys. Res. Lett., 2011-
2014, 1997. 
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8. Borrmann, S., Solomon, S., Dye, J. E., and B. Luo, The potential of cirrus clouds for 
heterogeneous chlorine activation, Geophys. Res. Lett., 23, 2133-2136, 1996.  

9. Borrmann, S., Dye, J. E., Baumgardner, D., Proffitt, M., Margitan, J., Wilson, J. C., 
Jonsson, H. H., Brock, C. A., Loewenstein, M., Podolske, J. R., and G. V. Ferry, Aerosols 
as dynamical tracers in the lower stratosphere: The aerosol vs. ozone correlations after 
the Mount Pinatubo Eruption, J. Geophys. Res., 100, 11,147-11,156, 1995.  

10. Dreiling, V., and R. Jaenicke, German-Russian Arctic Haze Project: Vertical profiles of 
aerosol integral parameters in spring and summer and derived size distributions, J. 
Aerosol Sci., 26, 591-592, 1995. 
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32. Meteorologisches Institut der Universität München (MIM) 
 
Among the groups of the MIM, the “Tropical Meteorology” and the “Remote Sensing” group 
are interested in research activities related to HALO. Both groups include about 10 
permanent positions, scientists and technical personnel, plus an average of 20 diploma 
students, Ph. D. candidates, post-docs and guest scientists. 
 
The main focus of the Tropical Meteorology group lies in the dynamics of tropical cyclones 
and tropical deep convection. The group has participated in many international field 
experiments involving airborne measurements. These include the Tropical Cyclone Motion 
Experiment (TCM90, held in 1990); the Tropical Experiment Mexico (TEXMEX, held in 1991); 
the NOAA Hurricane Research Division Summer Field Programme (1994, 1995, 1996, 1998) 
and the Eastern Pacific Experiment (EPIC, 2001). Planning is currently underway in 
collaboration with Australian scientists to establish a field programme to study the initiation 
and propagation of organized tropical squall lines. 
 
The Remote Sensing group’s focus is on lidar remote sensing of aerosols and thin clouds. In 
the last 7 years, our lidar experiments were confined to the ground including field campaigns 
in several states, and long-term experiments in the framework of European networks. 
Presently, in cooperation with the Ground Truth Center Oberbayern (GTCO), a second, small 
lidar is under construction. The concept is such that it also can be operated from an aircraft. 
 
If the HALO project is funded, we would be keen to use the aircraft for missions in the tropics 
relating to tropical storms and tropical convection. The assumption would be that the aircraft 
had a dropwindsonde capability. At least two persons would be engaged full time on the 
project. Provided that flight hours can be afforded, operation of the GTCO-lidar might be 
possible with focus on validation of future data from spaceborne lidars. Manpower allocated 
to such activities will depend on funding from external sources. 
  
1. Reeder, M. J., and R. K. Smith, 1998: Mesoscale meteorology in the Southern 

Hemisphere. Chapter 5 of Meteorology of the Southern Hemisphere. Ed. D. J. Karoly and 
D. Vincent. American Meteorologica Society Monograph, No. 49, 201-241. 

2. Smith, R. K., and A. Glatz, 1998: The detection of hurricane asymmetries from aircraft 
reconnaissance flight data: some simulation experiments. Quart. J. Roy. Met. Soc., 124, 
2715-2728.  

3. Möller J. D., and M. T. Montgomery, 2000: Tropical cyclone evolution via potential 
vorticity anomalies in a three-dimensional balance model. J. Atmos. Sci., 57, 3366-3387.  

4. Peristeri, M., W. Ulrich, and R. K. Smith, 2000: Genesis conditions for thunderstorm 
growth and the development of a squall line in the northern alpine foreland. Meteor. 
Atmos. Phys., 72, 251-260.  

5. Shapiro, L. J., 2000: Potential vorticity asymmetries and tropical cyclone evolution in a 
three-layer model. J. Atmos. Sci., 57, 3645-3662.  

6. Smith, R. K., 2000: The role of cumulus convection in hurricanes and its representation in 
hurricane models. Rev. Geophys., 38, 465-489.  

7. Thorncroft, C. D., and S. C. Jones, 2000: The extratropical transitions of hurricanes Felix 
and Iris in 1995. Mon. Wea. Rev. 128, 947-972.  

