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     Preface 

Preface 
 

 
 

This status report describes the DLR-Institute of At-
mospheric Physics (Institut für Physik der Atmosphäre, 
IPA), the results achieved since 2008 and its objectives 
for the future on a time frame of 5–10 years. The re-
port serves as documentation for the review of the 
institute in October 2015. Volume 1 is also used to 
inform external partners, while Volume 2 contains in-
formation for internal purposes. The report contains an 
overview of the institute as a whole, describes results 
achieved with respect to both, the methods developed 
and contributions to the research programmes, and 
documents the various activities performed. 

The Institute of Atmospheric Physics was founded 
in 1962. IPA performs research on atmospheric physics. 
Its research fields include climate and meteorology, 
with special emphasis on the dynamics, composition, 
radiation and cloud processes in the troposphere and 
middle atmosphere. The research aims at supporting 
aviation, Earth observation, transport, and energy ap-
plications.  

Presently, the institute investigates the impact of 
aviation and other transport modes on the atmosphere 
(by gaseous and particulate emissions), the importance 
and mechanisms of dynamical coupling processes such 
as gravity waves for weather and climate, sound prop-
agation in the inhomogeneous atmosphere, improve-
ment of weather information for aviation, new space 
sensors such as lidar, critical processes of atmospheric 
climate and meteorology, and applications for wind 
and solar energy. The institute develops and applies 
demanding methods including lidar, radar, airborne 
instruments, satellite analysis, and complex modelling 
tools. The institute takes advantage of the excellent 
DLR infrastructure. Prominent examples are the DLR 

research aircraft Falcon and the German High Altitude 
and Long-Range Research Aircraft HALO which is also 
operated by DLR and which completed its first full sci-
entific mission in 2012. 

The institute participates in and coordinates many 
national and European research projects. IPA is inter-
acting with industry in the fields of aviation and sensor 
technology. It supports industry and society with ex-
pert-knowledge concerning a sustainable develop-
ment. Finally, the institute contributes to education of 
young talents. 

The IPA receives its institutional funding within the 
research programmes “Aeronautics”, “Space” and 
“Transport” performed by the Deutsches Zentrum für 
Luft- und Raumfahrt (DLR) as part of the Helmholtz 
Association. The institute contributes to the subpro-
grammes “Earth Observation”, “Air Traffic Manage-
ment and Operations”, and “Transport Systems”. A 
significant fraction of the institute’s budget comes 
from national and European research programmes and 
partners in the fields of weather, climate, environment, 
and lidar.  

This report was written by a large team of IPA sci-
entists. The institute's director thanks all staff of the 
institute for their great dedication and their contribu-
tions to the results.  

The Institute of Atmospheric Physics gratefully 
acknowledges the productive cooperation and great 
support received from many partners all over in the 
world and the support by the funding organizations, 
and looks forward to a prosperous future. 

 
Markus Rapp 

 

 

 

The IPA team is gathering outside the institute in summer 2015. 
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1 Overview 
1.1 Introduction 
In 2013, the Intergovernmental Panel on Climate 
Change (IPCC) issued its 5th Assessment Report and 
came to the following conclusions: “Warming of the 
climate system is unequivocal, and since the 1950s, 
many of the observed changes are unprecedented over 
decades to millennia.” Regarding the cause for these 
demonstrated changes of the climate system the IPCC 
further stated: “Human influence on the climate sys-
tem is clear. This is evident from the increasing green-
house gas concentrations in the atmosphere, positive 
radiative forcing, observed warming, and understand-
ing of the climate system.” Corresponding climate 
predictions based on numerical climate models forecast 
a likely temperature increase in the range between 1.5 
and 4 K for a doubling of the atmospheric CO2 content 
with partly dramatic consequences for sea ice extent, 
sea level rise, increase of extreme weather events, and 
many other aspects. This obviously calls for increased 
efforts to understand the climate system in order to 
define suitable mitigation options. 

With its profound expertise in space research and 
aeronautics as well as transport and energy research, 
the German Aerospace Center (DLR) is in an excellent 
position to face these challenges and make major con-
tributions towards identifying solutions.  

Within DLR, the Institute of Atmospheric Physics 
(IPA) carries expertise in all DLR-relevant questions con-
cerning the atmosphere. The IPA was founded in 1962 
with roots reaching back as far as 1924. The institute is 
located on the DLR campus in Oberpfaffenhofen close 
to Munich. In the year 2012, the institute experienced 
a change in its leadership: Prof. Dr. Ulrich Schumann 
retired after a directorship of 30 years and was fol-
lowed by the current director. Since then, the institute 
has continued to pursue its long-term mission to per-
form excellent atmospheric research and to contribute 
to DLR’s research programmes. 

Accordingly, the IPA conducts research in the area 
of physics and chemistry of the global atmosphere 
from the ground to the top of the middle atmosphere 
at an altitude of about 100 km. As a DLR institute, IPA 
works on atmospheric science aspects of the DLR pro-
grammes “Space”, “Aeronautics”, “Transport” and 
“Energy”. For this purpose, the institute masters the 
complete methodological spectrum ranging from sen-
sor development, observations over the full spectrum 
of relevant scales (i.e., local to global), data analysis, 
theory and numerical modelling. Based on this exper-
tise, the institute primarily works on fundamental sci-
ence questions but also applies its methods and 
knowledge for applied research. IPA is thus a compe-

tent partner in DLR’s research programmes, for exter-
nal scientific institutions and industry as well as for 
policy makers and society in general. 

In the following, this overview describes the insti-
tute’s general research programme including the major 
fundamental scientific questions to be addressed in the 
future as well as its structure and methods. The over-
view concludes by highlighting the most important 
achievements of the institute since its last evaluation in 
2007 after which the institute’s results and plans are 
presented in detail in the remainder of the report. 
 

1.2 Research Programme 
The IPA has chosen its core research areas such that all 
major subjects required for an overall understanding of 
the atmosphere are covered. This enables the institute 
to meet its mission, namely to competently address all 
atmospheric research questions relevant to DLR’s re-
search programmes. Important IPA objectives within 
these research programmes are (not complete): 

In the programme “Space”, IPA focuses on the 
scientific preparation and utilization of Earth observa-
tions missions (both ESA and national missions). For 
this purpose, IPA deploys airborne research platforms 
such as HALO and Falcon, IPA develops leading edge 
lidar technology, and IPA develops and applies one of 
the major German Chemistry Climate Models which is 
an invaluable prerequisite for both the definition and 
interpretation of atmospheric observations. 

In the programme “Aeronautics”, IPA focuses on 
atmospheric and climate processes which are of strate-
gic importance for a sustainable, prosperous and safe 
air transport system: This includes research on both the 
impact of aviation on the atmosphere and climate and 
vice versa, i.e., the effect of the atmosphere on avia-
tion. Examples are the quantification and climate im-
pact assessment of aircraft emissions and correspond-
ing mitigation strategies including the effects of alter-
native fuels, as well as wake vortex research and re-
search on weather hazards and volcanic ash in the air 
space. 

In the programme “Transport”, IPA works on the 
climate impact assessment of all transport modes in-
cluding shipping, aviation, as well as rail- and road-
related transport. Complementary, IPA also investigates 
corresponding traffic noise. Suitable mitigation options 
are assessed with respect to their effect on the above 
issues.  

Finally, in the programme “Energy” IPA applies its 
expertise acquired in the other three research pro-
grammes to support DLR research in the areas of solar 
and wind energy. 
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All the programmatic research areas mentioned 
above require a profound fundamental knowledge of 
atmospheric chemistry and physics. Consequently, 
research at IPA is focusing on the following atmospher-
ic core research topics: 

1) Atmospheric dynamics  

2) Climate relevant trace gases 

3) Atmospheric aerosols 

4) Cloud physics 

5) Interaction of atmosphere and transport system 

The rationale for choosing these core research topics is 
illustrated in Figure 1-1. This figure demonstrates the 
close interrelation between the various constituents 
and processes and visualizes that an assessment of the 
interaction between aviation and other transport 
modes with the atmosphere requires a profound 
knowledge of all of these themes. Note that the addi-
tional fundamental research topic of radiative transfer 
is covered in collaboration with the chair for experi-
mental meteorology at the University of Munich, LMU. 

In the following we provide a short discussion of 
IPA’s core research areas. 
 
Atmospheric dynamics: The research topic “Atmos-
pheric Dynamics” is one of the most fundamental top-
ics of atmospheric physics. Atmospheric wind fields 
strongly influence the distribution of trace gases, aero-
sols and clouds on all spatial and temporal scales. Trace 
gases, aerosols and clouds, in turn, are very important 
for the energy budget of the atmosphere. Hence, a 
detailed understanding of atmospheric dynamics is 
fundamental for answering close to all research ques-
tions of atmospheric physics and chemistry.  

In general, atmospheric fluid dynamics is on the 
one hand connected to challenging fundamental and 
unresolved questions in the fields “instabilities, wave-
mean-flow interaction and turbulence”, “chaos and 
predictability”, and “global atmospheric circulation” 

(see below). On the other hand, atmospheric dynamics 
has a strong influence on our every day’s life in terms 
of weather and climate change. Correspondingly, a 
major fraction of applied atmospheric research is fo-
cusing on numerical weather and climate prediction. 

Thematically, atmospheric dynamics covers a broad 
range of atmospheric processes ranging from planetary 
scale circulation patterns to turbulence (with smallest 
relevant scales in the centimetre range) underlining the 
multi-scale nature of atmospheric flows. In addition, 
atmospheric dynamics is similarly characterized by a 
large range of temporal scales ranging from seconds 
(in the case of turbulence) to years (in the case of plan-
etary scale circulation patterns). Correspondingly, one 
of the major methodological questions is how these 
multi-scale processes can be adequately represented 
with numerical models.  

 
Figure 1-2: Schematic of the bi-directional vertical cou-
pling of atmospheric layers1. 

 
While atmospheric dynamics studies have long 

been a cornerstone of research at IPA, the change of 
directorship in July 2012 has brought a new dynamics-
related research topic to the institute, namely vertical 
coupling between the troposphere and the middle 
atmosphere. The middle atmosphere (~10 to 100 km 
altitude) is now recognized as being strongly coupled 
with the troposphere. It is important to notice that this 
coupling is bi-directional, i.e., it acts both from below 
to above and vice versa (see Figure 1-2). The coupling 
is mainly due to the vertical propagation of internal 
gravity waves and planetary waves which can transport 
energy and momentum over large vertical and horizon-
tal distances. Once these waves turn unstable they 
deposit their energy and momentum on the mean flow 
and determine the background state of the atmos-
phere. This wave-mean flow interaction ultimately al-
ters the temperatures and wind distribution through-

                                                           
1 Taken from: Lübken et al., 2010: Introduction to special section on 
Climate and Weather of the Sun Earth System, J. Geophys. Res., 115, 
D00I19. 

 
Figure 1-1: Relation between core research areas cov-
ered by IPA. 
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out the atmosphere with immediate effect on the 
propagation of subsequent gravity and planetary 
waves and corresponding changes of circulation pat-
terns in the troposphere. Thus, these coupling process-
es on the one hand dramatically change the state of 
the middle atmosphere and on the other hand they 
also affect tropospheric weather systems and, ultimate-
ly, surface climate. It is because of this dynamical cou-
pling that state-of-the-art numerical weather predic-
tion (NWP) like the ECMWF forecast model and climate 
models (e.g., EMAC) extend well into the mesosphere 
in order to capture these processes. Nevertheless, too 
little is still known about this wave coupling to allow 
an adequate description resulting in oversimplified and 
partly even unphysical parameterizations in NWP- and 
climate models. Evidently, a better understanding of 
gravity wave processes is needed to adequately repre-
sent these important drivers of the atmospheric state in 
weather prediction and climate models. 

As for the specific mission of IPA, the following re-
lated scientific questions need to be addressed within 
the next 5–10 years: 

a) Instabilities, wave man flow interaction and turbu-
lence: What are the processes that determine the 
life cycle of internal gravity waves in the tropo-
sphere, stratosphere, and mesosphere and couple 
the atmosphere vertically in both directions? 

b) Global atmospheric circulation: What are the dy-
namical transport and coupling processes which 
determine the global atmospheric circulation and 
how will these processes change in a changing cli-
mate? 

c) Chaos and predictability: What are the causes for 
unexpected and significant prediction errors in 
NWP? 

Significant advance in these thematic areas will allow 
IPA to make corresponding important progress in DLR’s 
programmatic research tasks like a more robust quanti-
fication of the climate impact of aviation and other 
transport modes, a better quantification of aviation 
hazards like severe weather, clear air turbulence and 
wake vortices, as well as a better quantification of 
noise propagation and mitigation. 
 
Climate relevant trace gases: Climate relevant trace 
gases determine the natural and anthropogenic green-
house effects, implying that they are ultimately the 
reason that life had the chance to develop on our 
planet. For a better understanding of the Earth’s cli-
mate system and its changes, it is hence mandatory to 
quantify and assess the interaction between climate 
and these trace constituents. 

Research at the IPA focusses on the four most im-
portant climate relevant trace gases, namely water 
vapour, carbon dioxide, methane and ozone as well as 
on sulphur-containing aerosol precursor gases. 

Water vapour is the most important greenhouse 
gas and contributes approximately 50% to the current 
total (= natural and anthropogenic) greenhouse effect. 
Owing to its thermodynamic properties, atmospheric 
water vapour may undergo phase transitions and form 
liquid water or ice clouds. Clouds contribute an addi-
tional 25% to the total greenhouse effect and fur-
thermore determine the planetary albedo. During the 
phase transitions, latent heat is released constituting 
another important contribution to the atmospheric 
energy budget and hence also to the dynamics of the 
atmosphere. Hence, a detailed understanding of the 
global cycle of water vapour, i.e., its sources, sinks and 
transports is one of the most important tasks of at-
mospheric research. 

Besides water vapour and clouds, carbon dioxide 
and methane are the net most important atmospheric 
greenhouse gases. CO2 contributes about 20% to the 
total greenhouse effect and is in the spotlight of public 
interest since its concentration has risen from 
~280 ppmv in pre-industrial times to ~400 ppmv as of 
today. This anthropogenic increase of CO2 has been 
identified as the major cause of the current global 
warming (IPCC 2013, and Figure 1-3). Atmospheric 
concentrations of methane are comparably small (i.e., 
~1800 ppbv as of today), however, this greenhouse 
gas has tripled since the start of the industrial era 
when the atmosphere contained only ~600 ppbv. In 
addition, methane possesses a global warming poten-
tial of 28 on a 100 year horizon, i.e., it contributes 
approximately 28 times as strongly to global warming 
as the same amount of atmospheric CO2. Both CO2 
and methane (CH4) are part of the global carbon cycle 
and are determined by so far poorly quantified sources 
and sinks. E.g., for CO2 the land sink is highly uncer-
tain. For methane the natural fluxes over wetlands and 
its release from permafrost soils and continental 
shelves are affected by high variability and measure-
ment uncertainty. 

Ozone is both a tropospheric greenhouse gas as 
well as the reason for the existence of the stratosphere 
where it protects the biosphere from harmful UV radia-
tion at wavelengths less than 310 nm. 

Finally, sulphur containing substances like SO2 are 
important aerosol precursors and form an important 
source for tropospheric aerosol and the stratospheric 
Junge layer. 

As for the specific mission of IPA, the following sci-
entific questions need to be addressed within the next 
5–10 years: For all considered trace gases it is im-
portant to quantify their sources, sinks, transports as 
well as their corresponding variabilities and how all of 
these will change in a changing climate. In addition, 
specific questions for some of these gases are: 

a) How large is the climate sensitivity of water vapour in 
the upper troposphere / lower stratosphere (UTLS)? 
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b) How large are the natural and anthropogenic 
sources and sinks of CH4? What is the relative im-
portance of feedback processes such as perma-
frost-thawing and consequent CH4 release? 

c) What is the effect of climate change on the recov-
ery of the stratospheric ozone layer? What is the 
impact of large scale transport processes such as 
the Asian monsoon and warm conveyor belts? 
How large is the relative role of regional phenome-
na such as mega cities, thunderstorms and forest 
fires? 

d) What is the role of sulphur containing substances 
like SO2 for particle generation in the UTLS? How 
large is the Junge layer’s impact on the radiation 
budget? 

Significant progress in answering these scientific ques-
tions will put IPA in a role to make important contribu-
tions in several programmatic areas of DLR. Most no-
tably, this research will significantly improve IPA’s abil-
ity to predict the climate impact of aviation and other 
transport modes including the assessment of corre-
sponding mitigation approaches. In the programme 
“Space”, this research will allow IPA to successfully 
exploit prospective results of the MERLIN mission and 
to shape future active remote sensing missions of criti-
cal climate gases like carbon dioxide and water vapour. 
 
The atmospheric aerosol: The atmospheric aerosol, 
i.e., all airborne liquid or solid particulates (except for 
liquid water droplets and water ice crystals), plays an 
important role in the climate system by contributing 
both directly and indirectly to the atmospheric radia-
tion budget (direct and indirect aerosol effect). Re-
markably, uncertainties in the quantification of the 
direct and indirect aerosol effect still form the largest 
source of uncertainty for numerical climate models 
(e.g., IPCC 2007 and 2013, and Figure 1-3 below). 

Besides their fundamental role in the climate sys-
tem, aerosols also affect health (air quality) and coarse 
mode particles such as mineral dust and volcanic ash 
pose a threat to the air transport system. Aerosols can 
be directly released into the atmosphere as so-called 
primary aerosol particles (e.g., mineral dust, sea salt 
spray) or they can be generated in the atmosphere by 
gas to particle conversions forming so-called secondary 
aerosol particles (e.g., sulphate aerosol). Both aerosol 
types have natural and anthropogenic sources (e.g. 
soot emissions from combustion processes) where the 
latter significantly contribute to climate change and 
impairment of air quality.  

As for the specific mission of IPA, the following sci-
entific questions need to be addressed within the next 
5–10 years: 

a) Direct aerosol effect: What are the fundamental 
physical and chemical properties of aerosols, in par-
ticular mineral dust and black carbon? Which pro-
cesses (including sources, sinks, transformations 
and transports) do determine the life cycle of aero-
sols? How large is the direct radiative effect of 
these aerosols? 

b) Indirect aerosol effect: How do aerosols, in particu-
lar mineral dust and black carbon, influence cirrus 
cloudiness? What are the resulting climate effects 
of anthropogenic aerosols?  

It is community consensus that significant progress in 
this field is needed to reduce the uncertainty of numer-
ical climate predictions. As such, progress in this field 
will directly serve IPA’s programmatic aims such as 
making the quantification of climate impacts of avia-
tion and other transport modes more robust, including 
corresponding mitigation options. In addition, progress 
regarding question a) will allow DLR to better quantify 
the health implications of transport emissions. 
 
Cloud physics: Clouds play an outstanding role in the 
hydrological cycle, for radiative transfer and the energy 
budget of the atmosphere, in the processing of trace 
gases and aerosols, as well as for atmospheric dynam-
ics. Quantifying of cloud processes is hence of funda-
mental importance for understanding the atmosphere 
and the climate system. 

Figure 1-4 illustrates the complexity of atmospheric 
cloud processes and properties. Cloud-defining macro-
physical and microphysical properties are closely inter-
related with dynamical processes which occur on a 
multitude of spatial and temporal scales. 

Various cloud types occur in all layers of the at-
mosphere, ranging from the planetary boundary layer 
up to the summer mesopause region at ~90 km alti-
tude. In addition, clouds are also closely connected to 
atmospheric aerosol particles which are precursors for 
cloud droplet formation and precipitation. Aerosol 
particles, in turn, are processed by clouds in terms of 

 
Figure 1-3: Overview of radiative forcings (IPCC 2013). 
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their chemical composition and their size distribution. 
The major constituent of clouds are water molecules 
which occur in the form of liquid droplets or ice crys-
tals. These exert a larger impact on the radiation budg-
et than water vapour itself. This is because they both 
contribute to the greenhouse effect and they deter-
mine the planetary albedo. Last but not least, cloud 
particles enable chemical reactions on their surfaces, 
which in air would otherwise occur not at all or only 
very slowly. 

The pronounced spatial and temporal variability of 
clouds as well as the multi-scale nature of their deter-
mining processes pose strong challenges for experi-
ments and modelling. Given the limited ability of pre-
sent and future day computer systems there will be the 
necessity to parameterize clouds and their processes in 
global circulation models for a long time into the fu-
ture. In the same vein, experimental results can often 
not be directly applied for parameterizations but often 
require additional constraints from theory. 

As for the specific mission of IPA, the following sci-
entific questions will be addressed within the next  
5–10 years: 

a) How large is the climate effect of natural and an-
thropogenic cirrus clouds, i.e., contrails and contrail 
cirrus? How will this climate effect evolve in a 
changing climate? 

b) How do cirrus clouds couple with the large-scale 
atmospheric dynamics? How are primary nuclea-
tion processes of ice crystals and properties and life 
cycle of cirrus clouds influenced, and how do they 
feedback on the synoptic situation?  

c) How does ice crystal formation in contrails depend 
on the aerosol emissions of engines and what is 
their impact on the microphysics and the whole life 
cycle of contrail cirrus?  

Answering questions a) – c) is an obvious prerequisite 
for making our ability to quantify the climate impact of 
aviation and other transport modes more robust. In 
addition, a better understanding of the above men-
tioned topics will allow IPA to shape a future space 

mission on water vapour in the atmosphere and its role 
in clouds, the circulation and climate which is recog-
nized as number one of the current “grand challeng-
es” by the World Climate Research Programme 
(WCRP). 
 
Interaction of atmosphere and transport system: 
Transport and mobility are both important needs of 
our society and transport volume is expected to grow 
significantly in the future. This raises concern regarding 
the impact of this growth on the safety and sustaina-
bility of transport. Hence, a solid quantification of the 
mutual influence between atmosphere and transport is 
required. 

IPA investigates the interaction of aviation and oth-
er transport modes like shipping and road-related 
transport with the environment. The interaction be-
tween the transport system and the atmosphere is bi-
directional and encompasses two aspects, safety and 
sustainability. On the one hand, weather and other 
atmospheric phenomena like thunderstorms, winter 
weather events, clear air turbulence, wake vortices and 
volcanic ash plumes influence the safety, punctuality, 
and hence, also cost effectiveness of aviation, and 
partly also other transport modes. On the other hand, 
all transport modes modify the atmosphere by means 
of their corresponding emissions (c.f., Figure 1-5). 

 
Figure 1-5: Illustration of the mutual influence of 
transport modes and atmosphere covering aspects of 
sustainability and safety.  
 

Improving the safety aspect of transport requires 
basic research into the details of phenomena such as 
wake vortices, clear air turbulence or thunderstorms. 
For this purpose, customized products are developed 
to make this expert knowledge and the results easily 
available for aviation industry and other players in the 
transport sector. Regarding the sustainability of 
transport, the effects of different transport modes on 
noise immissions, atmospheric composition, and cli-
mate need to be quantified. The ultimate goal of this 
research is the formulation and assessment of techno-
logical, administrative and operational mitigation strat-
egies which will allow our society to maintain and ex-
pand its mobility with minimal impacts on the envi-
ronment. 

Safety Sustainability 

Climate 

Noise 

Air quality 

Thunderstrom 

Wind 
Wake vortex 

Volcanic ash 

Atmosphere 
Traffic 

Atmosphere 
Traffic 

Winter weather 

Icing 

 
Figure 1-4: Schematic visualization of the complexity of 
atmospheric cloud processes and properties. 
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As for the specific mission of IPA, the following sci-
entific questions need to be addressed within the next 
5–10 years: 

a) Safe and efficient aviation: How can the air traffic 
be managed in a safe and efficient manner with 
regard to atmosphere and weather? Which infor-
mation is required by aviation industry and how 
should this information be made available?  

b) Sustainability of transport in terms of impact on 
environment and atmosphere: which technologies, 
alternative fuels, and Air Traffic Management con-
cepts are needed with regard to atmosphere and 
climate as well as health and economy? 

 
 

1.3 Structure and Methods 
In summer 2015 (2007), the institute comprised 135 
(109) staff members, some part time, equivalent to 
about 107.2 (91) full positions. About 50% of the em-
ployees (in terms of person years) have fixed-term con-
tracts.  

The institute is structured into five departments, 
mainly according to the methods used in their re-
search, and a logistics group (see Figure 1-6). 
 
Department 1, Earth System Modelling: The de-
partment Earth System Modelling develops and applies 
numerical models of varying complexity. Its main focus 
is on the development and application of the modular 
chemistry climate model EMAC which is currently used 
to address fundamental questions of chemistry climate 
interactions as well as aerosol-cloud-climate interac-
tions. The department further quantifies the effects of 
all transport modes on atmospheric composition (air 
quality) and climate and it is developing tools for cli-
mate-optimized flight routing. Simplified and numeri-
cally efficient models are used for application in inter-
disciplinary tools (for example for the preliminary de-
sign of eco-efficient aircraft) or for conducting extend-
ed parameter studies. In addition, the department is 
engaged in the statistical analysis of both observational 
as well as model data: this is both in the scope of en-
hancing basic understanding as well as for the evalua-
tion of numerical models and for the quantification of 
uncertainties in our understanding of the Earth system. 
Last but not least, the department numerically investi-
gates atmospheric sound propagation in realistic ter-
rain and corresponding measurements are conducted 
to evaluate the model results. 
 
Department 2, Atmospheric Trace Species: The 
department Atmospheric Trace Species develops and 
applies in-situ instruments for deployment on research 

aircraft such as HALO, DLR Falcon, and GEOPHYSICA. 
With these instruments, the department is specializing 
on the measurement of trace gases with mainly apply-
ing mass spectrometry, aerosols with optical and elec-
trostatic methods, and cloud particles (with optical 
techniques). The in-situ instruments are applied for the 
quantification of anthropogenic emissions, e.g., aircraft 
and ship emissions, as well as natural sources, e.g., 
lightning NOx. In addition, the instruments are general-
ly used for the determination of trace gas and particle 
distributions in the tropo-, strato- and mesosphere as 
well as for validation purposes for satellite observations 
and models. Most recently, the department also en-
gages in the development of a rocket borne ion mass 
spectrometer which is to be applied for studies of the 
middle atmosphere and its coupling to below. 
 
Department 3, Atmospheric Remote Sensing: The 
department Atmospheric Remote Sensing focusses on 
the development of algorithms for the analysis of cloud 
and aerosol (mainly volcanic ash) observations with 
instruments on geostationary platforms such as the 
SEVIRI instrument on Meteosat 2nd generation (MSG). 
Such observations are combined with measurements 
from orbiting satellites such as the CALIOP lidar on the 
NASA CALIPSO satellite or MODIS on the NASA Terra 
and Aqua satellites. Most recently, the institute’s radar 
group has been incorporated into the remote sensing 
department to explore and exploit the synergy be-
tween optical and radar remote sensing methods of 
clouds, mainly in preparation of ESA’s EarthCare mis-
sion. For this purpose, the department runs the polari-
metric C-band (frequency 5.5 GHz) radar POLDIRAD on 
top of the institute’s building, a cloud radar which is 
part of the observatory Schneefernerhaus (UFS) on 
mount Zugspitze, and it also jointly runs the cloud ra-
dar on HALO with the Max Planck Institute for Mete-
orology and the Department for Meteorology in Ham-
burg. 
 
Department 4, Transport Meteorology: The de-
partment Transport Meteorology mainly deals with 
high resolution numerical simulations of dynamical 
systems (e.g., wake vortex simulations, high resolution 
wind predictions for wind farms in complex terrain, 
vortex-resolving simulations of contrails) as well as the 
investigation of convective cloud systems and nowcast-
ing methods for aviation industry. While the main em-
phasis of the department is on applied research for 
aviation, it also gradually expands its expertise in dy-
namical modelling of complex systems. In this context, 
it also contributes to fundamental research questions 
such as the life cycle of gravity waves (generation, 
propagation and dissipation processes) and the waves’ 
role in the bi-directional vertical coupling of various 
atmospheric layers.  
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Department 5, Lidar: The department Lidar develops 
innovative lidar systems, starting from research on 
novel light sources up to the deployment of complete 
wind-, temperature- and trace gas lidar systems. These 
systems are deployed and applied in research cam-
paigns utilizing ground-based and airborne platforms 
with the ultimate goal to qualify these lidar systems for 
space applications. As the currently most prominent 
example, the department is leading the French-
German space mission MERLIN (Methane Remote 
Lidar Mission) in which a satellite borne integrated 
path differential absorption (IPDA) lidar for the deter-
mination of methane column densities will be launched 
in the 2019/2020 time frame. In preparation of this 
mission, the department has recently successfully test-
ed the airborne methane and carbon dioxide IPDA lidar 
CHARM-F on the German research aircraft HALO. The 
department has also developed the water vapour DIAL-
system WALES which also possesses a HSRL-channel to 
quantify extinction from aerosols and optically thin 
clouds. WALES is regularly deployed on the German 
research aircraft HALO in preparation of ESA’s Earth-
CARE mission. The department is furthermore actively 
involved in the preparation of ESA’s ADM mission in 
which global wind fields will be determined utilizing a 
direct detection Doppler lidar. For this purpose, the 
lidar department has developed the A2D airborne de-
monstrator which is frequently deployed on the DLR 
Falcon. Last not least, the department has recently 
started the development of a novel Rayleigh-
Resonance-Fluorescence lidar ALIMA (Airborne Lidar 
for Middle Atmosphere Research), which will yield 
measurements of temperatures and winds from ~10 to 
100 km altitude for the study of gravity wave coupling 
of atmospheric layers. Besides fundamental research 
aspects of gravity waves, ALIMA will be used to inves-
tigate the potential of this novel lidar technology for a 

potential future space mission focusing on the middle 
atmosphere’s role for weather and climate. 
 
Novel group structure in IPA: Besides its department 
structure the IPA has recently (starting in 2014) intro-
duced formal research groups. These groups are em-
bedded in a given department and carry the responsi-
bility for a dedicated research subject. The groups are 
independent to the extent possible within an institute 
that is conducting research within DLR’s research pro-
grammes. The motivation to establish these groups is 
twofold: on the one hand, the idea is to give young 
promising academics the chance to take an early lead-
ing position in the institute and qualify for a leading 
position outside or inside of DLR. On the other hand, 
the institute utilizes such groups to foster certain re-
search areas which the institute sees as strategically 
important for its future development. As of now, there 
are three such research groups, namely the group 
“Model Evaluation” led by PD Dr. Veronika Eyring, the 
group “Cloud Physics“ led by Prof. Christiane Voigt, 
and the group “Aerosol Physics” led by Prof. Bernadett 
Weinzierl. In addition, IPA has recently been successful 
in acquiring two additional young investigator groups, 
i.e., the group “MACClim – The Middle Atmosphere in 
a Changing Climate” led by Dr. Hella Garny which is 
funded by the Helmholtz Association and the group 
“Climate Impact of Aerosols and Clouds – From Pro-
cess Studies to Global Satellite Observations” led by Dr. 
Silke Groß which is financed by a special programme 
initiated by DLR’s executive board member for Space 
Research and Technology, Prof. Dittus. These young 
investigator groups will be evaluated towards the end 
of the funding periods. Depending on the outcome of 
this evaluation, the group leaders will receive tenure 
and the young investigator groups might be turned 
into regular research groups as described above. 

YIG MACClim

Dr. H. Garny

Aerosol Physics

Prof. B. Weinzierl

Earth System
Modelling

Prof. R. Sausen

Atmospheric Trace
Species

Dr. H. Schlager

Atmospheric
Remote Sensing

Prof. M. Rapp /
Dr. R. Meerkötter

Transport
Meteorology

Dr. T. Gerz

Lidar

Dr. G. Ehret

Model Evaluation

PD. Dr. V. Eyring

Cloud Physics

Prof. C. Voigt

YIG Lidar/Radar

Dr. S. Groß

Logistics

S. Mandelartz
Admin. manager

Institute of 
Atmospheric Physics

Prof. M. Rapp
Director

 
Figure 1-6: Structure of the institute. 
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1.4 Major Achievements 
Over the past eight years, the institute has accom-
plished a significant number of major achievements 
which are documented in the forthcoming Chapters 2 
and 3, and which allow the institute to formulate its 
future goals which are described in Chapter 4. While it 
is impossible to list these achievements in just a few 
lines, it is nevertheless worthwhile to mention a few 
outstanding points which might be taken as indicators 
of the institute’s overall performance: 

The institute performed and successfully finished 
important DLR projects working together with many 
other DLR institutes in the programmes “Space” 
(3 completed, 1 ongoing), “Aeronautics” (6 complet-
ed, 4 ongoing), and “Transport” (3 completed, 2 on-
going). A complete list of these projects can be found 
under Section 5.10. This demonstrates the institute’s 
leading and integrating role within DLR concerning all 
issues regarding the atmosphere and climate. 

The institute set up many new experimental and 
numerical methods. To mention just one outstanding 
point, the institute demonstrated the feasibility of the 
integrated path differential absorption lidar-technique 
for the measurement of the greenhouse gas methane. 
This achievement ultimately led to the selection of the 
French-German space mission MERLIN for which the 
institute now serves as Co-PI together with a French 
colleague. 

The institute further led and/or participated in all so 
far conducted major HALO field deployments such as 
TACTS/ESMVAL, NARVAL, ML-CIRRUS, ACRIDICON, 
and OMO. This demonstrates the institute’s major role 
in turning HALO into a versatile and successful research 
platform with international recognition. 

The institute conducted a large number of success-
ful airborne measurement campaigns with the DLR 
Falcon. These activities partly raised outstanding public 
interest such as for example the volcanic ash flights in 
2010 when the Falcon measurements played a decisive 
role in re-opening of the airspace for commercial air 
traffic after the Eyjafjallajökull-eruption on Iceland. This 
eruption grounded almost the entire air traffic over 
Europe and the Northern Atlantic (cancellation of more 
than 100 000 flights affecting 10 Million passengers) 
for eight days. 

The institute leads or led a significant number of 
large national (e.g., BMBF: CHARM-F, GW-LCYCLE) 
and international research projects (e.g., EU: AMMA, 
React4C; ESA: ADM-Aeolus Campaigns and Algorithms). 

Maybe most notably, the institute provided a host 
of new scientific results on atmospheric and climate 
processes in the context of DLR’s programmes 
“Space”, “Aeronautics”, “Transport” and “Energy” 
and succeeded in publishing many of them in the peer-
reviewed literature. While it is impossible to give an 

appropriate account of these results in this summariz-
ing chapter, it is worthwhile considering the publica-
tion statistics of the institute since the last evaluation. 

While the institute published between 60 and 80 
peer-reviewed papers before the year 2007, it man-
aged to increase this number to on average more than 
100 during the years of this reporting period. This is an 
increase of more than 20% compared to an already 
good output of the institute during its last reporting 
period (Figure 1-7). 
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Figure 1-7: Number of peer-reviewed publications in 
journals indexed by ISI/Scopus, other reviewed journals 
and reviewed book contributions per year from 2004–
2014 by IPA authors. 
 

Also, the institute has been highly successful in ac-
quiring third party fundings from sources like the EU, 
various ministries, the German Science Foundation, 
and industry. On average, these grants amount to 
about 30% of the total income of the institute. See 
Sections 9.2 and 9.3 in Volume 2 of the report. 

Furthermore, the institute has been successful in 
supporting its most talented young scientists: IPA sci-
entists were granted a total of three additional Young 
Investigator Groups which are either being financed by 
the Helmholtz Association (“AerCARE – Impacts of 
Aerosol Layers on Atmosphere and Climate” and 
“MACClim – The Middle Atmosphere in Changing 
Climate”) or the DLR executive board (“Climate Impact 
of Aerosols and Clouds – From process studies to glob-
al satellite observations”).  

Institute staff members took leading roles in im-
portant international assessments (e.g., IPCC-assess-
ment reports, WMO ozone reports) and international 
initiatives (e.g., in the World Climate Research Pro-
gramme or the International Organization for Civil 
Aviation). 

IPA staff members were awarded several prestig-
ious awards such as the Aviation Award, four DLR sci-
ence awards, a Starting Grant of the European Re-
search Council, and the Dobson Award for Young Sci-
entists (see Section 5.5). 

In 2007 the institute’s review stated that within its 
area of expertise the institute is unique within Germa-
ny and takes a leading role in the international com-
munity. This external assessment and the accomplish-
ments sketched above (and detailed below) provide a 
solid basis for the future. 
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2 Methodological Results 
This chapter describes the major methodological results 
achieved during the reporting period. Corresponding 
major experimental platforms are introduced in Sec-
tion 2.1. Since, in addition, the build-up of a suite of 
new instruments for the new German research aircraft 
HALO has been a major methodological activity of the 
institute, Section 2.2 is devoted to a description of 
these instruments. Sections 2.3–2.8 then describe 
methodological results in the area of active and passive 
remote sensing, in-situ instrumentation, global models, 
large-eddy simulation models, and other models. 

2.1 Major Experimental 
Platforms 
IPA is using various aircraft, ground-based and satellite 
platforms for in-situ and remote sensing observations 
from the ground to the mesosphere. These platforms 
are deployed to study the dynamics, chemistry, aerosol, 
and cloud physics of the atmosphere. In addition, the 
aircraft are used as test-beds to verify satellite-based 
instruments and to characterize specific emissions, e.g. 
in-flight aircraft engine exhaust. Table 2.1-1 provides 
an overview of the major platforms used and the type 
of observations performed.  

The DLR Falcon is the aircraft most frequently de-
ployed by IPA over the past years (Figure 2.1-1). IPA 
has developed a comprehensive set of trace gas and 
aerosol instruments for the Falcon including in-situ 
probes and lidar systems. The Falcon is a very robust 
aircraft allowing measurements in very harsh environ-
ments (e.g. wake of aircraft, thundercloud anvils, and 
extreme temperature conditions in polar and tropical 
regions). 

 
 

Since 2012 the HALO aircraft is operational for sci-
entific campaigns (Figure 2.1-2). HALO is a modified 
Gulfstream G 550 business jet and has an ultra-long 
range of about 8000 km, a maximum cruising altitude 
of 15 km, and a scientific payload capacity of 3000 kg. 

IPA has developed and adapted a number of in-situ 
and remote sensing instruments for HALO during the 
reporting period (see Section 2.2) and contributed sig-
nificantly to the instrumentation of HALO for the cam-
paigns TACTS, ESMVal, NARVAL, ML-CIRRUS, 
ACRIDICON, and OMO. 

Additional aircraft used by IPA include the GEO-
PHYSICA and an in-service Airbus A340-600 of 
Lufthansa for measurements with the CARIBIC instru-
ment container within the framework of the IAGOS 
project. The GEOPHYSICA is a stratospheric aircraft 

 
Figure 2.1-1: DLR Falcon research aircraft at Longyear-
byen airport in Spitsbergen. 

Table 2.1-1: Major experimental platforms used or in 
preparation by IPA. 

Platform Type of observation 
Aircraft  

HALO chemical composition, aerosols, 
clouds, wind temperature (in-situ, 
lidar, radar) 

Falcon chemical composition, aerosols, 
clouds, wind, temperature (in-situ, 
lidar) 

GEOPHYSICA NO, NOy, SO2, H2SO4 (in-situ) 
IAGOS-CARIBIC 
Lufthansa A340 

NO, NO2, NOy (in-situ) 

Ground-based 

POLDIRAD cloud microphysics 
2-µm Doppler wind 
lidar 

wind, aircraft wake vortices 

Rayleigh/sodium 
lidar 

temperature, backscatter  

Satellites 

MSG volcanic ash, cirrus (SEVIRI) 
CALIOP aerosols and cirrus clouds 
ADM wind 
EarthCARE aerosols and clouds 
MERLIN CH4 column densities 

 

 
Figure 2.1-2: HALO – high-altitude long-range research 
aircraft. 
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owned and operated by the Russian company MDB. It 
is instrumented by European research institutions. IPA 
operates an instrument for in-situ NO and NOy meas-
urements (SIOUX) and is presently developing a mass 
spectrometer for in-situ SO2 and H2SO4 measurements 
(STRATOMAS). 

Major campaigns performed with the Falcon,  
HALO, and GEOPHYSICA in the period 2008–2015 are 
depicted in Figure 2.1-3. Here, IPA acted as coordina-
tor and/or contributed significantly to the measure-
ments. A complete list of aircraft campaigns with IPA 
involvement is presented in Table 2.1-2. 

During the reporting period, IPA also continued to 
perform nitrogen oxides measurements on board the 
IAGOS-CARIBIC-A340. For CARIBIC an airfreight con-
tainer with a payload of more than one ton is used for 
atmospheric in-situ instruments. Partners from Germa-
ny and other European countries contribute to this 
instrument package. The container has been installed 
in the cargo bay of a Lufthansa Airbus A340-600 
about once a month for four to six consecutive long-
range flights to destinations in Asia, North- and South 
America and Africa. The CARIBIC measurements con-
tainer was periodically deployed about every 3–4 
weeks for a set of four flights. 
 

 
Important ground-based instruments used by IPA 

include the POLDIRAD Doppler radar for measurements 
of cloud microphysics, e.g. for developments of fore-
cast products for aviation safety, and a 2-µm Doppler 
wind lidar for the characterization of aircraft wake 
vortices, e.g. of the new A380 in cooperation with 
Airbus. 

Recently, a new ground-based Rayleigh lidar sys-
tem has been developed for temperature soundings 
and studies of gravity waves in the middle atmosphere. 
The Rayleigh lidar system is integrated into a compact 
eight foot container to facilitate the transport to re-
mote locations of interest (Figure 2.1-5). The first de-
ployment site of the Rayleigh lidar was Lauder in New 
Zealand, a hot spot of gravity waves, within the 

framework of the DEEPWAVE campaign in 2014. 
Concerning satellite-based instruments, IPA makes 

extensive use of the SEVIRI instrument on MSG. Several 
algorithms have been developed to retrieve a number 
of products from SEVIRI data including optical thick-
ness and cloud top height of volcanic ash, dust, and ice 
clouds. Details on the retrieval techniques developed 
are provided in Section 2.4.  
 

 
Furthermore, IPA is contributing to three European 

lidar satellite missions with launch date in the next   
years (Figure 2.1-6). IPA is preparing the French-
German satellite mission MERLIN for measurements of 
CH4 from space using lidar technology. With MERLIN 
regional emission sources and concentration fields of 
CH4 and their temporal variations will be determined. 
In addition, IPA is strongly involved in the preparation 
of ESA’s ADM-Aeolus mission for lidar wind measure-
ments from space in terms of the development of an 
airborne ADM demonstrator for pre- and post-launch 
validation campaigns, and for algorithm and processor 
development. Finally, IPA strongly supports ESA’s/ 
JAXA’s EarthCARE mission for lidar/radar measure-
ments of aerosols and clouds by performing scientific 
studies and by developing methods for data exploita-
tion and validation. Details of the lidar instrumental 
technique developments are given in Section 2.2. De-
tails for space lidar applications are given in Sec-
tion 3.1.1. 

 
Figure 2.1-6: The European lidar missions ADM-Aeolus 
(left), EarthCARE (middle) and MERLIN (right). 

 
Figure 2.1-3: Major Falcon, HALO, and GEOPHYSICA 
campaigns in the period 2008–2015 with IPA as coordi-
nator and/or main contributor. 

 
Figure 2.1-5: Photograph of the newly developed  
middle atmosphere lidar installed in its 8-foot container 
during the DEEPWAVE campaign in Lauder, New Zea-
land. 
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Table 2.1-2: Scientific aircraft campaigns 2008–2015. 

Acronym Field 
phase 

Region Brief description 

ECLIF 2015 Europe Emission and Climate Impact of Alternative Fuels 

OMO-ASIA 2015 Cyprus, Asia Oxidation Mechanism Observations in the Asian Monsoon  

CHARM-F 2015 Europe Certification and Instrument Test of the MERLIN Airborne Demonstrator 

ADM WindVal 2 2015 Iceland DLR-ESA-NASA Joint Wind Validation Campaign for ADM-Aeolus 

OMO-EU 2015 Europe Oxidation Mechanism Observations in the Extratropical Free Troposphere 

ACRIDICON-
CHUVA 

2014 Brazil Aerosol, Cloud, Precipitation, and Radiation Interactions and Dynamics of 
Convective Cloud Systems  

DEEPWAVE-NZ 2014 New Zealand Gravity Wave Propagation in the Middle Atmosphere 

ACCESS-2 2014 USA Alternative Fuel Effects on Contrails and Cruise Emissions  

RACEPAC 2014 Canada Radiation-Aerosol-Cloud Experiment in the Arctic Circle 

ML-CIRRUS 2014 Europe Nucleation, Life Cycle and Climate Impact of Natural Cirrus and Aviation 
Induced Cloudiness 

NARVAL 2013/ 
   2014 

North Atlantic Tropospheric Transport, Mixing and Transformation (Cloud Formation) 
Processes of Water Vapour 

GW-LCYCLE I 2013 Sweden Lifecycle of Gravity Waves  

SALTRACE 2013 Barbados, Cape 
Verde, Europe 

Long-range Transport of Saharan Mineral Dust across the Atlantic Ocean 
into the Caribbean 

T-NAWDEX 2012 Europe Diabatic Processes in Warm Conveyor Belts 

ESMVal 2012 Europe, Africa, 
Asia 

Earth System Model Validation  

TACTS 2012 Europe, North 
Atlantic 

Trace Gas Transport and Composition in the UTLS 

ACCESS-1 2012 Norway Arctic Climate Change, Economy and Society: Quantifying Emerging Local 
Anthropogenic Emissions in the Arctic Region 

DC3 2012 USA Deep Convective Clouds and Chemistry Experiment: Trace Gas Transport 
and Composition in the UTLS 

SHIVA 2011 Malaysia Stratospheric Ozone: Halogen Impacts in a Varying Atmosphere 

CONCERT-2 2011 Germany Microphysical, Chemical and Radiative Properties of Contrails and Natural 
Cirrus Clouds and their Impact on Climate 

Wetter und 
Fliegen 

2011 Germany Aviation Safety 

TECHNO 2010 Germany Certification of Basic Modifications of the HALO Aircraft and First Scientific 
Test Flights 

VOLCANIC_ASH 2010 Europe Eyjafjallajökull Volcanic Eruption 

RECONCILE 2010 Sweden Arctic Stratospheric Ozone Loss and its Climate Interactions 

ADM-Aeolus 
Pre-Launch Val. 

2009 Iceland Pre-Launch Campaign for Validation of Aeolus Measurement Principle, 
Calibration and Algorithms 

CONCERT-1 2008 Germany Contrail and Cirrus Experiment  

POLARCAT 2008 Greenland Pollution Transport into the Arctic Region 

T-PARC 2008 Japan THORPEX Pacific Asian Regional Campaign: Dynamics and Predictability of 
Tropical Cyclones 

EUCAARI 2008 Germany European Integrated Project on Aerosol Cloud Climate and Air Quality 
Interactions  

IPY-THORPEX 2008 Norway Dynamics and Predictability of Polar Lows and Arctic Fronts 

SAMUM-2 2008 Cape Verde Saharan Mineral Dust Experiment 
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2.2 HALO Instrumentation 
Significant work was dedicated to the instrumentation 
of the new HALO research aircraft for the first scientific 
missions on dynamics (TACTS), chemistry (OMO), aero-
sol and clouds (NARVAL, ML-CIRRUS, ACRIDICON), 
and model validation (ESMVal). This included the de-
velopment of new instruments as well as the adaption 
of existing instruments for an operation on board of 
HALO. The higher cruise altitude, long flight time, and 
limited number of operators for HALO required im-
portant modifications of existing instruments in terms 
of pumping systems used, amount of operating gases 
needed on board, and automation of operation. Table 
2.2-1 provides an overview of the in-situ and remote 
sensing instruments built and adapted by IPA for  
HALO. Instruments were prepared and certified for an 
installation in the HALO cabin (Figure 2.2-1) and on 
wing stations (Figure 2.2-2) and have been successfully 
utilized during scientific HALO missions.  

An extraordinary large effort included the certifica-
tion of the instruments in terms of work and costs. This 

was partly due to new regulations requiring a very 
detailed documentation of the instruments and opera-
tion and maintenance procedures. In particular, the 
certification of the wing probes was labor-intensive. 
Here, IPA coordinated the integration of all nine wing 
probes of all HALO partners. 

Based on the expertise gained within the WALES 
(Water Vapour Lidar Experiment in Space) project for 
an ESA Earth Explorer opportunity mission, IPA devel-
oped an airborne high-spectral resolution lidar for  
HALO (Figure 2.2-3). 
 
 

 
Figure 2.2-1: View into the HALO cabin with in-situ trace 
gas and aerosol probes installed in standard instrument 
racks. 
 

 
Figure 2.2-2: Particle measurement probes on the left 
wing of HALO during a certification flight at the Gulf-
stream premise in Appelton. From outward to inward 
wing positions: UHSAS (IPA), CAS-DPOL (IPA), PCASP 
(IPA), SID3 (KIT), and PIP (Univ. Mainz). 
 

 
Figure 2.2-3: WALES lidar system in the HALO cabin dur-
ing the first deployment in the TECHNO mission 2010. 

Table 2.2-1: Measurement systems developed and 
adapted for HALO by IPA (*jointly with MPI-M and Uni-
versity of Hamburg). 

Instrument Technique Measurements 

Cabin remote sensing instrument 

WALES H2O differential absorp-
tion and high spectral 
resolution lidar  

H2O profile, aerosol 
& cloud backscatter, 
extinction, depolari-
zation 

CHARM-F CH4 and CO2 integrated 
path differential-
absorption lidar 

CH4 and CO2  
column densities  

HAMP * cloud radar and micro-
wave radiometer 

liquid water path, 
temperature, radar 
reflectivity, Doppler 
velocity 

Cabin in-situ  

AMETYST 4 x CPC, 2 x DMPS, 
2 x OPC, 3 λ-PSAP 

concentration & size 
(0.005–2.0 µm) 

AIMS chemical ionization mass 
spectrometry 

H2O, HCl, HNO3, 
HONO, ClONO2, SO2 

AMTEX UV absorp., VUV fluor. O3, CO 

AENEAS chemiluminescence NO, NOy 

ITMS chemical ionization mass 
spectrometry 

PAN, SO2, HNO3, 
HONO 

PERTRAS adsorption tube sampler  perfluorocarbons 

SNOOPY laser incandescence BC mass distribution 
(70–500 nm) 

Wing probes 

UHSAS-A light scattering of single 
particles 

concentration & size 
(0.06–1.0 µm) 

CAS-DPOL light scattering of single 
particles 

concentration & size 
(0.5–50.0 µm), LWC 
depol., RH, p, T  

PCSAP-100X light scattering of single 
particles 

concentration & size 
(0.12–3.0 µm) 

MTP microwave radiometer temperature profile 
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2.3 Active Remote Sensing 

2.3.1 Lidar 
Lidar (light detection and ranging) instruments consti-
tute a unique technique for remotely sensing the state 
of the atmosphere. Lidar measurements allow unprec-
edented accuracy and spatial resolution of wind and 
temperature measurements to cloud and aerosol ob-
servations and the monitoring of climate-related trace 
gases. 

In the past years, significant progress was achieved 
towards lidar instruments in space which led to the 
selection of three lidar missions to which the institute is 
significantly contributing. 

The Atmospheric Dynamics Mission ADM-Aeolus is 
an ESA mission that is due for launch in 2017. ADM is 
a single instrument mission comprising the Atmospher-
ic LAser Doppler INstrument (ALADIN) which will be 
the first lidar ever capable of performing global wind 
profile observations required to improve weather fore-
casting.  

EarthCARE is a joint European/Japanese (ESA/JAXA) 
satellite planned for launch in 2018. The main goal of 
the mission is the observation and characterization of 
clouds and aerosols using a combination of active (lidar 
and radar) and passive (radiometers and imagers) in-
struments.  

Finally, MERLIN (Methane Remote Sensing Lidar 
Mission) is a joint CNES and DLR satellite mission dedi-
cated to the measurements of the greenhouse gas 
methane (CH4) by means of the integrated path differ-
ential absorption (IPDA) technique. MERLIN which is 
based on an original IPA proposal is currently in its 
phase B and scheduled for launch in 2019.  

IPAs supports these missions methodologically by 
developing new lidar instruments and methods, by 
devising airborne demonstrators for future spaceborne 
instruments, and by supporting these developments by 
feasibility studies, the design of technology testbeds, 
and airborne demonstration campaigns and validation 
activities. In addition, all above mentioned missions are 
supported by IPA through memberships in the respec-
tive science advisory groups. For MERLIN, moreover, 
IPA provides a principle investigator to the mission. 

New CO2 and CH4 lidar on aircraft 

Within the reporting period, an extended activity led by 
IPA was initiated to develop an airborne lidar for the 
simultaneous measurement of the two most important 
anthropogenic greenhouse gases: carbon dioxide (CO2) 
and methane (CH4). This lidar shall serve as a demon-
strator of the observational principle of the MERLIN 
mission, and will contribute to the CarbonSAT mission 
concepts for CO2 and CH4 observations. 

In the frame of a BMBF project and in cooperation 

with Fraunhofer ILT and OHB-System AG (formerly 
Kayser-Threde GmbH) the conceptual design of a new 
greenhouse gas lidar instrument, CHARM-F, was con-
ceived, the system developed, and certified for air-
borne operation. Significant heritage was derived from 
both the development of the airborne water vapour 
differential absorption lidar (WALES) as well from a 
lidar that was developed between 2000 and 2004 for 
helicopter-borne leak detection of natural gas trans-
mission pipelines (CHARM®). 

 
Similar to these two forerunners, the CHARM-F 

transmitters are based on two injection seeded optical 
parametric oscillators (OPOs) and amplifiers (OPA) 
pumped by diode-pumped solid-state lasers, a concept 
that has been advanced at IPA to a stage of maturity 
suitable for airborne and spaceborne applications. 

The set-up of CHARM-F is depicted in Figure 2.3-1. 
The entire system consists of two subsystems employ-
ing the IPDA lidar technique. The first one generates 
short laser pulses around 1645 nm targeted to meas-
ure CH4 while the second one operates at wavelengths 
around 1571 nm optimized for the detection of CO2. 
Of paramount importance is the frequency stabilisation 
system since the required frequency stability of the on-
line and off-line wavelength is extremely demanding. 
For this purpose a sophisticated frequency reference 
unit has been developed consisting of various distrib-
uted feedback diode and fibre lasers. In general, two 
reference lasers are stabilised onto well-known absorp-
tion features of CH4 and CO2, respectively, using a 
multipass absorption cell filled with defined quantities 
of both gases. The on-line and off-line wavelengths are 
generated by individual lasers locked with a defined 
offset to their references. By means of fibre optic 
transmission lines and fast fibre-optic switches, the 
narrowband radiation is guided to the OPOs to gener-
ate spectrally narrow-band, powerful laser pulses by 
virtue of the injection seeding technique.  

All development steps for CHARM-F concerning 
data acquisition, frequency reference and stabilisation 
concept, and energy calibration strongly benefited 
from previous and ongoing technology studies and 
projects to support future spaceborne lidar missions. 
Very recently, the first test flights of CHARM-F were 
successfully completed (Section 3.1.1). 

 
Figure 2.3-1: Conceptual schematics of the CHARM-F 
system. 
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New technology and methods for  
future satellite lidar missions 

For example, the development of the frequency refer-
ence evolved from the WALES project (Wirth et al., 
2009) and other related water vapour lidar projects 
(Khalesifard et al., 2009). However, CH4, and even 
more critical, CO2 IPDA lidar measurements require a 
~10–100 times improved wavelength stability com-
pared to a H2O DIAL. In this context, a fibre-laser based 
self-referenced frequency comb proved to become the 
preferred tool to investigate and improve different 
stabilisation techniques. This comb provides an effec-
tive frequency stability of ~500 Hz which is 2 orders of 
magnitude better than required. The comb is opti-
mized for the wavelength ranges at 1.57 µm and 
1.64 µm and was recently upgraded to wavelength at 
2 µm (Figure 2.3-2), a spectral region where attractive 
absorption lines of CO2 exist.  
 

 
Within the frame of the ESA project HOLAS, the 

frequency stability of 2-µm distributed feedback lasers 
(DFB) was recently analysed and for the EU project 
BRITESPACE the comb was employed to investigate the 
spectral stability of a novel, high brightness semicon-
ductor laser transmitter for the detection of carbon 
dioxide in future Earth observation space missions. 

On behalf of Airbus Defence and Space GmbH as 
the industrial prime for MERLIN, IPA is currently devis-
ing laboratory breadboards for both the MERLIN fre-
quency reference unit as well as the internal calibration 
chain. Studies to improve the pulse energy measure-
ment have commenced during an ESA funded project 

to improve the technological readiness level of such an 
important lidar subsystem.  

In order to support ESA’s A-SCOPE mission (cur-
rently on hold, but studies to advance technology are 
continued) two significant results were achieved. An 
injection seeded optical parametric oscillator-amplifier 
system operating at 1572 nm was developed. It was 
successfully demonstrated that the stringent require-
ments (energy, spatial and spectral properties) for a 
CO2 lidar transmitter in space could be outperformed 
(Fix et al., 2011).  

 

 
Furthermore, airborne measurements of the lidar 

ground reflectance at a wavelength of 1.57 µm were 
performed using DLR’s Cessna Grand Caravan in Cen-
tral and Western Europe, including many typical land 
surface coverages as well as the open sea (Amediek et 
al., 2009). The analyses of the data show that the lidar 
ground reflectance is highly variable on a wide range 
of spatial scales (Figure 2.3-3). However, by means of 
the assumption of laser footprints in the order of sev-
eral tens of meters, as planned for spaceborne systems, 
and by means of an averaging of the data it was 
shown that this specific retrieval error is well below 
1 ppm (CO2 column mixing ratio), and thus compatible 
with the sensitivity requirements of spaceborne CO2 
measurements (such as A-SCOPE). These results are 
directly applicable to the development of the MERLIN 
instrument and CHARM-F. 

The pointing stability of the dual-wavelength OPO 
is another key parameter for IPDA lidar application in 
space and was therefore investigated in detail. While 
the magnitude of beam pointing stability was compa-
rable for both wavelengths a small offset in the beam 
pointing direction was measured (Figure 2.3-4). How-
ever, this effect was less than one per cent of the OPO 
signal divergence and thus the resulting error was 
found to be negligible (Fix and Stöckl, 2013).  

 
Figure 2.3-3: Airborne ground reflectance investigations 
with a lidar at 1.57 µm (red) in comparison to the reflec-
tance from the passive satellite sensor MODIS in the 
spectral region of 1.6 µm (band 6). 

 
Figure 2.3-2: Using appropriate amplifiers and nonline-
ar optical fibres the self-referenced frequency comb 
operated at IPA is optimized for wavelengths at 1570 
nm, 1645 nm, and 2050 nm coincident with spectral 
absorption lines of CO2 and CH4. The figure displays 
measured envelopes of the comb spectra, colour coded 
for the respective wavelength range. 
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The investigation of the spectral purity of pulsed la-
ser sources, which is a paramount parameter for the 
accuracy of a lidar system, is a key expertise at IPA. This 
expertise has been harnessed e.g. during the A-SCOPE 
studies for ESA, a DFG project on Raman laser sources, 
and is currently also continued for MERLIN within its 
phase B.  

In order to advance the feasibility of a spaceborne 
mission for lidar sensing of atmospheric water vapour a 
new class of directly diode-pumped solid state lasers 
(Nd-doped mixed garnets) at 935 nm have been inves-
tigated in cooperation with Fraunhofer ILT and funded 
by DLR Space Administration (Löhring et al., 2011; Fix 
et al., 2011). IPA was in charge for the development of 
the frequency reference system, again the measure-
ment of the spectral purity, and for performing atmos-
pheric measurements. It was proven that the spectral 
purity exceeds 99.99% and thus the requirements for 
water vapour DIAL by far. Subsequently, this lidar 
transmitter has successfully shown its excellent perfor-
mance in atmospheric measurements (Figure 2.3-5).  

Thus, this laser type becomes competitive to cur-
rent Ti:Sapphire laser or OPO systems (such as WALES) 
as highly efficient transmitter for future spaceborne 

water vapour DIAL transmitters. Studies on lasers using 
similar laser crystal host materials are continued.  

Multi-wavelength DIAL for simultaneous 
measurements of water vapour and ozone 

In order to provide an airborne demonstrator for a 
future water vapour lidar in space as well as a state-of-
the-art instrument for current atmospheric research, 
the WALES H2O DIAL had been developed for the Fal-
con and was finalised in 2007. In the present reporting 
period the system was retrofit and fully certified for 
operation on HALO (Section 2.2). The system took part 
in various national and international measurement 
campaigns on both aircraft. Corresponding results are 
reported in Section 3.1.1. 

Apart from its scientific use, the following method-
ological challenge has been tackled: the ability to 
measure water vapour and ozone in the tropopause 
region with high spatial resolution at the same time by 
a single instrument. The scientific goal of such an in-
strument is to study stratosphere-troposphere ex-
change using tracer-tracer correlation.  
 

 
To accomplish this task, an OPO for the ultraviolet 

spectral range was devised (within a doctoral thesis, 
Steinebach, 2012) that can be pumped with the same 
pump laser system as WALES. To handle the high aver-
age power achieved, the optical design had to be re-
vised. In order to meet the wavelength requirements 
for upper tropospheric and lower stratospheric ozone 
measurements, the OPO was built to generate wave-
lengths between 302–317 nm. In this entire spectral 
range the frequency converter generates more than 
1 W of average power. The mechanical and optical 
design was realized such that the UV converter fits into 
a module identical to the OPO for water vapour detec-
tion at 935 nm.  

Demonstration measurements have successfully 
been performed from ground (Figure 2.3-6). The first 
scientific flights of this new combination of water va-
pour and ozone lidars is foreseen for the  
HALO-POLSTRACC campaign scheduled for winter 
2015/16 (Section 5.9).  

 
Figure 2.3-6: Comparison of the ozone DIAL to an O3 
sonde launched at the Hohenpeissenberg observatory. 

 
Figure 2.3-4: Measurement of the centroid distribution 
for the measurement of the OPO’s pointing stability. 
The OPO was alternately operated at two different 
wavelengths which are colour coded in red and blue. 

 
Figure 2.3-5: First-time lidar measurement using an  
Nd-doped mixed garnet MOPA laser. Top: Attenuated 
backscatter ratio. Bottom: Water vapour mixing ratio  
(in g kg-1). 
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Validation and characterization of the first 
airborne direct detection Doppler wind lidar  

An airborne prototype of the wind lidar instrument for 
ESA´s space lidar mission ADM-Aeolus was developed 
at IPA together with space industry. The ALADIN air-
borne demonstrator A2D is the first airborne, direct-
detection wind lidar and was operated during cam-
paigns in 2007–2009 and recently in 2015 on the Fal-
con aircraft. Validation experiments were performed 
with a co-located reference wind lidar based on a co-
herent detection principle operating at 2 µm wave-
length.  

 
A rigorous characterization of the ALADIN optical 

receiver (Figure 2.3-7), including its novel accumulation 
CCD detector with respect to instrumental and atmos-
pheric noise sources started in 2013 at IPA within an 
ESA funded project. The experience gained during 
these measurements provided significant in-sights for 
the characterization tests of the satellite instrument. 
The instrumentation for high-precision laser frequency 
measurements of IPA was further utilized during ther-
mal-vacuum tests for the flight model of the satellite 
laser.  

A more powerful, second generation version of the 
A2D laser is being developed by IPA, Fraunhofer ILT, 
and space industry and is currently in the phase of final 
acceptance testing. 

Towards a Rayleigh-Brillouin lidar for  
atmospheric temperature measurements  

Temperature is a key parameter of the state of the 
atmosphere. Current lidar techniques, however, show 
deficiencies in measuring this important quantity. Ei-
ther they are restricted to mesospheric or stratospheric 
measurements (integration technique and fluorescence 
lidars, see below) or they require very long integration 
times and are prone to solar background (Raman lidar). 

A novel lidar technique that is based on Rayleigh-
Brillouin (RB) scattering has been developed and ap-
plied to derive the temperature profile in the tropo-

sphere from measured line shape information of the 
scattered laser light in the air. In order to understand 
the complex scattering process that is required for the 
temperature retrieval, accurate measurements of the 
RB line shape in air as function of temperature and 
pressure were performed for the first time in the labor-
atory (Witschas et al., 2010) in collaboration with the 
Free University of Amsterdam. 

Figure 2.3-8 shows a result from first temperature 
retrievals in the troposphere using the A2D lidar for the 
RB measurements. The temperature could be retrieved 
from 2–15 km with a vertical resolution of 0.3–2.2 km 
and a statistical uncertainty of 0.15 K to 1.5 K 
(Witschas et al., 2014). A comparison to a radiosonde 
(at a distance of 50 km) and ECMWF reanalysis shows 
accordance of better than 2.5 K, except for the 
boundary layer or rather near field region which may 
arise from natural variability as well as from non-fully 
telescope overlap, or non-perpendicular rays entering 
the interferometers. 

 
Resulting from theoretical and experimental studies 

it was concluded that in order to improve the tempera-
ture measurement it is beneficial to image the RB spec-
trum onto a multi-channel photomultiplier detector 
using a Fizeau interferometer thereby getting rid of any 
laser frequency scanning procedure. Such kind of novel 
temperature receiver is currently under development 
and first test measurements are foreseen for the end of 
2015.  

Temperature lidar for middle atmospheric  
research  

The Temperature Lidar for Middle Atmosphere Re-
search (TELMA) is a new instrument capable of high 
resolution temperature measurements in the strato-
sphere and mesosphere (20–90 km). The primary ob-
jective of this instrument is to provide reference data 
sets in support of Falcon/HALO campaigns with focus 
on gravity wave research.  

 
Figure 2.3-7: Photograph of the ALADIN airborne de-
monstrator optical receiver with the Rayleigh spectrom-
eter during verification of the alignment at IPA’s clean-
room facility. 

 
Figure 2.3-8: Temperature profile derived from the A2D 
lidar instrument (red), compared with radiosonde tem-
peratures (black) and ECMWF temperatures (grey). 
Boundary layer and instrumental near-field region are 
shaded in grey. 



 

 

17 

     2.3 Active Remote Sensing 

TELMA comprises a Rayleigh/sodium resonance li-
dar and cooling systems for laser and air conditioning 
integrated into a custom 8-foot container. The com-
pact design facilitates transport to remote locations 
with minimal infrastructure.  

From the beginning, TELMA was designed for re-
mote operation without the on-site presence of an 
operator. The control, data acquisition and visualiza-
tion software developed for TELMA is based on modu-
lar components which can be easily adapted to other 
lidar systems. A high degree of autonomy is built into 
the software, including fault protection algorithms and 
situation awareness modules.  

By making use of these advanced capabilities, 
TELMA can take atmospheric data whenever weather 
conditions permit lidar soundings. The fact that the 
operation period is not limited to working hours of 
operators allows a drastic increase in observation time 
and data collection. First routine observations with 
TELMA were carried out during the DEEPWAVE cam-
paign in New Zealand in 2014 (Figure 2.3-9). More 
than 700 hours of data were obtained in a period of 
4 months. 

 

Airborne UV lidar system for clear air turbulence 
research  

In the context of safety improvement in aviation, an 
airborne lidar system for the remote detection of tur-
bulence occurring in clear air (CAT) in cruising altitudes 
(see Section 3.2.2) has been developed.  

The method of remotely detecting CAT relies on 
the detection of small fluctuations in the molecular 
Rayleigh backscatter. These are indicative of density 
and temperature variations occurring in the air motion 
within the turbulent zones searched for. For an effec-
tive detection, a UV wavelength is favourable.  

 

This development was performed within the EC 
FP7 DELICAT (2009–2014) project with main partners 
THALES Avionics and the Dutch NLR, the latter provid-
ing the experimental aircraft (PH-LAB). This Cessna 
Citation 2 aircraft offers the unique possibility to im-
plement a forward looking lidar by installing a bending 
mirror under an aerodynamic fairing (Figure 2.3-10). 

Therefore, IPA provided one of its WALES lidar 
Nd:YAG pump stages and designed a UV conversion 
(frequency tripling) stage. A versatile receiver platform 
was built allowing for various detection configurations 
using UV-adapted detection units of the WALES lidar. 
Also, the WALES data acquisition and control unit was 
used in the experiment. Moreover, IPA engineered the 
sophisticated laser cooling system that evacuates the 
heat loss to the outside atmosphere via a two-circuit 
heat exchanger system as well as a stiff frame for air-
craft integration.  

The overall system, i.e. the heavily modified Cessna 
Citation 2, with lidar, fairing, cooling device, nose 
boom and other add-ons, received full aircraft certifica-
tion (STC) from Dutch Civil Aviation Authority in Ju-
ly 2013.  

Thereupon, a 30 h flight campaign over Western 
Europe was performed, demonstrating the lidar sys-
tem’s sustained functionality and reliability. Perfor-
mance analyses of the recorded atmospheric lidar data 
demonstrated its capability to measure CAT with the 
described method.  

The DLR-developed lidar system, together with 
NLR’s STC and the agreed permanent loan of THALES’ 
beam steering system, represent a complete airborne 
lidar test system for various aviation applications, (e.g. 
CAT, wake vortex, icing). Consequently, the instrumen-
tal development is continued within the DLR project  
L-bows for an improved receiver version with aerosol 
filter functionality (see Section 4.5.2). 

 
Figure 2.3-9: Stratospheric and mesospheric tempera-
ture measured by TELMA during the DEEPWAVE cam-
paign in Lauder, New Zealand. 

  
Figure 2.3-10: Photograph of NLR’s forward looking 
fairing and DLR’s DELICAT lidar system installed in the 
cabin of the Cessna Citation 2. 
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2.3.2 Radar 
The aim of the radar activities at IPA is to develop 
methods for cloud and precipitation physics research 
and nowcasting applications. Three different radar 
systems are available: the polarization diversity Doppler 
weather radar POLDIRAD on top of the Institute build-
ing (λ = 5.5 cm) is mainly used for nowcasting applica-
tions. Measurements of precipitation profiles are per-
formed with micro rain radars (MRR, λ = 1.2 cm) at 
Oberpfaffenhofen, Munich Airport, and at Manching 
Airport. Cloud physics research is performed with 
cloud radars (λ = 0.8 cm). One system is located at the 
research station Umweltforschungsstation (UFS) at 
Zugspitze, another one can be flown on board the 
HALO aircraft. The combination of radar systems using 
different wavelengths or the combination of radar with 
other sensors, e.g. lidar or microwave radiometers, is 
ongoing research to improve the retrieval of micro-
physical properties of clouds and precipitation. 

Airborne radar observations 

The HALO microwave package (HAMP) consists of a 
cloud radar and five passive microwave radiometers 
measuring at frequencies between 22 and 183 GHz 
(Mech et al., 2014). Together with the WALES/HSRL 
lidar this configuration provides an excellent tool for 
the validation of current (CloudSat and CALIPSO) or 
future (EarthCARE) satellite missions (c.f. Section 
3.1.1). About 100 hours of measurements with HAMP 
and the WALES/HSRL lidar were collected during the 
NARVAL campaign in 2013/2014.  

During NARVAL, a coordinated flight of HALO and 
the French research aircraft Falcon was performed over 
Southern France between Lyon and Tarbes. While the 
HAMP radar operates at 35 GHz (λ = 0.8 cm), the 
French radar operates at 95 GHz (λ = 0.3 cm). Figure 
2.3-11 shows the vertical reflectivity profiles measured 
with both radars. To account for different calibration 
of the radars, reflectivities of the HAMP radar have 
been increased by 8 dB. The differences in reflectivity 
factor are caused by Mie-scattering resonance effects 
of ice and water particles with sizes close to the trans-
mitted wavelength. Attenuation at large ice particles is 
stronger at shorter wavelength. The profiles show 
good agreement at higher altitudes where small ice 
particles are present. Larger differences are observed 
below approximately 4 km altitude where larger ice 
aggregates are expected. The reflectivity enhancement 
in the melting layer at about 2 km altitude is only clear-
ly visible at 35 GHz. In the rain layer below, differential 
attenuation leads to increasing difference between 
both reflectivity measurements. This combination of 
measurements at two different frequencies provides 
unique information about particle sizes and size distribu-
tions and will be used to develop retrieval algorithms for 
single radars in preparation of ESA’s EarthCARE mission. 

Retrieval of drop size distributions using different 
wave lengths 

Polarimetric weather radars are used for the retrieval of 
microphysical properties of precipitation. However, 
properties like number concentration, particle size dis-
tributions or liquid water content or ice water content 
cannot be retrieved. One way to access further infor-
mation is using different wavelengths. Figure 2.3-12 
shows the retrieval of the raindrop size distribution 
using POLDIRAD and a vertical pointing cloud radar 
during the COPS campaign. POLDIRAD was scanning 
the vertical profile of reflectivity over the cloud radar 
located about 36 km to the east. The cloud radar was 
measuring the Doppler power spectra of the falling 
precipitation. Using a radar simulator for scattering, 
attenuation and fall speed simulations for both wave-
lengths it was possible to iteratively retrieve the vertical 
profile of raindrop size distributions to be consistent 
with the measurements of both radars (Schmidt and 
Hagen, 2012). Figure 2.3-12 shows the drop size dis-
tribution as it was retrieved from the co-polar and 
cross-polar power spectrum.  

 
 

 
Figure 2.3-11: Radar reflectivity factor measurements by 
HALO cloud radar (top) and French Falcon cloud radar 
(middle). Bottom: profiles of reflectivity at 4°E (left) and 
4.75°E (right). 
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Hydrometeor classification for winter weather 

Polarimetric weather radar systems allow for the classi-
fication of hydrometeors. A number of algorithms are 
already available for convective situations. Algorithms 
for stratiform precipitation are current research topics. 
One major challenge is the fact that radar measure-
ments are made at a certain height above the surface, 
while e.g. airport operators or road authorities are 
interested in whether rain or snow reaches the surface. 
A method was developed which analyses the vertical 
profile of the hydrometeor type from a volume scan 
and estimates the kind of precipitation at the surface. 
The algorithm is to be improved by additional meas-
urements of temperature at the surface or from rou-
tine observations by aircraft or vertical profiles by a 
micro rain radar. 

Thunderstorm analysis with multi-sensor synergy  

To describe the complete life cycle of deep convection 
and to understand the initiation processes a single 
instrument cannot provide sufficient information. The 
combination of various sensors is therefore necessary. 
During the COPS campaign an isolated single thunder-
storm cell was observed by a number of instruments: 
namely 4 C-band weather radars: POLDIRAD deployed 
at Waltenheim-sur-Zorn, Alsace, DWD radars at Feld-
berg and Türkheim and the radar of KIT at Karlsruhe, a 
lightning sensor network, Meteosat satellite images, 
and by photogrammetry (Schmidt et al., 2012). The 
studied storm cell showed a typical behaviour with a 
rapid development which is hard to forecast, even by 
high resolution NWP models. 

Contamination of radar measurements by 
depolarization and differential phase delay 

The polarization network of POLDIRAD is able to gen-
erate arbitrary polarized waves independent from pulse 
to pulse and different for transmit and receive. To cali-
brate the network, an active polarimetric radar calibra-
tion unit (PARC) was developed (Reimann, 2013). The 
PARC is deployed at some distance (300–1500 m) from 
POLDIRAD. For the calibration of the “transmit” polari-
zation the PARC will analyse the ellipticity and the ori-
entation of the received wave. For the calibration of 
the “receive” polarization the PARC transmits waves 
with defined polarizations which will be used to adjust 
the POLDIRAD receiver path. A communication link 
ensures a fast and automatic calibration. 

The calibrated POLDIRAD polarization network can 
be used to study propagation and scattering of differ-
ent polarized waves. For the first time it was possible 
to show the contamination of differential reflectivity 
ZDR in C-band in strong precipitation by differential 
phase shift and by depolarization effects. Figure 2.3-13 
shows ZDR along one radar beam through precipita-
tion using three different polarization modes. The al-
ternate linear horizontal-vertical mode – only 
POLDIRAD can operate in this mode – is able to pro-
vide unbiased measurements since it can measure the 
complete scattering matrix. Measurements in the STAR 
modes – the only modes which can be measured by 
operational weather radars – are considerably contam-
inated after the passage of the strong rain core at ap-
proximately 30 km range (Reimann, 2013). In this situ-
ation, ZDR measurements in STAR mode are inappro-
priate for quantitative rainfall rate estimate which re-
quire a precision of 0.1 dB. In a further step correction 
algorithms have to be developed. 

 

 

 
Figure 2.3-13: Profile of differential reflectivity ZDR 
through rain measured simultaneously with three dif-
ferent polarization modes. 

 
Figure 2.3-12: Retrieval of raindrop size distributions; 
simulated Doppler spectrum of the retrieved raindrop 
size distribution at 1020 m above the cloud radar and 
observed spectral power from the cloud radar. 
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2.4 Passive Remote Sensing 
This chapter highlights this institute’s achievements in 
the retrieval of ice cloud and radiation parameters us-
ing observations with the SEVIRI instrument on board 
the geostationary Meteosat satellite. It also introduces 
a new and efficient volcanic ash detection algorithm. 
Ice clouds and layers of volcanic ash aerosols have in 
common that they usually form optically thin layers in 
the atmosphere. But their impact on human life can be 
considerable as for example on a long-term basis by 
affecting global climate or on short time scales by hin-
dering air traffic, respectively. The advantages of SEVIRI 
particularly lie in the high repeat cycle of measure-
ments (5 or 15 min in 12 spectral channels), as well as 
in an extensive spatial coverage. Regarding climate 
research the analysis and interpretation of SEVIRI ob-
servations contribute to a better understanding of 
cloud-radiation interaction processes. The detection 
and quantification of volcanic ash and their short-term 
forecast in time and space supports air traffic man-
agement.  

Ice cloud detection 

Various passive remote sensing algorithms have been 
developed that allow for the detection of cirrus clouds. 
The detection algorithms use the SEVIRI channels in the 
thermal infrared and provide ice cloud masks for all 
consecutive 96 time segments within one day. They are 
designed to cope with all climate and meteorological 
conditions over the Meteosat disc and to include all 
viewing zenith angles.  

Two types of detection algorithms based on differ-
ent approaches have been generated. One, MeCiDA2, 
(Meteosat Cirrus Detection Algorithm 2, Ewald et al., 
2013) applies spectral and morphological threshold 
techniques and extends the method originally devel-
oped for Europe and North Atlantic to the entire Me-
teosat disc. It has been shown to provide almost the 
same cirrus coverage (±0.1 absolute) as given by the 

CPO (Cloud Phase Optical properties product from 
MODIS) for latitudes lower than 50°N (Figure 2.4-1). 
The other, COCS (CALIOP and SEVIRI algorithm during 
day and night, Kox et al., 2014) is a novel approach 
based on a backpropagation neural network which has 
been trained with co-incident CALIOP lidar observa-
tions. In a validation study against the DLR HSRL lidar 
flown on the Falcon during a field campaign in 2008, 
COCS detected 80% of the cirrus clouds with optical 
thickness 0.2 and its detection efficiency increased for 
higher optical thicknesses. For optical thickness 0.1 
COCS detected already 50% of the cirrus clouds. The 
false alarm rate amounted to 2.6% for all measured 
cirrus clouds. COCS has proved to be more sensitive to 
thin cirrus than MeCiDA2. 

In addition to natural ice clouds, IPA studies con-
trails and contrail-cirrus. It is known that their radiative 
effects are similar to those of thin natural ice clouds. By 
combining the two sensors, MODIS on board the satel-
lites Terra and Aqua and SEVIRI on board the Mete-
osat, a tool named ACTA (Automatic Contrail Detec-
tion Algorithm, Vazquez Navarro et al., 2010) has been 
developed. It allows tracking contrails. ACTA first iden-
tifies line shaped contrails in Meteosat/SEVIRI that were 
detected in MODIS, and then tracks their further de-
velopment with SEVIRI in a second step (Figure 2.4-2) 

 
Figure 2.4-1: Differences of zonal mean cirrus cover 
derived from MODIS and from two MeCiDA algorithm 
versions. 

 
Figure 2.4-2: Example of a line shape contrail as identi-
fied by Meteosat/SEVIRI and then tracked by ACTA. 
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Ice cloud optical properties 

The detection algorithms are prerequisite for subse-
quent retrieval of microphysical, macroscopical and 
optical parameters of cirrus clouds. The algorithm 
COCS also provides the ice optical thicknesses at 
532 nm as well as the ice cloud top altitude. Figure 
2.4-3 shows an example how ice optical thicknesses 
from COCS are distributed over the entire Meteosat 
disc. It further shows how retrieved optical thicknesses 
compare to those measured by CALIOP/CALIPSO data. 
Also the PAZI field campaign confirmed a very good 
agreement especially for optical thicknesses smaller 
than 1. 

A validation of cloud properties retrieved from the 
passive SEVIRI imager is essential, but complicated due 
to large differences in scale and observation geometry 
between the satellite footprint and independent 
ground-based or airborne observations. 

Therefore, an alternative validation approach has 
been applied. It starts from the output of the COSMO-
EU weather model of the German Weather Service 
(DWD). Realistic three-dimensional cloud structures at 
a spatial scale of 2.33 km are produced by statistical 
downscaling and microphysical properties are associat-
ed to them. Resulting data sets are then used as input 
to the one-dimensional radiative transfer model libRad-
tran (Mayer and Kylling, 2005)2 to simulate radiance 
observations for all eleven low resolution SEVIRI chan-
nels. In this way, cloud properties and satellite radianc-
es are known such that cloud property retrieval results 
can be tested and tuned against the objective input 
“truth”. With this approach all parameters obtained 
from the cloud retrieval algorithm APICS (Algorithm for 
the Physical Investigation of Clouds with SEVIRI), have 
been validated (Bugliaro et al., 2011). 

As an example, Figure 2.4-4 shows the validation 
of cloud mask and cloud droplet effective radius. Espe-
cially, the latter quantity cannot be derived from in-situ 
data since it requires simultaneous knowledge of the 
vertical profiles of ice crystal size and distribution in the 
entire SEVIRI pixel. This shows the benefit of the pro-
posed validation method. 

Detecting ice clouds and retrieving their properties 
in high temporal resolution is essential for a better 
understanding of the cloud’s life cycle and their inter-
action with the radiation field. Another important at-
mospheric property controlling cloud formation and 
decay is the relative humidity. From the synergetic use 
of IPA’s airborne passive instrument MTP (Microwave 
Temperature Profiler), which has already been de-
ployed during the HALO campaign ML-CIRRUS and 
ACRIDICON, and the H2O-lidar system WALES the rela-

                                                           
2 Mayer, B., Kylling, A., 2005: Technical Note: The libRadtran Software 
Package for Radiative Transfer Calculations – Description and Examples 
of Use, Atmospheric Chemistry and Physics, 5, pp. 1855-1877. 

 

 
Figure 2.4-3: In a) Full disk false colour composite of 
Meteosat/SEVIRI, b) ice optical thickness (COCS), c) vali-
dation of the ice optical thickness by comparison with 
ice optical thickness from CALIPSO. 
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tive humidity can be derived. MTP provides tempera-
ture data and WALES the absolute humidity. From 
simultaneous measurements of both these parameters 
the relative humidity can be derived. By analysing tem-
poral and spatial distributions of relative humidity and 
ice clouds, a further deepened insight into the life cycle 

processes of ice clouds can be gained. In this way, MTP 
campaign data are anticipated to complement our 
satellite based retrieval methods. 

Earth's energy budget 

Clouds exhibit a strong influence on the radiation 
budget at the top of the atmosphere. On average they 
increase the reflected shortwave irradiance by 
47 Wm−2 and reduce the outgoing longwave radiation 
by 30 Wm−2, as a result the net energy input to the 
Earth-atmosphere system is reduced by about 17 
Wm−2. However, the high variability of clouds in space 
and time presents a big challenge when radiative effects 
of individual cloud types are studied by use of passive 
remote sensing data. This requires the highest spatial 
and temporal resolution currently available.  

The RRUMS algorithm (Rapid Retrieval of Upwelling 
irradiances from MSG/SEVIRI, Vazquez Navarro et al., 
2013) solves this challenge. RRUMS has been devel-
oped to derive top-of-atmosphere irradiances of small 
scale and rapidly changing features that are not suffi-
ciently resolved by other Earth radiation budget sensors 
like CERES on board the satellites Terra and Aqua or 
GERB on board Meteosat. The retrieval takes ad-
vantage of the spatial and temporal resolution of Me-
teosat/SEVIRI and provides outgoing longwave and 
reflected shortwave radiation by means of a combina-
tion of SEVIRI channels. The longwave retrieval is based 
on a linear combination of brightness temperatures 
from the SEVIRI infrared channels whereas the 
shortwave retrieval is based on a backpropagation 
neural network that requires as input the visible and 
near-infrared SEVIRI channels.  

While being less accurate than their dedicated 
counterparts, the SEVIRI based method has two major 
advantages: a higher spatial resolution of 3 km at sub-
satellite point which is remarkably better than that of 
CERES (20 km) or GERB (45 km), and a temporal reso-
lution of 15 min or 5 min in rapid scan mode (the same 

 
Figure 2.4-5: Comparison between the SEVIRI based method to derive the outgoing longwave 
radiation and the two current irradiance measurement instruments CERES and GERB. Data stem 
from 1 January 2007, 10:00 UTC. 

 
Figure 2.4-4: Top: Simulated false colour composite of 
SEVIRI using COSMO-EU, middle panel: validation of the 
APICS cloud mask (A) against simulated reality (R). Bot-
tom: validation of the ice cloud effective radius. 
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as GERB), which is significantly better than CERES on 
board polar orbiting satellites with a temporal resolu-
tion of two overpasses per day. Accordingly, RRUMS is 
a unique tool enabling to study the radiative effects of 
small-scale features such as cumulus clouds, ice clouds, 
or contrails (Figure 2.4-5). 

Volcanic ash detection 

The volcanic eruptions of the Eyjafjallajökull in 2010 
and the Grimsvöttn in 2011 had large impact on avia-
tion resulting in an extensive restriction of the airspace 
over Europe with more than 100.000 flights being 
cancelled in 2010. The crisis revealed the need to use 
data from satellites already operating in space to de-
termine the ash cloud extension from a volcanic erup-
tion in a timely and precise manner, and to predict its 
movement during the following hours. As known, now 
satellite data is the most important source of infor-
mation for making large-scale assessments of how an 
ash cloud is spreading. This detailed information is 
essential for air traffic management and the planning 
of flights with research aircraft.  

The new algorithm VADUGS (Volcanic Ash Detec-
tion Using Geostationary Satellites) identifies ash-
contaminated as well as ash-free regions utilizing the 
infrared brightness temperatures measured by SEVIRI. 
The algorithm, again based on a backpropagation neu-
ral network, is trained by simulated brightness temper-
atures for the SEVIRI channels which have been ob-
tained from radiative transfer calculations (libRadtran). 
The training data set represents a comprehensive range 
of typical atmospheric conditions as a function of lati-
tude and season, with various types of ash, distributed 
over a various altitude levels and with a broad range of 
concentrations. The combination of VADUGS and the 
COCS algorithm allows for identification of regions 
where cirrus clouds may hide the volcanic ash layer. 
Beside the detection of ash-contaminated and ash-free 
airspace, the algorithm VADUGS also provides a mask 
of high clouds derived by the COCS algorithm, which 
in some regions may cover volcanic ash clouds. Figure 
2.4-6 gives an example of detected volcanic ash and 
ice clouds for the eruption of the Eyjafjallajökull in 
2010. 

 

 
Figure 2.4-6: Yellow areas: Volcanic ash column density in 10-3 kg m-2 derived with the  
VADUGS algorithm for 17 May 2010. Black areas: high cirrus coverage where no information 
about volcanic ash is available. 
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2.5 In-situ Instrumentation 
There are still important gaps in our knowledge about 
the distribution and temporal variation of atmospheric 
trace gases, aerosols and clouds at regional and global 
scales. In particular, simultaneous high-resolution ob-
servations of chemical transformations, aerosol aging 
and dispersion processes during vertical and horizontal 
transport at different scales (local, regional, and hemi-
spheric) are needed to improve our understanding of a 
changing climate. 

IPA has an outstanding expertise in the develop-
ment, modification and optimization of in-situ instru-
mentation for airborne, high resolution measurements 
of trace gases, aerosol and cloud parameters. Based on 
the need for a better understanding of atmospheric 
key processes, a series of new instruments was recently 
developed at IPA, and these systems were successfully 
deployed as part of different projects on board the 
research aircraft Falcon, HALO and a Lufthansa A340 
(see Section 2.1). Here we report on advances and 
achievements of measurement techniques during the 
reporting period. Scientific results are presented in 
Chapter 3.  
 

2.5.1 Trace Gas Measurements  

Studying ozone production during long-range 
transport of pollutants 

PAN (peroxy acetyl nitrate) is produced in the atmos-
pheric oxidation of non-methane volatile organic com-
pounds and is the major temporary reservoir for nitro-
gen oxides (NOx = NO + NO2). PAN enables the 
transport and release of NOx to the remote tropo-
sphere with major implications for e.g., the photo-
chemical production of ozone. Therefore, and to com-
plement the well-established NO and NOy measure-
ments on board the Falcon, a new CI-ITMS (Chemical 
ionization – ion trap mass spectrometer) instrument 
was developed at IPA, allowing for the fast (~1–2 s) 
measurement of PAN with a low detection limit of 
~20 pptv (Roiger et al., 2011). The technique is based 
on the selective ionization of the peroxy acetyl radical, 
which is the thermal decomposition product of PAN, 
followed by detection of characteristic product ions 
inside the ion trap mass spectrometer. 

FASTPEX (FAST measurements of PEroXy acetyl ni-
trates) also includes a newly set-up isotopically labelled 
calibration source, based on the photolytic in-situ pro-
duction of PAN. This calibration source allows for a 
continuous in-flight calibration resulting in a high accu-
racy of ±10% for the PAN measurements. The new 
FASTPEX instrument was successfully deployed on 
board the Falcon during POLARCAT-GRACE campaign 
(Greenland Aerosol and Chemistry Experiment) in 

summer 2008. The measurements showed that in the 
Arctic free troposphere, PAN was the most dominant 
reactive nitrogen compound. Here, we present a wing-
by-wing inflight intercomparison performed during 
POLCARCAT-GRACE, which shows very good agree-
ment between the PAN measurements of the new 
FASTPEX instrument and the PAN measurements on 
board the research aircraft NASA DC8, which were 
obtained with a similar CIMS instrument (Figure 2.5-1). 

 

Better understanding of upper tropospheric 
photochemistry by NO2 measurements  

In the framework of IAGOS-CARIBIC (In-service Aircraft 
for a Global Observing System – Civil Aircraft for the 
Regular Investigation of the atmosphere Based on an 
Instrument Container), nitrogen oxide (NO and NOy) 
measurements are performed using an automated 
two-channel chemiluminescence (CL) detector. The 
instrument is integrated in an airfreight container, 
which is installed for 2–6 long-haul flights on board a 
Lufthansa A340-600. During night time, NO is con-
verted to NO2 that cannot be detected by the CL de-
tector. Hence, the NO/NOy-Instrument was extended 
by a commercially photolytic NO2 converter to fill the 
data gaps. The UV radiation of two LED modules inside 
a reaction chamber converts the NO2 to NO, which is 
subsequently detected by the CL detector. The new 
instrument was characterized in detail in the IPA labor-
atory and has been successfully applied on board the 
A340-600 since May 2010 (see Section 3.1.3). 

 

 
Figure 2.5-1: Top: Photo of the DC8, taken out of the 
Falcon during the intercomparison flight on 9 July, 2008. 
Bottom: Time-series of PAN (30 s values) as measured by 
the two instruments on board the DLR Falcon (blue) and 
the NASA DC8 (red). Also the flight altitudes of the Fal-
con (black) and the DC8 (grey) are given. 
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Measurements of greenhouse gases CO2 and CH4  

Carbon dioxide and methane are two of the most im-
portant greenhouse gases. However, there are still 
large knowledge gaps especially with respect to 
sources and sinks. To provide high-quality measure-
ments of carbon dioxide and methane, a commercial 
cavity ring-down instrument (PICARRO) was character-
ized and optimized in the laboratory, modified for use 
on board the Falcon, and successfully deployed during 
several aircraft campaigns.  
 

 
Figure 2.5-2: Time series of in-situ static temperature 
(top), CO2 (middle) and CH4 (bottom) during the inter-
ception of two NASA DC8 exhaust plumes as measured 
during the ACCESS-2 flight on 7 May 2014. 

 
The airborne PICARRO instrument allows for the 

fast (~2 s) and accurate CO2 and CH4 measurement of 
10 and 1.6 ppbv, respectively. Here, we show exempla-
ry a time-series of CO2 and CH4 as measured in the 
ACCESS-2 aircraft campaign, during the Falcon inter-
ceptions of the NASA DC8 exhaust plumes (Figure  
2.5-2). The comparison with the in-situ measured static 
temperature shows a very good agreement in the 
measured plume structure and thus demonstrates the 
short response time of the PICARRO instrument even 
during events with a large variability in CO2 and CH4 
concentrations. In this case, the changes in CO2 and 
CH4 can be also used to study the plume dilution. In 
future, we will use airborne methane measurements 
for a better quantification of sources strengths of spe-
cific methane sources as well as for satellite validation 
(in particular of the up-coming MERLIN satellite 
equipped with a methane lidar). 

Detecting acidic trace gases of stratospheric or 
volcanic origin 

Mixing in the UTLS leads to a redistribution of trace 
gases with strong vertical gradients. As the classical 

and unambiguous stratospheric tracer, HCl is ideal to 
characterize downward transport of ozone from the 
stratosphere (see Section 3.1.3). Here, ozone has a 
strong impact on the radiative budget of the strato-
sphere and UTLS region. 

The Atmospheric chemical Ionization Mass Spec-
trometer (AIMS) has originally been designed for fast 
and accurate in-situ measurements of HCl, HNO3 and 
ClONO2. The mechanism has been extended to the 
detection of SO2 and HONO in e.g. aircraft or volcanic 
plumes (Jurkat et al., 2011). To detect these trace gas-
es, SF5

- reagent ions are produced by a custom-made 
electrical discharge source, for effective ion molecule 
reactions inside a flow reactor. In contrast to FASTPEX, 
a linear quadrupole mass spectrometer is used with a 
high sensitivity for ions with masses below 300 amu. 
The AIMS instrument uses an online calibration with 
isotopically labelled SO2 and an inflight calibration of 
HNO3 and HCl. With the online calibration, removal or 
memory effects that occur on the wall of the inlet line 
due to the sticky nature of the gases or changes in 
sensitivity of the mass spectrometer can be character-
ized and quantified.  

AIMS was first deployed during the Falcon mission 
CONCERT-2 (Voigt et al., 2014) and on HALO during 
the campaign TACTS/ESMVal (Jurkat et al., 2014). In 
addition to the UTLS observations, we conducted com-
prehensive trace gas measurements in the volcanic 
plumes from Kasatochi (see Section 3.3.2) and Etna 
(Figure 2.5-3).  

 
Figure 2.5-3: Top: Photo of the upper and lower Etna 
plumes. Bottom: Evolution of CO2/SO2 and SO2/HCl mo-
lar ratios in the aging plumes. Differences in these rati-
os in the upper and the lower plumes suggest different 
crater origins. 
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The composition of the volcanic plumes from Etna 
has been followed in the lower troposphere up to 
110 km distance to the Etna craters. CO2/SO2 and 
SO2/HCl molar ratios are stable within the experimental 
uncertainties and plume variability during plume evolu-
tion up to 4 hours plume age. Thereby, CO2 has been 
monitored with the PICARRO instrument. Differences 
in these ratios in the upper and lower plumes suggest 
different crater origins (Bocca Nuova and North East). 
The trace gas composition depends on the depths of 
the gas exsolvation from the magma and therefore can 
be used to monitor volcanic activity far from the crater. 

In future, the AIMS instrument will be involved in 
the HALO campaigns POLSTRACC and WISE to meas-
ure the partitioning of chlorine reservoir gases in the 
high latitude tropopause that have been affected by 
mixing and heterogeneous processing. 

Accurate water vapour measurements in the UTLS 

AIMS-H2O is a novel configuration of the AIMS trace 
gas instrument. Based on the recent progress in H2O 
mass spectrometry (Thornberry et al., 2013), AIMS-H2O 
is designed for the fast and accurate airborne detection 
of low water vapour concentrations typical for the 
upper troposphere and lower stratosphere region. This 
is crucially important, since large discrepancies in water 

vapour mixing ratios detected with different measure-
ment methods have been found. These uncertainties 
currently limit the understanding of physical processes 
such as cirrus formation, water vapour input to the 
stratosphere and the climate impact of H2O. With 
AIMS-H2O, we developed a new and independent 
measurement method to detect UTLS water vapour in 
order to address these uncertainties. In particular, its 
sensitivity to low H2O concentrations and its online 
calibration module leads to an improved accuracy in 
the detection of stratospheric H2O. 

The measurement principle of AIMS-H2O is based 
on direct ionization of ambient air in a novel custom-
made gas discharge ion source and the subsequent 
detection of H3O+(H2O)n-ions (n = 1, 2). For measure-
ments of gas phase water vapour, air is sampled via a 
backward faced inlet. AIMS-H2O is calibrated during 
flight using a novel calibration module which bases on 
the well controllable catalytic reaction of H2 and O2 to 
H2O on a platinum surface. This novel feature leads to 
an accuracy of the calibration of 7% and a precision of 
7% for 1 Hz AIMS-H2O data at 5 ppmv H2O typical for 
the stratosphere. A calibration sequence performed 
during ML-CIRRUS is shown in Figure 2.5-4 (a). 

AIMS-H2O was deployed for the first time on HALO 
during ML-CIRRUS in 2014 and previously on the Fal-
con during CONCERT-2. The frequency distribution of 
RHi inside the contrail of a B777 aircraft and in adja-
cent clear sky conditions detected with AIMS-H2O dur-
ing CONCERT-2 is shown in Figure 2.5-4 (b) (Kauf-
mann et al., 2014). In contrails, the RHi distribution 
shifts to ice saturation, independent of ambient condi-
tions. Our measurements confirm time constants calcu-
lated for RHi relaxation in young contrails (~20 s). 

Tagging of air masses for Lagrangian studies 

A perfluorocarbon (PFC) tracer release, sampling and 
analysis system (PERTRAS) has been developed and 
successfully deployed in aircraft-based experiments. 
With PERTRAS air masses of interest can be tagged 
with a perfluorocarbon compound and followed in 
Lagrangian experiments over a time period of up to 
three days for investigations of transport and mixing 
processes in the atmosphere, photochemical transfor-
mations of trace gases, and heterogeneous processes 
in clouds.  

PFC are tracer of best choice because they can be 
detected at very low mixing ratios (ppqv) and they are 
non-toxic, non-reactive, non-scavenged, non-
depositing, and contribute neither to stratospheric 
ozone depletion nor to production of tropospheric air 
pollution.  

The PERTRAS instrumentation developed at IPA 
consists of an aircraft- and ground-based release unit 
(PFC spray nozzles devices), an airborne sampler (Figure 
2.5-5), a thermal desorber coupled with a gas chro-
matograph, and as detector a negative ion chemical 

 
Figure 2.5-4: (a) Inflight calibration of AIMS-H2O: the 
count rate on the H3O+(H2O) ion increases with the wa-
ter vapour concentration in the calibration gas. (b) In-
flight measurements of RHi distributions with AIMS-H2O 
using aircraft temperature data in a young B777 contrail 
(red) and adjacent clear sky conditions (blue). 
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ionization-mass spectrometer for PFC analysis in the 
laboratory (Ren et al., 2015). The gas chromatic meth-
od developed uses an Al2O3 column and is described in 
detail in Ren et al. (2013).  

A first successful PFC tracer experiment has been 
performed during the SHIVA field experiment (Fig-
ure 2.5-6) to study the entrainment of halogens from 
the tropical marine boundary layer into the free tropo-
sphere (Ren et al., 2015). For the planning and analysis 
of the tracer experiment, a Gaussian tracer dispersion 
model based on HYSPLIT has been used developed at 
IPA (Baumann and Schlager, 2012). 

Two further successful PFC experiments have been 
conducted recently during T-NAWDEX and ACRIDICON 
to study the vertical air mass transport in a warm con-
veyor belt over Europe and deep tropical convection in 
Brazil, respectively. 

2.5.2 Aerosol and Cloud 
Measurements 
Measuring the size distribution of aerosol and 
cloud particles – synergistic use of instruments 

The size distributions of aerosol and cloud particles are 
of paramount importance for aerosol-radiation and 
aerosol-cloud interactions and its effect on human 
health. However, direct observations in selected cloud 
systems are rare and sometimes difficult to interpret. 

Two new light-scattering spectrometers, the com-
mercial (Droplet Measurement Technologies Inc.; DMT) 
Ultra-High-Sensitivity Aerosol Spectrometer (UHSAS-A) 
and the Cloud and Aerosol Spectrometer with Detec-
tion of POLarization (CAS-DPOL) were characterized in 
the laboratory and certified for airborne aerosol and 
cloud measurements on the Falcon and HALO research 
aircraft. Both spectrometers mount below the wings of 
the research aircraft (Figure 2.2-2) and complement 
the existing instrument suite consisting of several con-
densation particle counters (CPC), a differential mobili-
ty analyzer (DMA), optical particle counters of type 
Grimm Sky OPC 1.129, a Passive Cavity Aerosol Spec-
trometer Probe (PCASP-100X) and Forward Scattering 
Spectrometers of types FSSP-300 and FSSP-100. 
Whereas UHSAS-A detects aerosol particles in the size 
range between 60 nm and 1 µm, CAS-DPOL allows the 
measurement of aerosol and cloud particles in the size 
range between 0.5 and 50 µm. In addition, CAS-DPOL 
provides information on the particle shape which al-
lows distinguishing between spherical and non-
spherical particles as well as between water droplets 
and ice crystals. 

The UHSAS-A was deployed for the first time on a 
DLR research aircraft in autumn 2010 while the CAS-
DPOL was first used during SALTRACE 2013. Since 
then, both instruments have been used in numerous 
field experiments on the Falcon and HALO including 
ACCESS-2, ML-CIRRUS and ACRIDICON (all in 2014). 

Figure 2.5-7 illustrates examples of composite min-
eral dust size distribution based on the synergetic anal-
ysis of data from different instruments during SAL-
TRACE on 10 July 2013 in the Barbados region. The 
overlapping size ranges of the different instruments 
provide information about the data quality and show a 
consistent picture of the mineral dust size distribution. 
One striking finding during SALTRACE which confirms 
earlier measurements of mineral dust during 
SAMUM-2 in the Cape Verde region (Weinzierl et al., 
2011) was the detection of large 10–20 µm particles in 
the Caribbean even after more than 4000 km of 
transport.  

The CAS-DPOL was also used to determine the size 
distribution and particle shape in young and aging 
contrails during ACCESS-2 and ML-CIRRUS as detailed 
in Section 3.2.1. Here, an instrument such as the 

 
Figure 2.5-6: Time series of measured PFC mixing ratios 
in tracer samples (red bars) collected from the Falcon 
during a SHIVA flight on 21 November 2011 off the 
coast of Borneo and HYSPLIT simulations (blue dashed 
lines). The PFC type used during this experiment was 
perfluoromethylcyclopentane (PMCP). Bluish-green bars 
represent the PMCP concentrations estimated from the 
signals of the GHOST in-flight GC instrument of the 
Univ. of Frankfurt. 
 

 
Figure 2.5-5: Part of the airborne adsorption tube sam-
pler (64 samples in total) for PFCs constructed and built 
at IPA for HALO.  
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CAS-DPOL provides valuable information since sub-
stantial ambiguities remain in the quantification of 
liquid and ice water contents in clouds, as instrumental 
and aircraft effects may affect cloud detection. In order 
to assess data quality for bulk liquid water content 
(LWC), we compare the LWC derived from the forward 
scattered laser light of the CAS-DPOL instrument with 
data from its Hotwire component. When liquid cloud 
particles impinge on the heated wire and subsequently 
evaporate, the power to keep the hotwire on a con-
stant temperature is measured. 

The measurements were performed in a liquid 
cloud with high number concentrations up to 
1400 cm-3 above the Amazonian Basin during the 
ACRIDICON-CHUVA experiment. LWC was measured 
during a stepwise ascent inside a developing mesoscale 
convective system at temperatures between 290 and 
268 K. The LWC derived from the CAS-DPOL size dis-
tribution shows good agreement with the Hotwire’s 
LWC data with a slope of 0.9 and an R2 =0.95 (Figure 
2.5-8). A deviation at high LWC can be explained by 
the presence of particles larger than the upper diame-
ter detected by the CAS-DPOL. Using information on 
the cloud phase, the data can be used to derive the 
freezing temperature in convective systems, to differ-
entiate liquid and ice clouds and to investigate aircraft 
icing. 

Towards a better understanding of the 
atmospheric black carbon distribution  

Recent studies including the last IPCC report indicate a 
potentially larger climate impact of atmospheric black 
carbon than originally thought. At IPA, the capability 

for measurement of absorbing aerosols was extended 
by the recently introduced commercial (DMT) Single-
Particle Soot Photometer (SP2). The SP2 provides a 
direct measurement of the refractory black carbon 
(rBC) mass concentration, as well as the mixing state 
and coating thickness of single rBC-containing parti-
cles. The SP2 was extensively characterized during la-
boratory tests at IPA and the AIDA chamber in Karls-
ruhe, and it was modified for airborne measurements 
on the Falcon and HALO (Dahlkötter et al., 2014). 
Since summer 2011, the SP2 was successfully deployed 
during airborne field experiments including CON-
CERT-2 (2011), DC3 and ACCESS-1 (2012), SALTRACE 
(2013), ACCESS-2, ML-CIRRUS and ACRIDICON (all in 
2014). 

The uncertainties of SP2 measurements were eval-
uated at the AIDA chamber in Karlsruhe involving six 
SP2s from six different research groups (Figure 2.5-9). 

 
Figure 2.5-7: Example of composite mineral dust size 
distributions based on the synergetic analysis of differ-
ent instruments (SP2 scattering channel, PCASP-100X, 
UHSAS-A and CAS-DPOL). The data were collected dur-
ing SALTRACE in the Barbados region.  

 
Figure 2.5-8: Comparison of LWC derived from particle 
size distributions measured with the CAS-DPOL and the 
bulk LWC from the Hotwire, colour coded with the am-
bient temperature. On 1 October 2014 super cooled 
liquid droplets (T < 273 K) were sampled in a convective 
system above Brazil.  

 
Figure 2.5-9: Comparison of rBC core mass size distribu-
tions of diesel car exhaust determined by six SP2s from 
six different research groups in Europe during meas-
urements at the AIDA chamber in December 2010. 
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It could be shown that the reproducibility of rBC mass 
distribution is within 10% (Laborde et al., 2012).  

Besides laboratory-based quality assurance of DLR 
SP2 measurements, the DC3 field experiment in 2012 
offered the opportunity to evaluate the performance of 
the DLR SP2 in flight. On 11 June 2012, the NASA-DC8 
and the DLR-Falcon were flying wing-by-wing to allow 
instrument intercomparisons. The intercomparison of 
airborne rBC mass concentrations detected with  
NOAA SP2 on the DC8 and the DLR SP2 on the Falcon 
show very good agreement between both instruments 
(Figure 2.5-10; NOAA SP2-data: courtesy of M. Mar-
kovic, J.P. Schwarz, D. Fahey et al.). 
 

 
Figure 2.5-10: Results of an intercomparison of the  
NOAA SP2 and the DLR SP2 measurements during the 
DC3 flight on 11 June 2012. 
 

Information about cloud condensation nuclei 
number concentration and aerosol aging processes 

Clouds are still one of the major uncertainties in esti-
mating the Earth’s changing energy budget. Aerosol 
particles that are able to form cloud droplets at a given 
supersaturation are called cloud condensation nuclei 
(CCN). In 2012, a commercial (DMT) dual-column 
cloud condensation nuclei counter (CCNC) was pur-
chased. The instrument allows simultaneous measure-
ments of CCN number concentration at two different 
supersaturations between 0.07% and 2%. In combina-
tion with particle size distribution measurements, the 
CCN data can be used to infer information about the 
chemical particle composition and to study aerosol 
aging processes. The DLR-CCNC was extensively char-
acterized in the laboratory and modified for airborne 
operation. A constant pressure inlet (CPI) was integrat-
ed to maintain a uniform system pressure which is 
necessary to keep supersaturations at a constant value 
during flight operation at different altitudes. To estab-

lish operating conditions for the CPI, two switchable 
orifices were integrated upstream of the CCNC instru-
ment. Since small (< 10 nm) and large (> 500–700 nm) 
particles are potentially lost at the orifices, a condensa-
tion particle counter (CPC) was integrated inside and 
an additional reference CPC outside of the CPI circuit 
allowing the continuous in-flight monitoring of the 
particle transmission through the CPI. In combination 
with laboratory-based particle transmission experi-
ments, a correction scheme for airborne particle losses 
in the orifice was developed. The new CCNC instru-
ment was successfully deployed on board the Falcon 
research aircraft during SALTRACE in summer of 2013. 
Figure 2.5-11 shows a vertical profile of CCN number 
concentration over Barbados on 10 July 2013. Between 
1.5 and 4.5 km altitude, a mineral dust layer is present. 
The CCN data were collected at a supersaturation of 
0.2%. Besides airborne data (red line) results from 
simultaneous ground-based CCN measurements are 
shown (blue symbol; data courtesy: Thomas Kristensen, 
TROPOS). The airborne and ground-based CCN results 
agree within 4%. 
 