8. Weber, H. C., 2001: Hurricane track prediction with a new barotropic model. Mon. Wea. 
Rev., 129, 1834-1858. 

9. Zhu, H., R. K. Smith, and W. Ulrich, 2001: A minimal three-dimensional tropical cyclone 
model. J. Atmos. Sci., 58, 1924-1944. 

10. Bösenberg, J., A. Ansmann, J.M. Baldasano, D. Balis, Ch. Böckmann, B. Calpini, A. 
Chaikovsky, P. Flamant, A. Hagard, V. Mitev, A. Papayannis, J. Pelon, D. Resendes, J. 
Schneider, N. Spinelli, Th. Trickl, G. Vaughan, G. Visconti, M. Wiegner, (2001): 
EARLINET: A European Aerosol Research Lidar Network, in: Advances in Laser Remote 
Sensing, Eds: A. Dabas, Claude Loth and Jacques Pelon, ISBN 2-7302-0798-8, 155-158. 
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Appendix.  
Excerpt from 

Ergebnisniederschrift über die zentrenübergreifende Begutachtung der Klimaforschung 
(Sektion 1 des Umweltverbundes) der Helmholtz-Gemeinschaft am 13. und 14. Januar 1999 
 
Vorsitzender: Prof. Dr. A. Zehnder, Eidgenössische Anstalt für Wasserversorgung, 

Abwasserreinigung und Gewässerschutz, Dübendorf 
 
Anwesende Gutachter: Prof. Dr. Meinrat O. Andreae, Max-Planck-Institut für Chemie, Mainz 

Prof. Dr. Huw Cathan Davies, ETH Zürich 
Prof. Dr. Hartmut Graßl, Joint Planning Staff for the World Climate 

Research Programme, Genf 
Prof. Dr. Jost Heintzenberg, Institut für Troposphärenforschung, Leipzig 
Prof. Dr. Jan E. van Hinte, Department of Sedimental Geology, Freie 

Universität Amsterdam 
Dr. Ernst Maier-Reimer, Max-Planck-Institut für Meteorologie, Hamburg 
Prof. Dr. Helmut Rott, Institut für Meteorologie und Geophysik, 

Universität Innsbruck 
Prof. Dr. Christian Schönwiese, Institut für Meteorologie und Geophysik, 

Universität Frankfurt 
Prof. Dr. Thomas Stocker, Physikalisches Institut, Universität Bern 
 

 
HGF-Geschäftsstelle: Dr. K. Fleischmann  
   PD Dr. S. Schultz-Hector (Protokollführung) 
 
Sitzungsbeginn: 13. Januar 17.00 Uhr    
Sitzungsende: 14. Januar 16.30 Uhr   
 
AUSZUG:  
 
d) Übergeordnete Empfehlungen für die Klimaforschung der Helmholtz-Gemeinschaft 
 

1) Es wird dringend empfohlen, eine neue technische Plattform für die Troposphärenforschung 
zu schaffen. Ein geeignetes Forschungsflugzeug solle eine Nutzlast von mindestens fünf 
Tonnen transportieren können, die erforderliche elektrische Versorgung von wechselnden 
Meßgeräten erlauben, eine Flughöhe erreichen, die mindestens im Bereich der Tropopause 
liegt, sowie über einen transkontinentalen Operationsradius verfügen. Die HGF erhalte 
dadurch die Chance, ihre bisherige Spitzenstellung abzusichern und auszubauen. Die 
Nutzung eines solchen Flugzeugs beschränke sich jedoch nicht auf die HGF, sondern wäre 
auch für andere deutsche und europäische Forschungseinrichtungen überaus wichtig, wobei 
diese auch zu den Betriebskosten beitragen könnten. 