 
Figure 2.5-11: Vertical profile of CCN number concentra-
tion measured at a supersaturation of 0.2% over Barba-
dos on 10 July 2013. The graph shows data from air-
borne (red line) and simultaneous ground-based meas-
urements (blue symbol; data courtesy: Thomas Kristen-
sen, TROPOS). The data are reported for standard tem-
perature and pressure conditions (1013 hPa, 273K). 
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2.6 Global Models 
IPA develops and applies numerical models of the Earth 
system and data analysis tools to address important 
scientific questions, e.g., to quantify the climate impact 
of different transport modes and to investigate chemis-
try-climate interactions. The guiding objective is to 
improve our understanding of the underlying physical 
and chemical processes and their feedback. This will 
improve our prognostic capabilities about the future of 
the chemistry-climate system, including a further re-
duction of the uncertainties in the evaluation of cli-
mate mitigation strategies. 

2.6.1 A New Model Generation 
Within the reporting period, the transition from the 
ECHAM4 based model E39C/A to the ECHAM5 based 
model EMAC was conducted. A major methodological 
step has been the switchover to the Modular Earth 
Submodel System (MESSy) that forms the conceptual 
framework of EMAC. Figure 2.6-1 outlines this transi-
tion and the further developments. MESSy is a soft-
ware providing framework for a standardized, bottom-
up implementation of Earth System Models (ESMs) or 
parts of those with flexible complexity. "Bottom-up" 
means, the MESSy software provides an infrastructure 
with generalised interfaces for the standardized control 
and interconnection (= coupling) of "low-level ESM 
components" (dynamic cores, physical parameteriza-
tions, chemistry packages, diagnostics etc.) with sub-
models. The software is being continuously further 
developed and applied by a consortium, founded in 
2013 and coordinated by IPA, of currently 12 institu-
tions.  

IPA has contributed various original developments 
to the joint model, such as: 

(1) The model infrastructure has been expanded by 
the new submodel TENDENCY for tracing the process-
based tendencies of prognostic variables, for instance 
water vapour (Eichinger and Jöckel, 2014).  

(2) The calculations of radiation (RAD), cloud opti-
cal properties (CLOUDOPT) and surface processes 
(SURFACE) have been modularised to enable further 
model extensions and new applications, such as the 
online calculation of radiative forcing for climate feed-
back analyses (Section 2.6.2). 

(3) The Lagrangian transport scheme ATTILA, the 
mixed layer ocean (MLO, Section 2.6.2), the modal 
aerosol dynamics model MADE (Section 2.6.3), the 
ozone origin diagnostics (O3ORIG) and the TAGGING 
diagnostics to attribute ozone changes to specific 
emissions (like different transport sectors) have been 
ported to the new framework and are being further 
developed. ATTILA has been equipped with a new 
Lagrangian convection scheme and is currently being 
expanded by a diabatic vertical velocity approach. 

(4) New prognostic and diagnostic submodels have 
been developed: To improve our understanding of the 
stratospheric water vapour budget, the hydrological 
cycle in the EMAC model has been “isotope-enabled” 
(submodel H2OISO, Section 3.1.3). An important con-
tribution to this budget is the oxidation of methane, a 
greenhouse trace gas that will be observed by the 
planned satellite mission MERLIN. For further modelling 
studies on methane (Section 4.2.1), the submodel CH4 
has been implemented.  

To efficiently detect and quantify the effect of 
small perturbations (e.g., of regional or sectoral emis-
sions) in the climate system, a Quasi-Chemistry-
Transport-Model (QCTM) mode of operation for EMAC 
has been implemented, in which the feedback of the 
chemical composition change to the model dynamics is 
supressed (Deckert et al., 2011). Further, new tools for 
the online diagnostics of atmospheric budgets of reac-
tive compounds have been developed (TBUDGET). 

As a zooming option for assessing processes on 
smaller scales than resolved by the global model, the 
combined global-regional model system MECO(n) has 
been developed (Kerkweg and Jöckel, 2012a,b). In this 
system one or more cascades of COSMO/MESSy model 
instances is/are on-line nested into the global EMAC 
model (Figure 2.6-2). This new capability of our model 
enables an improved comparison of model results with 
in-situ and remote sensing observations from aircraft 
(Falcon, HALO and CARIBIC), and hence a better plan-
ning of measurement campaigns and interpretation of 
the measurements. “On-line nested” means that the 

 
Figure 2.6-1: IPA model developments towards/within 
the Modular Earth Submodel System (MESSy). 

 
Figure 2.6-2: The “MESSy-fied ECHAM and COSMO 
models nested n times” (MECO(n)) model system. 
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various models run simultaneously and communicate 
with each other within one cascade. Thus, the coarser 
EMAC or COSMO for instance provides the dynamic 
and chemical boundary conditions to the next (finer 
resolved) COSMO instance(s).  

Within the reporting period, first activities with the 
new ICON (Icosahedral non-hydrostatic general circula-
tion) model have been started. ICON is the new nu-
merical weather prediction / climate model that has 
been – and is partly still being developed in a collabo-
rative effort by DWD and MPI for Meteorology. The 
institute contributes to this development by developing 
a new ice cloud macrophysics scheme for the climate 
model version and by developing the infrastructure for 
calculating online model diagnostics in the high resolu-
tion (100 m) regional ICON model. 
 

2.6.2 Application of Global Models 

Climate feedback analyses 

EMAC can be used to run equilibrium climate change 
simulations on a routine basis, if it is coupled to the 
MLO and used with a chemistry setup of carefully re-
duced complexity. Besides revealing the response of 
ozone and other tracers to developing climate change, 
such simulations allow to quantify the respective radia-
tive feedbacks, especially for ozone. The influence of 
the additional feedbacks on the climate sensitivity can 
be identified. Figure 2.6-3 shows that this influence is 
significant but moderate (i.e., about 5%) in a CO2 
doubling simulation. However, the effect grows further 
as the external radiative forcing increases (Dietmüller et 
al., 2014). Some tests with non-CO2 forcings indicated 
an even higher relevance of chemical interactions for 
the climate sensitivity in these cases (Dietmüller, 2011). 

This particular EMAC framework offers new appli-
cation possibilities. It allows studying interactions be-
tween physical and chemical feedbacks, and it enables 
more reliable estimates of the efficacy of non-CO2 ra-
diative forcings. Offering a more complete representa-
tion of the real climate system, it may also yield a bet-
ter comparison between climate sensitivity estimates 
from model and observations. 

Global aerosols 

The aerosol module MADE (Modal Aerosol Dynamics 
model for Europe, adapted for global applications) is a 
modal aerosol dynamics model which can be applied 
as a box model or as a submodel of global three-
dimensional chemistry-transport or chemistry-climate 
models. MADE was ported to EMAC in order to enable 
simulations of the global aerosol, its perturbation due 
to anthropogenic emissions, as well as the resulting 
radiative and climatic impacts (Lauer at el., 2007)3. 
Aerosol particles are described in MADE by three log-
normally distributed size modes: the Aitken, the accu-
mulation and the coarse mode. The model aerosol 
consists of sulphate, nitrate, ammonium, black and 
organic carbon, as well as mineral dust and sea salt. 
MADE was further developed to allow for discrimina-
tion between insoluble, soluble, and mixed particles 
(aerosol module MADE-in, Aquila et al., 2011). Figure 
2.6-4 shows an exemplary result of an application of 
MADE-in within EMAC. 

Interactions of coarse mode aerosol with fine parti-
cles and trace gases were still neglected in MADE-in. 
These interactions have been recently added to the 
model as a further extension (aerosol module MADE3, 
Kaiser et al., 2014). This allows for advanced simula-
tions of processes including coarse aerosol, such as the 
aging of dust particles or the uptake of anthropogenic 
aerosol constituents into sea salt particles. 
 
 

 

                                                           
3 Lauer at al., 2007: Lauer, A., Eyring, V., Hendricks, J., Jöckel, P., 
Lohmann, U., 2007: Global model simulations of the impact of ocean-
going ships on aerosols, clouds, and the radiation budget, Atmospher-
ic Chemistry and Physics, 7, 5061-5079. 

 
Figure 2.6-4: Global distribution of the mean number 
fraction of insoluble particles (soot and/or mineral dust 
containing particles) showing no significant soluble 
coating (soluble mass fraction less than 10%). The val-
ues were derived from an EMAC simulation including 
the aerosol module MADE-in. The mixing state of the 
particles controls their optical properties as well as their 
ability to serve as cloud condensation or ice nuclei. 

∆Tsurf,nochem = 2.91 K

∆Tsurf,chem = 2.81 K

 
Figure 2.6-3: Additional radiative feedbacks act in CO2 
increase simulations, if the model system includes inter-
active chemistry. 
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Contrail cirrus 

The contrail cirrus parameterization (Burkhardt and 
Kärcher, 2011, see Section 3.2.1) was implemented in 
ECHAM5 and extended to include a microphysical 
2-moment-scheme (Bock, 2014). This allows a more 
realistic representation of microphysical processes, such 
as deposition and sedimentation. As a consequence, 
the introduction of the prognostic contrail ice crystal 
number concentration was required. Several processes 
important for the properties and life cycle of the con-
trails had to be newly implemented or improved. The 
representation of water deposition was improved limit-
ing the overall deposited water to an estimate of the 
diffusional growth of ice crystals which is particularly 
important in the later stages of the contrail cirrus life 
cycle. Therefore, it is necessary to estimate the contrail 
cirrus volume and its development which could be 
described introducing a vertical fractional coverage. 
Due to those improvements contrail optical depth 
could be calculated depending on the ice crystal sizes, 
resolving the life cycle of contrail cirrus, by starting 
with many small crystals and eventually resembling 
natural cirrus.  

Figure 2.6-5 shows the temporal evolution of the 
ice crystal number concentration and ice crystal radius 
due to contrail cirrus simulated for an idealized exper-
iment. The ice particle number decreases quickly after 
contrail formation and the particles grow with time 
reaching maxima at the lower levels, these large parti-
cles are quickly removed by sedimentation. At contrail 
formation many small particles support a high optical 
depth which continues to be large over several hours 
as more water is deposited. 

Climate cost functions for eco-efficient flight 
trajectories 

The optimization of aircraft trajectories with respect to 
their climate impact requires the knowledge of the 

specific impact of a local emission at a given time. This 
specific impact is called climate-cost-function (CCF) 
and comprises the specific impact of an emission de-
pending on location (longitude, latitude, and altitude), 
time of emission and type of emission (NOx, CO2, etc.). 
The units are e.g. global mean temperature change per 
kg of emission at a specific location and time (Grewe 
et al., 2014). 

In order to calculate these climate-cost-functions, 
EMAC has been expanded by two submodels, 
AIRTRAC and CONTRAIL, which are linked to the La-
grangian transport scheme ATTILA. On top of a suffi-
ciently large number of background trajectories, 
50 additional trajectories are started at the time and 
location for which the CCF is calculated. Each extra 
trajectory is initialised with a normalized flight leg 
length (flown distance) and a consistent amount of 
nitrogen oxides and water vapour emissions. Based on 
detailed Non-Methane Hydrocarbon chemistry provid-
ed by the chemistry submodel MECCA, chemical 
tendencies are used to calculate the contribution of 
this initial emission to changes in NO, NO2, HNO3, OH, 
and CH4. 

In addition to these chemical effects, contrails con-
tribute to the climate cost function. Contrails form if 
the Schmidt-Appleman criterion is fulfilled, leading to 
contrail coverage in addition to the naturally formed 
cirrus coverage. Wind shear broadens the contrails and 
hence increases the fractional contrail coverage. Ice 
mass is simulated including sedimentation, deposition 
and sublimation. The information of changes in green-
house gases and contrail properties are mapped from 
the Lagrangian representation to the Eulerian grid to 
calculate radiation changes. These are used to feed 
climate response models to obtain temperature chang-
es, which constitute the CCFs and can be used as a 

 
Figure 2.6-5: Temporal development of ice particle 
number density (a) and size (b) of a contrail cluster de-
veloping from air traffic prescribed between 4am and 
5am at 250 hPa over the eastern USA (black oval). 

 
Figure 2.6-6: Example of a climate cost function for the 
climate impact of an emission of nitrogen oxides via the 
formation of ozone in 10-13 K (kgNO2)-1. Geopotential 
heights are shown with solid black lines and wind 
speed in dashed blue-purple lines. 
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basis for climate optimal air traffic routing. Figure 2.6-6 
shows the climate cost function for the impact of a 
local NOx emission on ozone for a specific winter day. 
Areas with a large climate impact occur in regions of 
the jet stream and smaller values in the low pressure 
system around 60°N and 30°W. The modelling ap-
proach is numerically efficient since a number of emis-
sion locations and times can be calculated in one simu-
lation. Still, to obtain a full one-day CCF dataset re-
quires large amounts of supercomputing time. 

Climate-chemistry-response models 

The optimization of an aircraft design with respect to 
its climate impact requires the capability to include a 
climate assessment tool in an optimization loop, and 
hence a multitude of numerical iterations. This is not 
feasible with a complex Earth System Model such as 
EMAC. Instead, a response model (AirClim, Grewe and 
Stenke, 2008) has been developed, which is not simu-
lating explicitly physical processes, but relies on a multi-
tude of pre-calculated non-linear emission-response 
relations for a set of atmospheric locations (Figure  
2.6-7, red boxes). For each of the regions a separate 
simulation with a climate-chemistry model is per-
formed to obtain this relation between a unit emission 
of NOx and H2O to the change in ozone, methane, 
methane feedbacks to ozone, and water vapour and 
their Radiative Forcing (RF) (Fichter, 2009). For contrail 
cirrus, an explicit response function is derived which 
takes into account climatological data of ice supersatu-
rated regions, Schmidt-Appleman criterion and com-
bines them with flown distances to obtain, contrail 
coverage and RF. Finally, in combination with emission 
scenarios the RFs are converted into a time series of 
temperature changes.  

ESM evaluation tool 

Many elements of global model evaluation are com-
prised in the Earth System Model Evaluation Tool 

(ESMValTool), a diagnostic software package for sys-
tematic comparison of model and observation data 
(Righi et al., 2015). It allows testing the representation 
of climatological mean states, trends, and variability of 
selected Essential Climate Variables (ECVs) in the mod-
els on a range of temporal and spatial scales and addi-
tionally targets more process-oriented evaluation. The 
priority of the effort so far has been to develop diag-
nostics and performance metrics around specific scien-
tific topics (e.g., ECVs, tropical variability, CO2, ozone, 
and aerosols), but the package is being developed in 
such a way that additional elements of analysis can be 
easily added. The individual scientific topics are realized 
through standard namelists each reproducing a specific 
set of diagnostics or performance metrics that has 
demonstrated its importance in ESM evaluation in pub-
lished papers or assessment reports. As an example, 
Figure 2.6-8 shows, similar to Figure 9.7 of IPCC As-
sessment Report 5, relative measures of CMIP5 model 
performance that can now be routinely produced with 
the ESMValTool. 

The ESMValTool is being developed in cooperation 
with international partners within various projects and 
is currently prepared for a release as open source soft-
ware. The goal is to develop this tool as a community 
system, open to both users and developers, hence en-
couraging open exchange of evaluation methods and 
results. This will facilitate and improve ESM evaluation 
beyond the state-of-the-art and aims at supporting 
model evaluation and development activities at IPA 
(EMAC, ICON), in other modelling centres who use the 
tool, and within CMIP. We envisage running the tool 
routinely on model output submitted to CMIP6 along-
side the Earth System Grid Federation.  

 
Figure 2.6-7: Positions of the emission regions for the 
AirClim model (red boxes). Annual flight distance densi-
ties are shown in 10-14 km s-1 (kgair)-1 (shaded). The trop-
opause is overlaid in blue. 

 
Figure 2.6-8: Root-mean-square error calculated from 
the global seasonal-cycle climatology (1980–2005) of the 
historical CMIP5 simulations, and normalized by the 
median error of all model results. Rows and columns 
represent variables and models, respectively. A diagonal 
split shows the relative error with respect to a reference 
and alternate observation. 
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2.7 Large-Eddy Simulation-
Models 
Numerical solvers such as large-eddy simulation models 
are based on filtered sets of the governing partial dif-
ferential equations (PDEs). They facilitate the investiga-
tion of particular atmospheric processes. In this way, 
the respective numerical simulations act as a virtual 
laboratory to test and evaluate ideas and concepts 
which can be subsequently brought into general circu-
lation and NWP models. 

Modelling atmospheric flows with adaptive 
moving meshes 

EULAG is a numerical solver for all-scale geophysical 
flows. The underlying anelastic equations are either 
solved in an Eulerian (flux form) or a Lagrangian (ad-
vective form) framework. Based on EULAG, an anelas-
tic atmospheric flow solver was developed that com-
bines semi-implicit non-oscillatory forward-in-time nu-
merics with a solution-adaptive mesh capability 
(Kühnlein et al., 2012). A key feature of the new solver 
is the unification of a mesh adaptation apparatus, 
based on moving mesh PDEs with the rigorous formu-
lation of the governing anelastic PDEs in generalised 
time-dependent curvilinear coordinates. The solver 
development includes an enhancement of the flux-
form multidimensional positive definite advection 
transport algorithm – employed in the integration of 
the underlying anelastic PDEs – that ensures full com-
patibility with mass continuity under moving meshes.  

The benefits of the solution-adaptive moving mesh 
technique for the simulation of multiscale atmospheric 
flows were demonstrated. The developed solver was 
verified for two idealized flow problems with distinct 
levels of complexity: passive scalar advection in a pre-
scribed deformational flow (Figure 2.7-1), and the life 
cycle of a large-scale baroclinic wave instability show-
ing fine-scale phenomena of fronts and internal gravity 
waves (Kühnlein et al., 2012). Experiences gained dur-

ing the development of the solution-adaptive mesh 
capability are currently integrated at the European 
Centre for Medium Range Weather Forecasts (ECMWF) 
to explore a hybrid approach for forecasting global 
weather and climate combining the strengths of estab-
lished and efficiently structured grid NWP and climate 
models with unstructured numerical codes simulating 
the non-hydrostatic scales. 

Dynamics of wake vortices 

During the reporting period IPA’s former LES code for 
wake vortex investigations LESTUF has been replaced 
by the code MGLET. MGLET proved its excellent suita-
bility for wake vortex simulation in comparison to five 
other LES codes in a benchmark considering the unsta-
ble dynamics of a counter-rotating four-vortex system. 

MGLET is a fourth-order-accurate finite volume 
solver of the incompressible Navier-Stokes equations 
employing the Lagrangian dynamic subgrid scale mod-
el (Manhart, 2004)4. To conduct vortex simulations 
under various atmospheric conditions an additional 
equation for potential temperature has been integrat-
ed employing the Boussinesq approximation. The nu-
merical experiments are typically conducted on a Car-
tesian grid with adapted grid spacing, employing reso-
lutions between 0.08 m and 0.5 m and up to 1 billion 
grid points. Up to 4096 processors have been used for 
the massive parallel simulations.  

Based on MGLET, a novel hybrid method for the 
simulation of wake vortex evolution from early roll-up 
until final decay has been developed (Misaka et al., 
2015). The hybrid LES method initializes a realistic air-
craft wake by sweeping a high-fidelity RANS flow field 
through the LES domain (Figure 2.7-2). This approach 
can be referred to as a fortified solution algorithm or 
as a nudging technique. In this way, even effects of 
aircraft geometry in high-lift configuration on wake 
vortex structural and turbulence properties can be con-
sidered consistently. Recently, the method has been 
extended to simulate final approach and landing until 
touchdown (Stephan et al., 2014). For this purpose, an 
interpolation technique was applied, realizing descend-
ing glide paths and close approach to the ground. 

                                                           
4 Manhart, M. 2004: A zonal grid algorithm for DNS of turbulent 
boundary layers, Comput. Fluids 33, 435–461. 

 
Figure 2.7-1: Numerical simulation of the scalar advec-
tion problem with a solution-adaptive mesh at initial 
time (a) and at 0.25 T, where T defines the period of 
revolution (b). 

 
Figure 2.7-2: Wake initialization in a turbulent environ-
ment (left) and subsequent vortex evolution (right). 
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Heat and momentum transport above a 
Pythagoras forest 

The turbulent flow through a heterogeneous forest 
canopy was investigated by high-resolution numerical 
modelling (Figure 2.7-3). For this purpose, a novel ap-
proach to model individual trees was implemented in 
the LES code EULAG. Sixteen fractal Pythagoras trees in 
the computational domain were numerically treated as 
immersed boundaries (Schröttle and Dörnbrack, 2013).  
 

 
Figure 2.7-3: Computational domain containing two 
fractal Pythagoras trees. The different yellow colouring 
differentiates the crown space (light yellow) from the 
trunk space and the lower branches (yellow). Height 
variations of tops and the crown bottoms of the virtual 
trees are marked by grey bars in the x-z-plane on the 
left. The leaf area density profiles are plotted for two 
different values of the leaf area index LAI≈2.8 (black) 
and LAI≈1.9 (grey). Additionally, the vertically stretched 
grid is sketched in the y-z-plane. 

 
The multiscale flow response starting at the diame-

ter of individual tree elements up to the depth of the 
atmospheric surface layer was investigated systemati-
cally to quantify the momentum and heat transport 
above the heterogeneous forest canopy. In general, 
these results of the numerical simulations can be used 
to evaluate current parameterizations of the turbulent 
heat and momentum transport above heterogeneous 
land surfaces in larger-scale models. 

Large-eddy simulation of ice clouds 

EULAG-LCM (Lagrangian Cirrus Module) is a 3D cirrus 
cloud microphysics code combining the dynamical core 
of EULAG with the Lagrangian treatment of ice parti-
cles (Sölch and Kärcher, 2010). Recently, the code was 
numerically optimized and documented (Unterstrasser 
and Sölch, 2014). EULAG-LCM captures all known 
processes that control cirrus cloud formation, devel-
opment and decay, including interactions and feed-
backs of the ice phase with turbulence and the radia-
tion field. It may hence be used to benchmark simpli-
fied ways of cirrus cloud modelling in GCMs. 

2.8 Other Models 
Operational wake vortex models 

A new method (WAVOP) has been developed for effi-
cient identification of wake-vortex encounters in dense 
air-traffic regions. The method has been applied to 
radar-observed traffic and validated against pilot re-
ports of wake encounters and measured turbulence 
peaks. Most upper-level encounters were found for 
medium-size aircraft on nearly parallel flight routes 
during descent. The frequency of wake-vortex encoun-
ters is found to increase with the square of air-traffic 
density (Figure 2.8-1; Schumann and Sharman, 2014). 

 
Figure 2.8-1: Wake vortex encounter occurrence as iden-
tified by WAVOP for given aircraft movements and giv-
en meteorology for 41 days over North America plotted 
versus air traffic density. Open circles: hourly; closed 
circles: daily mean values. The dash-dotted regression 
curve shows that the encounter frequency increases 
with the square of traffic density. 

Microphysical-chemical models  

The Advanced Particle Simulation Code (APSC) is a 
process-oriented, microphysical-chemical parcel model 
to simulate the formation and evolution of aerosols 
and ice crystals in upper tropospheric and lower strato-
spheric conditions (Figure 2.8-2). The APSC can be 
used as a stationary box model or forced by atmos-
pheric trajectories. It considers mixing, gas phase 
chemistry of aerosol precursors, binary homogeneous 
aerosol nucleation, homogeneous and heterogeneous 
ice nucleation, coagulation, condensation and dissolu-
tion, gas retention during particle freezing, trace gas 
trapping in growing ice crystals, and reverse processes. 

 
Figure 2.8-2: Gas-aerosol-cirrus cloud processes in the 
tropopause region simulated with APSC.  
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Particle types include aqueous solutions composed of 
H2SO4, HNO3, HCl, and HBr with and without insoluble 
components, insoluble aerosol particles, and spherical 
or columnar ice crystals derived from each aerosol 
type. A variant with reduced complexity has been used 
extensively in cirrus nucleation studies and is also avail-
able as a 1D version including the vertical advection of 
meteorological variables, tracers, and particles to study 
layered cirrus clouds. Furthermore, the APSC served as 
the basis of the Lagrangian cirrus module used to 
simulate cirrus clouds in EULAG-LCM. 

The Lagrangian far-field plume model (PCOAG) 
simulates the microphysical and chemical transfor-
mation of various particle types present in non-
contrailing aircraft exhaust plumes (Kärcher et al., 
2007)5. The model treats dilution of plume constitu-
ents by turbulent mixing, entrainment of ambient aer-
osol particles into the dispersing plume, self- and het-
ero-coagulation over multiple particle size distributions 
with several organic and inorganic components besides 
water, equilibrium water uptake on soluble plume par-
ticles, as well as chemical production of gaseous sul-
phuric acid from aircraft sulphur dioxide emissions and 
its condensation on aerosol particles. This model has 
been used to investigate the factors controlling the 
generation of internally mixed aircraft soot particles 
while the emissions spread on a regional scale. 

The contrail cirrus simulator (CCSIM) is based on 
the general dynamic equation describing the temporal 
and spatial evolution of the ice crystal size distribution 
function and idealized assumptions concerning the 
meteorological fields in which the contrails evolve 
(Kärcher et al., 2009). The physical processes consid-
ered are depositional growth and sedimentation of ice 
particles and their transport in a vertically sheared 2D-
flow field. The dynamic equation is solved analytically 
resulting in sedimentation and growth histories of ice 
crystals of different sizes. This model has been used to 
study contrail cirrus optical depth variability as deter-
mined by the variability in meteorological conditions.  

The parameterization for aerosol-cirrus interaction 
(ACI) is a conceptual framework, based on cloud physi-
cal theory, describing the interaction of processes that 
eventually lead to the formation of ice in cirrus clouds. 
The original scheme was based on ubiquitous homo-
geneous freezing of supercooled aerosol particles and 
has been extended to include effects of pre-existing ice 
and heterogeneous ice nucleation on subsequent ho-
mogeneous freezing. The parameterization has been 
employed in various large-scale models (Bock, 2014) 
that are not capable of resolving the small spatial and 
temporal scales pertinent to the ice nucleation process 
in cirrus. 

                                                           
5 Kärcher, B., Möhler, O., DeMott, P.J., Pechtl, S., Yu, F., 2007: Insights 
into the role of soot aerosols in cirrus cloud formation, Atmos. Chem. 
Phys. 7 (16), 4203-4227. 

The Contrail Cirrus Prediction tool (CoCiP) is a new-
ly developed model to simulate and predict the proper-
ties of a large ensemble of contrails as a function of 
given air traffic and meteorology (Schumann, 2012). 
The model is designed for approximate prediction of 
contrail cirrus cover and analysis of contrail climate 
impact, e.g. within aviation system optimization pro-
cesses. The model simulates the full contrail life-cycle. 
Contrail segments form between waypoints of individ-
ual aircraft tracks in sufficiently cold and humid air 
masses. The initial contrail properties depend on the 
aircraft. The advection and evolution of the contrails is 
followed with a Lagrangian Gaussian plume model. 
Mixing and bulk cloud processes are treated quasi ana-
lytically or with an efficient numerical scheme. Con-
trails disappear when the bulk ice content is sublimat-
ing or precipitating. CoCiP was successfully applied to 
reproduce and to interpret measurements from recent 
field campaigns (CONCERT-2, ACCESS-2, ML-CIRRUS) 
using the research aircraft Falcon and HALO, e.g. 
Jeßberger et al. (2013). 

 
Figure 2.8-2: Distribution of total cirrus cover composed 
of natural cirrus and contrail cirrus for a North American 
region during a contrail outbreak calculated with CoCiP. 
Top: contrail-cirrus pixels (red); bottom: natural cirrus 
pixels (blue) and contrail-cirrus pixels (red).  
 

The Community Aerosol and Radiation Model for 
Atmospheres (CARMA) is a microphysical model to 
simulate noctilucent clouds. The model was setup for 
numerical simulations of the polar summer mesopause 
(Asmus et al., 2014). Recently, homogeneous nuclea-
tion was implemented and additional tracers are used 
to visualize trajectories of cloud particles. Furthermore, 
CARMA has been coupled to the background fields of 
Kühlungsborn Mechanistic Circulation Model in collab-
oration with the IAP Kühlungsborn. 
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3 Programmatical Results 

3.1 Space Research: Earth 
Observation and 
Atmospheric Research 

3.1.1 Lidar Observations 
Active optical remote sensing with lidar will play a key 
role for the future Earth observing system. It enables to 
observe various atmospheric parameters with unprece-
dented accuracy and vertical resolution. Three lidar 
missions are currently implemented in Europe with 
launch dates within the next 5 years. These lidar mis-
sions will provide essential observations for atmospher-
ic dynamics and weather prediction (Aeolus), aerosol-
cloud-radiation feedbacks (EarthCARE) and greenhouse 
gas monitoring (MERLIN). IPA initiated the French-
German climate mission MERLIN and strongly supports 
ESA´s ADM-Aeolus and EarthCARE missions through 

– Sensor development and characterization; 

– Design of airborne demonstrators;  

– Retrieval algorithms and processor development; 

– Airborne campaigns for scientific and validation 
purpose; and 

– Scientific studies demonstrating the feasibility of 
these lidar observations for atmospheric research. 

All three space missions are embedded in IPA´s atmos-
pheric research activities with focus on dynamics, aero-
sol-cloud interaction and climate change assessment. 
This section reports on these lidar activities for atmos-
pheric research in support of the three implemented 
European lidar missions and potential future candidate 
missions. IPA plays a key role in supporting the three 
European lidar missions for Earth observation from ESA 
and the national space agencies from Germany and 
France. Thus, this research is highly relevant for DLR´s 
programme on Earth Observation and ESA´s new Earth 
Observation Science Strategy from 2015. 

First wind profiles from Aeolus demonstrator  

Measurements of winds throughout the atmosphere 
and their assimilation into numerical models are crucial 
for both numerical weather prediction and climate 
studies. The Atmospheric Dynamics Mission ADM-
Aeolus will be the first mission worldwide to provide 
global observations of wind profiles throughout the 
whole troposphere and stratosphere. The single pay-
load consists of the direct-detection wind lidar ALADIN 
(Atmospheric Laser Doppler Instrument) operating at 

an ultraviolet wavelength of 355 nm (Reitebuch et al., 
2009). DLR supports ADM-Aeolus with a project to 
validate the instrument principle with real atmospheric 
signals by applying the ALADIN airborne demonstrator 
(A2D) since 2001. IPA successfully concluded an 8-year 
pre-launch validation project from ESA in 2012 includ-
ing 3 airborne campaigns. 

The A2D was the first airborne, direct-detection 
wind lidar and its algorithms and measurement princi-
ple were validated by use of a second wind-lidar using 
a coherent detection method at a wavelength of 2 µm 
(Figure 3.1-1, Marksteiner, 2013). As the A2D is repre-
sentative of the space instrument, the development of 
retrieval algorithms for Aeolus is based on this experi-
ence with real atmospheric signals. More than 100 
recommendations were derived for characterization, 
alignment, testing, in-orbit operation, calibration, and 
retrieval algorithms for the satellite project. 
 

 
The ADM-Aeolus mission end-to-end simulator, the 

algorithms for wind retrieval and calibration and the 
corresponding operational processors up to the Level 
1b wind product are developed at IPA in cooperation 
with DLR-IMF. IPA´s expertise in lidar instruments, in 
more than 10 years of operation of the A2D, in wind 
retrieval algorithms from moving platforms (aircraft, 
satellite) and scientific use of wind lidar observations is 
strongly supporting the first European wind lidar on 
Aeolus.  

Rayleigh-Brillouin scattering in air resolved 

Both satellite missions EarthCARE and Aeolus exploit 
the spectral information of Rayleigh-Brillouin (RB) scat-

 
Figure 3.1-1: Wind measurements from a 367 km long 
flight track along the East coast of Greenland with the 
2-µm wind lidar (top), the ALADIN airborne demonstra-
tor A2D Rayleigh (middle) and Mie channel (bottom) 
from 26 September 2009. 
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tered light for their data retrieval. Thus, a detailed un-
derstanding of the RB scattering process and an exact 
knowledge of the spectral distribution of RB scattered 
light is inevitable for preventing systematic errors in the 
retrieval process 

In order to validate the currently used RB line shape 
model (the “Tenti” model, which was not validated in 
air as a gas mixture before) high spectral resolution 
laboratory RB scattering measurements in air at differ-
ent pressures and temperatures were performed in 
collaboration with the laser lab of the free University of 
Amsterdam in 2009–2014 (Witschas et al., 2010). An 
example of a measured RB spectrum in air is shown in 
Figure 3.1-2 (top, black dots). The red line indicates the 
Tenti model calculation whereas the blue line indicates 
the Gaussian approximation showing that the broad-
ening effect due to Brillouin scattering is not negligible 
at atmospheric pressures. With the laboratory meas-
urements it was conclusively shown that the Tenti 
model can be used to describe the measured RB spec-
tra in air with deviations less than 2% if refinements 
on the model input parameters are included consider-
ing the properties of air as scattering medium. 

In addition to the laboratory measurements with 
synthetic air, RB scattering was studied under real at-
mospheric conditions conducted from the environmen-
tal research station Schneefernerhaus in 2009 (Figure 

3.1-2, bottom). During this experiment, the A2D was 
setup in a horizontally-pointing configuration and RB 
spectra were measured in non-laboratory conditions 
for the first time ever. The measured RB spectra pro-
vide further proof that Brillouin scattering is not negli-
gible for atmospheric lidar applications, and that the 
Tenti model adequately describes the measured RB 
spectra in air (Witschas et al., 2012). 

Horizontal and vertical transport of water vapour 

The exploitation of Aeolus observations for research in 
atmospheric dynamics and the synergetic use of space- 
and airborne lidar observations is demonstrated by 
case studies using airborne lidar observations. During 
the campaigns COPS and IPY-THORPEX, the first collo-
cated measurements with the DLR 2-µm Doppler wind 
lidar and the water vapour lidar WALES (Water Vapour 
Lidar Experiment in Space) were undertaken. The com-
bination of water vapour mixing ratio observations 
with either horizontal or vertical wind velocity meas-
urements allowed observations of the horizontal water 
vapour transport and vertical humidity fluxes (Kiemle et 
al., 2011). These processes are crucial for the moisten-
ing of the boundary layer and the onset of convective 
precipitation.  

 
Figure 3.1-3 shows an example of combined obser-

vations of strong horizontal moisture transport over 
Central Europe observed in the warm-sector of an ex-
tratropical cyclone during COPS (Schäfler et al., 2010). 
The airborne lidar instruments are able to map the 
transport of water vapour into cyclones that is known 
to play a key role in the structure, intensity, and further 
evolution of cyclones (see also Section 3.1.2.) 

Figure 3.1-4 shows up- and downdrafts in a con-
vective boundary layer over the European North Sea 
during IPY-THORPEX, similarly to convective summer 
situations over land. The collocated lidar observations 
of vertical wind speed and water vapour at high spatial 
resolution (200 m) allow the calculation of turbulent 

 
Figure 3.1-3: Strong horizontal transport of water va-
pour (yellow-red colours) in the vicinity of a cyclone 
derived from lidar observations on 1 August 2007 super-
imposed with contour lines of ECMWF data. 

 
Figure 3.1-2: Top: Rayleigh-Brillouin spectrum measured 
in air at 1000 hPa (black) and the respective Tenti model 
(red) and Gaussian approximation (blue) with their re-
siduals. Bottom: Photograph of the environmental re-
search station Schneefernerhaus (2650 m). The blue 
arrow indicates the outgoing laser beam for Rayleigh-
Brillouin experiments in the atmosphere. 
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fluxes of latent heat over water and land using eddy 
correlation. The fluxes are related to surface evapora-
tion, the main source of water vapour and a key ele-
ment of the hydrological cycle. Due to their ability of 
higher spatial resolution, airborne lidar observations 
will complement spaceborne missions for studying 
atmospheric processes and for validation activities. 

 

Long-range transport of Saharan dust 

IPA´s lidar research on aerosol transport and classifica-
tion has a high relevance for the ESA’s EarthCARE mis-
sion and is discussed next. 

Aging and mixing effects during the transport of 
Saharan mineral dust over the Atlantic Ocean were 
investigated during two field experiments in 2008 and 
2013. In 2008, the nadir-viewing High Spectral Resolu-
tion Lidar (HSRL) together with an extensive set of in-
situ instruments was employed on the Falcon aircraft 
(Esselborn et al., 2008). The objective was to study 
Saharan mineral dust at the beginning of its long-
range transport across the Atlantic Ocean and to inves-
tigate dust in mixtures with biomass burning aerosols 
from Central Africa. 

During SALTRACE (Saharan Aerosol Long-range 
Transport and Aerosol-Cloud-Interaction Experiment) in 
2013, the Falcon aircraft was equipped with the 2-µm 
wind lidar and a set of aerosol in-situ probing instru-
ments to study long-range transported Saharan dust 
on both sites of the Atlantic Ocean, over the Cape 
Verdes and over Barbados. For this purpose, a novel 
method for calibration and quantitative aerosol optical 
properties retrieval from Doppler wind lidar was devel-
oped and applied to wind lidar measurements (Chouza 
Keil et al., 2015). Figure 3.1-5 shows the wind speed 
and backscatter coefficient along a flight track from 
Cape Verde towards Senegal. The Saharan air layer up 
to 6 km height is associated with high wind speed 
within the African Easterly Jet. 

Aerosol classification scheme for EarthCARE 

To characterize the effects of aerosols in global climate 
models, the spatial and temporal distribution of differ-
ent aerosol types has to be known. Owing to the high 
variability of aerosols, and their different impact on the 
Earth’s climate system, aerosol type classification from 
satellite measurements is of high importance. Polariza-
tion sensitive lidar measurements on board the future 
EarthCARE satellite mission will provide information 
that can be used to distinguish different aerosol types. 

Based on airborne and ground-based lidar meas-
urements of the optical properties of different aerosol 
types during different measurement campaigns, we 
developed an aerosol classification scheme for the fu-
ture EarthCARE observations (Groß et al., 2015) based 
on so-called intensive aerosol properties: the lidar ratio 
and the particle linear depolarization ratio (Figure  
3.1-6). These optical properties show different values 
for the different aerosol types so that we could finally 
define wavelength dependent thresholds for aerosol 
typing. To unambiguously identify the aerosol type 

 
Figure 3.1-4: Composite of water vapour mixing ratio 
(colours) and vertical wind speed (arrows; max. 3 m s-1) 
from collocated lidars on 1 March 2008 over the North 
Sea near Spitsbergen. Polar air advection leads to vig-
orous convection above the relatively warm (1 °C) 
ocean. 

 
Figure 3.1-6: Aerosol lidar ratio vs. particle linear depo-
larization ratio for various atmospheric aerosol types 
measured with the lidars POLIS at 355 nm, MULIS and 
HSRL at 532 nm. 

 
Figure 3.1-5: Doppler lidar observations from the  
DLR 2-µm coherent wind lidar system over Cape Verde 
on 12 June 2013 during SALTRACE. 
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lidar measurements were combined with simultaneous 
in-situ measurements and backward trajectories.  

In-depth cirrus cloud observations 

The derivation of cirrus cloud properties plays a crucial 
role for EarthCARE. For the first time, aerosol and wa-
ter vapour measurements with the lidar WALES on 
board the aircraft HALO were performed in October 
and November 2010 during its first flight mission 
TECHNO. The variability of relative humidity and ice 
supersaturation within cirrus clouds was investigated 
by combining DIAL water vapour measurements with 
temperature information, e.g. from ECMWF model 
analysis or measurements with the microwave temper-
ature profiler (Groß et al., 2014).  

 
For persistent cirrus clouds, shown in Figure 3.1-7, 

only few RHi values exceed 120%, even outside the 
cirrus at low backscatter ratios (Groß et al., 2014). A 
different RHi distribution with values up to 150% was 
found outside the cirrus cloud for transient cirrus cases. 
Thus, we conclude that the stage of evolution in the 
life cycle of the cirrus cloud can be classified with the 
presented synergistic analysis technique as it provides 
information of the RHi distribution shape within and 
outside the cirrus cloud and the vertical structure of 
the RHi. 

To investigate cirrus cloud properties in depend-
ence of the cloud’s stage of life time, WALES meas-
urements were performed on board HALO during the 
campaign ML-CIRRUS in March/April 2014. Figure  
3.1-8 shows the 2-dimensional lidar measurements of 
the backscatter ratio at 532 nm on 11 April 2014. Dur-
ing this flight, a cirrus cloud was probed during differ-
ent stages of their lifetime; from its generation over 
Northern Scotland to its dissolving area above the Eng-
lish Channel. 

First lidar and radar measurements on HALO 

During the NARVAL campaign in winter 2013/2014 an 
EarthCARE-like payload consisting of the high spectral 
resolution lidar WALES and the cloud radar (as part of 
the HALO microwave package HAMP) was operated 
for the first time on board HALO. This new instrumen-
tal setup resulted in a unique dataset of more than 100 
hours of collocated airborne lidar and radar measure-
ments. This data is particularly valuable to develop 
strategies for validation and exploitation of future 
EarthCARE measurements. 

Furthermore, the research flights during NARVAL 
were synchronized with overpasses of CALIPSO and 
CloudSat satellites. Altogether 12 coordinated flights 

 
Figure 3.1-7: Histogram of the joint occurrence of the 
relative humidity over ice (RHi) and the extinction cor-
rected backscatter ratio (BSR) at 532 nm for a fully de-
veloped cirrus cloud on 4 November 2010 during  
TECHNO. 

 
Figure 3.1-9: Coordinated airborne and spaceborne ra-
dar and lidar measurements with the cloud radar (a) 
and the WALES lidar system (c) on board HALO and 
CloudSat (b) and CALIPSO (d) during NARVAL over 
North-Eastern Germany on 12 July 2013.  

 
Figure 3.1-8: Airborne lidar observations of the 
backscatter ratio at 532 nm with the WALES lidar sys-
tem over Great Britain and Central Europe on 11 April 
2014. The grey line shows the flight track at about 
13 km height. 
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beneath the A-Train satellites were possible. An exam-
ple of coordinated satellite and airborne radar and lidar 
measurements during NARVAL over North-Eastern 
Germany in July 2013 is shown in Figure 3.1-9. During 
this measurement flight, a cirrus cloud in 6 to 12 km 
altitude was observed. In addition to the cirrus cloud, 
the airborne lidar measurements show an aerosol layer 
structure up to an altitude of 3 to 4 km. Due to re-
duced sensitivity, this structure is not visible in any of 
the other measurements. 

Performance simulations for MERLIN 

MERLIN, the “Methane Remote Lidar Mission”, was 
proposed by DLR and CNES in order to close current 
observational gaps for the greenhouse gas methane, 
particularly over remote tropical and boreal wetlands, 
where current in-situ and passive remote sensing tech-
niques have difficulties to measure methane (see also 
Section 4.2). To assess MERLIN’s performance, simula-
tions were conducted with the help of MODIS and 
CALIPSO of the Earth’s surface albedo and atmospheric 
optical depth, respectively. Both are key parameters for 
integrated path differential absorption (IPDA) lidar 
which uses the surface backscatter to measure the 
total atmospheric methane column. 
 

 
Figure 3.1-10 shows that MERLIN’s global meas-

urement performance will be better over land than 
over water (Kiemle et al., 2014). As expected, the per-
formance is degraded over regions with long-term 
cloud or snow cover, particularly south of 40°S and 
north of 50°N. Over methane “hot spot” regions, the 
populated areas, wetlands, or permafrost, the methane 
column will be measured with a precision of 1%, a 
temporal resolution of one month, and a spatial resolu-
tion of < 80 km. 
 

First airborne measurements of CO2 and CH4 

An important pillar of the MERLIN mission is the devel-
opment of an airborne demonstrator CHARM-F to test 
the measurement principle and to collect real data as 
input to the development of the MERLIN data pro-
cessing chain. For this purpose, the first engineering 
flights with the newly developed airborne carbon diox-
ide and methane lidar were successfully carried out on 
board the HALO in April/May of 2015 (Figure 3.1-11). 
As many as five flights with an entire duration of 
~21 hours could be executed under various environ-
mental conditions mostly in German, Italian and Polish 
airspace.  

Areas and “hot spots” were addressed that are 
known to potentially show enhanced mixing ratios of 
either CO2 or CH4 such as the Po valley, the coal min-
ing areas in the Cologne Lowlands and Upper Silesia or 
the vicinity of various power plants. As a preliminary 
first result Figure 3.1-11 shows a methane plume de-
tected through an increased differential optical depth 
near several hard coal mines in Poland. This result 
shows much promise for both the preparation of MER-
LIN as well as for the CoMet campaign on HALO. 

 
Figure 3.1-10: MERLIN measurement resolution re-
quired to obtain a monthly measurement precision of 
1%, on average over the simulation year 2007.  

 
 

 
Figure 3.1-11: Top: Photo of CHARM-F on board HALO. 
Bottom: Detection of a methane plume from a flight 
altitude of 8.3 km. The blue line shows the differential 
absorption optical depth at a wavelength of 1645 nm 
along the flight track.  
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3.1.2 Atmospheric Dynamics 

Predictability of high-impact weather events 

Over the past decade, international research in dynam-
ic meteorology of the mid-latitudes with the aim to 
improve one-day to two-weeks weather forecasts was 
coordinated in the THORPEX (The Observing System 
Research and Predictability Experiment) programme as 
a part of the World Meteorological Organization 
(WMO) World Weather Research Program (WWRP). 
With its focus on the improvement of the quality of 
high-impact weather (HIW) forecasts, the research 
group PANDOWAE (Predictability ANd Dynamics Of 
Weather Systems in the Atlantic-European Sector) 
funded by the DFG (German Science Foundation) sig-
nificantly contributed to THORPEX. Two projects car-
ried out at IPA during the 6-year (2008–2014) research 
period added a strong observational component to 
PANDOWAE.  

IPA’s state-of-the-art remote sensing and in-situ in-
struments were involved in THORPEX related research 
campaigns worldwide and provided unprecedented 
and independent data sets. Several campaigns focused 
on the benefit of different observation types by novel 
instruments with the aim to improve the observing and 
data assimilation systems. Recently, the focus within 
THORPEX shifted to the investigation of dynamical 
processes affecting predictability. Results from the 
PANDOWAE related projects are presented in the fol-
lowing. Additional information and results of the key 
instruments, i.e. of the water vapour and wind lidars is 
given in Section 3.1.1 

Targeted observations of typhoons 

During the THORPEX Pacific Asian Regional Campaign 
(T-PARC), the DLR Falcon aircraft was operated from 
Atsugi, Japan for six weeks in summer 2008. The coor-
dination of research flights with two US and a Taiwan-
ese aircraft enabled the first coordinated missions with 
four aircraft to observe typhoons in the Western Pacif-
ic. One of the highlights was the first almost continu-
ous observation of a typhoon from genesis in the trop-
ics throughout the transition into an extra-tropical sys-
tem over 13 days.  

An unprecedented set of more than 1000 drop-
sondes was collected, supplemented by airborne radar 
and wind and water vapour lidar observations. The aim 
was to develop, apply and evaluate observing strate-
gies with particular emphasis on the potential of air-
borne lidar instruments for improvements of numerical 
weather prediction (NWP) models. So-called targeted 
observations were performed in areas which were ex-
pected to provide maximal impact on NWP forecasts by 
assimilating the airborne observations. 

Wind lidar observations were assimilated in the 
global models of ECMWF and NOGAPS (Weissmann et 

al., 2011). Figure 3.1-12 shows the positive impact of 
assimilated wind lidar data on the track forecast of 
hurricane Sinlaku in the NOGAPS model. 

The benefit of dropsonde observations for typhoon 
track and mid-latitude flow in 3 global models and one 
limited area model was evaluated (Weissmann et al., 
2011). All models show an improving tendency of ty-
phoon track forecasts, but the degree of improvement 
varied from about 20–40% in NCEP and WRF to a 
comparably low influence in ECMWF and JMA.  

Typhoon targeting strategies were systematically 
evaluated with T-PARC dropsondes (Harnisch and 
Weissmann, 2010) to investigate which dropsonde 
observations are most beneficial for typhoon forecasts 
and to develop future observing strategies for tropical 
cyclones. The largest forecast improvements were 
achieved using observations in the vicinity of the storm. 
In contrast, dropsondes in remote sensitive regions 
showed a relatively small influence. 

For the first time, water vapour lidar observations 
were assimilated in the ECMWF model (Harnisch et al., 
2011). The independent verification with dropsondes 
confirmed that the analysis with DIAL observations is 
more accurate. In terms of forecast impact, only a 
small but positive influence was found.  

Warm conveyor belts and the role of diabatic 
processes 

Although the quality of NWP has improved significantly 
in the past decades, a number of forecast busts remain 
and predictions especially of HIW still need to be im-
proved. Some of the HIW systems as polar lows (Wag-
ner et al., 2011) are too small to be represented ade-
quately by global NWP model at present. Another fac-
tor limiting the predictability of mid-latitude weather 
systems in NWP models is the incorrect representation 
of diabatic processes. Diabatic processes are associated 
with release of latent heat due to phase transitions of 
water, surface fluxes, or radiative effects. The rapid 

 
Figure 3.1-12: ECMWF mean track forecast of Typhoon 
Sinlaku: with (grey line) and without (black line) assimi-
lated wind lidar data shows a positive impact. 

https://www.pandowae.de/en/node/?q=en/node/35
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growth of related errors from small scales can influ-
ence forecast quality on large scales. In the mid-
latitudes strong diabatic processes are associated with 
extratropical cyclones. Especially, the release of latent 
heat within the warm conveyor belt (WCB) is of partic-
ular importance. Within this coherent airstream warm 
and moist air masses are transported from the bounda-
ry layer upward towards the upper troposphere and 
lower stratosphere. During the ascent the WCB air 
mass adiabatically cools, saturates and forms clouds.  

IPA’s airborne research campaigns in the past nei-
ther focused on WCB observations nor specially treated 
diabatic processes. However, as the water vapour lidar 
instruments developed at IPA (see Section 2.1) have 
proved their potential to observe tropospheric moisture 
transport (e.g. Schäfler et al., 2010), all past campaigns 
were searched for WCB observations in a trajectory 
based approach (Schäfler et al., 2011). As lidar profiles 
are only available in clear sky and as diabatic processes 
in WCBs strongly depend on the moisture content in 
the boundary layer, this work focused on the quantifi-
cation of humidity errors in NWP analyses in the lower 
troposphere, i.e. the inflow region preceding the WCB 
ascent. 

Figure 3.1-13 depicts results from a research flight 
of the T-PARC campaign where a moist boundary layer 
east of Japan was observed. Trajectory calculations 
confirm that the observed air masses were subsequent-
ly lifted by a WCB. By comparing water vapour obser-
vations with simulated data it turned out that the NWP 
analysis tends to overestimate the moisture in the 

boundary layer. It has been shown that these errors are 
most likely related to insufficiently parameterized sur-
face fluxes of moisture (Schäfler et al., 2011). 

Various theoretical approaches investigated the 
role of diabatic processes and showed that the evolu-
tion and intensity of low pressure systems are affected 
by latent heating and that the outflow of WCBs at the 
tropopause is able to modify upper-level jet streams. By 
assimilating the humidity profiles shown in Figure 3.1-
13 the humidity in the inflow region of the WCB could 
be reduced (Schäfler and Harnisch, 2015). A compari-
son of WCB forecasts starting with different moisture 
showed a significant impact of low level humidity field 
on the upper troposphere. A lower local tropopause 
and reduced wind speeds in the downstream ridge 
related to a reduced isentropic PV gradient were ob-
served (see Figure 3.1-14).  

 
Independent observations inside clouds are of key 

relevance to study the release of latent heat. Therefore, 
IPA in cooperation with ETH Zürich observed cloud 
processes and their importance for weather in the mid-
latitudes during the THORPEX North Atlantic Wave-
guide and Downstream Impact Experiment 
(T-NAWDEX). The thermodynamic properties and 
trace-gas distribution in WCBs were investigated by 
performing in-situ Lagrangian observations (Schäfler et 
al., 2014). 

The current operational observation system lacks 
sufficient data density and resolution especially over 
the oceans and close to the ground. The above de-
scribed case studies with IPA’s satellite lidar demonstra-
tor instruments highlight the importance of accurate 
observations of water vapour and winds in the tropo-
sphere. This underlines the important contribution of 
these topics to DLR space research and provides an 
important perspective for future satellite missions. The 
WCB as a ubiquitous dynamical feature of mid-latitude 
weather systems also plays an important role for the 
long range transport of aerosols and trace gases and 
has implications for air quality and climate. 

 
Figure 3.1-14: Two +36 h forecasts of potential vorticity 
and winds on the 330 K isentrope. Left panel: opera-
tional forecast. Right panel: Forecast with reduced WCB 
inflow moisture.  

 
Figure 3.1-13: Top panel: Water vapour lidar observa-
tions of a T-PARC research flight. Bottom panel: Flight 
track and WCB trajectories, colour coded with pressure 
ranging from 900 hPa (blue) to 250 hPa (red), starting 
from the observations.  
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3.1.3 Research on Atmospheric 
Processes and Climate Impact 

One of the key tasks of the institute is to advance un-
derstanding of atmospheric processes and their inter-
actions, by theoretical studies, by performing and ana-
lysing specific measurements, and by numerical inves-
tigations with a hierarchy of atmospheric models. The 
goal is to improve the basis for weather forecasts and 
climate prediction. In recent years, research has fo-
cused on the troposphere and stratosphere, with par-
ticular emphasis on exchange between them, involving 
dynamics, transport, and radiation. Chemistry-climate 
interactions, particularly with respect to the relevance 
of ozone and aerosols for air quality and climate im-
pact, have been a highlight. Prominent examples are 
presented in the following section. 

I) Tropospheric processes 

Mineral dust 

Tropospheric aerosols are of considerable relevance for 
Earth’s radiation budget and the evolution of aerosol 
properties during their atmospheric lifetime is an im-
portant issue in climate research. About half of the 
global annually emitted aerosol mass is mineral dust. 
Wind-borne mineral dust can affect climate through 
interaction with radiation and its role in cloud micro-
physical processes. IPA studied the microphysical and 
optical properties of mineral dust in three intensive 
field experiments with the DLR aircraft Falcon and de-
veloped new measurement and analysis methods for 
large, non-spherical aerosol particles which provided 
the basis for the successful volcanic ash measurements 
in 2010 (see Section 3.2.2). SAMUM-1 (2006) focused 
on the properties of mineral dust close to the Sahara 
over Morocco, SAMUM-2 (2008) investigated dust in 
outflow region of the African continent over the Cape 
Verde Islands, and SALTRACE (2013) studied aged 
Saharan mineral dust in the Caribbean. Figure 3.1-15 
shows the comparison median size distributions of 
fresh (Morocco) and aged (Cape Verde) mineral dust 
(Weinzierl et al., 2011). In the size range below 1 µm, 
the size distributions are very similar. Above 1 µm size, 
changes in the particle size distribution are visible be-
tween Africa and Cape Verde, but these changes are 
less pronounced than expected from Stokes gravita-
tional settling estimates. The SALTRACE measurements 
confirmed the presence of large coarse mode particles 
and interestingly even detected 10–20 µm particles in 
the Caribbean after more than 4000 km of transport. 
The understanding of life times of large super-micron 
particles that are contained not only in mineral dust 
but also in volcanic ash is important for the assessment 
of dust-cloud and dust-radiation interactions. In addi-
tion, it provides crucial knowledge for aviation indus-

try, because an improved understanding of deposition 
time scales of large volcanic ash particles is essential to 
forecast potential aviation hazards arising from the 
presence of high concentrations of airborne volcanic 
ash. In the recently approved A-LIFE ERC Starting Grant 
Project, mechanisms explaining the unexpected pres-
ence of large super-micron particles after thousands of 
kilometres of long-range transport will be investigated 
in detail. 