 
Zusammenfassung 
 
..... 
Um die nationale Position in der Troposphärenforschung zu stärken, wird die Einsetzung eines neuen, 
in seinen technischen Spezifikationen deutlich über Vorhandenes hinausgehenden 
Forschungsflugzeugs dringend empfohlen.  
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Appendix: 
Memorandum der Teilnehmer am Flugzeug-Nutzer Workshop 30./31. Mai 2000 

Ein neues Forschungsflugzeug für die Atmosphärenforschung 
 

Die Erdatmosphäre, ein lebenswichtiger Teil unserer Umwelt, unterliegt durch groß-
räumige Änderungen und vielfältige Einwirkungen des Menschen einem ständigen Wandel. 
Um auch in Zukunft wissenschaftlich und gesellschaftlich wichtige Fragen zur Untersuchung 
der Atmosphäre beantworten zu können und um die international führende Rolle der deut-
schen Atmosphärenforschung weiter auszubauen, schlägt die Gemeinschaft der deutschen 
Atmosphärenwissenschaftler vor, ein neues Forschungsflugzeug zu beschaffen. Das hier 
vorgelegte Konzept wurde auf einem Treffen erarbeitet, bei dem Vertreter der auf diesem 
Gebiet tätigen universitären und außeruniversitären Forschungseinrichtungen vertreten wa-
ren. Es stellt den einstimmigen Konsens der vertretenen Institutionen dar. 
 Kennzeichnend für die Atmosphärenforschung der Zukunft ist die Integration in einen 
systemaren Ansatz, in dem disziplinübergreifend und international die Prozesse in der Atmo-
sphäre in ihrer Wechselwirkung mit dem Menschen und der Biosphäre untersucht werden. 
Spezifische Forschungsschwerpunkte sind auf nationaler Ebene in dem Dokument "Konzept 
für vorrangige mittelfristige deutsche Atmosphärenforschung" (AFO 2000) und im internatio-
nalen Raum in dem von IGBP/IGAC erstellten Konzept "Atmospheric Chemistry in a Chan-
ging World" beschrieben. Zentrale Themen sind: 
- Die Untersuchung des Vertikalaustausches in der Atmosphäre und der Prozesse in der 

oberen Troposphäre und unteren Stratosphäre. Diese Region spielt eine kritische Rolle in 
den Wechselwirkungen zwischen Klima und den anthropogenen Veränderungen der At-
mosphäre. Sie ist besonders in niedrigeren Breiten noch weitgehend unerforscht, nicht zu-
letzt, weil geeignete Messflugzeuge für diesen Bereich bisher fehlen. 

- Integrierte Untersuchungen der Wechselwirkungen Chemie-Klima-Biosphäre-Mensch in 
Schlüsselregionen, in denen sich dramatische Veränderungen abspielen, die sich auf die 
globale Umwelt auswirken. Beispiele hierfür sind:  
1) Der eurasische Raum, insbesondere die Borealzone, in der schon jetzt eine bisher un-

gekannt rasche Klimaveränderung zu beobachten ist und daher die Gelegenheit be-
steht, die Wechselwirkungen zwischen Klimawandel, Biosphäre und Atmosphären-
chemie zu untersuchen.  

2) Das Amazonasbecken, wo großräumige Landnutzungsänderung und Entwaldung die 
Prozesse der Selbstreinigung der Atmosphäre und des energetischen Antriebs der 
globalen atmosphärischen Zirkulation empfindlich stören werden.  

3) Der südostasiatische Raum, mit dem Fokus auf der direkten Belastung der Atmosphäre 
durch rapides Bevölkerungswachstum, Industrialisierung, und Urbanisation.  

Experimente zur Untersuchung solcher Fragen erfordern internationale und interdis-
ziplinäre Zusammenarbeit auf einer gemeinsamen Messplattform, oft sogar den simultanen 
Einsatz mehrerer Flugzeuge, koordiniert mit Messungen von Schiffen, Bodenstationen und 
Satelliten. Um sich hier in einer führenden Rolle beteiligen zu können, braucht die deutsche 
Atmosphärenforschung ein Flugzeug, das den technischen Anforderungen gerecht wird, die 
sich aus diesen wissenschaftlichen Fragestellungen ergeben.  

Um eine breit nutzbare, nationale Ressource darzustellen, sollte dieses Flugzeug 
auch vielseitig in anderen, verwandten Disziplinen einsetzbar sein. Beispiele hierfür sind: 1) 
Die Fernerkundung, besonders bei der Vorbereitung, Einsatz und Validierung von Sensoren 
auf Satelliten. 2) Die Meteorologie und Klimaforschung, etwa zum dringend erforderlichen 
besseren Verständnis der Dynamik in Wolken, sowie der Mechanismen der Niederschlags-
bildung und deren Einfluss auf regionale Wasserkreisläufe. 3) Die Ozeanographie und Polar-
forschung, z.B. bei der Untersuchung der Meereisverteilung. 4) Die Luftfahrt und ihr Einfluss 
auf die Chemie der oberen Troposphäre, speziell die Bildung klimawirksamer Aerosole und 
Wolken. 

Aus den wissenschaftlichen Zielsetzungen ergeben sich konkrete technische Anfor-
derungen: 
- Große Reichweite (>8000 km bzw. ca. 10 Flugstunden), um transkontinentale Experi-

mente und entsprechend lange Messzeiten zu ermöglichen. 
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- Eine Gipfelflughöhe von etwa 15-16 km, um im Tropopausenbereich, auch in den Tro-
pen, arbeiten zu können. 

- Eine hohe Nutzlast (im Bereich von 3 Tonnen) und große Nutzfläche (20-30 m2), damit 
Messungen mit zahlreichen Experimenten und wissenschaftlichem Personal aus mehre-
ren Gruppen (multidisziplinär, international) durchgeführt werden können. Ein Teil der 
Nutzlast ist für die Stromerzeugung an Bord und die Kühlung zur Wärmeabfuhr notwendig. 

- Modifikationen zur Nutzung als Forschungsflugzeug (optische Fenster, Lufteinlässe, me-
teorologische und luftchemische Grundausstattung, Datenerfassung, -verarbeitung und -
übertragung, usw.). 

Diese Anforderungen werden vollständig nur von zwei kommerziell erhältlichen Flug-
zeugtypen erfüllt: der Gulfstream V des amerikanischen Herstellers General Dynamics, und 
der Global Express des kanadischen Herstellers Bombardier. Bei vergleichbaren Kosten 
bietet jedoch die Global Express deutlich mehr Nutzlast und Nutzfläche, und erscheint daher 
als die anstrebenswerteste Lösung. Das einzige Flugzeug eines europäischen Herstellers 
mit vergleichbarer Gipfelflughöhe, die Falcon 900, hat etwa die Hälfte der Nutzlast der Global 
Express und würde erhebliche Einschränkungen bei komplexen Messprogrammen mit sich 
bringen. Andererseits gehören Flugzeuge mit größerer Nutzlast als die der Global Express 
bereits in die Kategorie der wesentlich teureren (Faktor 2) Regional Jets, die auch die gefor-
derten Gipfelflughöhen nicht erreichen. 

Weltweit existiert gegenwärtig kein solches Forschungsflugzeug. Die National Scien-
ce Foundation in den Vereinigten Staaten plant die Beschaffung einer modifizierten 
Gulfsteam V, und europaweit kommt den obengenannten Anforderungen die Falcon 20 des 
Deutschen Zentrums für Luft- und Raumfahrt (DLR) noch am nächsten. Dieses Flugzeug 
wurde bisher erfolgreich zur Forschung in der Tropopausenregion und zur Fernerkundung 
genutzt, ist aber für das insgesamt erforderliche Instrumentarium viel zu klein und hat eine zu 
geringe Gipfelflughöhe und Reichweite. Mit der Global Express wäre eine entscheidende 
Steigerung der Leistungsfähigkeit mit aktueller Flugzeugtechnologie möglich. Dieser Flug-
zeugtyp würde auch die gegenwärtig in Europa vorhandenen Kapazitäten sinnvoll ergänzen. 
In Frankreich und England sind Flugzeuge vorhanden, die in der unteren Troposphäre opti-
mal eingesetzt werden, und mit der Geophysika steht zumindest im Prinzip (mit derzeit noch 
offener Finanzierung des Betriebs) eine auf die Stratosphäre spezialisierte Plattform zur Ver-
fügung. 

Es ist zu erwarten, dass von dem Vorhandensein eines solchen Forschungs-
flugzeuges eine ähnliche Magnetfunktion ausgeht wie von den international hoch angesehe-
nen deutschen Forschungsschiffen. Damit könnte die interdisziplinäre und internationale 
Zusammenarbeit gestärkt werden, und eine führende Rolle bei der Planung und Durchfüh-
rung internationaler Kampagnen eingenommen werden. Um diese Zusammenarbeit zu un-
terstützen, sollte das Flugzeug auch auf europäischer Ebene verfügbar gemacht werden. 
Auch die Weiterentwicklung vorhandener und die Anwendung neuer Instrumente und Meß-
methoden, z. B. für kurzlebige reaktive Spurenstoffe, die eine Schlüsselrolle in der Atmo-
sphäre spielen, würde stimuliert werden. 