Gas-aerosol-ice interaction and cirrus cloud formation 

Work on processes affecting gas-aerosol-ice interac-
tions and the formation of cirrus clouds included the 
quantification of trapping of nitric acid (HNO3) in grow-
ing ice crystals (Kärcher et al., 2009), an assessment of 
the role of black carbon (soot) aerosol particles in cirrus 
formation (see Section 3.2.1 for details), and continued 
efforts to progress in understanding key elements con-
trolling upper tropospheric ice super-saturation and ice 
nucleation (Hendricks et al., 2011). Cirrus clouds evolve 
in ice-supersaturated conditions which sets them apart 
from liquid water clouds. The ability to simulate cirrus 
clouds in a physically consistent manner within global 
models is a prerequisite for fundamental studies ad-
dressing the climate impact of natural cirrus and con-
trail cirrus (Burkhardt et al., 2010). We have pointed 
out the fundamental incompatibility of resolving super-
saturation and ice nucleation on the grid-scale in glob-
al models and at the same time applying diagnostic 
relationships to infer sub-grid ice cloud coverage 
(Kärcher and Burkhardt, 2008). Our work suggests the 
need to track the temporal evolution of fractional ice 
cloud coverage (a key parameter in cloud schemes of 
global models) in order to properly simulate cirrus for-

 
Figure 3.1-15: Median mineral dust size distribution 
measured over Morocco (orange line) and over Cape 
Verde (black line). The brown dotted line denotes the 
3rd and 97th percentile values of SAMUM-1. The dark and 
light grey shaded areas indicate the 3rd, 25th, 75th and 
97th percentile values for SAMUM-2. 
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mation and development (Figure 3.1-16). Moreover, 
based on evidence from aircraft observations of vivid 
vertical air motion variability on the mesoscale, we 
have spurred a scientific debate on the relative roles of 
dynamical forcing and aerosols in cirrus formation 
(Kärcher et al., 2014). Efforts to remove roadblocks in 
current cirrus research will include linking the ad-
vancement of cloud schemes in large-scale models 
with studies at the process level. Such efforts will be 
jointly coordinated across modelling and measurement 
activities, as outlined in Section 4.4. 

 

II) Stratosphere-troposphere exchange 

The tropopause region is one of the most sensitive 
regions for chemical, dynamical and climate interac-
tions. However, stratosphere-troposphere exchange of 
trace species is still poorly quantified. Therefore, differ-
ent exchange processes on both, small and large scales 
(e.g. deep convection, warm conveyor belts, Asian 
summer Monsoon, Brewer-Dobson Circulation) are 
studied by IPA by using both measurements and mod-
els. 

Lightning NOx production 

Deep convective clouds may induce a very rapid air 
mass exchange between the troposphere and strato-
sphere which impacts the O3 composition in the UTLS 
region. It is known that lightning NOx production has a 
crucial influence on the tropospheric ozone budget 
(e.g., Figure 3.3-7, and, in order to simulate it correctly 
in climate models (Dahlmann et al., 2011), constraints 
by observations are needed. During the Deep Convec-
tive Clouds and Chemistry (DC3) experiment in sum-
mer 2012, airborne in-situ measurements of a variety 

of trace species were performed in the fresh and aged 
anvil inflow and outflow of thunderstorms over the 
Central U.S. by the DLR Falcon and two U.S. aircraft 
(Barth et al., 2014). In Figure 3.1-17 the mean vertical 
NOx profile obtained during DC3 is compared to pro-
files from other Falcon thunderstorm experiments per-
formed in the past (e.g., Huntrieser et al., 2008, 2009, 
2011). During DC3, lightning-produced NOx was most 
prominent in the upper troposphere (~9–12 km). Mean 
NOx mixing ratios at 12 km (~2 nmol mol-1), the maxi-
mum cruising altitude of the Falcon, clearly exceeded 
boundary layer values, indicating a strong natural 
source from lightning in the upper troposphere. Com-
pared to past Falcon thunderstorm experiments over 
other continents, the measurements during DC3 stand 
out as exceptional high. The same holds for the fre-
quency of observed overshooting cloud tops. In some 
cases a pronounced stratospheric-tropospheric ex-
change of air masses was indicated within and in vicini-
ty of DC3 thunderstorms (Pan et al., 2014). A high 
amount of lightning-produced NOx (up to 
~3 nmol mol-1) was injected into the lower strato-
sphere (O3 ~100–260 nmol mol-1) and distinct NOx 
enhancements were still observed in the aged anvil 
outflow one day after convective activity. Stratospheric 
intrusions (O3 ~100–180 nmol mol-1) were wrapped 
around the anvil and mixed with the anvil outflow in 
the upper troposphere. 

 
Figure 3.1-16: Diagnostic fractional cloud coverage (C) as 
a function of resolved relative humidity (dashed). For 
ice clouds a prognostic treatment is proposed (solid) to 
track the time evolution of C in continuously nucleating, 
ice-supersaturated areas. A range of local threshold RH-
values for ubiquitous aerosol droplet freezing is indi-
cated. In both cases, the grid cell is fully covered (C = 1) 
in grid mean saturated conditions (RH = 100%).  

 
Figure 3.1-17: Comparison of the mean vertical NOx 
profile obtained during DC3 (2012) with profiles from 
other Falcon thunderstorm campaigns performed in the 
past (1998–2006). Mean values for each 250 m altitude 
bin are given as vertical profiles in different colours. 
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Upward transport within the Asian summer Monsoon 

The Asian Summer Monsoon (ASM) has become focus 
of current research due to its crucial role for initiating 
transport of tropospheric air masses into the Northern 
Hemisphere stratosphere. The ASM is associated with 
strong upward transport of tropospheric source gases 
and trapping of air within the upper tropospheric anti-
cyclone. This air is characterized by relatively low values 
of potential vorticity (PV) in the UTLS region. Garny and 
Randel (2013) studied the anticyclone in terms of PV as 
derived from MERRA reanalysis data (Figure 3.1-18). 
The convective forcing of large-scale low PV areas is 
associated with heating in the middle troposphere and 
divergent motion in the upper troposphere. Upper level 
divergence was found to provide a useful, concise di-
agnostic of the forcing of low PV area, i.e., a good 
predictor of the anticyclone strength. Recently the abil-
ity of the EMAC CCM to reproduce observed features 
of the ASM has marked a starting point for more ex-
tensive global model activities. 

 

Lifting within warm conveyor belts 

An exceptional case of troposphere-stratosphere ex-
change was observed during the POLARCAT Falcon 
campaign in 2008 (Roiger et al., 2011). The case study 
describes the first in-situ observation of an efficient 
transport pathway for surface emissions into the polar 
lowermost stratosphere, initiated by lifting within a 
warm conveyor belt (WCB). On a flight over northern 
Greenland, anthropogenic pollution was detected by 
enhanced mixing ratios of carbon monoxide (and other 
tracers) well above the dynamical tropopause, as illus-
trated in the time-series in Figure 3.1-19. Air mass tra-
jectory calculations showed that the Asian emissions 
were lifted within a WCB and during the cross-polar 
transport towards Greenland were irreversibly mixed 
into the lowermost stratosphere. Meanwhile, further 
observations indicate that the WCB mechanism illus-
trated in this study may present an important pathway 
to transport pollution within a few days after emission 
into the polar tropopause region. Appropriate model 
studies are needed to better assess the relevance of 
polluted WCBs on the tropopause region and under-

stand possible consequences on the chemical and radi-
ative budget. 

Brewer-Dobson Circulation 

The Brewer-Dobson Circulation (BDC) controls the 
large-scale mass exchange between troposphere and 
stratosphere through persistent upwelling of air in the 
tropics from the troposphere into the stratosphere and 
downwelling in the extratropics, mixing stratospheric 
air back into the troposphere. Recent observations 
from satellite and radiosonde data indicate a distinct 
cooling of the tropical lower stratosphere, and CCMs 
suggest a link to a strengthening tropical upwelling, 
inducing less ozone in the lower tropical stratosphere. 
The warming of the tropical upper troposphere is 
mainly caused by higher tropical sea surface tempera-
tures (SSTs), which are part of global warming. Deckert 
and Dameris (2008) suggested that higher SSTs amplify 
deep convection locally and hence the convective exci-
tation of quasi-stationary waves. These waves propa-
gate upward and deposit their momentum in the lower 
stratosphere, inducing a strengthened low-latitude 
BDC cell (shallow branch). 

At the same time, higher tropical SSTs lead to a 
strengthening and upward shift of the subtropical jets. 
This enables wave propagation further into the lower 
stratosphere, and provides another mechanism by 
which tropical upwelling and the shallow BDC branch 
is strengthened (Garny et al., 2011b). The transport 
change in turn increases the flux of ozone-poor tropo-
spheric air into the tropical lower stratosphere. This 
could have strong implications for the future develop-
ment of the tropical total ozone column and a possible 
increase of UV-B irradiance (Chapter 2 in the WMO 
Ozone Assessment, 2014). 

Another measure of the BDC, including both the 
advective part of the BDC and two-way mixing, is the 
mean Age of Air (AoA). AoA is defined as the mean 

 
Figure 3.1-18: Map of PV in PVU (10–6 K m2 kg–1 s–1) on 
the 360 K level at 15 June 2006 derived from MERRA 
reanalysis data. 

 
Figure 3.1-19: Time-series of carbon monoxide (red), 
pressure at flight altitude (black), and ECMWF dynam-
ical tropopause (2 PVU). During the interception of the 
polluted layer, CO mixing ratios were by 
~100 nmol mol-1 higher compared to typically values 
observed at this altitude (11.3 km). 
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transit time of air parcels along the BDC after they 
enter the stratosphere at the tropopause. Garny et al. 
(2014) quantified the effects of mixing by contrasting 
AoA with the transit time of hypothetical transport 
solely by the advective part of the BDC (the residual 
circulation transit time, RCTT). Based on simulations 
with the climate model ECHAM6, they identified addi-
tional aging by mixing throughout most of the lower 
stratosphere, except for the extratropical lowermost 
stratosphere where mixing reduces AoA (Figure  
3.1-20). Interpreting model projections using this find-
ing, they related future reduction in AoA partly to fast-
er transport along the residual circulation and partly to 
reduced aging by mixing. This result is important for 
the assessment of future stratospheric chemical com-
position changes. 

 
The impact of long-term changes in the BDC on 

stratospheric ozone (O3,strat) was further investigated in 
Garny at al. (2013). Due to the complexity of the pro-
cesses acting on O3,strat it is not straightforward to dis-
entangle the influence of individual processes on the 
temporal development of O3,strat. A new method was 
described in Garny et al. (2011a) that enables the at-
tribution of O3,strat concentrations changes to the influ-
ence of chemistry and dynamics. This method was 
applied in Garny et al. (2013) to investigate the role of 
transport for return dates of total column ozone to 
historical levels in mid-latitudes. It was found that the 
earlier recovery of Northern Hemisphere total column 
ozone compared to its Southern Hemisphere counter-
part is not predominately driven by changes in the 
BDC, as it was thought previously, but that chemically-
induced changes in O3,strat are the major driver of the 
earlier return.  

Quantifying stratospheric ozone and nitric acid in the 
UTLS 

Radiatively active trace gases such as O3 strongly influ-
ence the radiative forcing of the atmosphere. Due to 
low local temperatures, the greenhouse impact of 
trace gas distribution changes in the UTLS is extra 

strong. O3 and nitric acid (HNO3) have sources both, in 
the troposphere and stratosphere. The relative contri-
bution from these sources to the trace gas budget of 
the tropopause region is therefore difficult to quantify. 
During the first atmospheric scientific HALO mission 
TACTS/ESMVal, trace gas measurements of HNO3, O3 
and hydrochloride acid (HCl) with the new Atmospher-
ic chemical Ionization Mass Spectrometer (AIMS) have 
been performed in the UTLS (Jurkat et al., 2014). 
Stratospheric ozone (O3,strat) and nitric acid (HNO3,strat) 
can be tagged and quantified by simultaneous meas-
urements of stratospheric HCl. The profiles in Figure 
3.1-21 show stratospheric trace gas contributions with 
the distance to the tropopause measured in potential 
temperature from a flight leg starting in Ober-
pfaffenhofen to Cape Verde. Mixing in the vicinity of 
the subtropical jet causes O3 and HNO3 values to de-
crease with height, depending on the distance to the 
tropopause. The influence of mixing is detectable up to 
40 K potential temperature above the tropopause. In 
addition, data below the tropopause have been colour 
coded with the trajectory based analysis of the most 
recent contact to the stratosphere within the last 
10 days (in hours). Downward mixing of O3,strat and 
HNO3,strat into the troposphere was observed 50h be-
fore the measurement and leads to an increase of up 
to 60% stratospheric O3 below the tropopause. This 
new method and the effects of cross tropopause 
transport on the trace gas budget in the UTLS will be 
further investigated in the upcoming HALO missions 
POLSTRACC and WISE.  

Atmospheric trace gas constituents show strong 
regional and seasonal variations in the UTLS, caused by 
the complex dynamical and chemical structure in this 

 
Figure 3.1-20: Aging by mixing (the difference age of air 
and transport times along the residual circulation) de-
rived from an ECHAM6 time-slice simulation referring to 
1990 conditions. Annual mean values are averaged over 
10 years in units of years. Thin black line is the zero line. 

 
Figure 3.1-21: Measured trace gases indicate gradual 
transition from tropospheric to stratospheric condition 
with increasing distance from the tropopause. Raw 
flight data (grey), quantitative frequency analysis 
(squares, lines), and additional trajectory analysis re-
sults (colours). 
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region. Routine observations from in-service aircraft 
allow UTLS observations with a large spatial coverage 
and over long time periods. They are thus well suited 
to complement episodic measurements performed 
with research aircraft, ground-based measurements 
and satellite observations.  

Since December 2004, IPA has operated a sensor 
for measurements of nitrogen oxide (NO) and total 
reactive nitrogen (NOy) for CARIBIC. A unique set of 
NO and NOy data has been obtained showing strong 
regional and seasonal variability in the UTLS region. 
Monthly mean NO and NOy values obtained between 
2005 and 2013 in the upper troposphere over Europe 
are shown in Figure 3.1-22. The highest concentrations 
are found in summer with maximum NO and NOy val-
ues of ~0.2 and ~1.1 nmol mol-1, respectively. In the 
lowermost stratosphere the maximum is observed dur-
ing spring. Similar results are documented for other 
regions. 

Though the concentration of nitrogen oxides (NOx) 
in the UTLS is highly variable, this unique data set lays 
the foundation for a NOx-climatology in the UTLS and 
may serve as a base for comparison with climate model 
data. Now the CARIBIC project is integrated in IAGOS 
(In-service Aircraft for a Global Observing System).  

III) Stratospheric processes 

Polar stratospheric clouds 

Polar stratospheric clouds (PSC) are important for 
ozone loss during polar winter and spring by providing 
surface area for heterogeneous chlorine activation and 
by redistributing nitric acid due to sedimentation of 
cloud particles. This leads to denitrification and pro-
longs the existence of ozone-destroying active chlorine 
in the polar vortex. Denitrification is thought to be 
caused by large nitric acid trihydrate (NAT) type parti-
cles (NAT-rocks) with a diameter up to 20 µm. Howev-
er, the detailed microphysical properties of these parti-
cles are still uncertain. Furthermore, it was unknown 
whether NAT-rocks form frequently during polar win-
ter, since there is only one single observation by Fahey 
et al. (2001)6. 
                                                           
6 Fahey, D. W., Gao, R. S., Carslaw, K. S., et al., 2001: The detection of 
large HNO3-containing particles in the winter Arctic stratosphere, 
Science, 291(5506), 1026-1031. 

In January 2010, synoptic-scale PSC fields were 
probed during four flights of the high altitude research 
aircraft M-55 GEOPHYSICA within the RECONCILE field 
campaign (von Hobe et al., 2013). A very high NOy 
content in PSC particles was measured with the SIOUX 
NOy instrument of the institute. Assuming NAT parti-
cles, they would have sizes between 8 and 25 µm, 
corresponding to the minimum and maximum measur-
able NOy mixing ratio of SIOUX in the particle detection 
mode (Figure 3.1-23). Particle size distributions in a 
diameter range between 0.5 μm and 40 μm were rec-
orded by four different optical in-situ instruments of 
the University of Mainz operated during the same 
flights (Molleker et al., 2014). 

 
The RECONCILE observations confirm the occur-

rence of large HNO3-containg particles in synoptic scale 
Arctic PSCs. However, the maximum HNO3 mixing rati-
os detected in particles assuming NAT composition 
exceed values expected from stratospheric measure-
ments. This indicates either a highly non-spherical 
shape or an alternate composition (e.g. water-ice coat-
ed with NAT) of the particles (Molleker et al., 2014). 
This finding has to be clarified by future research, be-
ing essential for assessing the ability of models to rep-
resent polar stratospheric chemistry correctly. 

 
Figure 3.1-23: Size distributions from SIOUX-NOy and 
FSSP-100 data for the same time interval. Also shown is 
a size distribution from NOy measurements (Fahey et al., 
2001); particle diameters derived from NOy data assume 
NAT composition). Difference in the particle numbers 
between the NOy and optical data may be explained by 
an uncertainty in the particle sampling efficiency of the 
NOy inlet. 

 
Figure 3.1-22: Monthly mean NO (black) and NOy (red) volume mixing ratios observed in the UTLS over Europe (12°W – 
28°E, 65°N – 35°N) between 2005 and 2013. Values have been taken below the tropopause. 
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Stratospheric water vapour budget 

An improved understanding of processes that control 
the stratospheric water vapour budget was the aim of 
modelling studies with the CCM EMAC by Eichinger et 
al. (2015). Studying the isotopic composition of water 
vapour, δD(H2O), in the lower stratosphere can reveal 
the driving mechanisms of budget changes and, there-
fore, help to explain recent trends and variations. 
EMAC was equipped with a description of the water 
isotopologue HDO, comprising its physical and chemi-
cal fractionation effects throughout the hydrological 
cycle. Stratospheric HDO and the isotopic composition 
of water vapour in the so extended EMAC model were 
evaluated by means of different satellite observations. 
The link between the water vapour budget and its 
isotopic composition in the tropical stratosphere was 
presented through their correlation in multi-year simu-
lations. Both quantities depend on the same processes 
but are influenced by different strengths. A sensitivity 
experiment demonstrated the importance of transport 
and methane (CH4) oxidation for the δD(H2O) tape 
recorder. For this, an additional model simulation with 
a modified chemical HDO tendency that does not in-
fluence δD(H2O) through CH4 oxidation was compared 
to the simulation with regular CH4 isotope chemistry.  

 
Figure 3.1-24 shows the tropical tape recorder sig-

nal from 2004 to 2009 for the two simulations from 
15 to 30 km. Between 15 and 20 km the δD(H2O) val-
ues are similar. Between 20 and 25 km, the amplitude 
of the tape recorder is damped by the chemical isotope 
effects and above that increasingly higher δD(H2O) 
values can be observed in the simulation including the 
CH4 oxidation effect. The influence of chemistry on 
δD(H2O) increases with altitude in the stratosphere. 
The upward propagating signatures fade out, or rather 
mix in with the high δD(H2O) values. The tape recorder 

signal in the simulation neglecting the effect of CH4 
oxidation reaches higher up. Finally, it was shown that 
clouds and convection affect the δD(H2O) tape record-
er and complement the influence of in-mixing of old 
stratospheric air. 

Multi-decadal simulations 

Multi-decadal simulations performed with the CCMs 
E39C and E39CA have been used for several investiga-
tions regarding SPARC CCMVal activities (SPARC 
CCMVal, 2010) and recent UNEP/WMO ozone assess-
ments (WMO, 2011; 2014), in particular focussing on 
the evolution of the ozone layer and climate-ozone 
connections (see next paragraph). Data sets derived 
from our CCM simulations have been uploaded to a 
central database, yielding numerous intercomparison 
studies in cooperation with many international partners 
(Section 3.1.5). Additional individual investigations 
have been carried out, for example with respect to 
implications of Lagrangian transport, which clearly 
reduces moisture and temperature biases and, there-
fore, leads to a significant advancement of stratospher-
ic dynamics (Stenke et al., 2009). Another study has 
focused on the impact of Arctic sea-ice anomalies on 
the stratosphere (Cai et al., 2012), assessing possible 
consequences of future expected dramatic sea-ice loss 
during Arctic summer and fall for stratospheric condi-
tions in all seasons. Two simulations were performed, 
one with most realistic year 2000 conditions, another 
with obviously reduced polar sea ice. Three features of 
Arctic air temperature response have been identified: 
Firstly, tropospheric mean polar temperatures increase 
up to 7 K during winter; secondly, temperatures de-
crease significantly in the summer stratosphere caused 
by a decline in outgoing short-wave radiation; and 
thirdly, an obvious cooling up to −4.5 K during No-
vember in the stratosphere connected with a signifi-
cant reduction of the stationary component of the 
daily meridional eddy heat fluxes. 

IV) Ozone-climate interactions 

Continual improvement and evaluation of CCMs is 
essential to meet the request from policymakers and 
society for more detailed assessments of future chang-
es in atmospheric composition and climate in response 
to natural and anthropogenic forcing. Furthermore, it 
is important to monitor the consequences of interna-
tional agreements protecting Earth climate (Kyoto Pro-
tocol) and the ozone layer (the Montreal Protocol); On 
the other hand, multi-year observations provide the 
foundation for the evaluation of numerical models 
describing atmospheric processes in the past (see Sec-
tion 3.1.5).  

Loyola et al. (2009) derived a multi-year data set of 
total ozone columns from different spaceborne instru-
ments producing a homogeneous and consistent long-
term data record. For the first time, global total ozone 

 
Figure 3.1-24: Tropical (15°S-15°N) δD(H2O) tape record-
er signal from 2004 to 2009 in the simulation including 
the effect of CH4 oxidation on δD(H2O) (top) or exclud-
ing it (bottom). 
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columns from three European satellite sensors GOME 
(ERS-2), SCIAMACHY (Envisat), and GOME-2 (MetOP-
A) were combined and added up to a continuous time 
series starting in June 1995. This new data set was 
used for evaluation purposes of the CCM E39CA, for 
example comparison of climatological ozone values 
and the respective variability. As an example, Figure 
3.1-25 demonstrates the high level of agreement be-
tween model data and observations for short- and 
long-term changes. The well captured temporal evolu-
tion of ozone in the model indicates that the model is 
suited for future estimates. It is interesting to note that 
the decrease of total ozone after 2004 (which was the 
first year after maximum solar activity) was already 
predicted by the model four years in advance (Dameris 
et al., 2006)7. 

 
The collaboration between the colleagues of DLR-

IMF and IPA was also the starting point for our com-
mon participation in the ESA Climate Change Initiative 
(CCI), in particular the ozone project (ESA Ozone_cci). 
Additional joint IPA-IMF research was dealing with 
various aspects of ozone change and variability on 
global and regional scales, thus enabling the monitor-
ing of the effectiveness of the Montreal Protocol 
(Coldewey-Egbers et al., 2014).  

Furthermore, based on multi-decadal simulations 
with the CCM E39CA, several reviewing studies were 
carried out to explain and discuss the recent and future 
development of the ozone layer and focusing on im-
pact of climate change on stratospheric ozone (e.g., 
Dameris and Baldwin, 2011). A specific study investi-
gated recent developments and future challenges re-
garding numerical modelling of climate-chemistry con-
nections was published by Dameris and Jöckel (2013). 
                                                           
7 Dameris, M., Matthes, S., Deckert, R., Grewe, V., Ponater, M., 2006: 
Solar cycle effect delays onset of ozone recovery, Geophysical Research 
Letters, 33, L03806-1-L03806-4. 

Scenario simulations as those just described are run 
with emissions prescribed as realistic and complete as 
possible. While the resulting ozone distribution chang-
es can thus be reasonably compared to observations, it 
is very difficult to identify individual cause and effect 
relationships and to assess their relevance for the cli-
mate system evolution. In particular, a separation be-
tween radiative forcing and radiative feedback compo-
nents is not straightforward (Cionni et al., 2011) and 
requires additional sensitivity simulations. The ozone 
radiative feedback that is attributable to CO2 driven 
tropospheric and stratospheric temperature changes 
(rather than to changes in ozone precursor emissions) 
is caused by the ozone response pattern shown in Fig-
ure 3.1-26. It develops in a CO2 doubling simulation 
with interactively coupled chemistry and ocean (see 
Section 2.6), if all external forcing components except 
for CO2 are kept constant. 

 
Several processes discussed earlier in this section 

are influencing this ozone change pattern: The ozone 
decrease in the lower tropical stratosphere is related to 
an intensified tropical upwelling mainly induced by 
tropical SST increase (Garny et al., 2011b). Ozone de-
crease in the extratropical lowermost stratosphere is 
related to a tropopause rise under global warming, 
while another contribution (at 100 hPa) over the 
Southern Polar region reflects ozone depletion by more 
PSC formation in a cooler stratosphere (due to direct 
radiative impact of increasing CO2). Stratospheric cool-
ing increases ozone elsewhere in the stratosphere, as 
gas phase loss rates destroying ozone are slowed 
down. Upper tropospheric ozone levels mainly increase 
due to enhanced lighting NOx production in a warmer 
troposphere/surface climate. Dedicated tagging and 
attribution methods (Grewe, 2013; Garny et al., 
2011a) help to identify these processes. The net radia-
tive feedback induced by the ozone change pattern is 
negative, causing the climate sensitivity to CO2 chang-
es to be 4 to 8% smaller in a model setup with interac-
tive chemistry compared with a model using a pre-
scribed ozone distribution (Dietmüller et al., 2014). 

 
Figure 3.1-26: Change of ozone mixing ratio (in %) in a 
climate model simulation with doubled CO2, compared 
to the reference climate. The various maxima and mini-
ma are attributable to individual processes (see text). 

 
Figure 3.1-25: Temporal evolution of total ozone 
anomalies for the near global mean, i.e. the average 
between 60°N and 60°S (in %). The mean annual cycle 
for the period 1995-2004 was subtracted in each case. 
The orange and red curves represent data obtained 
from satellite instruments. The blue curve shows results 
from numerical simulations using the CCM E39CA. 



 

 

51 

     3.1 Space Research: Earth Observation and Atmospheric Research 

3.1.4 Vertical Coupling Processes 
Atmospheric gravity waves (GW) play a key role in the 
bi-directional vertical coupling of the atmosphere at all 
altitudes between the ground and the lower thermo-
sphere (> 100 km) and are a main driver of the atmos-
pheric circulation. Observations of GW and under-
standing of the relevant processes related to GW are 
crucial to improve and validate general circulation 
models which are used for climate projections and 
numerical weather predictions. Long-term observations 
of mesospheric phenomena like noctilucent clouds 
(NLC) provide another possibility to assess climate 
change. Research focusses on the generation of GWs 
in the troposphere, their propagation throughout the 
middle atmosphere and their effect on the region of 
dissipation in the mesosphere as well as the feedback 
of these processes on tropospheric conditions. Meas-
urement data is obtained from ground-based and air-
borne instruments (some of them specifically devel-
oped at IPA for this purpose) using different tech-
niques. The data is analysed in conjunction with model 
results. 

Sources of gravity waves 

One of the main questions related to GW concern the 
mechanisms of excitation and distribution of sources. 
To identify source regions in the troposphere and 
stratosphere, datasets from several instruments ac-
quired during the GW-LCYCLE-1 campaign in Northern 
Scandinavia in December 2013 and the DEEPWAVE 
campaign in austral winter 2014 in New Zealand are 
analysed (e.g. Ehard et al., 2015, Fritts et al., 2015). 
GWs are tracked from the ground to the lower strato-
sphere using radiosondes which were launched every 
three hours during intensive observation periods. Sin-
gle wave packets are identified using wavelet analysis. 
The Temperature Lidar for Middle Atmosphere re-
search (TELMA) observed the propagation of these 
waves throughout the stratosphere and mesosphere. 
The micro-wave temperature profiler observed GWs 
near flight level. The spatial pattern of so-called moun-
tain waves, a type of GW excited by flow across moun-
tains, was observed by the 2-µm wind lidar on board 
the Falcon aircraft (Figure 3.1-27). Those waves were 
shown to coincide very well with WRF simulations. 

The role of gravity waves in the atmosphere 

GWs play a key role in the middle atmosphere since 
they can drive the atmosphere far away from the radia-
tively determined equilibrium temperature and impose 
drastic changes on the circulation. While GWs propa-
gate through the atmosphere, their amplitude increas-
es with altitude due to the decrease in atmospheric 
density. Large-amplitude waves will eventually break 
and deposit their energy and momentum in the break-
ing region thereby changing the background state. 

GW are also subject to filtering by the wind. For a site 
inside the Southern Polar vortex the lower stratospheric 
wind effectively controls the wave flux into the meso-
sphere (Kaifler et al., 2015). During the DEEPWAVE 
campaign the thermal structure and GW characteristics 
with the TELMA instrument were observed. TELMA 
data show a variety of different wave types, among 
them mountain waves with zero observed phase-
speed. The strongest mountain waves were detected 
around 1 August 2014. However, these waves could 
not penetrate into the mesosphere (Figure 3.1-28). 
Instead, it appears that the wind minimum in the lower 
stratosphere and the accompanying wave breaking 
acts as a propagation barrier and, hence, controls 
which part of the gravity wave spectrum may enter the 
mesosphere. Commonly, high-amplitude upward-prop-
agating waves with amplitudes up to 20 K and periods 
between one and two hours were frequently detected 
in the mesosphere during austral winter. The observa-
tion period was extended to austral spring in order to 
study changes in GW characteristics related to the 
breakup of the polar vortex. 

 
Figure 3.1-27: Vertical wind obtained from the 2–µm 
wind lidar during a flight across the Scandinavian 
mountain ridge. 

 
Figure 3.1-28: Potential energy density of GWs in 
Lauder, New Zealand for different altitude ranges. 
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The simulated atmosphere: What can be learned 
from numerical models? 

The large datasets obtained during the field campaigns 
are compared and analysed in conjunction with model 
data. Figure 3.1-29 shows lidar measurements of 
mountain waves observed on 1 August 2014 above 
New Zealand along with temperature perturbations 
extracted from the ECMWF model. The good agree-
ment in the stratosphere shows that the model repre-
sents the dynamical state of the atmosphere well, mak-
ing ECMWF a useful tool to supplement studies of GW 
evolution in the stratosphere. 
 

 
Figure 3.1-29: Temperature perturbations at Lauder 
(45°S) on 1 August 2014 (colour: lidar, contour: ECMWF). 
 
For an in-depth study of GW processes idealized nu-
merical simulations which are inspired by Queney’s 
classic wave regimes8 were set up for a computational 
domain extended into the middle atmosphere. The 
simulations allow comparisons with linear theory and 
also provide data for studying the effects of different 
wave regimes and sets of equations on the evolution 
of GWs (Figure 3.1-30).  
 
 

 
Figure 3.1-30 Evolution of GW in the mesosphere and 
lower thermosphere governed by anelastic equations. 

                                                           
8 Queney, P., 1948: The problem of air flow over mountains: A sum-
mary of theoretical results, Bull. AMS 29, 16-26. 

It is planned to use these simulations matching ob-
servational data of GW during case studies (see also 
Section 4.1.1). 

Understanding noctilucent clouds: Does their 
occurrence indicate a changing climate? 

GWs propagating to the mesosphere-lower thermo-
sphere region have a strong influence on the formation 
and structure of NLC. NLC are thin ice clouds forming 
at the cold polar summer mesopause that were first 
observed in the late 19th century. Many questions 
about NLC are still unanswered, though. Especially, the 
nucleation mechanism of the ice particles and the ma-
terial of condensation nuclei are not known. The 
CARMA model was extended to perform simulations 
of the evolution of NLC in dynamical background fields 
(Figure 3.1-31). Of specific interest is the nucleation 
growth rate and lifetime of the NLC particles. Results 
are compared with observational data from lidar 
measurements as well as recent laboratory experi-
ments. 
 

 
Figure 3.1-31: CARMA simulations of evolution of NLC 
properties in dynamical background fields. 

 
NLC are a possible indicator of climate change as 

their occurrence and brightness critically depend on 
ambient temperature and the availability of water va-
pour. Both are expected to change with increasing 
levels of carbon dioxide and methane due to anthro-
pogenic emissions. To detect trends in occurrence fre-
quency and brightness, however, observation periods 
are required to be longer than the 11-year solar cycle. 
Analysing level 1.0 Meteosat data, new NLC observa-
tions were documented for the Northern Hemisphere 
for the years 2004–2014. NLCs are detected in Mete-
osat images as a thin layer above the Polar Regions. 
The NLC occurrence frequency in different latitude 
bands agrees well with data from other NLC-observing 
satellites. The length of the season, which is difficult to 
determine with ground-based instruments, was derived 
as well as daily, seasonal and inter-annual variability. 
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3.1.5 Earth System Model 
Evaluation 

Earth System Model (ESM) evaluation is performed to 
understand the performance of a model either com-
pared to predecessor versions, a set of other models or 
to observations. The evaluation of ESMs with observa-
tions is crucial for model improvements and a better 
process understanding of the climate system. It is also 
a vital prerequisite for trustworthy climate projections 
of the 21st century to be used for policy guidance. This 
research area exploits synergies in the areas of Earth 
system modelling and Earth observations at IPA 
through close cooperation between experts in both 
areas, and establishes strong linkages with the interna-
tional community. 

Contributions to international activities 

Benchmark for process-oriented chemistry-climate 
model evaluation established 

IPA led the evaluation of chemistry-climate models 
(CCMs) within the SPARC CCMVal activity and its fol-
low-up initiative CCMI until 2013. CCMs are important 
tools for simulating changes in stratospheric ozone 
that arise from changes in ozone-depleting substances 
and greenhouse gases. Interest in reliable future pro-
jections of stratospheric ozone and its impact on cli-
mate has created a need to address how well the re-
lated key processes are represented in the models. 
CCMVal takes as a starting point the premise that 
model performance is most accurately assessed by 
examining the representation of key processes, rather 
than just the model’s ability to reproduce long-term 
ozone trends, as the latter can be more easily tuned 
and can include compensating errors. Thus, a premium 
is placed on high-quality observations that can be used 
to assess key processes in the models. 

Following Waugh and Eyring (2008), a key aspect 
of the model evaluation within the SPARC CCMVal 
report – prepared by dozens of scientists – was the 
application of observationally-based performance met-
rics to quantify the ability of models to reproduce key 
processes for stratospheric ozone and its impact on 
climate. Comprehensive process-oriented evaluation 
has led to a much better understanding of the 
strengths and weaknesses of CCMs. The identification 
of model deficiencies in CCMVal-1 led to significant 
improvements in some models. For example, the simu-
lation of stratospheric inorganic chlorine (Cly) has im-
proved in several models, including substantial im-
provements in the IPA model, with EC39/A showing 
better results than E39C and now agreeing well with 
observations (Figure 3.1-32). Results from CCMVal 
(including E39CA) contributed to the WMO/UNEP Sci-
entific Assessments of Ozone Depletion 2010 and 
2014. IPA also contributed with EMAC to the ACCMIP 
project which supported IPCC AR5 with model simula-
tions for the assessment of radiative forcing and air 
quality projections. 

Evaluation of CMIP5 models 

Analysis of climate models participating in the Coupled 
Model Intercomparison Project (CMIP) Phase 5 project 
with respect to trends in total column ozone shows 
that the multi-model mean of the models with interac-
tive chemistry is in good agreement with observations, 
but that significant deviations exist for individual mod-
els (Eyring et al., 2013; Figure 3.1-33). In contrast to 
CMIP3, where half of the models prescribed constant 
stratospheric ozone concentrations, all CMIP5 models 

 
Figure 3.1-33: Total column ozone time series for (a) 
annual global and (b) Antarctic October mean in Dobson 
Units (DU). Models with interactive chemistry are 
shown in coloured lines, their multi-model mean 
(CMIP5Chem) in thick red, their standard deviation as 
blue shaded area, the multi-model mean of the models 
that prescribe ozone (CMIP5noChem) in thick green, the 
IGAC/SPARC ozone database (thick pink), the CCMVal-2 
multi-model mean (thick orange), and observations 
from five different sources (black symbols). 

 
Figure 3.1-32: Cly time series for northern midlatitudes 
at 50 hPa. Estimated observational uncertainties are 
shown by the vertical black bars, individual CCMs in 
coloured lines and the multi-model mean (MMM) as 
dashed black line. 
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consider past ozone depletion and future ozone recov-
ery, either prescribed or calculated interactively. Large 
variations in stratospheric ozone in models with inter-
active chemistry drive large variations in lower strato-
spheric temperature trends. The results also illustrate 
that future Southern Hemisphere summer-time circula-
tion changes are controlled by both the ozone recovery 
rate and the rate of greenhouse gas increases, empha-
sizing the importance of simulating and taking into 
account ozone forcings in climate projections. 

How to relate model performance to projections? 

While evaluation of the evolving climate state and pro-
cesses can be used to build confidence in model fideli-
ty, this does not guarantee the correct response to 
changed forcing in the future. In the relatively new 
field of emergent constraints, an apparent relationship 
between climate sensitivity to anthropogenic forcings 
and observable features of the Earth’s climate system is 
investigated. An emergent constraint analysis can help 
focusing model development and evaluation onto pro-
cesses that are crucial for the magnitude and spread of 
future Earth system changes. For example, CMIP5 
ESMs simulate a wide spread in tropical land carbon 
storage for the quadrupling of atmospheric CO2, which 
is in the order of 252 ± 112 GtC when carbon climate 
feedbacks are enabled. Consequently, the spread in 
the long-term sensitivity of land carbon storage to fu-
ture climate change (γLT) is large (-49 ± 40 GtC/K) and 
thus remains one of the key uncertainties in current 
ESM projections. A tight correlation in CMIP5 ESMs is 
found between γLT and the short-term sensitivity of 
atmospheric CO2 to inter annual variability in tropical 
temperature (γIAV), which enables the projections to be 
constrained with observations. The observed γIAV (-4.9 
± 0.9 GtC/yr/K) constrains the carbon cycle-climate 
feedback γLT to −44 ± 14 GtC/K (Wenzel et al., 2014; 
Figure 3.1-34). 

Karpechko et al. (2013) addressed the question 
whether total column ozone projections over Antarcti-
ca calculated from the CCMVal multi-model mean can 
be improved with a process-oriented multiple diagnos-
tic ensemble regression (MDER) method. The method is 
based on the correlation between simulated future 
ozone changes and selected key processes relevant for 
stratospheric ozone under present-day conditions. The 
MDER method projects that October Antarctic total 
ozone will return to 1980 values at around 2055 with 
the 95% prediction interval ranging from 2035 to 
2080. This reduces the range of return dates across the 
ensemble of CCMs by about a decade and suggests 
that the earliest simulated return dates are unlikely. 

Experimental design for CMIP6 defined 

Since 2014, IPA is coordinating the CMIP Panel in col-
laboration with other partners. CMIP has been a major, 
very successful endeavour of the climate community to 
understand past climate changes and for making pro-
jections and uncertainty estimates of the future climate 
within a multi-model framework. CMIP has developed 
in phases, with the simulations for CMIP5 now mostly 
completed. The definition of the design and organiza-
tion of the next phase of CMIP (i.e., CMIP6) has been 
started (Meehl et al., 2014). CMIP is providing a basis 
for the understanding of climate variability and climate 
change, but the use of the model results requires thor-
ough knowledge on their limitations. It is therefore 
essential to evaluate the models systematically against 
observations. IPA works towards an improved ESM 
evaluation within CMIP6, in particular through the 
development of the ESMValTool which we aim to rou-
tinely run on CMIP model output to provide a wide 
range of diagnostics that comprehensively characterize 
model behaviour as soon as the output is placed in the 
archive (see Section 2.6.2). 

Evaluation of EMAC with satellite data 

The main modelling tool at IPA to study chemistry-
climate interactions is now the EMAC model. A de-
tailed evaluation of EMAC was carried out as part of 
the DLR project ESMVal. Four EMAC simulations have 
been evaluated with the ESMValTool in order to identi-
fy differences in simulated ozone and selected climate 
parameters that resulted from a) different setups of the 
EMAC model (nudged versus free-running) and b) dif-
ferent boundary conditions (emissions, sea surface 
temperatures and sea-ice concentrations). Quantitative 
performance metrics are calculated in a consistent 
manner for climate parameters and ozone. This is im-
portant for the interpretation of the evaluation results 
since biases in simulated climate can impact on biases 
in chemistry and vice versa. The observational datasets 
used for the evaluation include ozonesonde- and air-
craft data, meteorological reanalyses and satellite 
measurements. 

 
Figure 3.1-34: γLT versus γIAV for the CMIP5 models. The 
red line shows the best fit of the CMIP5 models. The 
vertical dashed lines show the range of observed γIAV. 



 

 

55 

     3.1 Space Research: Earth Observation and Atmospheric Research 

Tropospheric column ozone bias reduced through 
newly proposed HNO3-formation channel 

A common bias that is present in all four EMAC simu-
lations evaluated is an overestimation of tropospheric 
column ozone, which is significantly reduced when 
lowering the lightning emissions of nitrogen oxides. In 
order to further investigate possible other reasons for 
such a bias, a sensitivity simulation (ACCMIP-S2) with a 
newly proposed HNO3-formation channel of the HO2 + 
NO reaction was performed. The introduction of the 

new HNO3-formation channel significantly reduces this 
bias (Figure 3.1-35). Therefore, including the new reac-
tion rate could potentially be important for a more 
realistic simulation of tropospheric ozone, although 
laboratory experiments and other model studies need 
to confirm this hypothesis (Righi et al., 2015). 

Aerosol optical depth well reproduced by EMAC-MADE 

Several aerosol diagnostics have been implemented 
into the ESMValTool in order to routinely compare 
simulated aerosol concentrations with station data. 
These diagnostics consider time series of monthly-
mean aerosol concentrations, create scatter plots with 
the relevant statistical measures, and contour maps. 
Observational data from a wide range of station net-
works are used, including AERONET, IMPROVE and 
CASTNET (North America), EMEP (Europe) and the 
Asian network EANET. In general, good agreement 
between EMAC with submodel MADE and observa-
tions is found for black carbon, organic aerosol, sul-
phate, nitrate and ammonium. The agreement is par-
ticularly good for PM10 and PM2.5. 

 
The evaluation of size-resolved aerosol number 

concentrations unveiled some limitations in the mod-
el’s representation of coarse particles (diameter larger 
than about 1 μm). This motivated a further develop-
ment of MADE (MADE3) with a more detailed repre-
sentation of the coarse mode particles and their inter-
actions with the fine modes. This model development 
has been supported by the ESMValTool, which allowed 
an easy and consistent evaluation at each development 
stage. The evaluation of aerosol optical depth against 
AERONET station data shows a generally good agree-
ment, although the model has some biases in regions 
of high optical depth. The model bias over the Atlantic 
could be related to long-range transport of mineral 
dust from the Sahara and/or of aerosol from the bio-
mass-burning regions of central Africa (Figure 3.1-36). 

 
Figure 3.1-36: Multi-year average (1996-2005) aerosol 
optical depth at 550 nm as simulated by EMAC with 
submodel MADE (contour map) and as measured by the 
AERONET stations (circles). 

 

 

 
Figure 3.1-35: Tropospheric column ozone in the EMAC 
ACCMIP simulation compared with a sensitivity simula-
tion (ACCMIP-S2) and MLS/OMI observations. The val-
ues on top of each panel show the near global average. 
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Evaluation of EMAC with DLR in-situ aircraft data 

Within the DLR ESMVal project, a particular focus was 
placed on using DLR in-situ aircraft data for the evalua-
tion of EMAC. Two different approaches were used: 
(1) EMAC was compared to a single measurement 
campaign, the ESMVal HALO campaign. This requires 
that the model is nudged towards the observed mete-
orological situation, well resolved emission inventories 
are used, and high-frequency output is sampled that is 
co-located with the measurements in space and time 
(Jöckel et al., 2010). (2) EMAC was compared with 
climatology of in-situ aircraft data. 

ESMVal HALO campaign – In 10 days around the world 

The main objective of the ESMVal campaign was to 
sample a wide range of observational data for the 
evaluation of ESMs, in particular the EMAC model. 
Under the lead of IPA the ESMVal HALO measurement 
campaign was carried out in September 2012 and pro-
vided observations from the surface up to an altitude 
of 15 km in the troposphere and lower stratosphere. 
The ESMVal HALO mission included pole to pole meas-
urements of trace gases in the UTLS region from Spits-
bergen in the Arctic to the edge of the Antarctic conti-
nent, and detailed profile measurements sampling 
selected air masses impacted by specific dynamical and 
chemical processes (Figure 3.1-37). The sampling re-
gions were selected with the help of EMAC simulations 
upfront, and all anticipated trace gas signatures could 
be found in the measurements.  

 
Given the coarse resolution and parameterizations 

in a global model, the trace gas signatures simulated 
by EMAC overall agree remarkably well with the in-situ 
measurements. With the help of sensitivity simulations 
(e.g., double biomass burning (BB) emissions, changes 
in NOx from lightning or modified chemistry) it was 
possible to narrow down reasons for differences be-
tween observations and simulations. The general high 
bias in tropospheric ozone in EMAC identified in Righi 
et al. (2015) is also visible in the comparison with the 
ESMVal HALO campaign data, and almost disappears 

in a sensitivity simulation with an additional HNO3 for-
mation channel (Butkovskaya-simulation, Figure  
3.1-38). A newly implemented microphysical process 
that included trapping of ice particles also slightly re-
duced the ozone bias. 

Database with 20 years of Falcon and HALO data 

ESMs typically run at horizontal resolutions of a few 
hundred kilometres whereas field experiments sample 
local air masses. In addition, ESM simulations are usual-
ly performed in free running mode, meaning that the 
meteorology and dynamics of the atmosphere do not 
match the one that is observed during a particular 
time. A comparison of free-running ESMs to in-situ 
aircraft observations is thus only meaningful on a sta-
tistical basis requiring long time series of data. In order 
to facilitate this, a new database has been set-up con-
taining aircraft in-situ measurements of trace species 
from two DLR research platforms (Falcon and HALO) 
over a period of 20 years (1994–2014) sampled in dif-
ferent regions of the world (Europe, Africa, America, 
Australia, Polar Regions). The data archive is based on 
a database initially developed within the framework of 
a HALO DFG-project at the Leibniz-Institute for Tropo-
spheric Research. In 2013 this database was officially 
transferred to DLR and is now accessible at 
https://halo-db.pa.op.dlr.de/. Data composites can be 
produced easily for given altitude intervals, regions of 
interest, and seasons. 
 

 
Figure 3.1-37: ESMVal HALO flight routes (white line) 
with locations of vertical profiles (red) and global CO 
distribution at 140 hPa as simulated with EMAC. Re-
gions of particular interest are indicated. 

 
Figure 3.1-38: Normalized bias of the median ozone 
mixing ratio in EMAC simulations along the HALO 
ESMVal flight path. The altitude bins are: troposphere 
below and above 250 hPa, UTLS, stratosphere, and all 
altitudes.  
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3.2 Aeronautics Research: 
Air Traffic Management 
and Environment 

3.2.1 Climate Impact of Aviation 
Aviation ensures mobility and plays an important role 
in economic growth and human welfare. However, the 
emission of the combustion products from aviation 
changes the composition of the atmosphere (with ad-
verse effects for air quality), with impact on the abun-
dance and properties of clouds and eventually climate. 
Aviation fuel burn and its atmospheric effects have 
been substantially growing during the recent decades 
(e.g., Lee et al., 2009) and this trend is forecasted to 
continue. Substantial reductions in the specific fuel 
consumption and specific emissions (i.e., emissions per 
passenger kilometre) have been overcompensated by 
the fast growth of the transport volume, e.g., of the 
revenue passenger kilometres (Figure 3.2-1). 

IPA has investigated the atmospheric effects of avi-
ation since more than two decades and has substan-
tially contributed to the current knowledge on its cli-
mate impact. IPA has played leading roles in interna-
tional assessments, in particular the IPCC Special Re-
port "Aviation and the Global Atmosphere", the ATTI-
CA Assessment Reports (Sausen, 2010; Lee et al., 
2010), contributed to the 2009 and 2013 IPCC reports, 
and is a requested partner in national and international 
research projects on the atmospheric effects of avia-
tion. 

Aviation CO2 and non-CO2 effects 

The climate impact of aviation by far exceeds the ef-
fects from its contribution to the abundance of long-
lived greenhouse gases, i.e., CO2. The perturbation of 
the radiative balance of the atmos-
phere by aviation occurs via various 
complex pathways (Figure 3.2-2): (1) 
Aircraft directly emit greenhouse gas-
es such as CO2 and H2O. (2) Aircraft 
emit species such as NOx and VOCs, 
indirectly modifying the abundances 
of greenhouse gases, such as CH4 or 
O3. (3) Aerosols (e.g. soot, sulphate) 
and precursor species (e.g. SO2) have 
a direct impact on the radiative bal-
ance of the atmosphere and modify 
cloudiness, thereby indirectly effecting 
climate. (4) Finally, aircraft trigger 
additional clouds (contrails), which 
can evolve into contrail cirrus with a 
substantial radiative impact. These 
effects occur at different spatial (from 

few kilometres to global) and temporal (from minutes 
up to centuries and millennia) scales. 

The various atmospheric effects of aviation result in 
a perturbation of the radiative budget of the atmos-
phere and contribute to climate change. A rather fre-
quently applied metric to compare different contribu-
tions to climate change is radiative forcing (RF) a 
measure of the magnitude of the radiative imbalance 
resulting from a perturbation of the atmosphere. There 
is an approximately linear relationship between the 
magnitude of RF and the expected equilibrium global-
mean surface temperature change, which has motivat-
ed the preferential use of RF as metric of the strength 
of different contributions to climate change. 

While climate effect of aircraft CO2 directly follows 
from the amount of emissions, i.e., of fuel burn, the 
pathways of other aircraft-related perturbations of 
atmospheric composition and climate are more com-
plex, and the level of scientific understanding (much) 
lower. Largest uncertainties are associated with air-
craft-induced cloudiness. Highlights and selected re-
sults of IPA's recent research on the aircraft climate 
impact via chemical, micro-physical, dynamic and radi-
ation processes are presented below. 

 

 
Figure 3.2-2: Schematic plot of pathways of the aviation climate effects. 

 
Figure 3.2-1: Aviation fuel burn and revenue passenger 
kilometres (RPK) as functions of time. 
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Contribution of aviation NOx emissions to the 
atmospheric NOy budget 

As an observational base to better constrain simula-
tions of the climate impact of aircraft NOx emissions, 
we have studied the aircraft NOx contribution to the 
total NOy budget of the upper troposphere using ob-
servations from the CARIBIC flying laboratory (see also 
Section 3.1.3). In order to quantify aircraft NOx we 
have folded backward trajectories from the flight 
tracks with the AERO2K global aviation emission inven-
tory (Stratmann, 2013). The aircraft NOx has been 
chemically processed along these trajectories and the 
resulting aircraft NOx has been compared to measured 
total NOy values along the flight paths (Figure 3.2-3). 

 
We found strong seasonal and regional differences. 

In the North Atlantic flight corridor, the highest contri-
bution (~15%) to the upper tropospheric NOy was 
found for autumn and winter, a minimum for summer. 
On a global perspective, the northern mid-latitudes 
exhibit the highest contributions of aircraft emissions 
to the atmospheric nitrogen oxides budget, as was also 
shown by global model simulations (Gottschaldt et al., 
2013). Uptake of the NOy reservoir species nitric acid in 
contrails (Schäuble et al., 2009) and cirrus clouds can 
modify the atmospheric NOy partitioning with largest 
effects in the mid-latitude upper troposphere 
(Gottschaldt et al., 2013). 

Impact of aviation NOx on atmospheric ozone and 
methane  

Aviation NOx emissions not only impact NOy, they in-
crease via smog reactions the concentration of the 
greenhouse gas O3 as shown in Figure 3.2-4. While the 
NOx perturbation decays within few days, the O3 per-
turbation continues to increase for about half a month 
and eventually decays with a life-time in the order of a 
month. Background CH4 in the atmosphere has a life-
time of about a decade. As a secondary effect of the 

above mentioned smog reaction, increases in the OH 
concentration result in a reduced life-time, and there-
fore also abundance of CH4 (Grewe et al., 2014). This 
eventually leads to a reduction of the O3 abundance, 
with the life-time of CH4 (not plotted in Figure 3.2-4), 
the so-called primary mode ozone (PMO). 

All these chemical effects have been studied by 
means of the global climate chemistry model EMAC 
(Søvde et al., 2014). The associated radiative forcings 
(RF) have been estimated for the year 2006: 
19.1 mW m-2 from the fast O3, −10.7 mW m-2 from 
CH4, –5.4 mW m-2 from PMO, i.e., the total RF from 
aviation NOx emissions is estimated from a multi-model 
mean as 5.2 mW m-2. 

 

Global aerosol increases due to aviation 

Regarding aircraft particulate emissions we have inves-
tigated crucial factors controlling the chemical compo-
sition of aircraft plume particles (comprising ultrafine 
volatile particles, emitted Black Carbon (BC or soot) 
particles and entrained ambient particles) as they dis-
perse on a regional scale (Kärcher et al., 2007)9. 

The global effects of these particles were studied 
by numerical simulations using the climate-chemistry 
model EMAC, extended by an aerosol sub-model (see 
Section 2.6). We obtained the aviation contribution to 
the atmospheric aerosol load (Righi et al., 2013, 2015). 
Figure 3.2-5 shows resulting zonal mean changes for 
aviation emission of the year 2000. The concentration 
of black carbon aerosols is significantly increased (up to 
4% at altitudes and latitudes where aircraft mainly fly 
at cruise). Similar results are found for sulphate (not 
shown in figure). Interestingly, the concentration of 
nitrate aerosols decreases at cruise altitudes (−20%). 
The reason for this decrease is the relatively high 
amount of sulphate generated by aircraft emissions at 
these altitudes. This results in an increasing amount of 
ammonium sulphate at the expense of ammonium 
nitrate (from non-aviation sources). The associated RF 
from the aviation direct aerosol effects has been calcu-
lated as −3.2 mW m-2. 
                                                           
9 Kärcher, B., Möhler, O., DeMott, P. J., Pechtl, S., Yu, F., 2007: In-
sights into the role of soot aerosols in cirrus cloud formation, Atmos-
pheric Chemistry and Physics, 7, 4203-4227. 