Für einen sinnvollen Einsatz eines solchen Forschungsinstruments ist ein angepass-
tes Nutzungskonzept von grundlegender Bedeutung. Die Anschaffungskosten (ca. 120-150 
Mio. DM, inklusive der erforderlichen Umbauten) für ein solches Forschungsflugzeug liegen 
in ähnlicher Größenordnung wie für ein Forschungsschiff (ca. 400 Mio. DM). Auch die simul-
tane Nutzung des Flugzeuges durch mehrere Gruppen ist der eines Schiffes vergleichbar. 
Die Betriebskosten des Flugzeuges sind mit schätzungsweise 6 Mio. DM pro Jahr erheblich 
geringer als die der Schiffe (15 bis 30 Mio. DM/Jahr). Das Flugzeug könnte vom DLR betrie-
ben werden, allerdings wäre ein an Drittmitteln orientierter Betrieb der wissenschaftlichen 
Nutzung eher hinderlich. Es bietet sich daher an, den Betrieb und Nutzungszugang ähnlich 
den bewährten Modellen bei FS „Meteor“ und PFS „Polarstern“ zu gestalten. Hier ist eine 
wissenschaftlich geprägte Entscheidungsstruktur (z.B. durch einen wissenschaftlichen Bei-
rat) bei der Zuweisung von Flugzeit sehr wesentlich. Ein solches Zugangskonzept würde 
auch die sehr dringliche Verstärkung der Beteiligung der Universitäten an der Atmosphären-
forschung wirkungsvoll fördern. 
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A New Research Aircraft for Atmospheric Science 
 
 The Earth's atmosphere, a vital part of our environment, is subject to global change 
driven by human activities. In order to be able to address scientifically and societally 
important issues affecting our changing atmosphere, research aircraft are an essential and 
indispensable tool. It is proposed that the European countries acquire and operate a new 
research aircraft, which will be able to meet the scientific challenges of the future. 
 As we enter the 21st century, atmospheric research is increasingly defined by a 
systems approach, in which atmospheric processes are investigated as part of an interactive 
system that includes human and biospheric interactions. This approach is reflected in the 
goals defined in several national and international programs, which include: 
• The investigation of vertical exchange in the atmosphere, with special emphasis on the 

upper troposphere/lower stratosphere region. This region plays a critical role in the 
interactions between climate and anthropogenic perturbations of the atmosphere. In spite 
of its importance, this region is relatively unexplored, particularly at low latitudes, because 
it cannot be reached by most presently available research aircraft. 

• Integrated studies of the interactions between chemistry, climate, the biosphere and 
human activity in key regions, where global change is progressing at a dramatic rate. 
Examples are: 

1. The Eurasian region, especially the boreal zone, where rapid climate change is 
presently being observed. Therefore, this region now provides a unique opportunity 
to study the interactions between climate change, biosphere and atmospheric 
chemistry. 

2. The Amazon Basin, where large-scale land use change and deforestation is 
expected to interfere with the self-cleaning processes of the atmosphere and the 
energy dynamics of the global atmospheric circulation. 

3. The Southeast Asian region, where rapid population growth, industrialization and 
urbanization results in intense regional air pollution and large-scale impacts on the 
atmospheric environment. 

Experiments to study such issues require international and interdisciplinary cooperation, 
using a common research platform, frequently even the simultaneous use of several aircraft, 
coordinated with measurements on ships, at ground stations and from space. To play a 
leading role in these investigations, European atmospheric science needs aircraft that satisfy 
the technical requirements that follow from the scientific goals outlined above. 
 To be a widely useful resource, such aircraft should also be suitable for research in 
related disciplines, such as 1) remote sensing, particularly for the preparation, testing and 
validation of satellite sensors, 2) meteorology and climate research, for example in studies 
on cloud dynamics, deposition mechanisms, and hydrologic cycling, 3) oceanography and 
polar research, and 4) aviation and its impact on the upper troposphere.  
 
 These scientific goals define some specific technical requirements, particularly: 
1. Long range (>8000 km and ca. 10 flight hours) to make possible transcontinental 

experiments and long measurement durations. 
2. An operational ceiling of 15-16 km, to permit work in the upper troposphere even in the 

tropics. 
3. Large payload (of the order of 3 tons) and useable space (20-30 m2) to allow 

simultaneous measurements with multiple instruments and by multiple groups 
(international, multidisciplinary). 

4. Modifications of the airframe (optical windows, air inlets, data acquisition systems, 
standard meteorological sensors, etc.) 

At present, there is no research aircraft that meets these requirements. The U.S. National 
Science Foundation is exploring the acquisition of a modified Gulfstream V aircraft, and 
within Europe, the Falcon 20 of the German DLR is closest to these specifications but still 
falls far short of the range, ceiling, and payload requirements. It is proposed that a new 
research aircraft be acquired by a European national or international institution, to 
complement existing capabilities that are best suited for work in the lower and middle 
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troposphere. The most suitable aircraft that is commercially available at this time is the 
Global Express by the Canadian manufacturer Bombardier.  
 It is to be expected that the availability of such a powerful and capable measurement 
platform would have a "magnet effect", similar to the internationally highly respected 
research vessels operated by European nations. It would further international and 
interdisciplinary collaboration, and could play a leading role in the planning and execution of 
international research campaigns. The availability of such an aircraft would also stimulate the 
development of novel measurement technologies, e.g. for the short-lived atmospheric trace 
species that play key roles in the atmosphere. 

To enhance such collaboration, the aircraft should be available Europe-wide.  
Access should be open to scientists from the member nations, based on a scientifically 
competitive application procedure.  
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Separate Enclosures  
 
Enclosures submitted to the Wissenschaftsrat in three copies  
 
• AIRES in ERA: A Global Strategy for Atmospheric Interdisciplinary Research in the 

European Research Area. European Commission, Brussels, 2001, EUR 19436. 
(Describes a European concept for atmospheric research as proposed for the 6th 
framework programme of the European Union.  

• Forschung zum Globalen Wandel, Wissen für die Zukunft der Erde. Bundesministerium 
für Bildung und Forschung, BMBF, Juni 2001. (Describes the topics and approaches of 
the German research on Global Change as organised and supported by the German 
Ministry of Research and Technology).  

• Contributions to Global Change Research. A Report by the German National Committee 
on Global Change Research, NKGCF, Bonn, 2001, pp. 140. (Describes the research field 
to which HALO contributes).  

 
Enclosures submitted to the Wissenschaftsrat in one copy  
 
• German Funding Focus AFO 2000 – Atmospheric Research Program 2000, Project Plan, 

GSF-Forschungszentrum, Projektträger des BMBF für Umwelt- und Klimaforschung, April 
2001, pp. 195. (Demonstrates the width of research activities in this field in Germany).  

 
Enclosures attached to each of the 20 copies of the questionnaire  
 
• Antrag auf Beschaffung und Betrieb eines Forschungsflugzeugs für die 

Atmosphärenforschung und Erdbeobachtung – High Altitude and Long Range Research 
Aircraft (HALO) - Proposal of February 2001 (as submitted to Wissenschaftsrat in March 
2001), pp. 120 

• Airborne Environmental Research. Project Report, European Research Aircraft and 
Sensors for Environmental Research (EURASER), by Dr. Monika Krautstrunk (DLR), 
EURASER Project Manager, edited by C. Warden (European Commission, Directorate-
General for Research), 2001, 30 pp. (Describes the European environmental research 
activities as of 2000).  

• Falcon brochure (FB) (Describes the technical properties of the Falcon research aircraft 
and its instrumentation.) 

• DLR-Nachrichtenheft 25 Jahre Falcon: Describes the history of the Falcon usage and 
provides examples of recent research projects with the Falcon; gives the basic 
arguments for the required HALO investment and describes briefly the two aircraft 
(Gulfstream and Bombardier) under consideration).  

• Transporte und chemische Umsetzungen in konvektiven Systemen (TRACKS), Konzept 
für ein mehrstufiges Großexperiment der Sektion “Atmosphäre und Klima” im HGF-
Forschungsbereich “Erde und Umwelt”, von AWI, DLR, GKSS, FZJ, FZK und GFZ 
(HGF), pp. 40. (Describing a research programme of HGF).  

• Letter with excerpt from a review of the MPI for Chemistry 
• Organisational charts of DLR, MPG, DLR-FB 
 