 
Figure 3.2-3: Aviation NOx contribution to the boreal 
autumn mean of the total NOy in the upper troposphere 
along CARIBIC flight paths. 

 
Figure 3.2-4: Example of the response of the atmospher-
ic O3, CH4 and H2O concentrations to pulse emissions of 
NOx and H2O. 
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Aerosol indirect cloud effects 

Beyond its direct effects, aviation-induced aerosol also 
impact cloudiness by providing additional cloud con-
densation nuclei, eventually resulting in the aerosol 
indirect effect (see Figure 3.2-2). We simulated this 
effect using EMAC, however, not considering the im-
pact on cirrus (Righi et al., 2013). The resulting cloud 
changes cause a RF of −15 mW m-2 (cooling) for the 
year 2000, with a range from −70 mW m-2 to 
+2 mW m-2 due to parameter uncertainty. 

Regarding the aerosol impact on cirrus clouds, the 
role of black carbon (soot) as atmospheric ice nuclei 
has attained dedicated research. Soot particles from 
aircraft acquire aqueous coatings of sulphate and or-
ganics already at emission, in part from emissions of 
SO2 and from ambient aerosols via condensation and 
coagulation during plume dispersion. The evolving 
chemical composition and size distributions of plume 

particles affect their propensity to act as heterogene-
ous ice nuclei for cirrus cloud formation. For instance, 
liquid coatings around refractory particle cores are 
known to dampen heterogeneous ice nucleation activi-
ty in some cases. While we know that fresh soot parti-
cles cannot be potent ice nuclei during contrail for-
mation, the ability of soot particles to affect ice for-
mation in aircraft plumes without contrails is not 
known. This ability is difficult, to infer unequivocally 
from laboratory studies or atmospheric observations 
(Bond et al., 2013). 

The vast majority of studies suggest that combus-
tion particles from a large number of sources are rather 
inefficient atmospheric ice nuclei (Figure 3.2-6). There-
fore, their ice nucleation behaviour in atmospheric 
conditions remains questionable. Moreover, a potential 
resultant perturbation of natural clouds will crucially 
depend on plume age, the presence of natural ice-
forming particles, the dynamical forcing regime and 
the super-saturation wherein the particles evolve. This 
renders hypothesised large-scale changes in cloud 
properties due to aircraft-generated soot particles 
highly uncertain. 

In-situ observations of contrail properties 

The most obvious cloud effects of aviation are the for-
mation of contrails and contrail cirrus. Insufficient 
knowledge on microphysical and optical contrail prop-
erties and their variability has limited our understand-
ing of their radiative impact. In order to enhance the 
observational data base, we probed young contrails 
during two CONCERT (Contrail and Cirrus Experiment) 
campaigns (Figure 3.2-7) using in-situ instruments on 
board the DLR research aircraft Falcon in 2008 and 
2011 (e.g., Voigt et al., 2010). These contrails were 
triggered by different commercial aircraft ranging from 
a small regional airliner Bombardier CRJ to the large 
passenger aircraft A380. 

Using a new methodological approach, we derived 
distributions of the contrail extinction and optical 
depths from the measured particle size distributions 
(Figure 3.2-8). This forms an improved data base to 
derive an observation-based estimate for contrail RF of 
16 mW m−2 for the year 2005, through global extrapo-

  
Figure 3.2-5: Zonal means of the relative contributions 
of aviation to the abundance of black carbon (left) and 
nitrate (right) aerosols. Changes in the grey shaded 
areas are not significant. 

 
Figure 3.2-6: Compilation of heterogeneous ice nuclea-
tion thresholds of combustion aerosol samples with 
different degrees of aging or processing as a function of 
temperature. Low thresholds (lower than 1.4 at T < 230 
K) have been measured only for BC particles that are 
probably least chemically similar to atmospheric BC-
containing particles. 

 
Figure 3.2-7: Probing contrails from two A340 aircraft 
during the CONCERT campaign. 
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lation (Voigt et al., 2011). Combined evidence from 
measurements of particle forward scattering and phase 
functions shows that the fraction of aspherical ice par-
ticles strongly increases already within the first minutes 
of contrail evolution (Gayet et al., 2012). 

Cloud resolving modelling of contrails 

Cloud-resolving simulations of contrails help to gain a 
deeper understanding of how contrails evolve and how 
they are affected by aircraft parameters and atmos-
pheric conditions. Two independent ice microphysical 
models have been developed, fully coupled to the 
Large Eddy Simulation (LES) code EULAG and em-
ployed for high-resolution (mesh size ∆x = 1–10 m) 
simulations of contrails: the two-moment bulk scheme 
BULK (Spichtinger and Gierens, 2009) and the Lagran-
gian cirrus module LCM (Sölch and Kärcher, 2010).  

Different processes and parameters are relevant at 
different evolution stages. Thus, the simulations of 
young (t < 5 min) and aging contrails (t > 5 min) have 
to be separated. For young contrails the interaction 
with the aircraft-induced downward moving wake 
vortices is the dominant feature and analyses focus on 
how many ice crystals sublimate. We have achieved 
fundamental methodological advances in modelling 
young contrails. Switching from 2D to 3D and from 
BULK to LCM microphysics (Unterstrasser and Sölch, 
2010) increased the range of applications and highlight-
ed the importance of early contrail processes for the 
later contrail-cirrus evolution, which eventually will im-
pact the magnitude of contrail RF (see also next Section). 

Unterstrasser and Görsch (2014) assessed the ef-
fect of aircraft type on contrail evolution. Differences in 
wake vortex properties and fuel flow affect the early 
contrail geometric depth and ice crystal number as 
suggested from in-situ observations during CON-
CERT-1 (Jeßberger et al., 2013). Figure 3.2-9 shows 
that this leaves a long-lasting mark over the simulated 
6 hour period. Such knowledge may be used to refine 
contrail and contrail cirrus parameterizations that are 
currently used in global scale models. 

Variability of contrail properties 

The magnitude of the RF by contrails crucially depends 
on their optical depth, and their spatial and temporal 
variability. The importance of the variability impact has 
been investigated, both for calculating contrail RF and 
for estimating thresholds for the detection of contrails 
in satellite images. We estimated statistics of optical 
depth in contrails up to 4 h of age by means of an 
idealized cloud model (Kärcher et al., 2009). For early 
contrail stages, the model results are similar to the 
observations by Voigt et al. (2011). 

Contrail optical depth is highly variable, both spa-
tially and temporally, arising from the variations of the 
meteorological conditions and from the heterogeneity 
of microphysical properties. Radiative transfer models 
with a prescribed mean optical depth cannot represent 
this variability, while global models cover a fraction this 
variability, depending on spatial and temporal resolu-
tion and microphysical representation of contrails. Our 
studies have led to a re-evaluation of global RF from 
contrails obtained from global and radiative transfer 
models (Kärcher et al., 2010). 

Our studies also yielded insight into the ability to 
infer RF from spaceborne passive remote sensing 
measurements (Kärcher and Burkhardt, 2013): The 
mean contrail optical depth and specific longwave RF 
in past satellite observations were overestimated by 
60% and 17%, respectively, because a large number 
of optically thin contrails are not detected and are 
therefore not included in the averages (Figure 3.2-10). 

 
Figure 3.2-8: Distribution of particle sizes (left panel) 
and optical depths (right panel) of young (t < 10 min) 
contrails (solid lines). The dashed curve represents 
background aerosol. 

 

 
 

Figure 3.2-10: Simulated probability distribution of con-
trail optical depth replicating one year of satellite obser-
vations over the eastern North Pacific. Shading indicates 
optical depth values not detected in the passive remote 
sensing observations. 

 
Figure 3.2-9: Temporal evolution of contrail cirrus total 
extinction for five different aircraft types for the same 
ambient conditions. 
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To further narrow uncertainties in inferred global cloud 
radiative forcing, it is important to use consistent da-
tasets of contrail coverage and optical depth and to 
better specify satellite detection efficiencies of thin ice 
clouds. 

Properties of contrail cirrus and natural cirrus 
detected during ML-CIRRUS 

An important constraint on the accurate assessment of 
the radiative forcing from the contrail cirrus is 
knowledge on their microphysical properties and their 
interaction with natural cirrus. In order to reduce exist-
ing uncertainties in microphysical properties of contrail 
cirrus and natural cirrus, we performed the ML-CIRRUS 
measurement campaign with partners from 14 Ger-
man and Swiss research institutions in 2014. The new 
German research aircraft HALO, equipped with a state-
of-the-art in-situ and remote sensing instrumentation, 
gathered a comprehensive and unprecedented data set 
of mid-latitude cirrus properties. 

Forecasts of the contrail cirrus prediction model 
CoCiP (see Section 2.8) were used to select and probe 
regions with enhanced contrail cirrus coverage. Com-
parisons of the cloud patterns from CoCiP and from 
Meteosat satellite observations show a good agreement. 

Using simultaneous observations of NOx and clouds 
on board HALO, we could separate natural cirrus and 
contrail cirrus. We found that the microphysical prop-
erties of the probed contrail cirrus with ages up to 10 h 
still differ from natural cirrus (Figure 3.2-11), suggest-
ing that a signature of the initially high particle number 
densities might remain throughout the life cycle of 
contrail cirrus with implications for their RF. 

Aviation-induced signal in North Atlantic 
cloudiness 

Contrail cirrus is difficult to directly observe in satellite 
images, unless frequent images with sufficiently high 
spatial resolution of the same region are available 

(Vazquez Navarro et al., 2010). We also made an alter-
native approach analysing (lag-) correlations between 
air traffic density and the cirrus cover from Meteosat 
satellite observation in the North Atlantic flight region: 
A double-peak in the diurnal cycle of cirrus cover was 
observed in this region (Graf et al., 2012). It well corre-
lates with the daily air traffic peaks, one in early morn-
ing and one during afternoon (Figure 3.2-12). Besides 
cirrus cover also the optical depth and the outgoing 
longwave radiation show similar diurnal cycles. Cirrus 
cover change maxima follow traffic peaks at different 
times in the western and eastern parts of the North 
Atlantic region, giving strong evidence for aviation as 
cause. The change of the mean cirrus cover is far larger 
than the expected and observed line-shaped contrail 
cover. 

Radiative forcing from contrail cirrus 

While estimates of radiative forcing from line-shaped 
contrails were already provided by IPCC in 1999, the 
larger contribution from contrail cirrus remained un-
known for more than an additional decade. The total 
RF from these clouds, including the feedback from 
natural cirrus clouds, can only be assessed by means of 
comprehensive global climate models. As shown 
above, contrails and contrail cirrus differ in their optical 
properties from natural cirrus. Therefore, it is necessary 
to globally model contrails and contrail cirrus such that 
their aging process can be covered. We used such a 
model, the ECHAM5 model extended by parameteriza-
tion of contrail cirrus (Figure 3.2-13), which allows 
calculating the evolution of contrails to contrail cirrus 
and eventually the resulting modification of natural 
cirrus for the first time. The associated long-wave and 

 
Figure 3.2-11: Particle size distribution in an aged con-
trail cirrus (solid lines) and natural cirrus (dashed lines) 
observed during ML-CIRRUS with the CAS-DPOL instru-
ment (IPA, d < 30 µm) and the CIP instrument (Univ. 
Mainz, d > 30 µm). 

 
Figure 3.2-12: Diurnal cycles of aviation-induced cirrus 
cover changes (top) and of aviation-induced changes in 
the longwave radiative flux (RFLW; bottom) in the North 
Atlantic region versus time of day as derived from Me-
teosat observations, for 8 individual years (thin lines) 
and for the 8-year mean. The red line in the lower panel 
indicates the air traffic density. 
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short wave RFs are +47 and −9 mW m−2, 
derived for a 2002 aviation inventory. 
Contrail cirrus and natural cirrus compete 
for the same water vapour in the atmos-
phere. Therefore, when contrail cirrus 
forms, less water vapour is available for 
natural cirrus. Consequently, the RF from 
natural cirrus decreases by −7 mW m−2. 
This results in a total RF from contrail 
cirrus (incl. feedback via natural cirrus) of 
31 mW m-2 (Burkhardt and Kärcher, 
2011). 

Using a 2006 aviation inventory, an 
upgraded ECHAM version revealed for 
the RF from contrail cirrus (including 
feedback from natural cirrus) of 
49.1 mW m-2 (Bock, 2014). The CoCiP 
model, without simulating the feedback 
of natural cirrus, suggests a rather similar 
net global RF of about 50 mW m-2 (for 
2006) with an uncertainty of 40 to 
80 mW m-2 (Schumann and Graf, 2013). 
The findings of IPA formed the basis for 
the contrail-cirrus RF estimate in the re-
cent IPCC assessment in 2013. 

Radiative forcing from different aviation effects 

In 1999, Prather et al.10 with substantial contributions 
from IPA compiled the state of knowledge on the indi-
vidual components of aviation on climate change in 
terms of RF for the first time. These estimates were 
updated by Sausen et al. (2005)11, who also provided a 

                                                           
10 Prather, M., Sausen, R., Grossman, A.S., Haywood, J.M., Rind, D., 
Subbaraya, B.H., 1999: Potential climate change from aviation, In 
Penner, J.E., Lister, D.H., Griggs, D.J., Dokken, D.J. and McFarland, M. 
(eds.): Aviation and the Global Atmosphere. A Special Report of IPCC 
Working Groups I and III. Cambridge University Press, Cambridge, UK, 
185-215 
11 Sausen, R., Isaksen, I., Grewe, V., Hauglustaine, D., Lee, D.S., Myhre, 
G., Köhler, M.O., Pitari, G., Schumann, U., Stordal, F. and Zerefos, C., 
2005: Aviation radiative forcing in 2000: An update on IPCC (1999), 
Meteorol. Z., 14, 555-561. 

reliable estimate of the RF from line-shaped contrails, 
and later by Lee et al. (2009), who added a probability 
density function of the contribution of aircraft to the 
total anthropogenic RF. 

Figure 3.2-14 compares the RF from different avia-
tion effects. The bars and whiskers, reproduced from 
Lee et al. (2009), give estimates of the expectation 
values and the 90 % confidence intervals, respectively. 
We complemented the figure by recent IPA results, 
which are a substantial improvement. Note that these 
new results are not totally consistent with the original 
aviation emission inventory, e.g., they do not refer to 
the same base year (i.e. 2000 vs. 2002). 

The effects from NOx emissions have been updated 
with our recent results for RF from fast O3 and from 
CH4, and have been supplemented by a negative RF 
from PMO, i.e., from the secondary long term reduced 
production of ozone as a reaction of the reduced CH4 
abundance. While reduced in comparison to Lee et 
al.'s estimate the total RF from NOx is likely to remain 
positive. Our recent observation based RF from line-
shaped contrails, as well as our upgrade of available 
GCM based estimates, both suggest slightly larger 
values than in the Lee et al. assessment. The above 
mentioned more consolidated estimates of the RF from 
contrail cirrus are in the range of the rather uncertain 
estimate of Lee et al. (2009). As an effect, which was 
yet not quantified in 2009, estimates of indirect aero-
sol effects (not considering cirrus effects) are added. 
The associated RF is probably negative. 

 
Figure 3.2-14: Radiative forcing from aviation. The bars and whiskers 
are from Lee et al. (2009). The symbols represent recent IPA results. In 
addition, also RFs from primary mode ozone (PMO) and from indirect 
aerosol effects are included. 

 
Figure 3.2-13: Annual mean radiative forcing from con-
trail cirrus including line-shaped cirrus. 
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Metrics and efficacy 

As a backward looking metric, radiative forcing is used 
as an indicator of how much aviation has so far con-
tributed to climate change. However, as RF summarizes 
the effects of past emissions, it is not an appropriate 
metric for estimating the relative importance of poten-
tial future impacts from the various aviation effects 
(Fuglestvedt et al., 2010). Hence, RF is not suitable for 
regulating aviation in order to reduce its climate im-
pact. Due to the complexity of the problem, an as-
sessment of compensating future effects is not unique 
(Deuber et al., 2013). However, IPA has contributed to 
the on-going debate by testing a new metric that 
avoids some of shortcomings of common metrics like 
the GWP: the average temperature response ATR 
(Dahlmann, 2012; Grewe and Dahlmann 2012). ATR 
integrates the induced global mean temperature 
change over a given time horizon and compares it to a 
response resulting from CO2 emissions. 

Mainly due to their spatially inhomogeneous struc-
ture, the temperature changes caused by the RF from 
most non-CO2 forcings differs from the temperature 
change caused by the same global mean RF from (a 
spatially homogeneous) CO2 perturbation. This effect is 
quantified by the efficacy associated with a given forc-
ing. The efficacy is the factor by which the temperature 
change resulting from a CO2-induced RF has to be 
multiplied, in order to obtain the temperature change 
from the same considered non-CO2 RF. Table 3.2-1 
displays the efficacies determined for some of the avia-
tion climate impacts (Ponater et al., 2012). The efficacy 
of CO2 is 1 by definition. While aviation-induced O3 
(from short term increase) and CH4 are more efficient 
in changing climate than CO2, effects from aviation-
induced H2O increase and line-shaped contrails are 
substantially less efficient than CO2. The efficacies of 
contrail cirrus (beyond line-shaped contrails) and of 
indirect clouds effects are not yet known. 

 

Biofuels  

The aviation impact can be reduced by several technol-
ogy and operational means. One possibility is replacing 
conventional (fossil) fuel by alternative fuels. Therefore, 
there is a growing need to quantify the climate effects 

caused by the projected increase in the combustion of 
alternative fuels by aviation. Ground-based engine 
tests have shown a reduction in soot emissions, when 
burning selected biofuels. This change in emissions is 
expected to affect contrail formation (including their 
life cycle) and indirect cloud effects with potential rele-
vance for climate. Hence, detailed knowledge on the 
combustion process, aerosol emissions from biofuels, 
contrail formation and the related climate impact is 
required. 

To this end, we have developed a physically based 
conceptual model (based on Kärcher and Yu, 2009) of 
the dependence of the ice number density in contrails 
on fuel composition, engine properties and ambient 
parameters. For a decrease in present-days soot emis-
sions, e.g., due to the use of biofuels, a reduction of 
the ice particle number density is derived (Figure  
3.2-15). Additionally, at ambient temperatures near 
the contrail formation threshold only a fraction of the 
soot particles is activated. 

Experimentally, the impact of biofuels on contrail 
formation has been investigated during the ACCESS-2 
campaign by NASA and DLR. In May 2014, the NASA 
DC8 source aircraft burned a blend with the biofuel 

Table 3.2-1: Efficacy associated with aviation climate 
effects. 
 

 Radiative Forcing 
[mW m-2] 

Efficacy 

CO2 28.0      1.0 
CH4 -12.5      1.04 
O3  26.3      1.05 
H2O 2.8      0.7 
lin. contrails 11.8      0.6 

 

 
Figure 3.2-15: Sketch the dependence of the ice number 
density on soot emissions. The arrow in the grey shaded 
area indicates the potential of alternative fuel for a re-
duction of ice particle number. 

 
Figure 3.2-16: Contrails of the NASA DC8 aircraft during 
ACCESS-2.  
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HEFA (Hydroprocessed Esters and Fatty Acids, synthetic 
paraffinic kerosene from the camelina plant) in one 
engine and conventional JET-A1 fuel in the remaining 
three engines (Figure 3.2-16). Their emissions have 
been probed at cruise altitudes by instruments on 
board the DLR Falcon and the NASA Falcon. 

First results from measurements at cruise altitude 
suggest that the black carbon number density and size 
are smaller in the exhaust from the HEFA–blend com-
pared to JET-A1 kerosene, as depicted in Figure 3.2-17. 
For the HEFA blend, we observed a reduction by 30–
60% of the emission indices for non-volatile particles 
larger than 10 nm (dark green bars overlaid by the blue 
and red bars). Effects on contrails have also been 
measured and are currently being analysed. 

 
In order to estimate the global climate impact of 

biofuels, we performed a first sensitivity study with the 
global ECHAM5 model where we reduced the initial 
number of ice crystals in contrails by 80 % (Bock, 
2014). The global RF from contrail cirrus is decreased by 
60% relative the conventional fuel case (Figure 3.2-18). 

Eco-efficient flight trajectories 

Another method to mitigate aviation's climate impact 
is flying along eco-efficient flight trajectories. The at-
mospheric life-times of most of the aviation non-CO2 
effects are too short for the perturbation to become 
globally homogeneously distributed (see above). There-
fore, location, altitude, daytime and background at-
mosphere state have an impact on the magnitude of 
the associated RFs and temperature changes. We 
demonstrated the dependency of cruise altitude on the 
aircraft climate effects by means of simulations with 
our global climate-chemistry model EMAC. For these 
simulations, we considered changes in the cruise alti-
tude of all flights, whenever technically feasible, up-
ward or downward few hundreds of metres, at con-
stant Mach number (Frömming et al., 2012). As ex-
pected the fuel burn and the CO2-related climate 
change decrease with flight altitude (Figure 3.2-19). In 
contrast, all non-CO2 climate effects and the sum of all 
effects (including CO2) increase with flight altitude. 

 
The above mentioned effects get much more pro-

nounced if the up- or downward shift of air traffic is 
not done uniformly but dependent on the actual at-
mospheric state. In many cases contrails and hence 
contrail cirrus can be avoided, if for an individual flight 
the altitude during a certain section of the flight is 
vertically shifted by few hundreds of metres, e.g., by 
one or two flight levels (Mannstein et al., 2005)12. 

Using the global climate-chemistry model EMAC, 
supported by response models, climate cost functions 
have been calculated for the North Atlantic flight corri-
dor on a 4D space-time grid (latitude, longitude, alti-
tude, time) for selected weather situations. These cli-
mate cost functions describe the climate impact of a 
localised emission and have been applied to Eurocon-
trol’s air traffic simulator to optimize the North-Atlantic 

                                                           
12 Mannstein, H., Spichtinger, P., and Gierens, K., 2005: A note on 
how to avoid contrail cirrus, Transport. Res. 10, 421-426. 

 
Figure 3.2-17: Aerosol particle emission indices (EI) de-
rived for conventional Jet-A1 fuel and a HEFA blend dur-
ing ACCESS-2. 

 
Figure 3.2-19: Temperature changes at the end of the 21st 
century induced by globally changing the cruise altitude. 

 
Figure 3.2-18: RF from contrail cirrus with reduced 
(−80%) initial ice crystal concentration. 
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air traffic with respect to direct operating costs and 
climate impact (Grewe et al., 2014b). 

Figure 3.2-20 sketches the relation between cli-
mate impact and increase in costs for a weather situa-
tion with strong zonal wind over the North Atlantic. By 
choosing eco-efficient flight trajectories, the climate 
impact can be substantially reduced at the expense of 
a small increase in total operating costs. Depending on 
weather situation a 25% reduction in the climate 
change can be obtained at less than 0.5% additional 
operating costs. At the same additional operating 
costs, a stronger reduction in climate change can be 
obtained for westbound traffic than for eastbound 
traffic. 

 

 

Eco-efficient aircraft design 

A further possibility to mitigate the climate impact of 
aviation is to design eco-efficient aircraft. IPA has de-
veloped numerically efficient tools (e.g., the model 
AirClim) to estimate the climate impacts of changes in 
aircraft design or of totally new approaches in aircraft 
pre-design. (This will be also studied in the new DLR 
“Leitkonzepte”.) 

For instance, within the EU project AHEAD, we 
evaluated the concept of a multi-fuel blended wing 
body aircraft. In comparison to a B787 aircraft the new 
aircraft would be more energy efficient, and emit less 
CO2 and NOx. On the other hand, it emits more water 
vapour due to the use of either liquid hydrogen or 
liquid natural gas. Still the overall climate impact is 
anticipated to be around 25% smaller than a B787, 
including some future enhancement following 
Flightpath 2050. The study clearly shows that all non-
CO2 effects, as well as design parameters and cruise 
altitude have to be considered carefully. 

3.2.2 Safety Issues of Aviation 

Crucial limitations to the safety and efficiency of avia-
tion result from atmospheric phenomena ranging from 
small-scale wake vortices caused by the aircraft them-
selves to severe weather conditions impacting local and 
regional scales as thunderstorms, clear air turbulence, 
and the impact of winter weather on airport opera-
tions. On large scales the obstruction of aviation by 
volcanic ash and radioactivity are considered.  

Adverse weather is the primary reason for disrup-
tions of the air transport system in the U.S. Over Eu-
rope, adverse weather is responsible for 40–50% of all 
delays. According to the German air navigation safety 
provider DFS, more than 80% of the delays at Munich 
Airport (MUC) are due to adverse weather conditions 
with thunderstorms and fog as the primary reasons.  

Adverse weather like thunderstorms or clear-air 
turbulence can also become hazardous leading to se-
vere incidents with injured passengers. Icing from liq-
uid super-cooled droplets or dry ice crystals can cause 
accidents, like e.g. the crash of an A330 airbus over 
the Atlantic on 1 June 2009, where icing of the Pitot 
tubes within a thunderstorm led to malfunction of the 
speed indicators. Furthermore, volcanic ash eruptions 
may require air space closures. 

There is a clear need for weather information sys-
tems that help all air space users to plan flight routes 
well in advance and enable the mitigation of the 
weather hazard’s effects. If all decision makers in the 
air and at the ground have access to the same weather 
information, the collaborative decision making process 
can be accelerated considerably. Many of the weather 
data and tools available to date have to be interpreted 
by the user before any action can be triggered. How-
ever, as air space users often have to make quick deci-
sions, they need simple, clear and reliable information.  

IPA has been active over many years in addressing 
these requirements through research in various DLR 
internal and international projects but also in emergen-
cy situations like the eruption of the volcano Eyjafjalla-
jökull in 2010 and the Fukushima nuclear accident in 
2011. With these activities IPA addresses the challeng-
es identified by ACARE 2020 (SRIA) and Flight-
path 2050: 

- maintaining and extending industrial leadership 
(break-through technology), 

- protecting the environment and energy supply 
(environment and climate), 

- ensuring safety and security (reliable air transport). 

 
Figure 3.2-20: Sketch of the relation between climate 
impact and increase in direct operating costs for eco-
efficient flight trajectories. The arrow (in the right lower 
corner) depicts the reference case. The red and blue lines 
frame uncertainty ranges for westbound and eastbound 
traffic. 
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Wake vortex 

Prediction of wake vortex drift, descent, and decay, 
and the resulting minimum separations between con-
secutive aircraft is essential for an effective, resource-
efficient, and safe guidance and planning of air traffic. 
In the projects Wetter & Fliegen (2008–2011), Wet-
teroptimierter Luftverkehr (2012–2013), and L-bows 
(2014–2017) IPA worked, together with other insti-
tutes, on the ground-based prediction of optimized 
aircraft separations and the airborne avoidance of haz-
ardous encounters in all flight phases. For this purpose 
innovative methods are developed that enhance the 
efficiency of the prediction systems. The conducted 
activities meet the RECAT initiative of ICAO, FAA and 
EUROCONTROL to update wake turbulence separation 
minima, the expected capacity shortages of major Eu-
ropean airports, the reduction of vertical separations 
during cruise, the growing diversification of aircraft 
types from very light jets up to super heavy aircraft as 
well as the liberalisation of the airspace targeted by 
SESAR and NextGen. Unless specified differently all 
described activities have been conducted by IPA. 

Large-eddy simulation of aircraft wake vortices 

Highly resolving large-eddy simulations (LES) conducted 
on supercomputers provide valuable insights in the 
physics of wake vortex behaviour in different flight 
phases and under various environmental conditions. 
Furthermore, LES supply indispensable guidance for the 
development of simple wake vortex prediction models 
which constitute an essential part of wake vortex advi-
sory systems. LES have been conducted to investigate 
the impact of the final approach and touchdown as 
well as the impact of turbulence and thermal stratifica-
tion on vortex transport, decay, topology, and instabili-
ties. Further, specific phenomena like vortex bursting 
and the formation of vortex funnels have been studied. 

At cruise altitude, winds may be strong but the pre-
vailing turbulence is typically very weak. At these alti-
tudes stable thermal stratification typically limits wake 
vortex lifetimes to a maximum of about 3 min. Figure 
3.2-21 depicts the wake vortex evolution in a neutrally 
stratified and weakly turbulent environment where long-
lived wake vortex rings may form. The vortex rings fea-
ture intriguing phenomena visible both in the photo-
graph and in the LES: After linking of the vortex pair, an 
elongated vortex ring is established and helical instabili-
ties propagate along the vortices. Later, the bone-
shaped vortex rings transform into the shape of an “8” 
followed by a double ring phase (Misaka et al., 2012). 

The vortex bursting phenomenon that can occa-
sionally be observed when wake vortices are visualized 
by contrails is addressed in Figure 3.2-22. A series of 
photos (top stripe) illustrates the contrail evolution 
from vortex roll-up to a stage where vortex bursting is 
visualized by ice crystals contracting in portions along 
the vortices and expanding in others (3rd photo from 
above). In the middle stripe the LES vortex bursting is 
visualized by the clustering of red and green tracers. It 
is revealed that vortex rings propagating along the 
primary vortices cause vortex bursting when they col-
lide (Misaka et al., 2012). The lowest stripe results from 
a radiative transfer simulation applied to the tracer 
field of the LES and was conducted by the Meteorolog-
ical Institute Munich. The similarity of this virtual con-
trail with actual sky observations (upper stripe) provides 
further confidence in the credibility of our LES. 

 

 
The developed hybrid RANS/LES method (Section 

2.7) enables valuable insights into the roll-up process 
behind specific aircraft geometries and configurations 
and the consequences on the resulting vortex proper-
ties (Misaka et al., 2015). Figure 3.2-23, left, depicts 
the near wake flow of an A340 in high-lift configura-
tion consisting of the outer flap-tip vortices, the wing-
tip vortices, the inner engine-nacelle vortices, and the 
vortices detaching from the wing-fuselage junction 
(Stephan et al., 2014a). The wing-tip and flap-tip vorti-
ces merge at a distance of about 10 spans behind the 
aircraft whereas the fuselage wake contributes sub-
stantial turbulence to the resulting vortex pair. This 
aircraft generated turbulence controls the initial decay 
rate of the vortices. 

 
Figure 3.2-22: Wake vortices from observation, fluid 
dynamics and radiative transfer simulations. 

 
Figure 3.2-21: Complex vortex ring structures (photo by S. Lüke above, LES below). Flight direction to the left. 
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Simulations of the final approach and landing indi-

cate that immediately after touchdown the unconnect-
ed ends of the wake vortices get highly disturbed and 
so-called “end effects” start to propagate along the 
vortices against flight direction (Figure 3.2-23, right). 
The end effects consisting of pressure disturbances and 
helical vortex structures appear to ensure vortex decay 
rates in ground proximity which is needed to guaran-
tee the required safety targets of aviation (Stephan et 
al., 2014a).  

Decay enhancing devices − plate lines 

The highest risk to encounter wake vortices prevails in 
ground proximity, where the vortices cannot descend 
below the glide path, but in weak crosswind situations 
may hover over the runway directly in the flight path of 
the following aircraft. A series of plates installed be-
yond the runway tails (Figure 3.2-24) may accelerate 
wake vortex decay in ground proximity and thus in-
crease safety in the flight phase where most encoun-
ters occur.  

 
The favourable effects of obstacles installed on the 

ground have first been investigated in the towing tank 
of the Institute of Aerodynamics and Flow Technology 
and by LES (Stephan et al., 2014b). The key mechanism 
of this approach (Holzäpfel, patent granted in 2012) is 
illustrated in Figure 3.2-25. Strong Omega-shaped 
secondary vortices are generated at the obstacle that 
actively approach and wrap around the primary vorti-
ces and subsequently propagate in either direction 
along the wake vortices. The interaction of primary and 
secondary vorticity substantially accelerates vortex de-
cay during the most critical flight phase prior to touch-
down. 

 
During the WakeOP campaign, accomplished on 

29–30 April 2013, the HALO aircraft flew traffic pat-
terns over the plate line at Oberpfaffenhofen airport 
(Figure 3.2-24). Already the visualization of the vortices 
with white fog and red smoke seemed to confirm the 
functionality of the plate line. The wind lidar measure-
ments of vortex circulation in Figure 3.2-26 indicate 
that with the plates no vortex survives longer than 100 
s, while without the plates the longest vortex duration 
amounts to 150 s. It is concluded that the installation 
of plate lines beyond the runway tails may improve 
safety by reducing the number of wake vortex encoun-
ters and increase the efficiency of wake vortex advisory 
systems (Holzäpfel et al., 2014). Airports Munich and 
Vienna are interested to install plate lines in order to 
increase flight safety. 

 

Wake encounter advisory and avoidance system 

Together with the DLR-Institute of Flight Systems (IFS) 
the airborne Wake Encounter Advisory and Avoidance 
System (WEAA) has been developed, based on former 
work conducted together with Airbus within SESAR. 
On-board prediction of the transport and decay of 
wake vortices shed by neighbouring aircraft allows the 
identification and avoidance of imminent encounters. 

The required aircraft and meteorological data for 
the WEAA system are transferred by air-to-air data link. 
A best guess of the meteorological situation is ob-
tained from the fusion of all available data sources 
with the Kalman filter based software am+fusion. Wake 

 
Figure 3.2-26 Maximum circulation measured by wind 
lidar at different vortex ages with and without plate line. 

 
Figure 3.2-25: Helical vorticity structures triggered by an 
obstacle at the ground wrap around the wake vortex. 

 
Figure 3.2-24 HALO flying over the patented plate line. 

 
Figure 3.2-23: Simulation of full vortex lifecycle from 
roll-up to final decay during approach and landing. Left 
panel: roll-up of wingtip and flaptip vortex; right panel: 
ground linking and plate line effect. 
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vortex prediction with P2Pa (Probabilistic 2-Phase wake 
vortex transport and decay model) yields elliptical tubes 
that envelop vortex position with a prescribed probabil-
ity and should be avoided by subsequent aircraft 
(Holzäpfel, 2014). Small tactical evasion manoeuvers 
are suggested in order to adhere to the planned flight 
track as closely as possible, thus avoiding the need of 
ATC permission.  

The airborne wake vortex system has been demon-
strated on the Airbus THOR flight simulator. Further, 
Airbus flight test data from 2010 have been used to 
verify the prediction skill of the models am+fusion (Air-
borne Meteo Data Fusion Algorithm) and P2Pa employ-
ing encounters of an A320 heading into the wake vor-
tices generated by a leading A380. The hit rate of pre-
dicted encounters was close to the encounter probabil-
ity preselected in P2Pa.  

 
Figure 3.2-27 displays a top view of one of the en-

counter situations tested during the flight experiment. 
The ground track of the vortex generator aircraft Fal-
con (D-CMET) is denoted by the blue line and the re-
spective predicted wake vortex envelopes in red. The 
D-ATRA (green) encountered the vortices exactly at the 
edge of the predicted wake vortex area. The example 
highlights the good wake vortex prediction skill that 
could be achieved even under demandingly strong 
wind conditions. 

Wake vortex scenarios simulation package 

The WakeScene (Wake Vortex Scenarios Simulation) 
package allows assessing the encounter probabilities 
and the related vortex strengths for different air traffic 
scenarios (Holzäpfel et al., 2009). WakeScene can be 
applied for sensitivity analysis, optimization, and risk 
assessment of new wake vortex advisory systems, air 
traffic control procedures, and aircraft types or even 
for the elaboration of a new aircraft separation matrix 
(wake vortex re-categorisation). 

With WakeScene comprehensive sensitivity anal-
yses have been conducted to investigate the wake 

vortex encounter probabilities for crosswind departure 
scenarios within the EU project CREDOS (Holzäpfel and 
Kladetzke, 2011). It was found that for crosswinds 
exceeding 4 m s-1 at 10 m height, aircraft separations 
could be reduced from 120 s to 60 s. Diverging depar-
ture routes and veering of the wind with altitude (Ek-
man spiral) impede the use of lower crosswind thresh-
olds.  

Thunderstorm nowcast for aviation 

Thunderstorms with their related weather phenomena 
turbulence, icing, hail, heavy rain, lightning, and re-
duced visibility can lead to considerable obstructions in 
the air transport system and impact aviation safety. For 
instance, if thunderstorms appear within the airport’s 
terminal manoeuvring area (TMA), ground operations 
might have to be stopped, arrivals to be kept in hold-
ings, and flights to be diverted to alternate airports, in 
order to maintain safety for workers on the airfield, for 
pilots and passengers (Gerz et al., 2012). It is clear that 
delays and diversions at one airport lead to delays and 
diversions at other airports as well.  

During the EU project FLYSAFE (2004–2008) and 
the DLR project “Wetter und Fliegen” (2008–2011) the 
algorithms Cb-TRAM (Cumulonimbus Tracking and 
Monitoring; Zinner et al., 2008) and Rad-TRAM (Radar 
Tracking and Monitoring; Kober and Tafferner, 2009) 
have been developed at IPA. By using remote sensing 
data from satellite and weather radar they provide 
thunderstorm detections and forecasts up to one hour 
(nowcasting), especially for aviation purposes. In par-
ticular, these tools represent the complexity of real 
thunderstorms by relatively simple hazard volumes, 
with the aim to distil “no-go” regions for aircraft, as 
illustrated in Figure 3.2-28.  
 

 
This condensed thunderstorm information is output 

from the tools in the form of polygons with additional 
attributes, e.g. cloud top height, moving direction and 
speed, tendency (growing, decaying). The output is 
formatted in XML, allowing easy integration in displays 
used by aviation stakeholders, e.g. air traffic control, 
flight dispatch or airport operations.  

 
Figure 3.2-28: Representation of thunderstorm through 
hazard volumes by the systems Cb-TRAM and 
Rad-TRAM. 

 
Figure 3.2-27: Flight test result of airborne wake vortex 
prediction with research aircraft Falcon (D-CMET) and 
D-ATRA. 
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Figure 3.2-29 shows an example of Rad-TRAM pol-
ygons displayed in the METFROG graphical user inter-
face of the German air navigation service (DFS). The 
actual and nowcast thunderstorm positions are updat-
ed every 5 minutes, making air traffic controllers aware 
of the situation and allowing them to take appropriate 
measures, if e.g. certain flight sectors (also drawn in 
the map) will be blocked by the moving thunder-
storms. 

 

Thunderstorm surveillance in airplane’s cockpit 

In order to take full advantage of the new data sources 
and to enable common situational awareness and 
common decision making for all aviation stakeholders, 
this information will be made available in future also 
for pilots. Compressed to small data amounts of only a 
few kilobytes, the thunderstorm data can even be sent 
into the cockpit of aircraft via satellite communication, 
as has been demonstrated during a real time trial with-
in the Lufthansa GADCOM project. During a flight 
from Rio de Janeiro to Frankfurt on February 2013, Cb-
TRAM XML data have been uplinked and displayed on 
a tablet computer in the cockpit, a so-called Electronic 
Flight Bag (Figure 3.2-30). Indeed, this first testing with 
Cb-TRAM data in real time clearly demonstrated the 

usefulness of the thunderstorm information for en-
route flight. 

Figure 3.2-31 provides an a posteriori synopsis of 
the flight. Displayed are the Cb-TRAM thunderstorm 
detections and the flight track. Approaching the inter-
tropical convergence zone from the south (lower left 
corner in the figure) the pilots decided to deviate from 
the flight path to 120°, which took them completely 
off their original course. At this time the pilots had not 
yet uplinked the Cb-TRAM information with the effect 
that they missed a safe gap between two thunder-
storm cells (in about the middle of the figure) which 
would have brought them back to the original track. 
Unfortunately, the on-board radar could not detect this 
gap due to its limited viewing angle and beam block-
ing by the foremost thunderstorm cells. Later on, how-
ever, when they uplinked the latest Cb-TRAM data to 
the EFB, the pilots realized from the Cb-TRAM con-
tours that another gap would offer them the chance to 
turn back to their original route. Once they had turned 
the aircraft in northward direction when having passed 
the thunderstorm on their left, they could also see the 
gap on the on-board radar, allowing them to fly 
through between the thunderstorm cells. In conclusion 
the pilots stated that if Cb-TRAM data had been up-
linked a few minutes earlier, they would have seen the 
first gap and thus avoided a 300-mile deviation, saving 
about one ton of fuel. 

 
The benefits of this new technology are evident: with 
the full cloud top view (information that the on-board 
radar doesn’t provide) and short term prediction, Cb-
TRAM enables strategic route planning, thereby saving 
fuel and increasing safety. The system also allows a 
more comfortable flight with less turbulence and helps 
to circumnavigate turbulent areas. It is foreseeable that 
in the near future air/ground data link technology and 
EFB systems will be available to all aircraft flying long 
haul flights enabling timely decision making for pilots 
as well as for ATC. The goal is to prevent aircraft from 
flying into thunderstorms with possibly serious out-
comes, as it was the case with the crash of AF447 on 
1 June 2009 (Figure 3.2-32). 

 
Figure 3.2-29: METFROG shows weather radar compo-
site over Munich area (9 May 2014). Thunderstorm de-
tections by Rad-TRAM are marked by bold red contours. 

 
Figure 3.2-31: Display of Cb-TRAM thunderstorm detec-
tions (heavy red) and nowcasts (light red) on a 
Lufthansa EFB together with the flight route (black). 

 
Figure 3.2-30: Electronic Flight Bag (EFB) monitor in 
Lufthansa cockpit displays a satellite image and 
Cb-TRAM contours. 
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Thunderstorm forecasts 

There is also demand for reliable thunderstorm fore-
casts several hours ahead in time. Such information 
would enable air traffic controllers to better estimate 
airport capacity for timely regulation of flights, e.g. 
thinning out arrivals during a certain time span when it 
is foreseeable that flight corridors will be blocked by 
thunderstorms. In view of this demand the system Cb-
LIKE has been developed.  

Cb-LIKE designates areas with possible thunder-
storm development by using model output data of the 
COSMO-DE weather forecast model, which is operated 
by DWD. Four atmospheric parameters, i.e. convective 
available potential energy (CAPE), vertical wind veloci-
ty, radar reflectivity and cloud top temperature, are 
combined by a specifically developed fuzzy logic sys-
tem. A thunderstorm indicator is calculated by the 
system for each grid point of the model domain. The 
higher the indicator the more the model parameters 
imply the development of thunderstorms. Possible val-
ues range between 12, for the lowest, up to 88 for the 
highest likelihood. Figure 3.2-33 shows an example of 
a Cb-LIKE forecast 6 hours ahead in time which is veri-
fied by lightning observations. A newly developed 
“best member selection” method allows the automatic 
selection of that particular model run of the COSMO-
DE model ensemble, which matches best to the current 
thunderstorm situation. Thereby the application of the 
best available data basis for the calculation of the 
thunderstorm forecasts by Cb-LIKE is ensured.  

The operational availability of Cb-LIKE forecasts to 
air traffic controllers would enable better planning of 
flights when thunderstorms are impacting air traffic. 
This way it would help to avoid delays, e.g. by reducing 
the number of holdings and alternate landings, and in 
consequence save costs and benefit the environment. 
It is planned to set up the system for an operational 
trial and to provide output to air navigation service 
providers in order to evaluate the benefit. 

Clear air turbulence 

Clear-air turbulence (CAT) occurs due to shear, gravity 
wave and convective processes and evades precise 
localised prediction on flight path scale.CAT is a lead-
ing cause for injuries in non-fatal aircraft incidents, 
annually generating costs of tens of millions Euros to 
the commercial aviation sector. 

Within the EC FP7 project DELICAT, IPA has devel-
oped an active optical remote detection device for 
CAT. This lidar system (see Section 2.3.1) identifies tiny 
fluctuations of air density that are due to the upwelling 
and descending motions of air parcels within turbulent 
regions in cruise flight altitude.  

In 2013, an experiment with the IPA-supplied lidar 
instrument was performed on the NLR-operated Cess-
na Citation 2 aircraft for demonstration purposes. 
While CAT encounter frequency was low and its inten-
sity weak – due to the meteorological conditions – the 
system performance could be successfully verified. A 
thorough analysis of the flight test data showed that 
the lidar yields sufficient measurement stability to re-
solve density fluctuations on the sub-percent level at 
distances of more than 10 km. This level of fluctuation 
is expected to occur within light to moderate turbu-
lence. Further, correlations between aerosol- and tur-
bulence occurrence could be shown (Figure 3.2-34). 

 
Figure 3.2-33: Cb-LIKE thunderstorm forecasts: A 6-hour 
forecast for 22 June 2012 18:00 UTC is marked by white 
contours (indicator value of 50). Lightning observations 
(blue crosses) at 18:00 UTC agree quite well with the 
forecast. 

 
Figure 3.2-32: A posteriori Cb-TRAM analysis of the 
flight of AF447 on its route from Rio de Janeiro to Paris 
over the tropical Atlantic on 1 June 2009. Bold red con-
tours mark analysed thunderstorm cells, thin red con-
tours their nowcast development after 60 minutes. Also 
indicated: flight routes and satellite image (high resolu-
tion visible channel from MSG). 
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Both aspects, air density fluctuation and aerosol 
measurement at distances of around 15 km, would 
allow providing a warning to the flight crew for mitiga-
tion of the imminent encounter of the CAT zone. The 
technology and methodological development to foster 
future use of such lidar systems in airliners is pursued 
at IPA within the L-bows project (Section 4.5.2). 

Winter weather 

Winter weather is a decisive factor affecting the daily 
course of action at airports, causing delays or even 
safety hazards. Snow covered and/or iced aircraft and 
aerodrome movement areas require an initiation of 
counteractions on time. In order to minimize economic 
loss and to maintain safety, winter weather situations 
within an investigation area around an airport have to 
be detected and forecasted as precisely as possible. 

At IPA the winter weather nowcasting system 
WHITE (Winter Hazards In Terminal Environment) has 
been developed and kindly supported by Munich Air-
port operations. Designed as an automated system 
WHITE assimilates multiple real-time meteorological 
data sources and assesses problematic winter weather 
aspects like the differentiation between snow and liq-
uid precipitation, the identification of freezing precipi-
tation and icing, as well as the rating of surface condi-
tions. The innovative approach of WHITE, combining 
critical meteorological parameters for different prede-
fined winter weather scenarios by means of fuzzy log-
ic, classifying hazardous regions and generating winter 
weather objects, enables the determination of precipi-
tation type and the hazard’s intensity (Keis, 2015).  

By nowcasting the current situation over a period 
of two hours it is also possible to estimate the begin-
ning and the duration of hazardous conditions within 
the investigation area. Figure 3.2-35 shows an example 
of the WHITE output for a winter weather situation 

with snow, mixed precipitation and ice pellets. Such 
graphics can be animated over a nowcasting time 
range of 2 hours. 

Volcanic ash impact on the air transport system  

Ash particles in the air space constitute a threat for 
engines and other parts of aircraft. Thereby, volcanic 
eruptions and subsequent required air space closures 
can have a severe impact on the air transport system 
with devastating economic loss effects. The disruption 
of air traffic in Europe in April and May 2010 caused 
by the eruption of the Eyjafjallajökull volcano in Iceland 
had a financial impact of estimated € 2.5 billion al-
ready during the first week. Extensive measurements 
with the DLR research aircraft Falcon to characterize 

 
Figure 3.2-34: Detected lidar backscatter (here with aer-
osol contribution, upper graph) in turbulence at 10 km 
distance, correlated with the induced vertical accelera-
tion of the aircraft (lower graph) some 70 s later. 

 
Figure 3.2-35: WHITE display showing winter weather 
conditions over Southern Germany. Hazardous weather 
for air traffic like snow (orange), mixed precipitation 
(yellow) or ice pellets (violet) is combined in winter 
weather objects by black rimmed contours. 

 
Figure 3.2-36: Eyjafjallajökull eruption plume in Iceland 
photographed from the Falcon. 
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the Eyjafjallajökull ash cloud supported the aviation 
authorities in their decisions on air space closures.  

Commissioned by the German ministry of 
transport, a series of 17 Falcon flights were performed 
over Europe between Southern Germany and Iceland 
during the eruption period of the Eyjafjallajökull volca-
no. The measurements included Lidar backscatter, aer-
osol concentrations (particle diameters of 4 nm to 50 
μm), trace gas mixing ratios (SO2, CO, O3, H2O), single 
particle properties, and meteorological parameters. The 
volcanic ash plume was observed at distances from 
close to the volcano (Figure 3.2-36) up to 2700 km 
downstream. Lidar and in-situ measurements covered 
plume ages of 7 h to 120 h (Schumann et al., 2011).  

Lidar backscatter observations were used to moni-
tor the large scale distribution of the ash layers and as 
pathfinder for the in-situ sampling of the ash plume. 
Figure 3.2-37 shows Lidar ash plume cross-sections in 
terms of range-corrected backscatter of the plume 
transported downwind of Iceland. Overall, ash layers 
observed during the Falcon flights were between a few 
100 m to 3 km deep, occurred between 1 and 7 km 
altitude, and were typically 100 to 300 km wide. 

  
Figure 3.2-38 depicts vertical profiles of particles 

and trace gases from a one-hour sampling of the vol-
canic plume over the southern North Sea on 17 May 
2010. Mass concentrations derived from the particle 
size distributions reached up to 0.5 mg m-3 and SO2 
mixing ratios were up to 66 nmol mol-1. SO2 and ash 
concentrations were strongly correlated. Ash mass 
concentrations were evaluated for a material density of 
2.6 g cm-3 and for either weakly or moderately absorb-
ing coarse mode particles (refractive index 1.59+0i or 
1.59+0.004i). Particles collected by impactors had di-
ameters up to 20 μm diameter, with different composi-
tion depending on size and age.  

The Falcon particle size distributions measured in 
the volcanic plume were also compared with corre-
sponding observations of the UK BAe146 research 
aircraft with a remarkably good agreement (Turnbull et 
al., 2012). Furthermore, the Falcon in-situ SO2 meas-
urements were used to evaluate the GOME2 satellite 

observations of SO2 column densities in the volcanic 
plume (Rix et al., 2012). 

The Eyjafjallajökull crisis showed that the robust-
ness of the air transport system against volcanic erup-
tions needs to be enhanced. Therefore, the DLR project 
VolcATS (Volcanic Ash Impact on the Air Transport 
System) coordinated by IPA has been initiated including 
investigations on volcanic cloud detection technolo-
gies, air traffic management measures, and impact 
mechanism of ash particles on aircraft components.  

As a first result of VolcATS, a new definition of the 
expression “visible ash” for the ICAO handbook was 
supported by radiative transfer model simulations of 
the visibility of an ash layer by the eye of a pilot for 
different observational conditions (Weinzierl et al., 
2012). The ICAO guidelines for pilots in case of volcan-
ic ash in the airspace include that a flight into “visible 
ash” is prohibited. After the Eyjafjallajökull crisis the 
question arose whether “visible ash” can be correlated 
to an ash mass concentration. Figure 3.2-39 shows a 
model simulation of the visibility of an ash layer from 
the cockpit by the human eye. Considered is an ash 
cloud of 2 km thickness below and above the aircraft 
as a function of ash mass concentrations and different 
viewing directions. 

The simulations showed that it is impossible for a 
pilot to assess by his naked eye if an ash cloud has a 
mass concentration lower or higher than 2 mg m-3, the 
threshold concentration agreed during the Eyjafjalla-
jökull crisis for save flying. Therefore, ICAO introduced 
a new definition of “Visible ash” as “volcanic ash ob-
served by the human eye without a quantification of 

 
Figure 3.2-37: Lidar backscatter measurements of ash 
plume cross-sections along a flight path from Iceland to 
Scotland on 2 May 2010. 

 
Figure 3.2-38: Number concentrations of particles of 
various sizes, relative humidity, volume mixing ratios of 
SO2, CO, O3, and inferred ash mass concentration of the 
Eyjafjallajökull plume over the North Sea, sampled on 
17 May 2010. 
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the ash mass concentration”. In particular, “visible 
ash” should absolutely not be considered as a proxy 
for the widely referenced concentration value of 
2 mg m-3. For a quantitative measure of volcanic ash in 
the air space IPA had developed the satellite-based 
product VADUGS (see Section 2.4).  

Aircraft observations in the Fukushima 
radioactive cloud over Germany 

The March 2011 nuclear power plant disaster at Fuku-
shima/Daiichi resulted in the release to the atmosphere 
of numerous radio-nuclides including the radioactive 
noble gas Xe-133. There was concern that the radioac-
tive cloud might quickly be transported to Europe, if 
uplifted from the boundary layer to the jet stream re-
gion in the upper troposphere by a warm conveyor belt 
associated with cyclones which are very frequent in 
March off the coast of Japan. Thereby, the radioactive 
cloud might have had impacts on aircraft flying over 
Germany.  

In order to study the strength of the radioactivity in 
the Fukushima cloud over Germany and the transport 
pathway, we conducted two focused flights with the 
Falcon, one flight shortly after the arrival of the cloud 
over Germany (23 March 2011) and a second flight 
about one month after the Fukushima disaster 

(14 April 2011). As indicator of the radioactive cloud 
we measured Xe-133, which represents an ideal tracer 
since it is not affected by chemical or cloud processes, 
and can be detected to very low activity values. Fur-
thermore, its half-lifetime against radioactive decay 
(5.25 days) is precisely known and is approximately 
comparable to the transport time scale from Fukushi-
ma to Europe in the upper troposphere. For planning 
of the dedicated flights we used IPA developed fore-
casts based on the Lagrangian particle dispersion mod-
el HYSPLIT (Baumann and Schlager, 2012). Figure  
3.2-40 shows the forecast of the maximum Xe-133 
activity in the troposphere. After the release of the 
radioactive cloud on 11 March 2011, the correspond-
ing air mass was uplifted by two warm conveyor belts 
on 13/14 March 2011 and subsequently transported in 
the upper troposphere to Germany. 

 
The measurements were performed by taking 

1-liter air samples in the Falcon cabin which were ana-
lysed after the flights in the underground laboratory of 
the Max-Planck-Institute of Nuclear Physics in Heidel-
berg (Simgen et al., 2014). 

The Xe-133 activities of 0.024–0.34 Bq m-2 meas-
ured in the Falcon cabin in the Fukushima cloud were 
of the same order as typical activity values from radon 
near the surface in many regions in Germany and 
therefore not accentuated harmful.  
 

 
Figure 3.2-40: HYSPLIT simulation of the arrival of the 
Fukushima radioactive plume over Germany on 
21 March 2011, nine days after the first release event. 
Shown is the maximum radioactivity in the tropospheric 
column which is located in the upper troposphere over 
Germany. 

 
Figure 3.2-39: Simulation of the approach of an ash 
cloud of 2 km thickness and 300 m width located below 
(top) and above (bottom) the aircraft as a function of 
ash mass concentration and viewing direction. 
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3.3 Transport Research 

3.3.1 Atmospheric Impacts of 
Ground Transport 

Emissions from land transport and shipping have an 
important effect on atmospheric composition, which 
results in significant impacts on air quality and climate. 
According to the IPCC Fourth Assessment Report 
(2007), transport was responsible for 23% of global 
energy-related CO2 emissions in 2004 and road 
transport shared the dominant part (74%). Green-
house gas (GHG) emissions from the transport sectors 
have increased more rapidly than those of other ener-
gy-consuming sectors in the recent decade. 

In addition to CO2 and other GHGs, the transport 
sectors emit a wide range of compounds, including 
gaseous and aerosol species. As shown in Figure 3.2-2 
(Section 3.2.1), the effect of these species on climate 
can be direct, when these compounds are radiatively 
active, or indirect when the emissions act as precursors 
of radiatively active compounds, like NOx emissions 
affecting ozone concentrations or SO2 emissions lead-
ing to the formation of sulphate aerosol particles. 
Moreover, particle emissions and secondary aerosols 
may have an impact on clouds. 

Given the wide range of processes involved, under-
standing the transport impacts on atmosphere and 
climate is a challenging task. In the reporting period, 
we focused on different aspects of the impact chain. 
On one side, we developed new and more accurate 
global emission inventories, supported by measure-
ment activities, to characterize selected emissions and 
their transformations in the near field of the source, in 
particular in regions where the signature of transport 
emissions are expected to be large. On the other side, 
we combined this information with our experience in 
global modelling to produce quantitative estimates of 
the impact of the transport sectors on the atmospheric 
composition and climate. Moreover, we developed and 
applied new methods to gain insights on the related 
uncertainties. 

Global transport emission inventories 

A key input to study the impact of transport emissions 
on atmospheric composition and climate are accurate 
emission inventories. Therefore we developed transport 
emission inventories for both present-day and future 
scenarios. In particular, we focused on shipping, where 
significant changes are expected in the future due to 
the opening of polar routes following declining sea-ice 
and due to new regulations aiming at reducing the 
sulphur content of ship fuels.  
 

Emission inventories for global shipping 

In the context of the EU project ATTICA, we character-
ized and compared methodologies used to estimate 
fuel consumption and emissions from shipping. Bot-
tom-up and top-down methods were assessed and 
inventories for past, present-day and future emission 
scenarios were developed, which are in compliance 
with current international legislation. 

According to this assessment (Eyring et al., 2010), 
oceangoing ships emitted around 780 Tg CO2 in the 
year 2000, which corresponds to a fuel consumption 
of 250 Mt and a contribution of around 2.7% to all 
anthropogenic CO2 emissions in 2000. The best esti-
mates for the emissions of nitrogen oxides (NOx), sul-
phur oxides (SOx), and particulate matter (PM) by the 
registered fleet in 2000 are 5.4 Tg(N), 5.5 Tg(S), and 
1.4 Tg(PM), respectively. Since 2000, annual growth 
rates in total seaborne trade have been higher than in 
the past (5.2% on average from 2002 to 2007) and 
accordingly the fuel consumption has increased signifi-
cantly during this period as the total installed power 
increased by about 25%. Emission scenario calcula-
tions up to the year 2050 show that significant reduc-
tions by new engine technologies and use of low-
sulphur fuels would be needed to offset increased 
emissions due to the predicted growth in seaborne 
trade and cargo energy intensity. If no aggressive emis-
sion reduction strategies are introduced, CO2 and SO2 
emissions from shipping could double present-day 
values by 2050, and NOx emissions could exceed the 
value of present-day global road transport. This kind of 
assessments is not only important from a scientific point 
of view, but serves also as an input for policymakers. 

Arctic shipping routes with declining sea-ice  

Future scenarios for geographically-resolved ship emis-
sion inventories were calculated with the SeaKLIM bot-
tom-up algorithm developed at IPA (Paxian et al., 
2010). Based on statistical data of ship movements, 
this algorithm automatically locates the most probable 

 
Figure 3.3-1: Number of ships on global routes per year 
for present-day (year 2006, left) and a business-as-usual 
future scenario (2050, right) in polar-stereographic pro-
jection with sea ice coverage in light grey. 
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shipping route for each combination of start and desti-
nation port of a given voyage by calculating the short-
est path on a predefined model grid while considering 
land masses, sea ice, shipping canal sizes, and climato-
logical-mean wave heights. With the expected Arctic 
sea-ice decline, the algorithm projects that the fuel con-
sumption on Arctic polar routes could increase by fac-
tors of up to 9 and 13 until 2050 on the Northeast and 
Northwest Passage, respectively (Figure 3.3-1). The 
SeaKLIM algorithm has also been used to produce poli-
cy-relevant information on market based instruments, in 
particular to study how a global maritime emissions 
trading system could impact the shipping sector as well 
as individual countries or regions. These calculations 
revealed, for example, a significant share of global CO2 
ship emissions on voyages to and from Europe. 

Test-bed and exhaust plume measurements of 
ship and truck engine emissions 

The use of alternative fuels and new engine technolo-
gies offer the possibility to reduce emissions from the 
transport sector. During the reporting period, IPA per-
formed test-bed measurements to characterize emis-
sions of ship engines for different biofuels and truck 
engines equipped with different after-treatment sys-
tems. In addition, the dispersion and transformation of 
emissions in ship plumes were measured in shipping 
corridors in central Europe, East-Asia and the Arctic. 

Emission factors for low-sulphur fossil and biofuels  

With more stringent limits recently imposed on sulphur 
contents of ship fuels, the use of alternative fuels will 
increase in the future and it is therefore important to 
understand their properties and their possible effects 

on climate. Within the BIOCLEAN project, measure-
ments at the ship engine test bed at MAN Augsburg 
were performed for selected fuels including marine gas 
oil (MGO, a distillate fossil fuel with low sulphur con-
tent), sunflower oil, palm oil, soy-bean oil and animal 
fat. The emission factors obtained for these alternative 
fuels were compared with the ones for standard heavy 
fuel oil (HFO). The measurements (Figure 3.3-2) show 
that the emissions of core gaseous species (CO2, CO, 
and NOx) do not vary significantly between high-
sulphur HFO and low-sulphur fossil and biogenic fuels. 
However, the emissions of particulate matter (PM) by 
mass are strongly reduced for low-sulphur fuels com-
pared to HFO (Petzold et al., 2010). A life-cycle analysis 
demonstrated that emission of CO2 from these biofuels 
crucially depend on plant production conditions with 
the potential of shifting the overall CO2 budget from 
positive to negative compared to fossil fuels (Petzold et 
al., 2011). 

After treatment systems in diesel engines  

Particles generated by diesel vehicles represent a major 
source of air pollutants in cities and near motorways. 
Diesel engines fitted with modern exhaust after-
treatment systems (ATS) efficiently remove generated 
primary particles (soot and ash). Mass spectrometric 
measurements of IPA in cooperation with the Max-
Planck-Institut für Kernphysik and MAN Nürnberg re-
vealed that ATS can promote the formation of sul-
phuric acid and other low vapour pressure gases, 
which may undergo nucleation and condensation lead-
ing to secondary nucleation particles (Arnold et al., 
2012). Figure 3.3-3 shows H2SO4 mixing ratios meas-
ured in the raw undiluted exhaust of a truck diesel 
engine for varying engine loads and different experi-
mental conditions in terms of fuel sulphur content and 
exhaust ATS set-up. For constant fuel sulphur content, 
the H2SO4 concentrations increases with increasing 
engine load. This reflects the combined effect of in-
creasing fuel-to-air ratio and increasing exhaust tem-
perature. The increased fuel-to-air ratio results in an 
increased SO2 abundance in the exhaust, and the in-
creased exhaust temperature (and therefore the in-
creased temperature of the diesel oxidation catalyst) 
results in an increased SO2 oxidation. For standard fuel 
with a fuel sulphur content of 6 ppm, the maximum 
ratio of sulphur in gaseous sulphuric acid and total 
exhaust-sulphur is found to be 0.003 (without ATS) 
and 0.13 (with ATS). Hence, the ATS induces very sub-
stantial additional sulphur oxidation by the oxidation 
catalyst. 

The studies on the use of biofuels in shipping and 
heavy duty trucks implies that emissions of SO2, sul-
phate aerosol, soot and overall CO2 emissions can be 
significantly reduced, however, modern exhaust after-
treatment systems of truck may lead to enhanced ul-
trafine particles emissions. 

 
Figure 3.3-2: Emissions of gaseous (top row) and partic-
ulate (bottom row) compounds per kWh of generated 
power for the investigated fuels relative to HFO as the 
fossil sulphur-rich reference fuel. 
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Aircraft in-situ measurements of shipping emissions 

In order to assess the impact of international shipping 
on the composition of the troposphere, also the trans-
formation of shipping emissions on scales of a dispers-
ing exhaust trail and a shipping corridor needs to be 
investigated, for example to address non-linear photo-
chemistry. As part of several aircraft campaigns (ICARTT-
ITOP, 2004; SHIVA, 2011; ACCESS-1, 2012) measure-
ments with the DLR Falcon were performed in young 
and aged single ship plumes and shipping corridors in 
different regions, such as the English Channel, the Nor-
wegian Sea, and the Strait of Malacca in Malaysia. 

Primary and secondary gas and particle emissions 
were measured for different ship types, fuel types and 
meteorological conditions (Petzold et al., 2008; Roiger 
et al., 2015). As an example, Figure 3.3-4 shows a 
near-field sampling in the exhaust plume of a cargo 
ship cruising off the coast of Norway along a cross-
polar route. From the single ship plume samplings the 
emission indices of major gas emissions (NO, NOy, HC, 
SO2) were determined. Measured emission factors for 
NOx agree well with calculated emission indices using 
the manufacturer emission model for the correspond-
ing engines. Survey flights in ship corridors, e.g. the 
English Channel, revealed the presence of a multitude 
of ship plumes aged between 30 minutes and several 
hours. Many of the observed concentration enhance-
ments in the ship corridor are due to the superposition 
of several plumes with different ages (Schlager et al., 
2007). Measurements of aged emissions in shipping 
corridors also indicate a significant impact on air quali-
ty in the surrounding coastal regions.  

NOx is partly oxidized to HNO3 on the scale of a 
shipping corridor (about hundred kilometres). When 
applying a ship plume parameterization in a regional 
chemistry-transport model, the large scale NOx en-
hancement is decreasing and the ship NOx contribution 
is reduced by up to 20–25%. Also, the plume parame-
terization is suppressing the ship-induced ozone pro-
duction by 15–30% over large areas of the focused 
region (Huszar et al., 2010).  

Particulate matter emission indices obtained from 
plume measurements in the English Channel during 
QUANTIFY are 8.8±1.0×1015 (kgfuel)−1 by number for 
non-volatile particles and 174±43 mg (kgfuel)−1 by mass 
for black carbon (BC). Ship exhaust particles occur in 
the size range Dp < 0.3 μm, showing a bi-modal struc-
ture. The combustion particle mode is centred at mod-
al diameters of 0.05 μm for fresh emissions to 0.10 μm 
at a plume age of 1 h. The smaller-sized volatile parti-
cle mode is centred at Dp = 0.02 μm (Petzold et al., 
2008). The results of these measurements are very 
valuable for modelling studies, since they can be used 
to characterize plume processes in global models as 
discussed in the next section.  

Impacts on global atmospheric composition 

Our main tool is the EMAC model, which allows simu-
lating the evolution and transformation of the emitted 
compounds in the atmosphere. The global emission 
inventories are used as input to the model, while the 
information gained from measurements is used to im-
prove the model’s parameterizations and to better 
characterize plume processes which cannot be resolved 
by the model, due to its coarse spatial resolution. 

 
Figure 3.3-4: Route of a cargo ship in the Arctic (red) 
and Falcon flight pattern (colour-coded by measured 
nitrogen oxides) downwind of the source ship up to a 
distance of ~100 km. 

 
Figure 3.3-3: Gas-phase sulphuric acid measured in the 
diesel exhaust versus engine load for four different 
measurement runs A-D with different fuel sulphur con-
tent (FSC) and ATS set-up: a wall-flow diesel particle 
filter (CDPF) with an oxidation catalyst 1 (DOC1) and an 
open diesel particle filter (ODPF) with an oxidation cata-
lyst 2 (DOC2). FSC < 1 ppm refers to a biofuel whereas 
FSC = 36 ppm and FSC = 6 ppm to standard diesel. 
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Transport impact on tropospheric ozone and methane 

The impact of transport emissions on ozone and me-
thane was investigated within the EU project QUANTI-
FY in a multi-model study (Hoor et al., 2009). This 
showed that a reduction of emissions of NOx, CO and 
non-methane hydrocarbons (NMHCs) in the individual 
sectors could lead to a global mean reduction of ozone 
of 4% (ship) and 3% (road traffic) in the lower atmos-
phere (800–1000 hPa), where ozone can also have 
adverse health impacts. At higher altitudes (200–
300 hPa), on the other hand, both sectors have an 
approximately similar impact of about 1%. Transport 
emissions also change the OH abundance (Figure  
3.3-5), hence leading to the destruction of methane, 
which is an important GHG. Since ships emit in pristine 
areas the effect on the methane lifetime was found to 
be larger compared to road traffic.  

The production of ozone is very much depending 
on the atmospheric and chemical background situa-
tion. Dahlmann et al. (2011) investigated the efficiency 
in the ozone production of an emitted NOx molecule 
from different sources. Lightning and air traffic show 
the largest production efficiencies, with 100 and 50 
molecules of ozone per molecule of emitted NOx, 
whereas for road traffic and ship emissions a molecule 
of emitted NOx only produces around 20 molecules of 
ozone. The different altitude in the emission leads to 
longer atmospheric residence times of an emitted NOx 
molecule from lightning and air traffic compared to 
emissions at the surface. 

Ship emission inventories  

Tropospheric NOx column data from the SCIAMACHY, 
GOME and GOME-2 satellites, combined with EMAC 
simulations were used to evaluate two ship emission 
inventories. This study focused on the Indian Ocean 
and in particular on the highly-travelled shipping route 
from India to Indonesia, which can be detected by 
satellite from an enhancement in the NO2 column den-
sities. Two model simulations were performed using 
different emission inventories and the resulting NO2 
column densities were compared to the satellite data. 
This showed that using a ship emission inventory with 
about 6 Tg(N)/yr emitted globally (year 2005) provides 
the best fit to the observations. Two different spatial 
proxies for shipping emissions (AMVER and ICOADS) 
were also tested, showing that the first provides a bet-
ter agreement to the observations. This demonstrated 
that not only the amount of emissions but also their 
geographical distribution in an important parameter 
for a correct representation of the shipping impact on 
atmospheric composition. 

Impact of transport on global aerosol 

In addition to gaseous compounds, the transport sec-
tor also emits a wide range of aerosol and aerosol pre-
cursor species. In the context of the DLR project VEU, 
model simulations were performed with EMAC cou-
pled with the aerosol module MADE and using the 
CMIP5 emission inventory for the year 2000. According 
to the model simulations, land transport is the most 
important source of BC pollution in the USA, Europe 
and the Arabian Peninsula, contributing up to 60–70% 
of the total surface-level BC concentration in these 
regions (Figure 3.3-6, Righi et al., 2013). In South East 
Asia, on the other hand, land transport is not a signifi-
cant source of pollution. Here particle emissions are 
dominated by industrial and domestic sources. Ship-
ping contributes about 40–60% of the total aerosol 
sulphate surface-level concentration along the most-
travelled routes of the Northern Atlantic and Northern 
Pacific oceans, with a significant impact (10–20%) 
along the coastlines. This confirmed the importance of 
shipping also for air quality over the continents, as 
found by previous studies. 

Shipping impacts in low-sulphur scenarios 

The sulphate reduction policies were also targeted in 
the BIOCLEAN project. Model simulations were per-
formed using the emission inventories developed with-
in BIOCLEAN for various alternative low-sulphur fuels 
(Righi et al., 2011). It was found that ship-induced 
surface-level concentrations of sulphate aerosol are 
strongly reduced, up to about 40–60% in the high-
traffic regions. This clearly has positive consequences 
for pollution reduction in the vicinity of major harbours 
and confirms the previous findings by Lauer et al. 

 

 
Figure 3.3-5: Mean OH perturbation in the lower tropo-
sphere (surface-800 hPa) resulting from a 5% traffic 
emission reduction. July values are shown for road traf-
fic (top) and shipping (bottom). 
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(2009). The model results with these low-sulphur-
scenario simulations served also as input to epidemio-
logical studies to assess global ship-induced premature 
mortality (Winebrake et al., 2009). 

Future trends of transport-induced aerosol pollution 

Model studies were performed to quantify the project-
ed impact of transport for the year 2030 using the four 
RCP scenarios. BC and aerosol nitrate were identified 
as the critical species for land-transport-induced pollu-
tion in 2030, with very strong regional variations with 
respect to the year 2000. Europe and North America 
are projected to experience a decrease in the land-
transport-induced particle pollution towards 2030, of 
about 0.5–1 µg m-3 for BC and 0.2–0.5 µg m-3 for ni-
trate. Nevertheless, in these regions this sector remains 
a major source of surface-level pollution. In Southeast 

Asia, however, a significant increase is simulated, 
around 1–2 µg m-3 for both species, although in this 
region the surface-level pollution is still controlled by 
other sources than land transport. Future pollution 
control measures in this region shall therefore focus on 
such sources. Shipping-induced air pollution is mostly 
due to aerosol sulphate and nitrate, which show oppo-
site trends towards 2030. Surface-level sulphate is re-
duced of about 0.5 µg m-3 as a consequence of sul-
phur reduction policies in ship fuels being in force since 
2010, while nitrate shows an increase of 0.5–1 µg m-3, 
due to the excess of ammonia following the reduction 
in ammonium sulphate (Righi et al., 2015). 

Uncertainties due to subgrid-scale aerosol 
transformation processes 

When simulating the effect of specific sources on 
global aerosol, a critical source of uncertainty is related 
to the assumptions on the size distribution of emitted 
particles. Such assumptions are necessary in order to 
implicitly take into account the transformation pro-
cesses within emission plumes (for example, particle 
coagulation), which cannot be explicitly simulated in 
global models due to the coarse resolution. In the at-
tempt of quantify the uncertainties behind these as-
sumptions, several sensitivity studies have been con-
ducted for the transport sectors, with different as-
sumptions on particle size (Righi et al., 2013). We 
found that the uncertainty in simulated land-transport-
induced particle number concentration can be up to 
one order of magnitude in some regions, when con-
sidering two limiting cases representative of the urban 
background (large amount of small fresh particles) or a 
very aged particle population. The same uncertainty for 
the shipping-induced particles was quantified based on 
the size distributions measured by the DLR Falcon in 
ship plumes at different ages after the emission. Such 
uncertainty was found be lower than a factor of two 
for simulated ship-induced particle number concentra-
tions in most regions (Righi et al., 2011). These find-
ings show that more observational data are necessary 
to better characterize subgrid-scale processes and re-
duce the uncertainties in the simulated traffic impacts. 

Climate impacts 

To assess the climate impacts following a perturbation 
of the atmospheric composition, we use several tools 
at IPA including full global climate models, climate 
response models, and simplified climate models. The 
ultimate goal is to obtain a reliable estimate of traffic-
induced climate effects resulting from a wide range of 
compounds, both in terms of radiative forcing pertur-
bation and surface-temperature change. 

Transport-induced ozone RF changes  

Transport and transport-related emissions have evolved 
over time. The response of emissions to concentrations 

 

 
Figure 3.3-6: Multi-year average (1996–2005) of the ab-
solute (top) and the relative effect (bottom) of land 
transport on BC concentrations at the surface. Plotted 
are the differences between a reference experiment 
including all sources (REF) and a sensitivity experiment 
(NOLAND) with land transport emission switched off. 
The relative effect is calculated as the relative contribu-
tion (REF–NOLAND)/REF. Grid points where the differ-
ence is not statistically significant according to a uni-
variate t-test (5% error probability) are masked out in 
grey. 
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and hence radiative forcing (RF) largely depends on the 
atmospheric and chemical lifetime of the species. For 
ozone this time scale is of the order of months, where-
as it is roughly a decade for methane. Especially for 
methane, it is important to consider both the historical 
and future emissions in order to obtain the correct RF 
values. Within QUANTIFY the difference between con-
stant emissions, as frequently assumed in assessments, 
and a traffic scenario was calculated. The results show 
that for the year 2000 the RF of methane is 15% 
(road) and 35% (ship) smaller when using a realistic 
scenario. 

As shown by Dahlmann et al. (2011), changes in 
the RF from NOx emissions result from changes in 
emissions, ozone production efficiency and radiative 
efficiency (Figure 3.3-7). In most cases the emission 
trend dominates the RF trend. However, the trend is 
damped by a decreasing ozone production efficiency 
and radiative efficiency due to the increased atmos-
pheric pollution. 

 

Transport-induced aerosol radiative forcing 

According to model simulations, the bulk of transport-
induced RF effect arises from aerosol-cloud interactions 
(Righi et al., 2013). The strongest RF is found for ship-
ping, followed by land transport (Figure 3.3-8). The 
uncertainty ranges derive from the different assump-
tions on the size distribution of emitted particles. Aero-
sol is therefore an important component in determin-
ing the climate impact of the transport sectors. Our 
study revealed that the aerosol effects are comparable 
and often larger than the effects of CO2, ozone and 
methane, and should therefore be included in future 
mitigation strategies. Simulations for future scenarios 
show that the climate impact will be dominated by 
aerosol-cloud effects also in the future, but is projected 
to decrease for both sectors between 2000 and 2030 
(Righi et al., 2015). This is particularly evident for ship-
ping, for which a factor 3 reduction in aerosol RF with 
respect to 2000 is simulated in one of the scenarios. 

The results obtained with the EMAC model have 
been used for driving simple climate models (Lund et 
al., 2012) to estimate the ship-induced global-mean 
temperature change from shipping toward 2050. A net 

global cooling impact by shipping was simulated 
throughout the period 1900–2050, with an estimated 
temperature change in 2050 in the range of −0.03 to 
−0.3 K, depending on the scenario and on the chosen 
parameterization. Characterizing climate impacts in 
terms of temperature change (and not only RF) is use-
ful given the higher relevance of this quantity for policy 
decisions. 

 

Transport-induced climate effects from local sources 

Although climate change is a global problem, specific 
mitigation measures to reduce the transport impacts 
are frequently applied on regional or national scales 
only. This is the case in particular for land-based 
transport due to localised infrastructures and organiza-
tion. The perturbations caused by local emissions are 
mostly smaller than the detection limits in global three-
dimensional chemistry-climate model simulations. This 
hinders the evaluation of local mitigation measures by 
means of conventional climate simulations. To solve 
this problem, an alternative methodology was devel-
oped and applied within VEU to quantify the climate 
effects of the emissions of the German transport sys-
tem. EMAC-MADE model studies with varying emission 
strength of aerosol and aerosol precursor emissions 
allowed us to derive analytic functions expressing the 
dependency of aerosol RF on the emission strength. 
These dependencies were then applied to quantify the 
effects of small emission perturbations. Combining 
these results with the AirClim climate-response model, 
the resulting radiative impacts and surface-temperature 
changes could be calculated for all components (short 
and long-lived). The application of this methodology 
showed that the climate effect of German transport 
emissions is dominated by the impact of CO2. This is in 
contrast to the impact of the global transport emis-
sions, where non-CO2 effects are much more relevant. 

 
Figure 3.3-7: Changes in global mean ozone RF with 
respect to 1960s. 

 
Figure 3.3-8: Simulated RF from the three traffic sectors 
for various compounds. The right column shows the 
approximate lifetime for each compound. Aviation ef-
fects are discussed in Section 3.2.1. 
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3.3.2 Traffic Noise 
Today, road and railway noise is seen as a severe envi-
ronmental nuisance with psychological and physiologi-
cal effects. Noise reduction is therefore a societal and 
political goal. Various kinds of technical and adminis-
trative noise reduction measures are possible. The per-
ceived noise at a receiver does not only depend on the 
noise emission at the source, it also depends on the 
processes that sound waves encounter during their 
propagation from the source to the receiver. Therefore, 
a solid knowledge of outdoor sound propagation ef-
fects is inevitable. Sound propagation is in the focus of 
IPA's contribution to noise research at DLR. The at-
mosphere plays an important role by modifying sound 
waves through air absorption, refraction, and scatter-
ing. Governing meteorological parameters are wind, 
temperature and humidity, their spatial, above all verti-
cal gradients, and their turbulent fluctuations. The 
meteorologically induced effects add to topographical-
ly induced ones such as reflection and diffraction by 
finite-impedance ground or at hills, buildings, berms, 
barriers, vegetation and other obstacles. Given the 
source power, meteorological and topographical prop-
agation effects lead to a variability of the sound level at 
distant receivers of up to 25 dB (decibels).  

Noise propagation modelling 

IPA develops, improves and operates numerical sound 
propagation models for outdoor noise applications. In 
the focus of our interest are 3-dimensional models 
which are capable of all acoustically relevant meteoro-
logical and topographical effects. We run a ray-based 
Lagrange-type sound particle model and an Euler-type 
finite-difference time-domain model. Each model has 
specific advantages and drawbacks with respect to the 
simulation of certain processes, the resolvable frequen-
cy range, the domain size and computational costs. 
The Euler model is rather universal regarding physical 

processes, but is restricted to either low frequencies or 
small domain sizes, while the Lagrangian model has a 
limited capability to simulate diffraction. Since the at-
mosphere itself is influenced by the topography, the 
goal is a consistent simulation of all influences. This is 
achieved by coupling meteorological microscale and 
mesoscale models with our sound propagation models. 
During the last years the models were further improved 
with respect to their range of applicability, numerical 
efficiency and accuracy, e.g. by improving the bounda-
ry conditions and the ground implementation as well 
as introducing higher-order difference schemes both in 
time and space. The models are mainly used to investi-
gate sound propagation processes in the context of 
traffic noise, but they are equally suited to sound from 
other sources, in particular aircraft noise and sound 
from wind turbines (Heimann et al., 2011).  

Selected model applications and results 

Two examples of model applications are introduced in 
the following. The first example investigates the influ-
ence of a single tree on the propagation of sound 
waves. Since the influence of a single tree is the basis 
for the influence of a stand of trees or even a forest, 
the application eventually aims at a parametric descrip-
tion of this influence for practical purposes. The second 
example shows that comprehensive propagation mod-
els can also be used to screen a larger domain for 
topographical and meteorological effects. This allows 
to finding locations and weather situations which fa-
vour high noise. 

One of the influences determining the propagation 
is the effect of vegetation, in particular trees. A tree 
reflects and scatters sound backward and thus reduces 
the transmission in forward direction. The effect de-
pends on tree parameters and on the ratio of the wave 
length and the diameter of trunks, limbs or twigs. By 
numerical experimentation with the Euler model rele-
vant parameters of a single tree were identified which 

 
Figure 3.3-9: (a) Transmitted, reflected and scattered sound pressure after a plane wave front has passed a generic 
tree from left to right. Colours symbolize sound pressure. (b) Broadband (15–1350 Hz) sound level change (transmis-
sion loss ΔLT) by a tree as a function of the partial cross section PCS. Symbols: different tree types, line: fitted curve. 
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determine the attenuation of broad-band sound prop-
agating through this tree. Model simulations were 
performed for a horizontally moving plane wave. The 
simulations were repeated for various types of generic 
and real, laser-scanned trees. The backscattered and 
transmitted sound energy is stored. The partial volume 
of solid tree material and the partial cross section (sil-
houette) turned out to be suited parameters to assess 
the attenuation by the tree. These parameters can be 
optically determined. The transmission loss of a single 
tree can be up to 3 dB for broadband sound where the 
high-frequency part (approximately > 200 Hz) is gener-
ally more attenuated. The numerical study resulted in 
functional relationships which can be used to parame-
terize the effect of trees when trees cannot be resolved 
or in engineering-type noise predictions (Figure 3.3-9; 
Schady et al., 2014). 

Another type of application was the screening of 
topographical and meteorological influences in a rather 
wide area. Three-dimensional Euler model simulations 
inside domains of several kilometres extension are not 
feasible for high frequency sound. Being aware that 
topographically and meteorologically induced modifi-
cations of the intensity of infrasound and audible 
sound agree qualitatively, simulations have been per-
formed with low-frequency (infra) sound (< 10 Hz). 
Hence, it is possible to show with the aid of infrasound 
simulation where the topography or the topographical-
ly modified meteorology is likely to either increase or 
decrease the audible sound levels, i.e. to identify 'hot 
spots' of strong amplification or quiet and protected 
areas in the domain. The method can be also used to 
find critical weather situations with a high local noise 
impact.  

The method was demonstrated by applying it to 
noise in the environment of two railway lines in the 
about 200 m deep and 500 m wide Middle Rhine val-
ley. In this area a 6-day field campaign was organized 
in 2012 as part of the VEU project. Figure 3.3-10 
shows where the terrain causes amplification of the 

sound relative to flat terrain and what areas benefit 
from shading. The figure also shows where and how 
much the sound intensity varies because of meteoro-
logical propagation effects due to the changing 
weather during the 6-day period. Yellow and reddish 
colours indicate areas with an above-average meteoro-
logical influence. Figure 3.3-11 shows this variability in 
comparison to measured data at the positions P1 and 
P2 (Heimann, 2013).  

 

Assessment of future traffic scenarios  

During the first project phase of VEU procedures were 
developed and preliminarily applied to assess large-scale 
traffic scenarios based on the results of traffic demand 
and macroscopic traffic distribution models. The proce-
dures allow a ranking of such scenarios with respect to 
average sound levels, maximum sound levels and maxi-
mum sound level rise. These parameters are needed to 
judge noise impact on humans. Nationwide applications 
are planned in the current project phase of VEU. 

 
Figure 3.3-11: Time-series of the normalized 90th per-
centile of the sound-level difference between P1 and P2 
(averaging period 1 h). Line: measurement, dots: simula-
tion. Positive values mean above average attenuation. 
The variability is caused by changing meteorological 
conditions. 

 
Figure 3.3-10: (a) Distribution of amplification (red) and attenuation (blue) of the sound intensity by the terrain. (b) Dis-
tribution of the meteorologically induced variability of the sound level within a 6-day period. The colour contours are in 
units of the spatial standard deviation. The broken and dotted lines show the railway lines and the terrain elevation in 
50 m intervals, respectively. P1 and P2 are positions of meteorological and sound level measurements.  
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3.4 Energy Research  

3.4.1 Solar Energy 
Global demand for renewable energy generation is 
growing worldwide. For large scale energy production, 
solar energy can play an important role in countries 
with warm and sunny climates. The installed capacity is 
split between photovoltaic and concentrating solar 
technologies (CST). In the last years, we have applied 
our knowledge in satellite remote sensing, radiative 
transfer and global climate modelling to improve oper-
ation of CST through accurate short-term forecasts of 
solar radiation and to help assessing the profitability of 
CST investments by means of long-term scenarios. 
CST use mirrors for concentrating direct normal irradi-
ance (DNI), the direct solar radiation on a plane normal 
to the sun rays. DNI is very sensitive to aerosol and 
clouds. Thick liquid water clouds suppress DNI. Thin 
cirrus clouds usually attenuate direct radiation, yet at 
times strong forward scattering from an area closely 
surrounding the solar disk induces diffuse radiation, so-
called circumsolar radiation, that contributes to DNI.  

Circumsolar Radiation 

Circumsolar radiation is the direct solar radiation that 
is scattered from a region closely surrounding the solar 
disk to a point on the Earth. It is detected by pyrheli-
ometers with a typical half-angle aperture of 2.5° 
while CST can only use a concentrator specific fraction 
of it because of their narrower acceptance angle. Its 
knowledge is important for the calculation of the ex-
pected yield of CST. Its intensity is controlled by the 
optical properties of aerosol and ice clouds. For cirrus, 
they can be derived from observations of the MSG 
satellite with high temporal (15 minutes) and spatial 
(3x3 km2) resolution using the APICS and COCS algo-
rithms (Bugliaro et al., 2011, Kox et al., 2014). The 
radiative transfer code MYSTIC (Mayer, 2009; Buras 
and Mayer, 2011) was modified to compute the angu-
lar distribution of solar radiation close to the sun disk 
and to parameterize circumsolar radiation as a func-
tion of the observed cloud properties. The resulting 
algorithm was validated against one year of ground-
based measurements. The frequency distribution of 
circumsolar radiation could be well characterized with 
typical ice particle shape mixtures (Reinhardt et al., 
2014). 

Short-Term Forecasts 

A cloud nowcasting algorithm for MSG was developed 
to capture the time evolution of cloud optical proper-
ties and radiation. It accounts for the different dis-
placement velocities of low and high clouds. First, the 
images are classified into ice clouds, water clouds, and 
cloud free areas. Next, an object-based optical flow 

technique (Zinner et al., 2008) is applied to two suc-
cessive images to determine the object drift. Finally, 
these motions vectors are used for the cloud forecast 
up to 240 minutes. These steps are exemplarily illus-
trated in Figure 3.4-1. It shows that the cloud dis-
placement is accurately nowcast with errors occurring 
mainly at cloud edges only. 

Long-Term Scenarios 

Variations of solar resources due to climate change 
could diminish the return of investment for solar ener-
gy projects. Therefore, a novel method to derive sur-
face DNI and global horizontal irradiance (GHI, the sum 
of direct and diffuse surface irradiance on a horizontal 
plane) from GCMs was implemented that takes into 
account the complex cloud distribution and overlap 
assumptions in GCM grid boxes. It was exemplarily 
applied to combined projections of clouds (E39C-A) 
and aerosol (ECHAM5-HAM). The calculations indicate 
that future (2035–2039) surface irradiances are likely 
to be reduced compared to the past (1995–1999) 
mainly in South and West Africa with a decrease of 
about 20% in DNI and 5% in GHI. In Europe and Aus-
tralia solar radiation is likely to increase by about 10% 
in DNI and some 1-5% in GHI. No significant change 
was found over North America. Climate change has 
most likely more impact on DNI than on GHI. So CST 
projects will be more affected by climate change than 
photovoltaic ventures. 

 
Figure 3.4-1: Nowcasting of ice (left) and water (right) 
clouds: initial situation (top), displacement vectors 
(middle) and 2-h nowcast including categorical evalua-
tion against observation (bottom). 
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3.4.2 Wind Energy 
Wind turbines constitute a cost effective and widely 
deployed source of renewable energy. Still, ambitious 
targets for nation-wide installed wind power combined 
with good public acceptance necessitate larger and 
more cost effective wind turbines alongside with lower 
installation costs and reduced environmental impact.  

At DLR interdisciplinary research is conducted for 
next generation wind turbines. IPA is in charge of the 
meteorological and acoustic instrumentation in a 
planned German Research Platform for Wind Energy, a 
joint venture of the German Research Alliance for 
Wind Energy. Moreover, IPA measures and simulates 
the meteorological conditions in the atmospheric 
boundary layer in topographically structured and com-
plex terrain and around wind turbines by means of 
lidar measurements and numerical simulations employ-
ing LES methods. The propagation and immission of 
sound, emitted by the turbine blades, is quantified 
taking into account local topography and meteorology. 

In the BMU-funded project RAVE, IPA performed 
the first kilometre-range lidar measurements upwind 
and downwind of a wind turbine in a convective (day 
time) and stable (nocturnal) atmospheric boundary 
layer (Figure 3.4-2, Käsler et al., 2010). Data analysis 
even identified a swirl flow (rotating wake). 

 
The lidar data and a temperature profile were used 

to simulate the noise propagation under realistic at-
mospheric conditions with a sound particle model 
(Heimann et al., 2011). Figure 3.4-3 reveals that the 
wake flow during the low-level jet event acts as a sys-
tem of acoustic lenses resulting in a higher noise level 

from a high source and a lower noise level from a low 
source at distances larger than 500 m. 

The wake flow behind a turbine is characterized by 
a velocity deficit and a vortex flow around it, the so-
called swirl. The vortex propagates downstream, often 
showing a meandering behaviour. Causes of the me-
andering are under debate (Figure 3.4-4). Schröttle et 
al. (2015) showed in the BMU-funded project LIPS that 
the swirl indeed starts to oscillate in the presence of a 
strong background shear. The vortex is unstable, even-
tually evolving into a turbulent state.  

These first results in wind energy research demon-
strate the complexity of turbine wake flow dynamics 
and its impact on the propagation of sound.  

 
Figure 3.4-2: Lidar wind measurements in a nocturnal 
boundary layer, azimuth scan (top), elevation scan (bot-
tom); M5000’s mark the positions of two 5 MW tur-
bines; the wakes and the low-level jet are quantifiable. 

 
Figure 3.4-3: 2D-simulated sound level in the nocturnal 
low-level jet relative to an isothermal and calm atmos-
phere from a high (top) and low (bottom) noise source. 

 
Figure 3.4-4: Meandering (ωz) as a result of an inflow 
with vertical shear (Ω) and a swirl flow. 
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4 Future Directions 
Chapter 4 describes the scientific aims of the institute 
for the next 5–10 years. These aims are formulated for 
the five scientific focus areas of the institute, namely 
atmospheric dynamics, trace gases, aerosols, clouds, 
and eco-efficiency and safety in aviation and surface 
transport. This chapter is structured according to scien-
tific rather than programmatic aspects since in many 
cases the answering of a given scientific question is a 
prerequisite for achieving the programmatic objectives 
of the institute in more than just one programme (i.e., 
“Space”, “Aeronautics”, “Transport”, and “Energy”). 
For example, a proper understanding and implementa-
tion of atmospheric dynamics into numerical climate or 
weather prediction models is both a prerequisite for 
properly modelling the atmospheric methane cycle 
(programme “Space”) or for assessing the climate im-
pact of aviation or surface transport emissions (pro-
grammes “Aeronautics” and “Transport”). 
 
 

4.1 Atmospheric Dynamics 
Our goal is to gain a profound understanding of at-
mospheric dynamical processes. This will lead to im-
proved weather and climate models and enables socie-
ty to assess the influence of the atmosphere on society 
and vice versa. 

In order to achieve this, dynamical processes across 
all scales from the atmospheric boundary layer up to 
the mesosphere are investigated at IPA. The broad 
spectrum of different atmospheric processes ranges 
from planetary waves down to turbulent eddies reflect-
ing the multi-scale nature of the atmospheric flow. The 
spatiotemporal linkage of relevant tropospheric and 
stratospheric processes is sketched in Figure 4.1-113. 
 
 

4.1.1 Vertical Coupling with the 
Middle Atmosphere 

The middle atmosphere is supposed to influence 
weather and climate, and its role in determining at-
mospheric circulations has been increasingly appreciat-
ed. To ensure reliable projections of Earth's future cli-
mate, a quantitative understanding of coupling pro-
cesses between the middle atmosphere and the lower 
atmosphere is essential.  

                                                           
13 adapted from Hoskins B. J., 2012: The potential for skill across the 
range of the seamless weather-climate prediction problem: a stimulus 
for our science, Q. J. R. Meteorol. Soc. 

Towards a better understanding of gravity waves 

The vertical and horizontal propagation of internal 
gravity waves (GWs) is essential for the coupling. GWs 
propagate vertically and horizontally and transport 
momentum and energy. The momentum deposition by 
breaking GWs modifies the background flow and 
drives the circulation of the middle atmosphere. Inter-
actions of GWs with the thermal and wind fields cause 
refraction and filtering of waves. As a result, the flow 
contains upward- and downward propagating waves 
of different properties, allowing for wave-wave interac-
tions, and the generation of secondary waves. Current-
ly, the spatial and spectral distributions of GW sources 
are not yet well known. Further questions concern the 
interaction of GWs with tides in the middle atmos-
phere.  

Relevant GWs processes will be studied in detail by 
carrying out dedicated field campaigns combining air-
borne, ground-based, and spaceborne sensors. These 
campaigns continue previous efforts (see Section 
3.1.4). Satellite instruments, due to their limited spatial 
resolution, are not able to resolve small-scale GWs. 
However, small-scale GWs are responsible for most of 
the momentum transfer in the middle atmosphere. 
Therefore, new instruments or instrument combina-
tions are needed. Currently, lidar is the only technology 
which can probe all relevant altitude ranges (0–120 km) 
and retrieve air and metal densities, temperature, wind 
and heat fluxes with sufficient precision (Figure 4.1-2). 

 
Figure 4.1-2: Future atmospheric measurement capabili-
ties using lidar technology. 

 
Figure 4.1-1: Time-scales of atmospheric processes. 
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Therefore, we plan to develop new instruments, 
deploy these in dedicated campaigns, and analyse the 
results in conjunction with numerical modelling to 
achieve a comprehensive understanding of middle 
atmosphere dynamics.  

The Airborne Lidar for studying the Middle Atmos-
phere (ALIMA) will combine different lidar techniques 
to make high resolution measurements of important 
dynamic parameters from the troposphere to the lower 
thermosphere. The new instrument is developed for 
the research aircraft HALO and will measure tempera-
ture, wind and fluxes derived from air density by Ray-
leigh scattering and resonance scattering from the iron 
layer in the mesosphere/lower thermosphere. The reso-
lution of the high-frequency part (< 1 h) of the GW 
spectrum will offer unprecedented prospects for re-
search of the middle atmosphere dynamics. The 
ground-based “Temperature Lidar for Middle Atmos-
phere research” (TELMA) and the “Compact Rayleigh 
Autonomous Lidar” (CORAL), which are both similar in 
design, will support ALIMA with long-term reference 
datasets acquired at different geographical sites. TEL-
MA will be equipped with a novel high spectral resolu-
tion temperature receiver, which exploits Rayleigh-
Broullion scattering for accurately measuring atmos-
pheric temperature profiles that was pioneered and 
verified with the A2D lidar instrument (see Figure  
2.3-8). This development will extend TELMAs altitude 
range downward and will allow the characterization of 
tropospheric conditions during events of deep wave 
propagation. 

The operation of these instruments is planned in 
several international campaigns during the next years. 
During the winter 2015/2016, GW measurements with 
ground-based and airborne instrumentation will be 
conducted above Northern Scandinavia during the 
combined Falcon and HALO campaigns GW-LCYCLE 2 
and POLSTRACC. The ground-based observations with 
TELMA during the ARISE2 project aim to study convec-
tively generated GWs at the Ivory Coast in 2017. GW 
observations in the Southern Hemisphere will com-
mence in 2016 with CORAL and TELMA at different 
sites in South America. ALIMA is planned to traverse 
Antarctica on board of HALO during the ANTHALO 
campaign in 2019. 

A GW ray tracer will be established at IPA in order 
to identify sources of the observed GWs. We will de-
velop comprehensive GW diagnostics based on high-
resolution ECMWF operational forecast and analysis 
data. This will allow detailed comparisons between 
measurements and model results based on global me-
teorological fields. Mesoscale numerical simulations 
will be conducted for case studies. The filtering of 
waves, wave-wave interactions and dissipation will be 
studied using numerical models with idealized setups 
(EULAG). 

Dynamics of the middle atmosphere in a changing 
climate 

The middle atmosphere is affected by climate change 
in various ways. Currently, not all relevant processes 
are understood: Observations and current GCM results 
describe the changes of the global circulation in the 
middle atmosphere over the last decades differently. 
While the few available observational records indicate 
a slowdown of the stratospheric circulation, the majori-
ty of GCMs simulate a strengthening circulation, i.e. 
decreasing transport times through the middle atmos-
phere (see Figure 4.1-3). Due to this discrepancy, the 
response of middle atmospheric climate to increasing 
greenhouse gas concentrations cannot be assessed 
conclusively at the moment.  
 

 
Figure 4.1-3: Transport time scales in the northern mid-
latitude stratosphere from observations14, 15 and from a 
transient simulation with the CCM E39CA (Garny et al., 
2011). The linear trend in the observational data set is 
+0.25 a/decade, in the E39CA model the trend over the 
same period is −0.16 a/decade. 
 

Major uncertainties that exist in both model projec-
tions and the interpretation of observational records 
will be addressed. Currently, the two major unknowns 
in the observed and simulated records of past circula-
tion changes are 1) in the derivation of circulation 
measures from observational data and 2) in the repre-
sentation of unresolved processes in GCMs, in particu-
lar the parameterization of internal GWs. 

The planned research aims to reconcile past chang-
es in the middle atmospheric circulation in observations 
and models, therewith gaining a better knowledge and 
quantitative understanding of the role of the middle 
atmosphere in a changing climate. Furthermore, the 
overall impact of changes in the middle atmospheric 
circulation on surface climate will be investigated. Pri-
marily, we aim to advance the understanding of the 
role of waves possessing different scales (ranging from 
tens to thousands of kilometres) on the global 
transport circulation. 

                                                           
14 Engel et al., 2009, Age of stratospheric air unchanged within uncer-
tainties over the past 30 years, Nature Geoscience, 2, 28-31. 
15 Stiller et al., 2012: Observed temporal evolution of global mean age 
of stratospheric air for the 2002 to 2010 period, Atmos. Chem. Phys., 
12, 3311-3331. 
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Our approach to assess these uncertainties is to com-
bine observational data from both in-situ (in particular 
on board of HALO) and satellite (in particular MIPAS) 
instruments with a consistent hierarchy of models. The 
global chemistry-climate model EMAC, which is used 
for long-term simulations, will be combined with the 
regional model COSMO nested into EMAC. This will 
provide the ideal tool to test assumptions made in de-
riving transport characteristics from observational data 
and to untangle the effects of different transport pro-
cesses on the derived diagnostics. The high-resolution 
domain will be used to study processes that are not 
resolved by GCMs like small-scale transport. Further-
more, we plan to develop an idealized model of global 
dynamics based on EMAC. The combination of the 
fully coupled model with an idealized model is essential 
for advancing the mechanistic understanding and un-
tangling cause-effect relationships of the dynamical 
forcing of the middle atmospheric circulation. 
 

4.1.2 Chaotic Processes and 
Predictability  

During recent years, IPA acquired an outstanding posi-
tion in studying chaotic processes and predictability. In 
numerous national and international field campaigns, 
IPA contributed profoundly to the dynamic meteorolo-
gy of the mid-latitudes by combining advanced in-situ 
and remote sensing observations and model analyses 
(see Section 3.1.2). Instrument developments were 
mainly triggered to demonstrate the feasibility for fu-
ture deployments in space (see e.g. Section 3.1.1). On 
the other hand, the new possibilities associated with 
the recent availability of the research aircraft HALO 
allowed comprehensive investigations of particular 
dynamical processes in the atmosphere related to high-
impact weather (HIW) events. This provides a unique 
research perspective with high societal and economical 
relevance as accurate predictions of HIW become more 
and more important. For instance, the energy sector 
traverses to renewable energy technologies and avia-
tion is confronted with steadily increasing air traffic 
which enhances the dependence on accurate weather 
predictions. 

In the near future, novel airborne and spaceborne 
observations will intensify research in dynamical pro-
cesses that impact the quality of Numerical Weather 
Prediction (NWP). Two major innovations are relevant 
for IPA. On the one hand, HALO offers new possibili-
ties for an internationally coordinated research cam-
paign focusing on physical processes and predictability. 
The North Atlantic Waveguide and Downstream Im-
pact Experiment (NAWDEX) will be conducted in au-
tumn 2016. On the other hand, the Atmospheric Dy-
namics Mission Aeolus (ADM-Aeolus) will be launched 
in 2017.  

NAWDEX will be the first field experiment that fo-
cuses on the quantification of errors in NWP models in 
regions that are expected to be highly sensitive for 
errors in weather forecasts over Europe, namely the jet 
stream over the North Atlantic (see Figure 4.1-4). The 
observation period will be in September and October 
2016 providing strong storm activity and triggering 
mechanisms, i.e. mid-latitude cyclones, tropical cy-
clones and polar vortices that impact the North Atlantic 
jet stream. IPA plays a leading role in the coordination 
and preparation of the multi-aircraft campaign. During 
the campaign, independent observations are gathered 
that allow a validation of operational NWP models. 
Therefore, dedicated remote sensing observations near 
the North Atlantic jet stream will be performed with a 
unique combination of airborne instruments, such as 
the water vapour lidar WALES, a cloud radar, multiple 
dropsondes and wind lidar instruments.  
 

 
NAWDEX is a project under the auspices of the 

WMO High Impact Weather programme that aims at 
improving the skill of HIW forecasts and at investigat-
ing the meteorological processes influencing their pre-
dictability. The analysis of the data set is strongly linked 
to work at the chair of Theoretical Meteorology at 
LMU München. Additionally, it links to theoretical and 
modelling work at the collaborative research centre 
“Waves to Weather” aiming at the investigation of the 
same nonlinear dynamical and physical processes that 
are the central topic of NAWDEX. The involved institu-
tions are the universities of Mainz, Karlsruhe, Heidel-
berg and Munich, and the DLR. On an international 
level, our partners are located in the US, UK, France, 
Canada and Switzerland. 

Additionally to NAWDEX, future research cam-
paigns with different scientific aims provide strong 
relation to the above mentioned research aims and 

 
Figure 4.1-4: A map of the NAWDEX observation area, 
schematically indicates the triggering of disturbances at 
the east coast of the USA, the Rossby waveguide (large 
grey arrow) and high impact weather/the end of the 
storm track over Europe. The primary aircraft to be de-
ployed in the campaign are also shown. (Courtesy of Pat 
Harr) 



 

 

87 

     4.1 Atmospheric Dynamics 

further opportunities to study dynamical processes. For 
instance the NARVAL-2 campaign will focus on the 
dynamics of subtropical and tropical regions and the 
WISE campaign will study stratospheric tropospheric 
exchange. 

The Atmospheric Dynamics Mission ADM-Aeolus 
(Figure 4.1-5) from ESA will be the first European lidar 
and the first wind lidar in space worldwide. Significant 
improvements for weather forecasts are expected, 
because Aeolus fills the gap in the global observing 
system for wind profile observations. IPA plans to pro-
vide key contributions to Aeolus after launch with the 
development of retrieval algorithms and processors, by 
validation of the Aeolus wind and aerosol products and 
by scientific use of its observations. IPA is in a unique 
position to contribute to Aeolus due to its strong in-
volvement in algorithm studies and the development 
and use of the airborne prototype of Aeolus – the  
ALADIN airborne demonstrator A2D – during several 
airborne campaigns during the past 10 years. The A2D 
will be used for validation of Aeolus after launch as an 
airborne test bed and provides essential co-located 
measurements, which even allow validating the calibra-
tion of Aeolus in-orbit. IPA coordinates a German vali-
dation effort for Aeolus with contributions from DWD, 
LMU and TROPOS including long-term monitoring, 
ground-based and airborne campaigns. The DLR-IMF in 
cooperation with IPA is responsible for algorithms and 
operational processors up to product Level 1B and 
supports the developments for higher-level products. 
The combination of expertise in wind retrieval algo-
rithms, the hands-on experience with the ALADIN in-
strument in terms of the A2D, and the successful deri-
vation of wind profiles from real atmospheric signals 
for more than a decade at IPA will strongly enhance 
the capabilities of providing validated Aeolus wind and 
aerosol observations after launch. This is a pre-requisite 
for achieving the mission objectives of improving NWP. 
IPA plans to exploit the potential of Aeolus data prod-
ucts beyond the use in NWP within larger field cam-
paigns, e.g. of NAWDEX type, and research questions 
related to stratospheric dynamics and transport pro-
cesses.  

4.1.3 Turbulence, Noise and Wake 
Vortices  

Small-scale processes, such as turbulence, will be inves-
tigated in the atmospheric boundary layer as well as in 
the free atmosphere. One focus is the realistic simula-
tion of an aircraft’s flight through atmospheric turbu-
lence and stratification with its impact on the roll-up 
process and characteristics of its wake vortices. To this 
end, LES and RANS simulation techniques are coupled 
in a unique way. Eventually, the coupling will be bi-
directional such that a virtual flight through a realistic 
meteorological environment can be computed, also 
encompassing its impact upon the aircraft’s aerody-
namics and structural loads. 

In projects tied to wind energy, the interaction of 
the flow across heterogeneous terrain (forests, hills) 
with wind turbines will be studied applying advanced 
numerical methods, such as LES (Figure 4.1-6). 
 

 
Figure 4.1-6: Simulated laboratory experiment of a non-
stationary wake flow (velocity in m s-1) through a single 
wind turbine. 
 

One particular emphasis is the gradual develop-
ment of a virtual wind park which combines the realis-
tic simulation of atmospheric boundary layer flow with 
a state-of-the-art parameterization of the wind turbine 
and a set of virtual in-situ and remote sensing instru-
ments. Moreover, also a coupling of LES and RANS 
methods is envisaged to capture the impact of realistic 
boundary layer flows on the aerodynamics and aero-
elasticity of turbine blades and, vice versa, to simulate 
the wake flow in unprecedented detail.  

Besides the improved insight into wind turbine in-
flows and wakes such comprehensive data further 
facilitate the consistent simulation of sound propaga-
tion. The German Research Platform for Wind Energy is 
a real wind park in its planning phase. In this joint at-
tempt of the German Research Alliance for Wind Ener-
gy, IPA accounts for the park’s meteorological and 
acoustic instrumentation. 
 

 
Figure 4.1-5: Sketch of the wind lidar mission 
ADM-Aeolus. (Courtesy ESA/ATG-Medialab) 
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4.2 Atmospheric Trace 
Gases 
A number of minor gaseous constituents of our at-
mosphere play major roles in Earth’s radiation budget 
and atmospheric chemistry. In line with DLR’s pro-
grammatic orientation in the fields of space, aero-
nautics and transport research, our institute plans to 
focus mainly on methane, water vapour, ozone, and 
sulphur dioxide, because these gases need particular 
attention through better observations and modelling in 
view of reducing current uncertainties in climate re-
search.  
 

4.2.1 Methane Sources and Sinks 
Methane is the third most important greenhouse gas in 
the atmosphere after water vapour and carbon diox-
ide, and responsible for about 20% of the anthropo-
genic warming induced by long-lived greenhouse gases 
since pre-industrial times. Methane also is an important 
player in reducing the oxidation capacity of the atmos-
phere by reacting with hydroxyl radicals (OH). It serves 
as an important source of tropospheric ozone and 
stratospheric water vapour, both key to climate. How-
ever, there is a lack of accurate and global observations 
of methane. Space-based integrated path differential 
absorption (IPDA) lidar has potential to fill this gap, and 
consequently a Methane Remote Lidar Mission (MER-
LIN) on a small satellite in a polar orbit was started by 
DLR and CNES in the frame of a French-German cli-
mate monitoring initiative (Figure 4.2-1). 

MERLIN aims at a better quantification of bio-
sphere-atmosphere exchange processes and related 
climate feedbacks, comprising methane fluxes over 
wetlands, release from permafrost soils and continental 
shelves, and potential destabilization of methane hy-
drates from the ocean floors. These processes occur in 
remote tropical and high-latitude regions, where the 
deployment of in-situ instrumentation is difficult. In the 
tropics MERLIN will measure in between clouds thanks 
to its narrow field of view. At high latitudes its cover-
age will be particularly dense thanks to overlapping 
ascending and descending orbits. MERLIN is thus ex-
pected to complement current passive remote sensing, 
which is hindered in the tropics by clouds and blind at 
high latitudes due to lack of sunlight. 

The institute is well prepared to address major is-
sues related with the various sources and sinks of me-
thane and their evolution in the context of climate 
change: It will use the MERLIN airborne demonstrator 
CHARM-F, validate the IPDA technique, compile and 
apply the MERLIN’s scientific processor, and run at-
mospheric chemistry-climate models, as explained in the 
following. 

 
First and foremost, the airborne lidar CHARM-F 

(see Section 2.2) will be operated on board HALO to 
measure concentration gradients and quantify surface 
fluxes of CH4 and CO2, both over anthropogenic point 
sources and larger-scale natural sources. To demon-
strate the utility of this novel lidar technique and to 
assess its accuracy, validation flights will be performed 
above surface remote sensing reference stations 
(TCCON), and with instruments on board other aircraft 
and balloons (Figure 4.2-2). This represents a scientific 
challenge since the measurement volumes and the 
weighting functions (sensitivities) of all involved in-
struments are different. Due to similar measurement 
geometry and weighting function, HALO validation 
campaigns with CHARM-F will be essential for MER-
LIN’s success. 

Furthermore, the results of CHARM-F are essential 
to tailor and optimize MERLIN’s retrieval algorithms. 

 
Figure 4.2-1: MERLIN satellite with laser pointing to-
wards the Earth. 

 
Figure 4.2-2: Validation concept of integrated path dif-
ferential absorption lidar measurements of methane 
columns. 
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On the base of the CHARM-F experience, the institute 
will develop and run its own MERLIN processor both 
for scientific research and for improvement of the op-
erational processor that will be developed by DLR´s 
Remote Sensing Technology Institute (DLR-IMF). 

Finally, the chemistry-climate model EMAC will be 
further developed towards a better representation of 
methane. These activities include changing the bound-
ary conditions from prescribed methane values to 
emission fluxes, and the representation of methane 
isotopologues (see Section 2.6.1). A special focus will 
be the quantification of the photochemical methane 
sinks defining the atmospheric methane lifetime (see 
also Section 4.2.3). MERLIN’s data will be of highest 
value for inverse numerical models that rely on highly 
accurate observations to quantify regional methane 
sources and sinks over the globe. The institute does 
not run inverse models, yet collaborates in this area 
with the Max Planck Institute for Biogeochemistry in 
Jena and with the Swiss Federal Laboratories for Mate-
rials Science and Technology (EMPA). 

The institute is a key player for the MERLIN mission 
by providing the German Principal Investigator (PI). We 
will promote the formation of a MERLIN user commu-
nity, particularly including scientists that use inverse 
models to quantify methane sources and sinks. In addi-
tion, close collaboration with the NASA CO2 lidar mis-
sion team exists via the exchange of experts in the 
mission advisory groups and via common mission per-
formance assessments (see Figure 3.1-10). This coop-
eration is expected to intensify in the perspective of 
joint validation efforts and of ambitious future projects 
such as A-SCOPE for active CO2 remote sensing, or a 
potential IPDA lidar deployment on board the ISS. 
 

4.2.2 Water Vapour Transport and 
Variability 

Water vapour, of key importance to weather and cli-
mate, is highly variable in the troposphere, mainly be-
cause of its strong and nonlinear dependence on tem-
perature. Also in the stratosphere, changes in water 
vapour significantly contribute to the observed climate 
change. Along which pathways the water vapour is 
transported and which modifications it undergoes in 
detail on its way into the stratosphere is crucial and 
largely unknown. The question, how much of the 
stratospheric change is due to methane oxidation and 
how much of it is due to feedback effects in a chang-
ing climate, is of similar importance. Our institute is in 
a good position to address these issues, thanks to our 
advanced observational and modelling capabilities 
listed here below. 

A better understanding of tropospheric transport, 
mixing and transformation (cloud formation) processes 
of water vapour will be obtained from measurements 

by the water vapour lidar WALES on board HALO (see 
Section 2.2 and Figure 4.2-3) during the international 
field campaigns NARVAL-2 and NAWDEX. On-board 
in-situ instruments will provide complementary meas-
urements of water vapour at flight altitude. Many criti-
cal processes occur on spatial scales smaller than the 
resolution of models. They need to be investigated all 
along the way from the major source, surface evapora-
tion in the lowest layer, the boundary layer, to the free 
troposphere and the tropopause region. 

These processes, controlling transport and variabil-
ity, include for example fluxes of latent heat in the 
turbulent boundary layer, cloud formation and dissipa-
tion, intrusions of stratospheric air into the tropo-
sphere, and moist convection, one of the major uplift 
processes for tropospheric air. Collocated measure-
ments of the water vapour lidar WALES and of the 
Doppler wind lidar permit the assessment of latent 
heat fluxes using eddy correlation as exemplified in 
Figure 3.1-4. Collocated WALES-lidar (including its 
HSRL channel) and HAMP-radar observations will pro-
vide valuable synergy to investigate the interactions 
between water vapour, clouds and aerosols (see also 
Figure 3.1-9). These investigations will strongly support 
the preparation of ESA’s EarthCARE mission. Moreo-
ver, the importance of water vapour and low-cloud 
climate feedbacks, particularly in the subtropics, under-
lines the necessity of a spaceborne water vapour lidar 
in the spirit of the institute’s ESA WALES proposal in 
2001. 

With the aim to detect trends of upper tropospher-
ic and stratospheric water vapour, the investigation of 
long-term observations is another topic in view of the 
climate change issue mentioned above. It will include 
comprehensive analyses of both, satellite (HIRS) and 
aircraft (IAGOS, CARIBIC) time series. Furthermore, an 
advancement of the hydrological cycle (e.g., a Lagran-
gian representation) in the EMAC model is foreseen. It 
will allow setting up a balance for stratospheric water 
vapour in order to better understand the observed 
distribution as well as its projected changes and cli-
mate sensitivities. 

 
Figure 4.2-3: WALES water vapour mixing ratio (blue, 
green: dry; red: humid) on 19 December 2013 during 
NARVAL. 
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4.2.3 The Ozone Budget in 
the UTLS 

Short-lived greenhouse gases including tropospheric 
ozone play a key role in determining the oxidizing ca-
pacity of the atmosphere. The lifetime and global dis-
tribution of these climate-relevant gases are largely 
controlled by highly non-linear photochemical oxida-
tion processes. Due to the lack of measurements of key 
species (as OH and HO2), the major photochemical 
processes are still not fully understood.  

IPA is well prepared to study these processes in fu-
ture projects by both performing highly resolved meas-
urements of key species (including NO, NO2, NOy, O3, 
CH4, CO2, CO, and H2O) on different airborne plat-
forms and by using model simulations using the chem-
istry-climate model EMAC with HOx chemistry includ-
ed. One focus of IPA during the next years is a better 
understanding of the oxidation processes in the UTLS, 
especially in regions of rapidly increasing emissions, 
e.g., Southeast Asia, as well as in major population 
centres and megacities in Europe and Asia. For detailed 
process studies, it is intended to further develop and 
apply the higher resolved global/regional MECO(n) 
model system (see Section 2.6.1). This will further im-
prove the comparability of model simulation results 
with observations from aircraft. 

Together with leading German atmospheric re-
search institutes, partners from other European coun-
tries and the WMO, IPA contribute to a worldwide 
unique observing infrastructure for measurements in 
the UTLS. IAGOS aims to provide in-situ observational 
data of the tropopause region that cannot be obtained 
by other measurement platforms. The nitrogen oxides 
measurements by IPA will be used to improve the un-
derstanding of the photochemistry in the UTLS. The 
focus will be on the study of the regional and seasonal 
distributions of nitrogen oxides in the UTLS on a global 
scale. The relative contribution of transport processes 
(from sources in the boundary layer and in the strato-
sphere) versus local sources like aviation and lightning 
will be studied. This analysis aims to contribute to the 
improvement of simulating and predicting for example 
the impact of aviation on air quality and climate.  

Further analysis will focus on the question whether 
there are regions in the UTLS where a trend in increas-
ing or decreasing nitrogen oxides concentrations is 
discernible. As the distribution of nitrogen oxides in the 
UTLS is highly variable in time and space, only long 
term observations can provide a solid base for estab-
lishing climatology of nitrogen oxides in the UTLS. 
Therefore, it is intended to continue these measure-
ments within IAGOS for the years to come. The ex-
pected longer time series of observations and derived 
trends will be compared with results from long-term 
EMAC simulations. 

Of particular interest is the Asian summer monsoon 
(ASM) circulation, since it is known to efficiently 
transport pollution from the planetary boundary layer 
into the upper troposphere and lowermost strato-
sphere, subsequently redistributing regional pollution 
to the global scale involving transport pathways in 
westerly and easterly directions (Figure 4.2-4). 

 

 
Figure 4.2-4: Schematics of the Asian summer Monsoon 
Circulation16. Deep convection over the Himalayas dur-
ing the summer monsoon leads to a persistent anticy-
clone in the upper troposphere and tropical tropopause 
layer with long residence times of air masses, very in-
tense photochemistry, and formation of a distinct aero-
sol layer (ATAL). 

 
However, a detailed knowledge of the transport 

and photochemical processes associated with the ASM 
circulation is still missing. In 2015, the HALO OMO-
ASIA campaign, coordinated by the Max Planck Insti-
tute for Chemistry, focuses on oxidation mechanisms 
and radical chemistry in the outflow of the ASM. IPA 
will contribute with measurements of key species in-
cluding the nitrogen oxides NOx, HNO3 and total reac-
tive nitrogen to study reactive nitrogen chemistry and 
composition in the ASM. Specifically, IPA is interested 
in the reactive nitrogen chemistry during the lifting 
process, since efficient oxidation will convert primary 
emitted NOx into water-soluble HNO3, which in turn is 
efficiently removed by wash-out processes. The reac-
tive nitrogen composition measured in the ASM out-
flow will be used to evaluate the photochemical ozone 
production efficiency during long-range transport in 
the lower stratosphere. The comprehensive set of trace 
gas and radical measurements during OMO-ASIA will 
also result in a unique possibility to evaluate photo-
chemical processes and monsoon transport pathways 
in the EMAC model. In this connection EMAC simula-
tions will be analysed in the EU project StratoClim to 
quantify measures of the interactions between the 
stratosphere and the troposphere within the coupled 

                                                           
16 After Park, M., et al., 2009: Transport pathways of carbon monoxide 
in the Asian summer monsoon diagnosed from Model of Ozone and 
Related Tracers (MOZART), J. Geophys. Res., 114, D08303,  
doi:10.1029/2008JD010621. 
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chemistry-climate system. Stratospheric trends and 
changes in variability and their link to climate will be 
explored. 

The future HALO campaign EMERGE, coordinated 
by the University of Bremen, aims to investigate the 
transport and chemical processing of pollution plumes 
originating from of European and Asian megacities and 
major population centres. A better understanding of 
the regional and global impact of traffic emissions on 
chemical composition is one of the key scientific inter-
ests of IPA. The participation in the EMERGE project 
offers a unique opportunity to update and verify emis-
sion inventories used in EMAC to improve future simu-
lations. Furthermore, it provides an opportunity to 
study source strengths, transport and chemical pro-
cessing of traffic-related emissions, both from land-
based transport as well as from shipping, since many 
large urban agglomerates are located along a natural 
harbour or navigable waterway. 
 

4.2.4 Key Sulphur Species in 
the UTLS  

Aerosols in the UTLS consist mainly of sulphuric acid 
water solution droplets (H2SO4/H2O) and volatile organ-
ic particles. A fraction of the aerosols also includes 
non-volatile materials. Aerosols in the UTLS have an 
important impact on chemistry, radiation, and clouds. 
A major source of sulphate aerosols in the UTLS is the 
oxidation of the precursor gases SO2 (sulphur dioxide) 
to gaseous H2SO4 (sulphuric acid) followed by homo-
geneous nucleation. Sources of SO2 in the UTLS in-
clude injections by volcanic eruptions, vertical transport 
from ground-based pollution by deep convection, and 
air traffic. In particular, convective uplift of SO2 from 
anthropogenic pollution in East Asia may represent a 
significant and increasing source of sulphur in the 
UTLS. Vertical transport of Asian SO2 in winter can 
occur in warm conveyor belts (WCB) associated with 
cyclones. In summer, SO2 can be uplifted in the Asian 
summer monsoon (ASM). While WCBs mainly 
transport SO2 into the extra-tropical UTLS region, the 
ASM circulation may represent an important transport 
pathway of sulphur into the stratosphere (Figure  
4.2-4). 

During recent years, IPA has performed high accu-
racy airborne SO2 measurements in different regions of 
the world (Europe, Africa, America, Australia, New 
Zealand, Polar Regions) using chemical ionisation mass 
spectrometry including in-flight calibration with isotop-
ically marked SO2. Figure 4.2-5 depicts a composite 
map of the SO2 volume mixing ratios observed aver-
aged over an altitude interval from 8–12 km and 5°x5° 
horizontal bins. SO2 background volume mixing ratios 
range between 10–30 pptv. Enhanced SO2 mixing rati-
os are observed in specific regions caused by volcanic 

emissions and uplift of SO2 pollution from ground 
sources by thunderclouds and WCBs.  

However, the relative importance of the different 
transport pathways of sulphur compounds into the 
UTLS needs to be quantified. Furthermore, the fraction 
of SO2 scavenged in clouds during the convective uplift 
is not well determined. Also, the contribution of an-
thropogenic SO2 pollution to the stratospheric sulphate 
burden is not well quantified 

In order to address these issues, major field exper-
iments are planned in the coming years including the 
HALO campaigns OMO-ASIA and EMERGE as well as 
the GEOPHYSICA campaign STRATOCLIM. The contri-
butions of IPA to these field experiments will include 
SO2 and sulphate aerosol measurements from HALO 
and SO2/H2SO4 measurements on-board the GEOPHYS-
ICA with a new CIMS instrument (STRATOMAS) under 
development. The focus of OMO-ASIA and STRATO-
CLIM will be on the troposphere-stratosphere transport 
associated with the ASM circulation, EMERGE will 
study the regional impact of anthropogenic pollution in 
south-east Asia including the uplift of trace species to 
the UTLS by deep convection. The IPA investigations on 
sulphur compounds in the UTLS are embedded in the 
SPARC activity “Stratospheric Sulphur and its Role in 
Climate (SSiRC)” and the IGAC/SPARC activity “At-
mospheric Composition and the Asian Monsoon 
(ACAM)”. The field activities in ACAM are coordinated 
by IPA. 

 
Figure 4.2-5: Composite of SO2 volume mixing ratios 
averaged over 8–12 km and 5°x5° bins from recent Fal-
con and HALO measurement campaigns. The im-
portance of the different transport pathways into the 
UTLS leading to enhanced SO2 concentrations still needs 
to be assessed. 
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4.3 Aerosols 
Aerosol particles affect the energy budget of the 
Earth’s atmosphere by scattering, absorption, and re-
emission of radiation (aerosol-radiation-interactions), 
and by modifying the properties of clouds (aerosol-
cloud-interactions). They still pose very large uncertain-
ties in our understanding of climate and its change. 
Additionally, aerosols have adverse effects for human 
health (air quality). Atmospheric aerosol is one of the 
key research topics at IPA. The institute has contributed 
to advance the field of aerosol research by many publi-
cations in peer-reviewed scientific journals but also by 
application-oriented activities, for instance, by provid-
ing fundamental input to the International Civil Avia-
tion Organization (ICAO) for developing guidelines to 
prevent aviation from being affected by volcanic ash. 

IPA’s aerosol-related work in the next years will fo-
cus on the following major scientific goals: 

a) characterization of aerosol properties,  

b) understanding of aerosol life cycle, and 

c) quantification of aerosol effects on clouds, radia-
tion and climate. 

To address these issues IPA will apply aircraft-based 
in-situ and remote sensing measurements, satellite-
based observations, as well as different modelling 
techniques including process models, optical models, 
radiative transfer models, and global chemistry-aerosol-
climate models (Figure 4.3-1; see Sections 2.6, 2.8, 
3.2). We will further develop these techniques, com-
plement them with new methods, and strengthen their 
combined usage to benefit from the large synergy po-
tential inherent in this notably wide spectrum of differ-
ent methods. 
 

4.3.1 Aerosol Properties and Life 
Cycle 
A general objective of IPA is the characterization of the 
microphysical, chemical, and optical properties of the 
atmospheric aerosol and their spatial and temporal 
distribution. In conjunction with this, we aim at under-
standing transport and transformation of aerosols dur-
ing their atmospheric life cycle. This also includes the 
exploration of effects of cloud processing on micro-
physical and chemical aerosol properties and the as-
sessment of the impact of convective clouds on the 
aerosol budget and aerosol vertical transport. 

A specific focus of these investigations will be on 
the aerosol components mineral dust and black car-
bon. Due to their ability to serve as ice nuclei, they play 
a crucial role in ice cloud formation (Section 4.4). In 
addition, both components impact the Earth’s radia-
tion budget. IPA will perform targeted field measure-

ments to assess their atmospheric distribution and 
properties. These field missions will be planned in co-
operation with LMU München and will combine 
ground-based, airborne, satellite, and modelling efforts 
to describe the aerosol as fully as possible and to iden-
tify uncertainties and inaccuracies in the methods in-
volved. 

Facing IPA’s broad activities in transport research 
(Sections 3.3, 4.5) aerosols from transport emissions 
and their climatic impacts will also be a focus. Fur-
thermore, IPA will investigate aerosol constituents 
which could affect air traffic. Especially, volcanic ash 
and mineral dust are known to have potentially severe 
impacts on aviation, mainly by causing poor visibility 
but also due to affecting technical components such as 
aircraft engines. In particular, we will investigate the 
properties of these particles and study their changes 
during near-source dispersion and subsequent long-
range transport including an assessment of the lifetime 
of large super-micron particles. This will extend our 
knowledge of their deposition time scales, which is 
essential to forecast potential aviation hazards. 

 
Figure 4.3-1: IPA‘s methodological competences and 
interactions to investigate the atmospheric aerosol and 
its effects on clouds and radiation. 
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To achieve the above described objectives and to 
gain new scientific insights, several new methods will 
be developed: 

a) The in-situ aerosol observation techniques will be 
extended towards an absorption closure by setting 
up an aerosol payload that allows the simultaneous 
measurement of absorption, scattering and extinc-
tion coefficients. In addition, advanced sizing and 
depolarization measurements for the coarse mode 
aerosol will be developed as a joint activity of IPA 
and LMU München. 

b) The interpretation of lidar observations will be 
complemented by utilizing synergies of active and 
passive remote sensing to analyse the spatial struc-
ture of aerosol layers. 

c) Satellite-based observation techniques will be im-
proved by extension of the RRUMS algorithm (Sec-
tion 2.4) to aerosol cases. Results from in-situ and 
lidar observations (Section 3.1.3) will be used for 
validation and operationalisation of the VADUGS-
retrieval (Section 2.4) for satellite-based volcanic 
ash and mineral dust detection. These activities will 
initiate the development of a technique for now-
casting of volcanic ash. 

d) The aerosol submodels MADE and MADE3 and 
other aerosol relevant submodels in the global 
chemistry-climate model system EMAC (Section 
2.6) will be further developed. A particular focus 
will be the further improvement of simulating ice-
forming aerosol, especially potential ice nuclei such 
as mineral dust and black carbon particles. We will 
aim at an advanced representation of their concen-
trations and state of mixing at altitudes predestined 
for ice cloud formation. In-situ measurements will 
be used to evaluate model quality. This will also 
lead to improved simulations of the effects of emis-
sions from the transport sectors (Section 4.5). 

Several upcoming satellite instruments (EarthCARE, 
ADM-Aeolus, MTG) will open new perspectives for 
aerosol research. IPA will prepare its methodological 
approaches to make use of the new satellite data. For 
instance, remote sensing algorithms for aerosol classifi-
cation and source attribution and global modelling 
approaches for comparison with and interpretation of 
new satellite data will be developed. 

 

4.3.2 Aerosol Effects on Clouds 
and Radiation 

Concerning aerosol effects on clouds and radiation, 
research will be focussed on understanding the effects 
of absorbing aerosols, assessing aspects of the aerosol 
direct radiative forcing, and investigating aerosol ef-
fects on ice clouds. 

Effects of absorbing aerosols 

The role of absorbing aerosols in the climate system is 
still poorly understood. IPA will use in-situ and lidar 
measurements in combination with a radiative transfer 
model to quantify heating rates of absorbing aerosol 
layers (e.g. mineral dust or smoke/pollution layers). We 
will further study the resulting impacts on atmospheric 
stability and clouds (semi-direct effects). 

Direct radiative forcing 

A special focus of IPA will be the assessment of the 
direct radiative forcing of aerosols from global 
transport emissions (Section 4.5) for present-day condi-
tions and different future scenarios. The effects will be 
studied by means of EMAC simulations including the 
aerosol submodel MADE. In addition, a stand-alone-
version of the EMAC radiation scheme (Section 4.5) 
will be applied to quantify the forcing. To improve the 
simulation of aerosol radiative effects we will compare 
model results, for instance, on aerosol properties and 
corresponding aerosol-related extinction with in-situ 
and lidar measurements and advance the model where 
appropriate. 

Aerosol effects on ice clouds 

The large uncertainties in current assessments of aero-
sol climatic impacts partly arise from severe lacks in the 
understanding of aerosol-ice-cloud interactions and 
deficiencies in the description of these effects in cli-
mate models. IPA aims at making progress in this re-
search area. The institute has capabilities for in-situ and 
satellite-based observations as well as modelling of 
aerosol and ice clouds. Thus, we plan to exploit the 
large synergetic potential inherent in combining these 
methods. We will extend EMAC by a new microphysi-
cal cloud scheme which is a joint development of IPA 
and ETH Zürich. This will enable comprehensive simula-
tions of aerosol effects on cirrus and mixed-phase 
clouds. New methods in global cirrus cloud modelling 
(Section 4.4) are planned to be adopted for such stud-
ies in the medium term. Also in-situ capabilities for 
detecting coarse mode aerosol and ice clouds will be 
extended. In-situ and satellite-based cloud observations 
(Section 4.4) will be a basis for evaluating the modelled 
cloud properties, with a particular focus on aerosol-
sensitive cloud parameters. 

The advanced model system will be applied to 
quantify the effects of various types of ice nuclei, in-
cluding black carbon from transport emissions (Sect 
4.5), on ice clouds as well as the resulting radiative 
forcings. To gain new insights in aerosol-induced freez-
ing processes, we will benefit from our cooperation 
with DLR-DFD to develop an algorithm to analyse aero-
sol effects on ice clouds by a combination of model 
simulations and satellite data (including EarthCARE 
products). 
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4.4 Cloud Physics 
Clouds have a large climate impact due to their influ-
ence on radiative transfer and on the tropospheric 
water budget. Furthermore, cirrus control the water 
input into the stratosphere. Clouds constitute a key 
uncertainty in climate change estimates as well as in 
weather prediction. They react to and feedback on the 
changing climate and are additionally altered due to 
changes in the aerosol loading of the atmosphere (Sec-
tion 4.3) or due to contrails. Our overarching goal is to 
improve our understanding of the role of ice clouds in 
the climate system by enhancing their observational 
data base, by improving their representation in models, 
and by working in close cooperation with the LMU 
Meteorological Institute (MIM). In this section we de-
scribe activities planned to further improve our 
knowledge of natural cirrus (DLR research programme 
“Space”) and of contrails (DLR research programme 
“Aeronautics”), and to incorporate our improved pro-
cess understanding in models. The latter will serve as a 
basis for improved estimates of the climate impact of 
cirrus and contrails. 
 

4.4.1 Natural Cirrus 
We strive to combine information from in-situ meas-
urements, airborne remote sensing and satellite remote 
sensing. Airborne measurement campaigns, and in 
particular flight legs collocated with A-Train and future 
EarthCARE overpasses, are unique possibilities to probe 
clouds with a variety of instruments in order to learn 
about cloud properties and processes. In-situ and re-
mote sensing measurements can be combined, com-
pared and used for the validation of different retrievals 
(Figure 4.4-1; Groß et al., 2014). 

Additional information on vertical wind fluctuations 
will further improve the process understanding of cir-
rus formation. We will improve our retrieval algorithms 
specialized to cirrus, and we will synergistically com-
bine lidar, radar and passive measurements (Figure  
4.4-2 to characterize cirrus of any optical depth, their 
horizontal and vertical distribution, and their micro-
physical properties (Gayet et al., 2014). 

Cirrus coverage and properties derived from the 
combination of active and passive remote sensing are 
ideal for evaluating the representation of cirrus clouds 
in models. Improved process understanding of cirrus 
formation will lead to improvements regarding the 
microphysical parameterizations in models. Within the 
German consortium developing the next generation 
climate and NWP models, we strive towards a non-
equilibrium ice cloud representation in the ICON cli-
mate model, consistent with observed high ice super-
saturations. This kind of model improvement is crucially 
important in order to advance the representation of 
anthropogenic cirrus changes in the model. 

In particular, the coupling between cloud-processes 
and the large-scale dynamics is seen as a problem 
when estimating the response of clouds to climate 
change17. Ice clouds are to a large degree determined 
by the dynamical context, ranging from cirrus formed 
in-situ in ice supersaturated regions connected with 
slowly ascending motion and mesoscale gravity waves, 
to thick anvil cirrus and stratiform clouds originating 
from deep convective outflow. We have started analys-
ing cirrus in different regimes, such as frontal systems, 
convective outflow and lee waves. The future deploy-
ment of IPA’s state-of-the-art remote sensing and/or 
in-situ instrumentation on HALO will include warm 
conveyor belt outflows, tropical shallow cumulus and 
Arctic cirrus. We will intensify our efforts to character-
ize and simulate cirrus in their dynamical setting, e.g. 

                                                           
17 Bony et al., 2015: Clouds, circulation and climate sensitivity, Nature 
Geoscience, 8, 261-267. 

 
Figure 4.4-1: Water vapour mixing ratio as measured by 
WARAN in-situ instrumentation (red line) and the WALES 
H20 DIAL (black line) at the same altitude during TECHNO. 

 
Figure 4.4-2: High reaching convection over Germany as 
detected from active and passive satellite sensors, (a) a 
false colour composite of MSG SEVIRI, (b) the CALIPSO 
lidar and (c) the CloudSat radar. 
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within the DLR project KliSAW and eventually to esti-
mate the impact of cirrus on the circulation linking 
dynamics and cloud physics. 
 

4.4.2 Aircraft Induced Cloudiness 

Significant progress has been made in recent years 
with respect to the characterization of young contrails 
and the representation of contrail cirrus in global mod-
els in order to estimate their climate impact. To miti-
gate aviation effects on climate, remaining uncertain-
ties in our understanding of aircraft induced cloudiness 
has to be reduced. In particular, the combustion of 
biofuels as well as effects of novel engine technologies, 
termed as “lean combustion”, will lead to changes in 
aircraft soot emissions which are thought to change 
induced cloudiness. The resulting climate impact has 
not yet been evaluated. Therefore research is needed 
to build up a scientific base for a solid assessment of 
the climate effects of future aviation. We will focus our 
research on aviation-cloud-climate interactions within 
three topics: (1) characterization of anthropogenic and 
natural cirrus, (2) effects of alternative fuels on aerosol, 
contrails and climate and (3) contrail formation on 
emissions from novel engine technologies. The scien-
tific work is linked to the DLR projects WeCare and 
ECLIF and will be coordinated with national and inter-
national partners, e.g. IFAR, Lufthansa and NASA. 

Aircraft effects on high and low clouds 

Characteristic cirrus and contrail cirrus properties have 
been measured during the ML-CIRRUS mission with 
the new research aircraft HALO. First data analysis 
suggests that a signature of the initially high particle 
number densities survives in persistent contrail cirrus 
up to 10 h contrail age (see Section 3.2.1). We strive to 
intensify our analysis of in-situ data of contrail cirrus 
properties (size, number, shape) and compare to active 
and passive remote sensing and models. We aim at 
simulating observed cases with our Lagrangian micro-
physical contrail model which we plan to couple to an 
operational regional model. Global climate models will 
be used to further investigate the climate impact of 
contrail cirrus and aviation related indirect aerosol ef-
fects on low clouds. 

Effects of alternative fuels on emissions, contrails 
and climate 

There is a growing need to understand the environ-
mental effects caused by the projected increase in the 
combustion of alternative fuels. Major open questions 
are linked to aerosol emissions at cruise altitude, con-
trail formation and its climate impact. We plan to fur-
ther develop the thermodynamic theory and include 
microphysical information in our model of contrail 
formation (Figure 4.4-3; Kärcher et al., 2015). We will 

investigate microphysical properties of contrails, which 
nucleated on alternative fuels as a function of fuel or 
engine properties using direct observations and theo-
retical methods. 

Using a climate model with a contrail cirrus param-
eterization, ECHAM5-CCMod (see Section 2.6.2, con-
trail cirrus), we will study the impact of reduced initial 
ice crystal number concentrations. First results point at 
a significantly lower climate impact (see Section 3.2.1). 
Within idealized experiments (see Figure 2.6-5) we will 
study the properties, microphysical process rates and 
life times of contrail cirrus in different synoptic situa-
tions. We investigate the relative importance of the 
microphysical and thermodynamic control of contrail 
cirrus properties. Furthermore, we will enhance our 
model by, e.g. capturing the dependence of the initial 
ice crystal number concentration on soot emissions, 
the atmospheric state and crystal loss in the vortex 
regime. 

New engine technologies  

Due to high in-mixing of ambient air and the near-
complete combustion of carbon to CO2, the soot emis-
sions from novel lean combustion engines has been 
shown to be more strongly reduced than due to the 
use of biofuels. We will study the emissions of opera-
tional GEnx engines at cruise and the related contrail 
formation in a dedicated mission with the Falcon re-
search aircraft combined with modelling activities.  

 
Figure 4.4-3: Top: Schematic of the thermodynamic and 
microphysical theory of contrails. Bottom: DLR Falcon 
detects contrails which nucleated on biofuel emissions 
from NASA’s DC-8 during the ACCESS-2 campaign. 
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4.5 Eco-Efficiency and 
Safety in Aviation and 
Surface Transport 
Mobility is a key aspect of our society. It is a challenge 
to develop an environmentally friendly, sustainable, 
cost effective and safe transportation system. This re-
quires the combination of IPA’s expertise on atmos-
pheric processes with engineering and economic skills 
and to deliver and communicate results to policy mak-
ers, society, and industry in a consolidated comprehen-
sive and plain way. 
 

4.5.1 Climate Assessment of Air 
Traffic Technologies and Routings 
Climate impact of air traffic – robust estimates 

A future challenge is the reliable assessment of the 
climate impact of air traffic in general and, especially, 
with respect to individual aviation technologies and 
routings. In many cases, individual physical and chemi-
cal processes are well understood, such as the for-
mation of contrails or the chemical reactions leading to 
the formation of ozone and changes in the oxidation 
capacity. However, quantification of the interaction of 
these processes has not yet reached the same level of 
maturity. Hence, this is the area on which IPA will fo-
cus on in the future. Corresponding results will be ap-
plied to aviation technologies. The challenge is to 
measure and simulate the combined effects of several 
factors (emission, transport, (micro-) physics, and 
chemistry) on the composition of the atmosphere. For 
example, nitrogen oxides (NOx) emitted by air traffic 
lead to both an increase in ozone and a decrease in 
methane. Additionally, the amount of these changes 
largely depends on the region where NOx is emitted.  

In order to estimate the climate impact of air traf-
fic, not only atmospheric concentration changes but 
also the radiative forcing and especially the global 
mean temperature change will be quantified at IPA. A 
better understanding of the individual processes will 
also enable a more robust estimate of the climate im-
pact of individual routes (Figure 4.5-1), e.g. of satura-
tion effects with respect to contrails in high air traffic 
areas such as the North Atlantic flight corridor. This 
knowledge is important to shape a future sustainable 
air traffic system. It requires a reasonable choice of a 
climate metric and a thorough consideration of uncer-
tainties in atmospheric processes. First results indicate 
the potential of using chemistry-climate response 
models in a Monte-Carlo simulation to obtain robust 
recommendations despite large uncertainties in atmos-
pheric processes (Dahlmann, 2012). 

 
Figure 4.5-1: Impact of individual routes (of an A330 in 
2006) on the global and 100 year mean near-surface tem-
perature changes per flown distance [10-12 K km-1]. 

Eco-efficient mitigation options 

A promising approach in reducing the climate impact 
of aviation is to exploit the large spatial and temporal 
variability of the impact of non-CO2 emissions, such as 
contrails and NOx. First results indicate that the avoid-
ance of regions where these non-CO2 effects are large, 
i.e. an avoidance of these climate sensitive regions is 
very eco-efficient with a large reduction in the climate 
impact at low additional costs (Grewe et al., 2014). At 
IPA, the methodologies to reliably identify these cli-
mate sensitive regions will be developed in order to 
provide this information to the air traffic system, e.g. 
within SESAR2020. In cooperation with flight man-
agement experts the costs, benefits and feasibility of 
this approach of eco-efficient flight management will 
be quantified.  

 
Europe's Vision for Aviation, Flightpath 2050, pro-

vides a road map for future aircraft – increased effi-
ciency and reduced emissions. The climate impact of 
new technologies results from both the aircraft charac-
teristic and the response of the atmosphere. Cruise 
altitude, flight pattern and emissions play a major role. 
The already established close cooperation of IPA with 
aeronautical engineering will enable developing a fu-
ture climate friendly aircraft (Figure 4.5-2). 

 
Figure 4.5-2: Comparison of the climate impact (in rela-
tive changes of the equivalent CO2-Emissions) of differ-
ent aircraft technologies from the AHEAD project.  
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4.5.2 Enhanced Meteorological 
Information for Air Traffic Safety 
and Efficiency 
Adverse weather conditions with hazardous phenome-
na like turbulence, wind shear, lightning, hail and icing 
as well as rare events like volcanic ash plumes can lead 
to considerable obstructions in the air transport sys-
tem. The weather en-route and at airports is a major 
cause of delay. Related costs for aviation stakeholders 
and economy are considerable and both flight safety 
and passenger comfort are reduced. The impact of 
adverse meteorological events is anticipated to grow in 
future caused by the predicted increase of air traffic 
and by climate change. This leads to enhanced re-
quirements regarding aviation safety and efficiency. It 
also demands mitigating this impact through applica-
tion of systems that provide robust, timely, precise and 
standardized meteorological information and forecasts. 
This is an essential prerequisite for the collaborative 
decision-making (CDM) and common information shar-
ing (CIS) processes under development in international 
programmes like SESAR2020 (EU), NextGEN (USA) and 
CARATS (Japan). 
 

Information system 5D-MetAdvisory 

At IPA, an integrated meteorological advisory system 
will be developed that provides timely and standard-
ized information on different weather hazards tailored 
to the needs of aviation: 5D-MetAdvisory. In addition 
to the four dimensions longitude, latitude, altitude and 
time, a fifth dimension describes meteorological dis-
turbances like thunderstorms, winter weather, turbu-
lence and in-flight icing or events like wake vortices, 
volcanic ash and climate sensitive regions. The system 
will integrate and combine data from existing and fu-
ture methods, measurement techniques and instru-
ments developed at IPA. These disturbances will be 
represented as objects marking hazardous areas for air 
traffic (Figure 4.5-3). Observation, analysis, tracking 

and forecast of the objects as well as object attributes 
like intensity and trend will be updated for all flight 
phases as soon as new information is available. There-
by, forecast horizons from minutes (e.g. wake vortices 
and turbulence) to several days (e.g. volcanic ash 
clouds) will be accounted for. All stakeholders includ-
ing pilots, air traffic controllers, and airport operation 
managers will have the opportunity to extract infor-
mation on all relevant meteorological disturbances and 
get a common and consistent overview of the current 
and future meteorological situation from one single 
source. The 5D-MetAdvisory system will enable CIS and 
CDM. It will considerably contribute to the SESAR2020 
goals, strengthening DLR’s national and international 
leading role in the development of unique technologies 
contributing to aviation safety and efficiency.  
 

Aeronautics on-board weather lidar 

Currently, many smaller scale hazardous atmospheric 
phenomena, such as wake vortices, composition of 
volcanic ash plumes and clear air turbulence are not 
detectable with state-of-the-art airborne remote sen-
sors. IPA will address this issue by developing optical, 
laser-based sensors, utilized as on-board systems. This 
represents a promising alternative to make significant 
progress in the detection of these phenomena and 
provides the basis for tactical actions avoiding these. 

IPA will consolidate this unique competence with a 
mid-term focus on wind speed and turbulence meas-
urements. The leading long-term vision is an integrated 
aeronautics weather lidar (“Aeronautics Wx-Lidar“) 
addressing several topics at once, such as gusts, turbu-
lence and wake vortices, icing conditions, volcanic ash, 
mineral dust etc. (Figure 4.5-4) and developed in coop-
eration with research partners like ONERA.  
 

 
Figure 4.5-4: Vision of tomorrow’s aircraft with active 
optical sensing technology to complement radar sys-
tems for identifying various atmospheric hazards. 
 

Prospects of how to arrive at such a future inte-
grated “Aeronautics Wx-Lidar” system shall be eluci-
dated. Here, IPA will address open questions of how to 
combine different laser- and detector technologies, 
and what kind of synergies with existing and future 
radar and other systems exists and may be exploited.  

 
Figure 4.5-3: Sketch of atmospheric disturbances as ob-
jects en-route (right) and in the terminal area (left) pro-
vided by the 5D-MetAdvisory system. 
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Prediction, avoidance, and mitigation of wake 
vortices 

The proper prediction of wake vortex drift, descent, 
and decay and the resulting minimum separations be-
tween consecutive aircraft is vital for an effective, re-
source-efficient, and safe planning and guidance of air 
traffic. Together with other DLR Institutes, IPA aims at 
the ground-based prediction of optimized aircraft sep-
arations and the airborne avoidance or mitigation of 
hazardous encounters in all phases of flight. For this 
purpose, innovative methods will be developed that 
enhance the efficiency of the prediction systems. The 
planned activities meet the RECAT initiative of ICAO, 
FAA and EUROCONTROL to update wake turbulence 
separation minima. They also meet the expected ca-
pacity shortages of major European airports, the verti-
cal separations during cruise, the growing diversifica-
tion of aircraft types from very light jets up to super 
heavy aircraft, and the liberalisation of the airspace 
targeted by SESAR2020 and NextGen. 

Highly effective wake vortex prediction and avoid-
ance require enhanced modelling capabilities. For ex-
ample, state-of-the-art numerical simulations disregard 
the role of peculiarities of specific aircraft types on 
wake vortex characteristics. IPA will address this with 
further development of a hybrid simulation method, 
which will provide deepened insights into the impact 
of aircraft geometry, phase of flight and aircraft con-
figuration on wake vortex roll-up and the consequen-
tial wake vortex properties (Figure 4.5-5). Complemen-
tary, IPA will investigate the effects of transient flight 
manoeuvres and realistic environments on vortex be-
haviour and lifetime. The improved understanding in 
wake vortex physics and instabilities will eventually lead 
to a simulation environment demonstrating the feasi-
bility of seamless wake vortex prediction from take-off 
to landing in an air traffic scenario (“virtual flight”) and 
an airborne wake vortex prediction and detection sys-
tem for encounter avoidance demonstrated in flight 
experiments. 

The enhanced simulation capabilities will be ap-
plied to investigate wake vortex mitigation options, 
such as plate lines (see Figure 3.2-24), which accelerate 
the vortex decay in ground proximity. The improved 
understanding of the interaction of wake vortices with 

plate lines will enable optimized plate designs and ar-
rangements at airports. Once criteria like obstacle 
clearance, stability, frangibility, interference with the 
localizer, requirements of wildlife, and grounds 
maintenance are resolved and approved by authorities, 
it is planned to demonstrate the functionality of the 
plate line concept in an operational environment at 
Munich airport. IPA’s wake vortex advisory system 
WSVBS will accommodate the time-based separations 
concept and the accelerated vortex decay enabled by 
the plate lines.  

4.5.3 Environmental Impacts of 
Transportation 
One of IPA’s central aims is to improve our understand-
ing of atmospheric processes relevant for the climate 
impact of transport emissions (Figure 4.5-6) and for 
noise. IPA will advance models to adequately represent 
such processes. These include detailed three-dimen-
sional chemistry-aerosol-climate models for in-depth 
analysis of the effects as well as simplified climate 
models for efficient assessment of mitigation measures 
and of transport effects in a large number of scenarios. 

  
Figure 4.5-6: Annual emissions of different species from 
land-based transport within Germany (red bars) and 
Europe (blue bars) in 2020 calculated within the DLR 
project VEU.  

Atmospheric composition changes 

Especially, the effects of transport-induced aerosols on 
ice clouds (mixed-phase and cirrus) are poorly under-
stood. Soot particles, which are a major transport ex-
haust component, can act as ice nuclei for cirrus for-
mation and can efficiently lead to freezing of super-
cooled liquid water in the mixed-phase cloud regime. 
These processes have been neglected in previous mod-
el studies on the effects of transport-induced aerosol. 
Only a few studies on the effects of aircraft-generated 
soot particles on cirrus clouds exist, showing contradic-
tory results. In the context of the DLR project VEU-2, 
IPA will implement a new microphysical cloud scheme, 
which includes aerosol-ice-cloud interactions, into the 
EMAC model system and couple it with the aerosol 
scheme MADE to reassess the climatic impact of 
transport emissions. The resulting model system will be 
evaluated by comparisons with observational data 
gained from station networks, aircraft field campaigns 
and satellites.  

 
Figure 4.5-5: Simulation of wake vortex evolution from 
roll-up until final decay during approach and landing. 
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Emissions of NOx, CO and volatile organic com-
pounds (Figure 4.5-6) induce climatically relevant in-
creases in atmospheric ozone. Also the oxidation ca-
pacity of the atmosphere is increased resulting in a 
reduction of methane. Global simulations of these 
effects possibly suffer from the coarse spatial resolu-
tion of the applied models which could result in a mis-
representation of subgrid-scale transformations of 
transport exhaust (urban plumes). To assess these ef-
fects, simulations with the regional model COSMO 
nested into the EMAC model system (MECO(n), Sec-
tion 2.6) will be performed at IPA considering transport 
emissions and detailed atmospheric chemistry. Resolu-
tion-related discrepancies between the model resolu-
tions will be used to quantify uncertainties of 
transport-induced climate effects in global models.  

In addition to the modelling activities, existing and 
upcoming measurements of trace gases, aerosol com-
ponents and aerosol microphysical properties will be 
analysed with specific emphasis on regions polluted by 
emissions from ships or land-based transport. A specif-
ic focus will be the analysis of small scale transfor-
mations (e.g. changes in aerosol size distribution) in 
order to evaluate the representation of transport-
induced gas and aerosol changes in the global model 
and to derive methods for correcting possible misrep-
resentations. The enhanced models will be applied to 
provide tailored model-based support of field cam-
paigns (Section 2.6). 

 

Climate impact assessment 

The radiative forcing of many non-CO2 agents has to 
be amended by an efficacy parameter to properly as-
sess the effect on surface temperature (Ponater et al., 
2012, see Section 3.2.1). Efficacy differences can only 
be established through model simulations. Hence, it is 
essential to explain their physical origin before they can 
be used with confidence in metric calculations and 
assessment studies. A complete analysis of global radi-
ative feedbacks has recently been demonstrated to be 
a suitable tool for uncovering key processes that con-
trol the efficacy value, a method that will be refined at 
IPA to enable more credible transport climate impact 
assessments. 

Scaling emissions has been a useful tool to estab-
lish sensible forcing-response relationships and efficacy 
estimates for small forcings. Yet the method has re-
cently approached its limits due to inherent non-
linearities in atmosphere-ocean processes. New meth-
ods to assess climatic impacts (based on, e.g. Grewe, 
2013) of transport emissions in global as well as local 
mitigation scenarios will be developed and applied 
within VEU-2. More flexibility will be gained to robustly 
quantify small transport-induced radiative forcings, 
based on detailed three-dimensional simulations by 
implementing a stand-alone-version of the EMAC radi-

ation scheme and by a combination with more sophis-
ticated statistical analysis of pattern significance.  

IPA will develop the climate-chemistry response 
model TransClim to assess the climate impact of 
transport and in particular of future transportation 
scenarios. The development utilizes detailed 3D simula-
tions, which provide relationships between local emis-
sions and the resulting radiative forcing and integrates 
the analytic functions expressing these aerosol climate 
responses (Section 3.3.1), as well as new efficacy esti-
mates. TransClim will enable the efficient climate im-
pact assessment of transport-induced changes in 
ozone, methane, aerosols, and CO2 for large numbers 
of global and also local transport scenarios.  

The new methods and the improved understanding 
of processes will form the basis for a new quantifica-
tion of the impacts of global and local transport emis-
sions and will allow evaluating climatic impacts in 
global and local transport scenarios. The further-
developed EMAC model system will be applied to reas-
sess the impacts of global transport emissions on the 
atmosphere. This will increase our understanding of 
the role of specific processes in transport-induced at-
mospheric perturbations. For instance, the role of aero-
sol effects on ice clouds will be studied in detail. The 
radiative forcing of specific transport-induced emission 
components will be quantified. The climate-chemistry 
response model TransClim will be used to evaluate 
transport-induced climate effects in the scenarios of the 
future German transport system developed in VEU-2. 

Noise 

Sound propagation through the atmosphere, which 
links the sound emission at sources with the noise im-
pact at receivers, is an ongoing challenge. Not all 
propagation processes are sufficiently understood or 
can be simulated in a satisfactory quality yet. Future 
activities at IPA will be therefore directed to specific 
problems in the propagation path of air, road or rail 
traffic noise. Among these problems are the influences 
of buildings in various geometrical configurations and 
facade structures in assessing urban traffic noise and 
reducing its impact. Studies will also elaborate the role 
of meteorological features like eddies and other flow 
distortions which are induced by buildings and other 
obstacles in the urban environment and which signifi-
cantly modify the propagation.  

Numerical modelling activities will benefit from the 
continuing model development in projects like VEU-2. 
It aims at broadening the applicability and improving 
accuracy and computational efficiency. Simulations 
with numerical models will also support the parameter-
ization of additional effects in noise prediction tools 
and to enable these tools to predict parameters which 
are important in estimating health effects and annoy-
ance, e.g. parameters that characterize the temporal 
variation of sound levels and the spectrum. 
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4.6 Concluding Remarks 
In the previous sections the institute's scientific aims 
for the next 5–10 years have been outlined. Overall, 
these aims fall into three general categories: First of all, 
the institute needs to consolidate and expand its exper-
tise in basic atmospheric research which forms the 
basis for all other research conducted at IPA. The sec-
ond category regards new scientific objectives that the 
institute has not addressed so far. Based on the unique 
methodological expertise in lidar remote sensing that 
has built up over the past years, the institute takes the 
lead in the space mission MERLIN and claims to shape 
future missions. The third and final category concerns 
the consequential extension of previously successful 
work in the area of atmosphere-transport interaction 
where the institute already has acquired a high level of 
expertise making it a valuable partner for industry. 

Concerning category 1, we here highlight the need 
to better quantify the impact of dynamical, microphysi-
cal and chemical processes on predictability on both 
short time scales (weather) as well as long time scales 
(climate). On long time scales, it is further the uncer-
tainty of the current description of aerosol and cloud 
processes that needs to be improved. Progress in these 
areas is mandatory in order to improve numerical 
weather and climate predictions. 

Concerning category 2, the quantification of 
greenhouse gas sources and sinks and their conse-
quent climate impact, in particular of methane and 
water vapour, forms a relatively new field of research 
at IPA: progress in this area will lay the foundation for 
scientifically exploiting the MERLIN mission as well as 
to define future space missions. 

Finally, concerning category 3, the institute has a 
distinct strategy for consolidating and expanding its 
already strong expertise in the field of atmosphere-
transport interaction. Over the past three decades the 
institute has been able to take a leading role in the 
understanding and quantification of the climate impact 
of aviation and other transport modes as well as in 
developing methods to increase the safety of aviation. 
The here presented future research directions are the 
logical next steps for further improving the institute's 
ability to address these issues. Furthermore, they out-
line a way of how to apply this knowledge to the ben-
efit of aviation industry. 

Taken together, achieving these research goals will 
form an excellent and stable basis for the institute's 
future success within DLR's research programmes 
“Space”, “Aeronautics”, “Transport”, and “Energy”. 
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5 Documentation 
5.1 Teaching and Education 
Lectures at universities  

Lectures conducted by IPA staff between 2008 and 2015. The boxes indicate lectures given in either the winter semester 
or the summer semester of the respective academic year. 

Lecturer University Subject 07/ 
08 

08/ 
09 

09/ 
10 

10/ 
11 

11/ 
12 

12/ 
13 

13/ 
14 

14/ 
15 

Bugliaro, L. LMU München Atmospheric Physics and Remote Sensing         

 TU München Atmospheric Physics and Remote Sensing         

Dameris, M. LMU München Dynamik der Stratosphäre I, II         

  Dynamik der Mesosphäre         

  Variabilität der Ozonschicht         

  Grenzschichtmeteorologie         

Dörnbrack, A. Univ. Innsbruck Alpine Atmosphären-Modellierung         

 Univ. München Numerische Methoden in der Atmosphären-
physik 

        

 Univ. Innsbruck Ausgewählte Aspekte der Atmosphärendyna-
mik: Numerische Methoden für Atmosphären-
wissenschaften 

        

 Univ. Ljubljana Numerical Methods for Atmospheric Modelling         

Eyring, V. Univ. Bremen Introduction to Global Atmospheric Modelling         

 LMU München Introduction to Global Atmospheric Modelling         

Fix, A. Univ. Innsbruck Lidar für Meteorologen         

  Remote Sensing of the Atmosphere         

Grewe, V. TU Berlin Klimawirkung des Luftverkehrs         

 TU Delft Climate Effects of Aviation         

Hagen, M. LMU München Aktive Fernerkundung – Teil Radar         

Univ. Innsbruck Radar für Meteorologen         

Univ. Wien Einführung in die Radarmeteorologie         

Holzäpfel, F. TU München Vortex Flow in Nature and Technology         

Kärcher, B. LMU München Atmosphärische Chemie         

Kiemle, C. TU München Atmospheric Physics and Remote Sensing         

Lemmerz, C. HS München Praktikum für technische Optik         

Mannstein, H. Univ. Innsbruck Satellitenmeteorologie         

 LMU München Satellitenmeteorologie         

Ponater, M. MMU Manches-
ter 

Climate Effects of Aviation         

Rapp, M. LMU München Mittlere Atmosphäre als Teil des Klimasystems 
Wolkenmikrophysik 

       
 

 
 

Reitebuch, O. Univ. Innsbruck Remote Sensing of the Atmosphere         

  Lidar für Meteorologen         

Roiger, A. HS München Physik: Mechanik/Thermodynamik 
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Lecturer University Subject 07/ 
08 

08/ 
09 

09/ 
10 

10/ 
11 

11/ 
12 

12/ 
13 

13/ 
14 

14/ 
15 

Sausen, R. LMU München Klimaänderung II, III         

  Klimaänderung IV, V         

  Statistische Methoden für Meteorologen I, II         

Schumann, U. LMU München Luftverkehr und Klima         

Voigt, C. Univ. Mainz Physics and Chemistry of Aerosols and Ice 
Clouds 

        

  Angewandte Meteorologie         

  Experimentelle Meteorologie I         

  Theory of Radiation         

Weinzierl, B. LMU München Practical Course in Aviation Meteorology 
(Segelflugmeteorologisches Praktikum): pilot, 
planning of research flights and supervision of 
students 

        

  Synoptic Meteorology 1         

  Synoptic Meteorology 2         

  Aerosol Experiment in the Practical Course in 
Meteorological Measurement Techniques (Me-
teorologisches Instrumentenpraktikum) 

        

  In-situ Aerosol Measurements on Research 
Aircraft – Introduction and Training 

        

Witschas, B. HS München Praktikum für Sensorik, Signalverarbeitung und 
technische Optik 

        

 

Other Courses and Tutorials 

Contribution of IPA staff to extra-university "schools" and lectures between 2008 and 2015. 

Lecturer Subject Location Year 

Hagen, M. Summer school on Remote Sensing of Clouds and Precipitation Bonn Jul 2012 

Huntrieser, H. Thunderstorms: Generator and exhaust for pollution, 1st Summer School on 
“Thunderstorm Effects on the Atmosphere-Ionosphere System” (TEAIS) 

Torremolinos, 
Malaga, Spain 

Jun 2012 

Matthes, S. ECATS Autumn School, Combustion and Alternative Fuels in Aviation Cheshire, U.K. Sep 2011 

Grewe, V.,  
Matthes, S. 

ECATS Autumn School, Global Aviation Impact and Green Flight La-Londe-les-
Maures, France 

Oct 2009 

 ECATS contrail workshop Hohenkammer Dec 2008 

Matthes, S. ECATS Autumn School, Airport Air Quality Sinaia, Romania Nov 2008 

Sausen, R. Auswirkungen des Verkehrs auf das Klima, QUANTIFY Summer School Athens, Greece Sep 2007 

Matthes, S. ECATS Spring School: Environmentally compatible air transport – Combustion 
Emissions, Airport Air Quality and Green Flight 

Manchester, U.K. Apr 2007 

 

DLR School_Lab 

Since its inception in 2003 the institute contributes two experiments to the DLR School_Lab Oberpfaffenhofen (cur-
rently thirteen altogether, www.dlr.de/schoollab/en/desktopdefault.aspx/tabid-1991/): 
– Weather and climate: The latest forecasting tools (Volkert, H., Dahlmann, K., Fütterer, D.). Set-up of a modern 

weather station (external school activity, advised by Hagen, M.). 
– Laser technology: Measuring from a distance (Streicher, J.) 
 

http://www.dlr.de/schoollab/en/desktopdefault.aspx/tabid-1991/
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5.2 Academic Degrees 
Habilitations and professorial appointments 

New habilitations and professorial appointments of IPA staff between 2008 and 2015. 

Name Subject University Year 

Voigt, C. Professorship for Experimental Meteorology in the Faculty 08 for 
Physics, Mathematics and Computer Science 

Univ. Mainz since 2015 

Grewe, V. Visiting Professor TU Delft, Netherlands since 2014 

Eyring, V. Honorary Visiting Professor, College of Engineering, Mathematics 
and Physical Sciences 

Univ. Exeter, U.K. since 2013 

Rapp, M. Professor LMU München since 2012 

Weinzierl, B. Juniorprofessorin for Experimental Meteorology LMU München since 2011 

Voigt, C. Juniorprofessorin for Experimental Meteorology in the Faculty 08 
for Physics, Mathematics and Computer Science 

Univ. Mainz 2009-2014 

Mayer, B. Professor LMU München since 2009 

Craig, G. Professor LMU München since 2009 

Eyring, V. Visiting Professor, Centre for Air Transport and the Environment 
(CATE) 

Manchester Metropolitan 
Univ., U.K. 

2008-2012 

Eyring, V. Habilitation (Environmental Physics) Modelling of the Coupled 
Chemistry-Climate System: Projections of Stratospheric Ozone in 
the 21st Century and Impact of Shipping on Atmospheric Composi-
tion and Climate 

Univ. Bremen 2008 

 

Doctoral theses 

Completed doctoral theses of IPA staff between 2008 and 2015. 

Name Subject University Year Reviewers 
(Internal Advisor) 

Keis, Felix WHITE – Winter Hazards in Terminal Environment: 
Entwicklung eines Nowcasting-Systems zur Vor-
hersage von Winterwetter am Flughafen München 

LMU München 2015 Craig, Rapp 
(Tafferner) 

Köhler, Martin Cb-LIKE: Gewittervorhersagen bis zu sechs Stun-
den mit Fuzzy-Logik 

LMU München 2015 Craig, Rapp 
(Tafferner) 

Achermann, Dania Von der Deutschen Forschungsanstalt für Segel-
flug zum Institut für Physik der Atmosphäre; 
Wandel und Kontinuitäten institutioneller Identitä-
ten 

LMU München, 
Univ. Aarhus, 
Denmark 

2014 Heymann, Trischler 
(Volkert) 

Bock, Lisa Modellierung von Kondensstreifen-Zirren: Mikro-
physikalische und optische Eigenschaften 

LMU München 2014 Kärcher, Mayer 
(Burkhardt) 

Dahlkötter, Florian Airborne observations of black carbon aerosol 
layers at mid-latitudes 

TU München 2014 Schmid, Weinzierl 
(Weinzierl) 

Eichinger, Roland Investigation of stratospheric water vapour by 
means of the simulation of water isotopologues 

LMU München 2014 Sausen, Craig 
(Jöckel) 

Kern, Bastian Chemical interaction between ocean and atmos-
phere 

Univ. Mainz 2014 Lelieveld, Tost 
(Jöckel) 

Stephan, Anton Wake Vortices of Landing Aircraft LMU München 2014 Craig, Schumann 
(Holzäpfel) 

Tsati, Eleni-Eugenia Investigation of the impacts of emissions on the 
trace gas budgets in the troposphere by using 
global climate chemistry model simulations 

LMU München 2014 Dameris, Mayer 
(Grewe) 
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Name Subject University Year Reviewers 
(Internal Advisor) 

Graf, Kaspar Der Beitrag des Flugverkehrs zum Tagesgang der 
Zirrenbedeckung und der ausgehenden langwelli-
gen Strahlung über dem Nordatlantischen Flug-
korridor 

LMU München 2013 Schumann, Mayer 
(Schumann) 

Hirschberger, Markus Simulation und Analyse rückgestreuter Signale zur 
Windfeldbestimmung vor Flugzeugen 

LMU München 2013 Oppel, Schumann 
(Ehret) 

Jeßberger, Philipp In situ Messungen von HONO und Eispartikeln im 
Nachlauf von Flugzeugen – Charakterisierung des 
Flugzeug-Effektes 

Univ. Mainz 2013 Voigt, Hoor 
(Voigt) 

Kaufmann, Stefan Aufbau eines Massespektrometers zum Nachweis 
von Wasserdampf in der Tropopausenregion und 
flugzeuggetragene Feuchtemessungen in Zirren 
und Kondensstreifen 

Univ. Mainz 2013 Voigt, Hoor  
(Voigt) 

Köhler, Carmen Cloud Ice Nucleation and Atmospheric Ice Super-
saturation in Numerical Weather Prediction Mod-
els 

LMU München 2013 Schumann, Craig 
(Mannstein) 

Marksteiner, Uwe Airborne wind lidar observations for the validation 
of the ADM-Aeolus instrument 

TU München 2013 Bamler, Rapp 
(Reitebuch) 

Reimann, Jens On Fast, Polarimetric Non-Reciprocal Calibration 
and Multipolarization Measurements on Weather 
Radars 

TU Chemnitz 2013 Chandra, Wanielik 
(Hagen) 

Reinhardt, Bernhard On the Retrieval of Circumsolar Radiation from 
Satellite Observations and Weather Model Output 

LMU München 2013 Mayer, Rapp 
(Bugliaro) 

Stich, Dennis Convection initiation detection and nowcasting 
with multiple data sources 

LMU München 2013 Schumann, Craig 
(Tafferner) 

Stratmann, Greta Stickoxidmessungen in der Tropopausenregion an 
Bord eines Linienflugzeugs: Großräumige Vertei-
lung und Einfluss des Luftverkehrs 

TU München 2013 Schmid, Menzel, 
Dameris (Ziereis) 

Dahlmann, Katrin Eine Methode zur effizienten Bewertung von 
Maßnahmen zur Klimaoptimierung des Luftver-
kehrs 

LMU München 2012 Sausen, Mayer 
(Grewe) 

Kox, Stephan Remote sensing of the diurnal cycle of optically 
thin cirrus clouds 

LMU München 2012 Schumann, Mayer 
(Mannstein) 

Runde, Theresa Ursachen und Wirkung der dynamischen Kopp-
lung von Stratosphäre und Troposphäre 

LMU München 2012 Dameris, Mayer 
(Dameris) 

Schäfler, Andreas Investigation of the Warm Conveyor Belt Inflow – 
a combined approach using airborne lidar obser-
vations and ECMWF model simulations 

LMU München 2012 Schumann, Craig 
(Dörnbrack, Kiemle) 

Steinebach, Felix Charakterisierung und Anwendung eines durch-
stimmbaren Lidartransmitters im ultravioletten 
Spektralbereich für die Vermessung von Ozon in 
der Tropopausenregion 

LMU München 2012 Schumann, Riedle 
(Fix) 

Dietmüller, Simone Relative Bedeutung chemischer und physikalischer 
Rückkopplungen in Klimasensitivitätsstudien mit 
dem Klima-Chemie-Modellsystem EMAC/MLO 

LMU München 2011 Sausen, Mayer 
(Ponater) 

Harnisch, Florian Adaptive observing strategies for active remote 
sensing instruments 

LMU München 2011 Craig, Schumann 
(Weissmann) 

Käsler, Yvonne Untersuchung von LIDAR – Technologie für Wind-
geschwindigkeits- und Windfeldmessungen in On- 
Offshore-Anwendungen 

Univ. Oldenburg 2011 Kühn, Schumann 
(Ehret) 

Kühnlein, Christian Solution-adaptive moving mesh solver for geo-
physical flows 

LMU München 2011 Schumann, Craig 
(Dörnbrack) 
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Name Subject University Year Reviewers 
(Internal Advisor) 

Roiger, Anke Biomass burning pollution in the summer time 
Arctic atmosphere: Development and deployment 
of a novel airborne CI-ITMS instrument for PAN 
detection 

Univ. Heidelberg 2011 Arnold, Platt 
(Schlager) 

Sander, Julia Extremwetterereignisse im Klimawandel – Bewer-
tung der derzeitigen und zukünftigen Gefährdung 

LMU München 2011 Sausen, Craig 
(Dotzek) 

Witschas, Benjamin Experiments on spontaneous Rayleigh-Brillouin 
scattering in air 

Univ. Jena 2011 Tünnermann, 
Schumann, 
Ansmann 
(Reitebuch) 

Dahl, Johannes The Development of a New Lightning 
Frequency Parameterization and Its Implementa-
tion in a Weather Prediction Model 

LMU München 2010 Schumann, Craig 
(Höller) 

Garny, Hella Causes and impacts of changes in the stratospher-
ic meridional circulation in a chemistry-climate 
model 

LMU München 2010 Dameris, Craig 
(Dameris) 

Hamann, Ulrich Die Erwärmungsrate in der tropischen Tropopau-
senregion 

LMU München 2010 Schumann, Mayer 
(Mayer) 

Hamburger, Thomas Aerosol microphysical properties during anticy-
clonic flow conditions over Europe 

LMU München 2010 Petzold, Mayer 
(Minikin) 

Hennemann, Ingo Deformation und Zerfall von Flugzeugwirbel-
schleppen in turbulenter und stabil geschichteter 
Atmosphäre 

TU München 2010 Adams, Schumann 
(Holzäpfel) 

Jurkat, Tina Flugzeuggetragene Ionenfallen-CIMS mit SF5
- 

Reagenzionen: Atmosphärische Spurengasmes-
sungen in der Tropopausenregion und im Abgas 
von Flugzeugen 

Univ. Heidelberg 2010 Arnold, Voigt 
(Voigt) 

Kober, Kirstin Probabilistic forecasting of convective precipitation 
by combining a nowcasting method 

LMU München 2010 Craig, Schumann 
(Tafferner) 

Meyer, Vera Thunderstorm Tracking and Monitoring on the 
Basis of Three Dimensional Lightning Data and 
Conventional and Polarimetric Radar Data 

LMU München 2010 Schumann, Betz 
(Höller) 

Schäuble, Dominik Aufbau eines flugzeuggetragenen Massenspekt-
rometers zur Messung von HNO3-Aufnahme in 
Eispartikel in Kondensstreifen und Zirren 

Univ. Mainz 2010 Voigt, Borrmann 
(Voigt) 

Welker, Christoph Vorhersagbarkeit tropischer Zyklone und ihrer 
versicherungsrelevanten Schäden im indopazifi-
schen Raum 

LMU München 2010 Sausen, Höppe 
(Dotzek) 

Aquilla, Valentina Global model studies on the distribution and 
composition of potential atmospheric ice nuclei 

LMU München 2009 Sausen, Craig 
(Hendricks) 

Fichter, Christine Climate impact of air traffic emissions in depend-
ency of the emission location and altitude 

Manchester 
Metropolitan 
Univ., U.K. 

2009 Lee 
(Sausen, Ponater) 

Haßler, Birgit Global patterns in halogen-induced changes in 
vertically resolved stratospheric ozone 

LMU München 2009 Dameris, Mayer 
(Dameris) 

Sölch, Ingo Ein Euler-Lagrange'sches Zirruswolkenmodell mit 
expliziter Aerosol- und Eismikrophysik: Studien zur 
Aggregation von Eispartikeln 

LMU München 2009 Kärcher, Schumann 
(Kärcher) 

Vazquez Navarro, 
Margarita 

Life cycle of contrails from a time series of geosta-
tionary satellite images 

LMU München 2009 Schumann, Mayer 
(Mannstein), 

Deckert, Rudolf Climate dependencies and deterministic variability 
in stratospheric dynamics and ozone 

LMU München 2008 Dameris, Krüger 
(Dameris) 

Esselborn, Michael Lidar-Messung der Extinktion des atmosphärischen 
Aerosols am Beispiel der Feldstudie SAMUM-1 

LMU München 2008 Schumann, Zinth 
(Wirth) 
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(Internal Advisor) 

Kiemle, Christoph Airborne Water Vapor Lidar Measurements Univ. Innsbruck, 
Austria 

2008 Schumann, Davis 
(Ehret) 

Unterstraßer, Simon Numerische Simulationen von Kondensstreifen 
und deren Übergang zu Zirren 

LMU München 2008 Schumann, Kärcher 
(Gierens) 

Weinzierl, Bernadett Radiatively-driven processes in forest fire and de-
sert dust plumes. 

LMU München 2008 Petzold, Krüger 
(Petzold) 

 

External doctoral theses 

Completed external doctoral theses with contribution of IPA scientists between 2008 and 2015. 

Name Subject University Year Reviewers from 
IPA 

Szewczyk, Artur Mesospheric turbulence: Role in the creation of 
inversion layers and statistical results 

Univ. Rostock 2015 Rapp 

Bauer, Stefan Airborne spectral radiation measurements to de-
rive solar radiative forcing of Saharan dust mixed 
with biomass burning smoke particles 

Univ. Leipzig 2014 Weinzierl 

Deuber, Odette Metric choice for trading off short- and long-lived 
climate forcers — A transdisciplinary approach 
using the example of aviation 

TU Berlin 2014 Sausen 

Matthias, Vivien The role of planetary waves in coupling processes 
of the middle atmosphere 

Univ. Rostock 2014 Rapp 

Placke, Manja Gravity waves and momentum fluxes in the meso-
sphere and lower thermosphere region 

Univ. Rostock 2014 Rapp 

Renkwitz, Toralf Evaluation and validation of a novel MST-Radar for 
studying atmospheric 3d structures 

Univ. Rostock 2014 Rapp 

Schnell, Franziska Aerosol distribution above Munich using remote 
sensing techniques 

LMU München 2014 Weinzierl, Rapp 

Fischer, Lucas Statistical Characterisation of Water Vapour Vari-
ability in the Troposphere: a height-resolved analy-
sis using airborne lidar observations and COSMO-
DE model simulations 

LMU München 2013 Craig, Rapp 

Gromov, Sergey Stable isotope composition of atmospheric carbon 
monoxide: A modelling study 

Univ. Mainz 2013 Sausen 

Meul, Stefanie Ozon-Klima-Wechselwirkungen in Simulationen 
mit dem Klima-Chemie-Modell EMAC 

FU Berlin 2013 Dameris 

Oberländer, Sophie Die Änderungen der Brewer-Dobson Zirkulation 
mit dem Klimawandel – Eine Modellstudie mit 
dem Klima-Chemie-Modell EMAC 

FU Berlin 2013 Dameris 

Heese, Irina Large Eddy Simulation of Tracer Dispersion in an 
Idealised River Canyon Setup 

ETH Zürich, 
Switzerland 

2012 Dörnbrack 

Frey, Wiebke Airborne in-situ measurements of ice particles in 
the tropical tropopause layer 

Univ. Mainz 2011 Voigt 

Groß, Silke Aerosol characterization by multi-wavelengths 
Raman- and depolarization lidar observations 

LMU München 2011 Mayer, Weinzierl 

Otto, Tobias Propagation effects influencing polarimetric 
weather radar measurements 

TU Chemnitz 2011 Hagen 

Schmale, Julia  Aircraft-based in-situ aerosol mass spectrometry: 
Chemical characterization and source identifica-
tion of submicron particulate matter in the free 
and upper troposphere and lower stratosphere 

Univ. Mainz 2011 Voigt 
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Name Subject University Year Reviewers from 
IPA 

Tridon, Frederic  Mesure des précipitations à l’aide d’un radar en 
bande X noncohérent à haute résolution et d’un 
radar en bande K à visée verticale. Application à 
l’étude de la variabilité des précipitations lors de la 
campagne COPS 

Univ. Blaise 
Pascal, Cler-
mont-Ferrand, 
France 

2011 Hagen 

Brands, Marco Aufbau und Charakterisierung eines flugzeugge-
tragenen Einzelpartikel-Massenspektrometers 

Univ. Mainz 2010 Voigt 

Romatschke, Ulrike Tropical and subtropical convection in South Asia 
and South America 

Univ. Wien, 
Austria 

2010 Volkert 

Yang, Huiyi The GCSS ARM SGP March 9, 2000 cirrus cloud 
case study and inter-comparison: Development 
and first results including selected cloud-scale 
sensitivities 

Univ. Leeds, 
U.K. 

2009 Kärcher 

Franke, Klaus Analyse von NOx Emissionen des Schiffsverkehrs 
mittels Modellierung und Satellitendaten 

Univ. Bremen 2008 Eyring 

Schreier, Mathias Der indirekte Einfluss von Aerosol auf Schiffsemis-
sionen auf den Strahlungshaushalt der Atmosphä-
re: Untersuchung mittels Fernerkundungsdaten 

Univ. Bremen 2007 Eyring 

 

Diploma/Master/Bachelor theses 

Diploma (D) / Master (M) / Bachelor (B) theses supervised or completed at IPA. 

Name Subject University Year IPA Advisor D/M/
B 

Anttila, Milla The impact of meteor smoke particles on the D-
region according to model simulations and experi-
mental results 

LMU München 2015 Baumann, 
Rapp 

B 

Bachmann, Kevin Darcy’s Law for a Realistic Model City LMU München 2015 Dörnbrack M 

Dollner, Maximilian Vertical distribution of CCN properties in the Car-
ibbean during SALTRACE 2013 

LMU München 2015 Weinzierl M 

Künzel, Miriam Halo-Erscheinungen und Fernerkundung von Eis-
wolkeneigenschaften 

LMU München 2015 Mayer, 
Bugliaro 

B 

Scheibe, Monika Modifikation und Test eines TiO2-Halbleiters zur 
Nutzung als SO2-Sensor 

HS Darmstadt 2015 Schlager B 

Schmidt, Adrian Eine Gewitterklimatologie für Tirol aus SYNOP-
Beobachtungsreihen 

Univ. Innsbruck, 
Austria 

2015 Hagen B 

Schrall, Jürgen Numerische Simulationen zur Optimierung des 
Plate Line Designs für den beschleunigten Zerfall 
von Wirbelschleppen am Flughafen 

Fern Univ. Ha-
gen 

2015 Holzäpfel, 
Stephan 

M 

Weber, Philipp Beobachtung von Schwerewellen mit flugzeugge-
stütztem Rückstreulidar 

LMU München 2015 Kiemle, Rapp M 

Winter, Julian Detektion polarer Mesosphärenwolken in MSG-
Daten 

LMU München 2015 Bugliaro, Rapp M 

Bickel, Marius Windberechnung aus ADS-B-Daten und Vergleich 
mit Radiosondenmessungen 

LMU München 2014 Mayer, Graf B 

Breuer, Maximilian Aufbau einer UV-Laser basierten Testumgebung für 
Lidar-Empfangssysteme 

HS München 2014 Vrancken, 
Lemmerz 

B 

Driessen, Pia Einfluss der Flugzeugbewegung auf ein flugzeug-
getragenes Dopplerradar 

Univ. Innsbruck, 
Austria 

2014 Hagen B 

Freymüller, Christian Ansteuerung, Kalibration und Charakterisierung 
einer InGaAs-Kamera zur Frequenzstabilisierung 
eines Lasers mittels Fizeau Interferometer 

HS München 2014 Witschas B 

Gutleben, Manuel Analyse und Parametrisierung typischer Nieder-
schlagsregime in den Cevennen 

Univ. Innsbruck, 
Austria 

2014 Hagen B 
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Halscheidt, Lucia Untersuchungen zur Bildung und Klimawirkung 
von Kondensstreifen: Eine Analyse der REACT4C 
Klimakostenfunktionen 

LMU München 2014 Grewe M 

Heel, Tobias Numerical Simulation of the Influence of Plate Lines 
on Ground Level Aircraft Wake Vortices during the 
WakeOP Measurement Campaign 

TU München 2014 Holzäpfel M 

Höppler, Lucas Characterization of Canadian biomass burning 
aerosols over Europe in summer 2013 – source 
regions, transport and observations in Munich 

LMU München 2014 Weinzierl, 
Groß 

B 

Kunert, Dominik Investigations into the relationship of aerosol con-
centrations in the Artic and meteorological condi-
tions along back trajectories during the ASTAR 
2007 aircraft field campaign 

LMU München 2014 Weinzierl B 

Leitner, Margot Zeitliche und räumliche Analyse von Blitzentladun-
gen Auswertung der Daten der CHUVA-
Blitzmesskampagne 

Univ. Innsbruck, 
Austria 

2014 Hagen, Höller M 

Rieger, Vanessa Feedback analysis of climate change simulations LMU München 2014 Ponater M 

Rose, Maximilian Vertical distribution of black carbon in the Arctic 
during ACCESS 2012 

LMU München 2014 Weinzierl M 

Saz, Shadia Climate assessment of aviation: Analysis of the 
uncertainty ranges of the AirClim model 

TU Delft, Neth-
erlands 

2014 Grewe M 

Schmielau, Alexander Aerosol measurements with a Ultra-High Sensitivity 
Aerosol Spectrometer (UHSAS) during the practical 
course in aviation meteorology in Coburg 2012 

LMU München 2014 Weinzierl B 

Schneider, Tim-Jonas Emissionsinventare des Luftverkehrs und Szenarien: 
Vergleich und Evaluierung 

HS des Bundes 
für öffentliche 
Verwaltung 
Fürstenfeldbruck 

2014 Gierens D 

Schupfner, Martin Quantifizierung dynamischer und chemischer Bei-
träge zu Langzeitveränderungen stratosphärischen 
Ozons 

LMU München 2014 Dameris M 

Senftleben, Daniel Verification of Temperature and Sea Ice in the 
MiKlip Decadal Climate Predictions with the 
ESMValTool 

LMU München 2014 Eyring M 

Shaap, William The climate assessment of new aircraft technolo-
gies using the AirClim model 

TU Delft, Neth-
erlands 

2014 Grewe M 

Wesselings, Stefan Detailed assessment of aviation induced climate 
impact using CATS and AirClim model results 

TU Delft, Neth-
erlands 

2014 Dahlmann M 

Wissmüller, Katharina Globale Verteilung von Schwefeldioxid in der Tro-
posphäre und unteren Stratosphäre 

Univ. Bayreuth 2014 Schlager M 

Alexy, Martin Synergistische Nutzung von solaren und thermalen 
Kanälen zur Fernerkundung von Zirruswolken 

TU München 2013 Bugliaro with 
Bamler 

M 

Betz, David Bestimmung der optischen Dicke von Kondensstrei-
fen aus Bildern des Schattens 

LMU München 2013 Mayer, 
Vazquez 
Navarro 

B 

Bräu, Melanie Sea-ice in decadal and long-term simulations with 
the Max Planck Institute Earth System Model 

LMU München 2013 Eyring B 

Brenninger, Bernhard Untersuchung von Instabilitätsstrukturen entlang 
der Zugbahn von Gewittern 

LMU München 2013 Tafferner M 

Dollner, Maximilian Aufbau und Charakterisierung eines Wolkenkon-
densationskeimzählers für Flugzeugmessungen 

LMU München 2013 Weinzierl B 

Gisinger, Sonja Large Eddy Simulation der Luftströmung in einer 
idealisierten, fraktalen Modellstadt 

Univ. Innsbruck, 
Austria 

2013 Dörnbrack M 
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Görsch, Norman Welchen Einfluss hat der Flugzeugtyp auf die Kon-
densstreifenentwicklung? Numerische Untersu-
chung mit EULAG 

LMU München 2013 Unterstraßer D 

Götsch, Tobias Evaluierung einer automatischen Niederschlagsklas-
sifikation – Parsivel Distrometer vs. Metar-
Beobachtung 

Univ. Innsbruck, 
Austria 

2013 Hagen B 

Haluszczynski, 
Alexander 

Evaluation of the South Asian Monsoon in the 
ECHAM/MESSy Atmospheric Chemistry model 

LMU München 2013 Eyring B 

Hübner, Michael Evaluation of Sea-ice in the Max Planck Institute 
Earth System Model 

LMU München 2013 Eyring B 

Hüttenhofer, Ludwig Parametrisierung von Kondensstreifen-Zirrus für 
AirClim 2.0 

LMU München 2013 Dahlmann, 
Sausen 

B 

Ibrahim, Amir Development and characterization of a scientific 
atmospheric aerosol instrumentation package for 
commercial passenger aircraft as part of the EU 
project IAGOS 

HS München 2013 Petzold M 

Krisch, Isabell Optimierung und Einsatz einer Endladungsquelle 
für flugzeuggetragene Schwefeldioxid Messungen 
mit CI-IT MS 

TU München 2013 Schlager M 

Lammen, Yannick Entwicklung eines Wasserdampf-
Kalibrationsmoduls und flugzeuggetragene Feuch-
temessungen in der Troposphäre, Karl-Doetsch-
Nachwuchs-Preis 

Univ. Braun-
schweig 

2013 Voigt M 

Möhrlein, Matthias Nowcasting der Wolkenbedeckung für verschiede-
ne Wolkenetagen auf Basis von Meteosatdaten zur 
Anwendung auf die Einstrahlungsprognose von 
Solarkraftwerken 

LMU München 2013 Mayer, 
Vazquez 
Navarro 

M 

Reder, Rafael Entstehung, Auswirkung und Vorhersage von clear-
air Turbulenzen 

Univ. Innsbruck, 
Austria 

2013 Hagen B 

Rudolf, Eva-Maria Grobstruktursimulation des Bolund Experimentes LMU München 2013 Dörnbrack M 

Schmederer, Polly Radarbeobachtung eines mesoskaligen Gewitter-
komplexes 

Univ. Innsbruck,  
Austria 

2013 Hagen B 

Tchipev, Nicola Numerical Simulation of Wind Impact on Transport 
and Decay of Wake Vortices of Landing Aircraft 

TU München 2013 Holzäpfel M 

Trebbin, Nico Cloud Statistics from Calipso Lidar Data for the 
Performance Assessment of a Methane Space Lidar 

TU München 2013 Kiemle M 

Wenzel, Ingo Applicability of the “Gold method” for the predic-
tion of maximum day temperatures in Munich 

LMU München 2013 Weinzierl B 

Westermayer, Anja Detektion und Nowcasting von gewitterinduzierten 
Böenfronten 

LMU München 2013 Tafferner M 

Briegel, Julian Aerosol-Lidar-Messungen von Saharastaubschich-
ten zur Quantifizierung des Photonen-Budgets 
eines Wind-Lidars 

LMU München 2012 Reitebuch M 

Dietz, Sebastian Untersuchung charakteristischer Lebenszyklen von 
eisübersättigten Regionen in der oberen Tropo-
sphäre 

LMU München 2012 Unterstraßer M 

Domíniguez Ochoa, 
Marta 

Polarisation maintaining capability of a multimode 
fibre coupling for UV Lidar receivers 

Univ. Vigo, 
Ourense, Spain 

2012 Lemmerz M 

Heimerl, Katharina Characterization of the DLR Single Particle Soot 
Photometer and its Sensitivity to Different Absorb-
ing Aerosol Types 

LMU München 2012 Weinzierl D 

Huber, Isabelle An Estimation of the Impact of Climate Change on 
Solar Resources For Photovoltaic and Concentrating 
Solar Power Applications, 

LMU München 2012 Bugliaro, 
Mayer 

D 

http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2014_Haluszczynski_Bachelorthesis_FINAL.pdf
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2014_Haluszczynski_Bachelorthesis_FINAL.pdf
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2013_Huebner_Bachelorthesis_FINAL.pdf
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2013_Huebner_Bachelorthesis_FINAL.pdf
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Klisa, Tristan Laserscanner for an airborne UV Doppler Wind 
Lidar 

HS München 2012 Lemmerz M 

Konetschny, Nina Die Änderungen des stratosphärischen Wasser-
dampfgehaltes und ihre Ursachen 

LMU München 2012 Dameris M 

Lainer, Martin Numerische Simulationen von langlebigen Kon-
densstreifen mit Lagrangescher Mikrophysik 

LMU München 2012 Unterstraßer M 

Lamprecht, Christian Analyse des Schweregewitters vom 17. Juli 2010 
über Innsbruck 

Univ. Innsbruck, 
Austria 

2012 Hagen B 

Lettenbichler, Judith Radarbeobachtung einer Gewitterlinie am 
16.06.2011 in Süddeutschland 

Univ. Innsbruck, 
Austria 

2012 Hagen B 

Manninen, Antti Characterization of returns from ice and land sur-
faces acquired with an airborne ultraviolet lidar 

TU München 2012 Reitebuch M 

Markl, Yasmin Radarbeobachtung eines Einzelzellengewitter – 
Eine Fallstudie 

Univ. Innsbruck, 
Austria 

2012 Hagen B 

Platis, Andreas Large-Eddy Simulation of the Maritime Arctic 
Boundary Layer – An IPY-THORPEX Case Study 

LMU München 2012 Dörnbrack, 
Kiemle 

M 

Reiter, Anja First airborne SO2 measurements using IT-CIMS: 
Analysis of sources, regional distribution and 
transport mechanism in the West Pacific 

LMU München 2012 Schlager M 

Sander, Michael Luftverkehr und Klima – Ortsabhängigkeit chemi-
scher Luftverkehrseffekte 

TU München 2012 Frömming, 
Grewe 

D 

Schröttle, Josef Turbulence structure in a porous multifractal forest 
under varying atmospheric conditions 

LMU München 2012 Dörnbrack D 

Smieskol, Dominik Vergleich von Niederschlagsmessungen am Mün-
chener Flughafen mit Hilfe verschiedener Mess-
techniken 

Univ. Innsbruck, 
Austria 

2012 Hagen B 

Stähle, Sandra Statistischer Performance-Vergleich für Klima-
Chemie-Modelle 

LMU München 2012 Grewe D 

Stegmaier, Benedikt Improved implementation of a Lagrangian micro-
physics module for the geophysical flow solver 
EULAG 

LMU München 2012 Unterstraßer M 

Stöckl, Christian Investigation on stability of Optical Parametric Os-
cillators for LIDAR measurement of methane (CH4) 
and carbon dioxide (CO2) 

HS München 2012 Fix M 

Vellinger, Martin Statistische Auswertung von Ensemble Wettervor-
hersagen am Flughafen München 

LMU München 2012 Holzäpfel D 

Bauer, Gregor Entwicklung eines Prototypischen Flugperfor-
mance-Moduls für das Missionsplanungssystem 

Fachhochschule 
Regensburg 

2011 Rautenhaus D 

Besner, Andreas Untersuchung präziser Blitzortung mithilfe der 
TOGA Methode 

LMU München 2011 Craig, 
Schmidt 

B 

Cai, Duy Sinh Einfluss des arktischen Meereises auf das Klima – 
Auswertungen von ECHAM – Simulationen 

LMU München 2011 Dameris D 

Diebel, Sebastian Gewittervorhersage über dem nördlichen Mittel-
meerraum mit Hilfe von Satellitendaten 

LMU München 2011 Forster D 

Ferrari, Christian Kondensstreifen in natürlichen Zirren LMU München 2011 Gierens D 

Frey, Sophie Die Variabilität des Windfeldes im Anflugbereich 
des Flughafens Frankfurt am Main 

Freie Univ. Berlin 2011 Dengler M 

Graf, Phoebe Stickoxid-Chemie in der Stratosphäre – Auswer-
tung von ECHAM-Simulation 

LMU München 2011 Dameris D 

Grünewald, Martin Systematischer Vergleich von Verkehrsemissionska-
tastern mit Fokus auf den Luftverkehr 

HS für Ange-
wandte Wissen-
schaften, Salz-
gitter 

2011 Gierens D 
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Habold, Alexander Wirkung der Art und Quantität von Hydrometeoren 
auf polarimetrische Radargeräte unterschiedlicher 
Wellenlänge 

LMU München 2011 Hagen M 

Hanrieder, Natalie SaIDA: Snow and Ice Detection Algorithm using 
MSG/SEVIRI satellite data 

LMU München 2011 Bugliaro, 
Mayer 

M 

Klinger, Carolin Quantitative evaluation of ozone and selected 
climate parameters in the chemistry-climate model 
EMAC 

LMU München 2011 Eyring M 

Köhler, Martin Untersuchung der Auslösung von Gewittern durch 
synoptische Forcierung 

LMU München 2011 Tafferner M 

Kronfeldner, Christian Erfassung winterlicher Niederschläge mit Radar und 
Distrometer 

Fachhochschule 
des Bundes für 
öffentliche Ver-
waltung 

2011 Hagen D 

Lehrack, Sebastian Optimierung und Kalibrierung der "Top-of-Fringe" 
– Stabilisierung einer Laserdiode auf einem Me-
than-Absorptionstrog bei 6077 cm-1 mit Hilfe eines 
selbstreferenzierten, optischen Frequenzkammes 

LMU München 2011 Quatrevalet B 

Leitner, Margot Beobachtung von Blitzphänomenen über Gewittern Univ. Innsbruck, 
Austria 

2011 Hagen B 

Lohrey, Steffen The impact of natural cloudiness on radiative forc-
ing from contrails 

Univ. Stuttgart 2011 Voigt D 

Mund, Susanne Modifikation von Saharastaubaerosol während 
SAMUM-2 

LMU München 2011 Weinzierl D 

Ostler, Andreas Validierung von optischen Wolkeneigenschaften 
aus MSG-Daten 

LMU München 2011 Bugliaro, 
Mayer 

M 

Rose, Maximilian Untersuchung der atmosphärischen Stabilität in 
abgehobenen Aerosolschichten 

LMU München 2011 Weinzierl B 

Schönegg, Moritz Polarimetrische Fernerkundung von Wolkenseiten 
zur Bestimmung der Wolkenphase 

Univ. Innsbruck, 
Austria 

2011 Mayer, Zinner D 

Schreiner, Veronika Dynamic and thermal mechanisms affecting the 
location of convective initiation over the Vosges 
mountains during COPS 

Univ. Innsbruck, 
Austria 

2011 Hagen D 

Täubner, Ingrid Gewitterbeobachtung mit polarimetrischem Dopp-
ler Radar – eine Fallstudie aus der COPS Messkam-
pagne 

Univ. Innsbruck, 
Austria 

2011 Hagen B 

Veira, Andreas Dakar’s urban pollution plume: A SAMUM-II case 
study on the plume structure and the influence of 
urban emissions on dust physico-chemical and 
radiative properties 

LMU München 2011 Weinzierl D 

Wagner, Johannes The mesoscale structure of a polar low: Simulations 
and airborne measurements 

Univ. Innsbruck, 
Austria 

2011 Dörnbrack D 

Zimmer, Florian Kurzfristvorhersage der Wolkenbedeckung zur 
effizienten Nutzung von Solarenergie 

Univ. Innsbruck, 
Austria 

2011 Mannstein D 

Anger, Johanna Analyse zeitlich und räumlich hochaufgelöster 
Kurzfristprognosen 

Univ. Mainz 2010 Dengler D 

Bretl, Sebastian Untersuchung des Lebenszyklus von Gewittern in 
Mitteleuropa mit Hilfe von Fernerkundungs- und 
Modelldaten 

LMU München 2010 Tafferner D 

Brüser, Paul Tracking, Monitoring und Nowcasting von Stark-
niederschlag anhand des hochaufgelösten DWD 
Deutschland-Radar-Komposits 

LMU München 2010 Forster D 

http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2011_Klinger_Masterthesis_FINAL.pdf
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2011_Klinger_Masterthesis_FINAL.pdf
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2011_Klinger_Masterthesis_FINAL.pdf
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Filipitsch, Florian Simulationen zur Datenrückgewinnung von Aero-
soleigenschaften aus Schichten unter dünner Cir-
rus-Bewölkung für satellitengetragene Lidar-
Messungen 

Univ. Innsbruck 2010 Mayer, Buras D 

Friedrich, Alexander Aufbau eines durchstimmbaren Laser Instrumentes 
zur Messung von Wasserdampf auf Flugzeugen 

TU Dresden 2010 Voigt B 

Fuchs, Martin Johann Quantification of multiple scattering effects on 
space borne Lidar retrieval 

TU München 2010 Buras, Mayer M 

Gattermann, Yvonne Airborne aerosol measurements of pollution layers 
in the free tropo-sphere over Greenland in summer 
2008 

LMU München 2010 Weinzierl D 

Killius, Niels Bodengestützte passive Wolkenseitenfernerkun-
dung der Wolkenphase 

LMU München 2010 Mayer, Zinner D 

Koch, Roland Key Analysis Errors and Airborne Wind Lidar Obser-
vations 

Univ. Innsbruck, 
Austria 

2010 Weissmann D 

Tanaka, Kohei Remote Sensing of Cloud Microphysical Properties 
over the North and South Atlantic Region 

TU München 2010 Bugliaro, 
Mayer 

M 

Leuthold, Eva Über den Einfluss der Variabilität tropischer Mee-
resoberflächentemperaturen auf die Dynamik der 
unteren Stratosphäre 

LMU München 2010 Dameris D 

Newinger, Christina Einfluss des Tagesgangs des Luftverkehrs auf Bede-
ckungsgrad und Strahlungsantrieb von Kondens-
streifen-Zirren 

LMU München 2010 Burkhardt D 

Polz, Leonhard Scannerkonzepte für ein UV-Windlidar HS München 2010 Lemmerz D 

Scheufele, Kathrin Probabilistic forecasting of precipitation by combin-
ing nowcasts and the time-lagged COSMO-DE 
ensemble 

LMU München 2010 Craig D 

Schweyer, Sebastian Untersuchungen zur Stabilisierung von Distributed-
Feedback-Lasern im Nahen Infraroten Spektralbe-
reich 

HS München 2010 Fix D 

Siebler, Dominik Bestimmung von Größen- und Formfaktoren von 
Schnee anhand von Messungen am Schneeferner-
haus 

LMU München 2010 Hagen D 

Strauß, Susanne Flugzeuggetragene Wasserdampf-Lidarmessungen 
im Subtropenjet im Vergleich mit ECMWF-
Modelldaten 

Univ. Innsbruck, 
Austria 

2010 Kiemle D 

Zimmermann, Nikolas Orographisch initiierte Gewitter an einer Konver-
genzlinie während COPS 

Univ. Innsbruck, 
Austria 

2010 Hagen B 

Abicht, Florian Charakterisierung der optischen Eigenschaften von 
tropischen Aerosolpartikeln 

LMU München 2009 Weissmann D 

Barbul, Andreas Elektrischer Anschluss und Programmierung des 
Antriebs eines Doppler-Wedge Scanners 

HS München 2009 Rahm D 

Ewald, Florian Verbesserung einer Cirrus Detektion auf SEVIRI und 
Validierung mit MODIS 

LMU München 2009 Mayer, 
Bugliaro 

B 

Forster, Linda Effekte dreidimensionalen Photonentransports auf 
den Strahlungsantrieb von Kondensstreifen 

LMU München 2009 Mayer, Emde B 

Grebe, Leslie Klimatologie von Gewittern im Gebiet der COPS 
Messkampagne 

LMU München 2009 Hagen D 

Großhauser, Martin Estimating the Massflux from Airborne Doppler 
Lidar Measurements 

Univ. Innsbruck, 
Austria 

2009 Weissmann D 

Hoppenz, Nicole Statistische Untersuchungen von Gewittern in Süd-
deutschland anhand von Radarbeobachtungen 

Fachhochschule 
des Bundes für 
öffentliche Ver-
waltung 

2009 Hagen D 
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Ibrahim, Amir Charakterisierung und Validierung eines optischen 
Kondensationskernzählers TMCPC – Miniaturisie-
rung und Aufbau eines Instrumenten-Prototyps 

HS München 2009 Petzold D 

Klanner, Lisa Vorhersage der Lidar-Messabdeckungen zur opti-
mierten Flugwegplanung während T-PARC 

LMU München 2009 Kiemle, 
Weissmann 

D 

Klees, Markus Konstruktion und optische Vermessung eines 
Doppler-Wedge Scanners 

HS München 2009 Rahm D 

Klinger, Carolin CO2-Klimawirkung und Minderungspotential für 
alternative Treibstoffe in der Schifffahrt 

LMU München 2009 Eyring B 

Kox, Stephan Development and validation of a multilayer cloud 
detection algorithm for the airborne demonstrator 
of the direct detection Doppler lidar on ADM-
Aeolus 

LMU München 2009 Reitebuch D 

Meul, Stefanie Identifikation von Luftverkehrseffekten in Ozonzeit-
reihen – Analyse möglicher Zusammenhänge mit 
Großwetterlagen 

LMU München 2009 Dameris D 

Moser, Marcus Aufbau und Charakterisierung eines optischen 
parametrischen Verstärkers im nahen infraroten 
Spektralbereich 

HS München 2009 Fix D 

Pfaffenberger, Lisa Partikelemissionen des Schiffsverkehrs und deren 
Einfluss auf das Aerosol der maritimen Grenz-
schicht – Ergebnisse der QUANTIFY SHIPS Studie 
2007 

LMU München 2009 Petzold D 

Reimann, Jens Erkennung und Filterung von Bodenechos in den 
Daten eines polarimetrischen Doppler-Wetterradars 

TU Chemnitz 2009 Hagen D 

Reinhardt, Bernhard Einfluss der El Niño-Southern Oscillation auf die 
Eintrittswahrscheinlichkeit von Starkniederschlägen 
an der Pazifikküste Nordamerikas 

LMU München 2009 Dotzek, 
Sausen 

D 

Runde, Theresa Impact of changing sea surface temperatures on 
convective activity in the tropics 

LMU München 2009 Dameris D 

Schmidt, Lukas Charakterisierung und Erprobung des optischen 
Aerosolspektrometers UHSAS-A für den Betrieb auf 
dem Forschungsflugzeug HALO 

LMU München 2009 Minikin D 

Stich, Dennis Trapping of pollution by quasi-stationary anticy-
clones with focus on aircraft emissions from the 
North Atlantic flight corridor 

LMU München 2009 Huntrieser D 

Tuschy, Helge Examination of severe thunderstorm outbreaks in 
Central Europe 

Univ. Innsbruck, 
Austria 

2009 Hagen D 

Westermayer, Anja Temperaturtrends in der Stratosphäre: Beobach-
tungen und Modellsimulation 

LMU München 2009 Dameris B 

Beck, Veronika Near-surface tornado wind field reconstruction 
from forest damage 

TU München 2008 Dotzek, 
Sausen 

D 

Brömser, Andreas Validierung von Kondensstreifen-
Satellitenbeobachtungen mittels einer Himmelska-
mera 

LMU München 2008 Mannstein D 

Falb, Andreas Evaluation des mikrophysikalischen ECHAM-
Wolkenmoduls im Hinblick auf die Zirrusbewölkung 

LMU München 2008 Hendricks D 

Fürholzer, Manfred Aufbau, Charakterisierung und Einsatz eines DFB-
Diodenlasersystems für die Frequenzstabilisierung 
eines 4-Wellenlängen Wasserdampf Differenzial 
Absorptions Lidar (H2O-DIAL) 

Univ. Koblenz-
Landau 

2008 Fix D 

Märker, Cordelia Die Wirkung von Wolkenschatten auf die Energie-
bilanz in ariden Gebieten bei verschiedener Ober-
flächenbedeckung 

Univ. Leipzig 2008 Bugliaro, 
Schumann 

D 

http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2009_Klinger_Bachelorthesis-FINAL
http://www.pa.op.dlr.de/%7EVeronikaEyring/Publications/2009_Klinger_Bachelorthesis-FINAL
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Paxian, Andreas Auswirkungen polarer Schiffsrouten auf Atmosphä-
re und Klima 

LMU München 2008 Eyring D 

Petroi, Ramona Radarbeobachtungen in der atmosphärischen 
Grenzschicht 

LMU München 2008 Hagen D 

Schäfler, Andreas Tropospheric Water Vapor Transport in a Pre-
convective Environment – as determined from 
Airborne LIDAR Measurements and ECMWF Model 
Simulations 

Univ. Innsbruck, 
Austria 

2008 Kiemle D 

Witschas, Benjamin Characterisation of beam profile and frequency 
stability of an injection-seeded Nd:YAG laser for a 
Doppler wind lidar system 

HS München 2008 Reitebuch D 

 
 

5.3 Scientific Exchange 
Guest scientists 

Visiting scientists at IPA between 2008 and 2015. 

Name Home Institution Period Funding Local Host 

Bing-Yi, Liu Ocean Univ. China (OUC) Jan  2008 
 – Jul 2009 

External Ehret, 
Reitebuch 

Bodeker, Greg NIWA, New Zealand Jul – Aug 2008 
  2009 
  2010  

NIWA Dameris 

Cionni, Irene Lauder, New Zealand Jan – Mar 2008 NIWA Dameris 

Cordero, Eugene Department of Meteorology, San Jose 
State Univ., USA 

Jul – Aug 2007 Univ. California Dameris, 
Eyring 

Dalphinet, Agnes Meteo France, Toulouse, France Jan – Jun 2010 Meteo France Hagen 

Dinh, Tra Dept. of Geosciences, Princeton, USA Jul  2014 Princeton Univ. Kärcher 

Eleftheratos, Kostas National Kapodistrian Univ. Athens, Greece Jun – Jul 2013 DAAD Gierens 

Fahey, David NOAA ESRL, Boulder, USA Jun  2015 NOAA Sausen 

Ferrer Sumsi, Miquel HYDS, Barcelona, Spain Jan  2011 HYDS Gerz 

Haßler, Birgit Lauder, New Zealand Jul – Aug 2008 
Jul  2009 

NIWA Dameris 

Hernandez-Navarro, 
Olver  

HYDS, Barcelona, Spain Nov – Dec 2010 
Jan – Apr 2011 
Jun – Sep 2011 

HYDS Gerz 

Høgstedt, Lasse Technical Univ. Denmark, Department of 
Photonics Engineering, Denmark 

Oct  2014 External Fix 

Khalesifard, Mohamadi Institute for Advanced Studies (IASBS) 
Zanjan, Iran 

Jul – Sep 2008 
May – Aug 2010 
Jun – Sep 2013 

DLR Ehret 

Kikuchi, Ryota Tohoku Univ., Japan Jan – Feb 2015 Tohoku Univ. Gerz 

Kondratyev, Sergey Angstrom Ltd., Novosibirsk, Russia 
Federation 

Apr  2014 DLR Witschas 

Lamquin, Nicolas Paris, France Apr – Jul 2008 LMD Dameris 

Lee, David Manchester Metropolitan Univ., U.K. Dec  2007 
Dec  2008 
Dec  2009 

Manchester 
Metropolitan 
Univ. 

Sausen 

Li, Zhigang Ocean Univ. China (OUC) Jan  2008 
May  2009 

External Ehret, 
Reitebuch 
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Lim, Ling Manchester Metropolitan Univ., U.K. Dec  2007 Manchester 
Metropolitan 
Univ. 

Sausen 

Llort Pavon, Xavier HYDS, Barcelona, Spain Dec  2013 HYDS Gerz 

Markowski, Paul Penn State, USA Jul – Oct 2009 Univ. Penn State Dotzek 

Park, Shunju HYDS, Barcelona, Spain Feb – Mar 2012 HYDS Gerz 

Quaas, Johannes MPI für Meteorologie, Hamburg Feb  2010 DLR Ponater 

Reichler, Thomas Dept. of Atmospheric Sciences, Univ. of 
Utah, USA 

Sep  2013-
Jun  2014 

DLR Sausen 

Rodriguez Ramos, 
Alvaro 

HYDS, Barcelona, Spain Jan – Apr 2011 
Aug – Sep 2011 
Feb – Mar 2012, 
Oct  2013 

HYDS Gerz 

Sanches Dieszma, Rafael  HYDS, Barcelona, Spain Jan  2011 
Aug – Sep 2011 
Dec  2013 
Feb  2014 

HYDS Gerz 

Sancho Alcazar, David HYDS, Barcelona, Spain Feb – Mar 2012 
Oct  2013 
Feb  2014 

HYDS Gerz 

Schwarz, Joshua NOAA Boulder, USA Apr – May 2015 Center of 
Advanced 
Studies (LMU) 

Weinzierl 

Sloth Madsen, Marianne Copenhagen, Denmark Oct – Nov 2008 DMI Gierens 

Smolarkiewciz, Piotr NCAR, USA Oct – Nov 2009 DLR Dörnbrack 

Stenchikov, Georgiy King Abdullah Univ., Saudi Arabia Nov  2010 Univ. King 
Abdullah 

Dameris 

Stuber, Nicola Univ. Reading, U.K. Jan  2009 Univ. Reading Ponater 

Tablada Torres, Jordi 
Joan 

HYDS, Barcelona, Spain Jan – Apr 2011 HYDS, 
Barcelona 

Gerz 

Thompson, David Colorado State Univ., Fort Collins, USA Jul  2012 partly by DLR Dameris 

Weaver, Clark NASA Goddard, Washington DC, USA Apr – Sep 2011 
May – Jul 2012 

DLR Ehret 

Wu, Songhua Ocean Univ. China (OUC) Oct  2013
 – Jan 2014 

DAAD Reitebuch 

 

Professional leaves 

International leaves of IPA staff between 2008 and 2015. 

Name Institution Period Grant, Type 

Amediek, A. NASA Goddard Space Flight Center, USA Sep  2009 
  – Feb 2010 

DLR Research Semester 

Burkhardt, U. LLNL Lawrence Livermore National Labora-
tory, USA 

Mar  2014 
  – Jun 2014 

DLR Research Semester 

Dameris, M. ISAC/CNR, Rom, Italy Jan – May 2015 Research Semester (Otto-Lilienthal 
Award) 

Dörnbrack, A. NCAR, Boulder, USA Sep – Nov 2014  

Eyring, V. NCAR, Boulder, USA Aug – Nov 2011 
Apr – May 2013 

DLR Senior Scientist Semester 
NCAR Affiliate Scientist 

Forster, C. HYDS, Barcelona, Spain Apr, Oct 2011  

Garny, H. NCAR, Boulder, USA Oct  2011 
 – Sep 2012 

DAAD Postdoc Fellowship 
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Gerz, T. HYDS, Barcelona, Spain Apr  2011 
Mar   2015 

 

Grewe, V. NCAR, Boulder, USA 
NCAR, NASA-Ames, NASA-GISS, USA 

Aug – Oct 2008 
Jul – Sep 2012 

DLR Research Semester 
DLR Research Semester 

Hagen, M. HYDS, Barcelona, Spain Apr  2011 
Oct   2011 
Mar   2015 

 

Hamann, U. KNMI, Netherlands Dec  2010  

Jurkat, T. NCAR, Boulder, USA May – Aug 2015  

Keis, F. HYDS, Barcelona, Spain Oct  2011 
Mar  2015 

 

Köhler, M. HYDS, Barcelona, Spain Mar  2015  

Stich, D. HYDS, Barcelona, Spain Mar  2015  

Unterstraßer, S. Cerfacs, Toulouse, France Oct  2010 
 – Apr 2011 

 

Weinzierl, B. NOAA, Boulder, USA Sep  2008 
 – Mar 2009 

DLR Research Semester 

Weissmann, M. Naval Research Laboratory (NRL) Monterey, 
USA 

Mar – Jun 2010  

Witschas, B. Univ. Amsterdam, Netherlands May – Jul 2009 Experimental Study 

 European Space Research and Technology 
Centre (ESTEC), Noordwijk, Netherlands 
ESTEC 

Nov  2011 
 – Dec 2012 
Jan – Mar 2013 

Research Stay 
 
Research Stay 

 GATS Inc., Boulder, USA Jun – Jul 2015  
 
 

5.4 Organized Conferences 
Organized Conferences 

Conferences and colloquia organized by IPA between 2008 and 2015. 

Date Event Location 

22–25 Jun 2015 TAC-4: 4th International Conference on Transport, Atmosphere and Cli-
mate, http://www.pa.op.dlr.de/tac/ 

Bad Kohlgrub 

16 Mar 2015 Colloquium, 70th birthday of Ulrich Schumann, IPA-Director 1982-2012 Oberpfaffenhofen 

25–26 Nov 2014 Britespace, Workshop on “Laser Sources for LIDAR Applications” Oberpfaffenhofen 

1–5 Sep 2014 8th European Conference on Radar in Meteorology and Hydrology, 
http://www.pa.op.dlr.de/erad2014 

Garmisch-Partenkirchen 

8 Jul 2014 CoMet Workshop Oberpfaffenhofen 

2–3 Apr 2014 Forum AE, Workshop on Aviation Climate Impact Oberpfaffenhofen 

10–14 Jun 2013 353th Heraeus Seminar on “Water vapor and ice in the atmosphere” Bad Honnef 

14 Jun 2013 Fortbildungstag, Deutsche Meteorologische Gesellschaft (DMG), Zweig-
verein München, “Atmosphäre und Verkehr“ 

Munich 

29 Jun 2012 Colloquium, 50th Anniversary of the DLR-Institut für Physik der Atmosphäre Oberpfaffenhofen 

16 Nov 2012 Fortbildungstag, Deutsche Meteorologische Gesellschaft (DMG), Zweig-
verein München, “Extremwetter: Was wissen wir über extreme Wetterer-
eignisse?“ 

Salzburg, Austria 

25–28 Jun 2012 TAC-3, 3rd International Conference on Transport, Atmosphere and Cli-
mate, http://ww.pa.op.dlr.de/tac/index_2012.html 

Prien am Chiemsee 

11 Nov 2011 Fortbildungstag, Deutsche Meteorologische Gesellschaft (DMG), Zweig-
verein München, “Können wir den Klimawandel durch Eingriffe in das 
Klimasystem verlangsamen?“ 

Oberpfaffenhofen 

http://www.pa.op.dlr.de/tac/
http://www.pa.op.dlr.de/erad2014
http://ww.pa.op.dlr.de/tac/index_2012.html
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Date Event Location 

3–5 Nov 2010 4th International Workshop on CO2/CH4 DIAL Remote Sensing Oberpfaffenhofen 

12–16 Oct 2009 ECSS: 5th European Conference on Severe Storms Landshut 

22–25 Jun 2009 TAC-2, 2nd International Conference on Transport, Atmosphere and Cli-
mate, http://www.pa.op.dlr.de/tac/2009 

Aachen and Maastricht, Neth-
erlands 

1–5 Jun 2009 CCMVal Workshop Toronto, Canada 

11–15 May 2009 ICAM-2009, 30th International Conference on Alpine Meteorology, 
http://www.pa.op.dlr.de/icam2009 

Rastatt 

 
 

Co-organized conferences 

International conferences and workshops with IPA staff as members of the executive committee (EC), programme com-
mittee (PC) or conveners/co-conveners of sessions (CoS) between 2008 and 2015. 

Date Event Location IPA staff 

20–23 Oct 2015 WCRP-2015, WCRP/FP7 EMBRACE Workshop on CMIP5 Model Analysis 
and Scientific Plans for CMIP6 
http://embracecmip2015.sciencesconf.org/ 

Dubrovnik, 
Croatia 

Eyring, PC 

7–10 Jul 2015 International science conference “Our common future under climate 
change” 

Paris, France Dameris, CoS 

22 Jun–2 Jul 2015 IUGG-2015, 26th General Assembly of the International Union of Geod-
esy and Geophysics 
http://ww.iugg.org/assemblies/2015prague 

Prague,  
Czech Republic 

Volkert, PC for 
IAMAS 

13–17 Apr 2015 EGU European Geosciences Union Annual Conference, Session “At-
mospheric Ice Particles” (AS 3.6), Session “Aerosol + Saharan dust long-
range transport” 

Vienna, Austria Voigt, CoS 
Weinzierl, CoS 

8–10 Oct 2014 WGCM-2014, 18th Session of the Working Group on Coupled Model-
ling 
http://www.wcrp-climate.org/modelling-wgcm-meetings 

Grainau Eyring, PC 

16–21 Aug 2014 WWOSC-2014, The World Weather Open Science Conference 
http://wwosc2014.com 

Montreal,  
Canada 

Volkert, EC for 
IAMAS 

20–22 May 2014 CCMI-2014, Chemistry-Climate Model Initiative Workshop 
http://www.lancaster.ac.uk/ccmi2014/ 

Lancaster, U.K. Eyring, PC 

12–13 May 2014 ESMEval-2014, Future Perspectives for Scientific and Infrastructural 
Needs in Earth System Model Evaluation, 

De Bilt, Nether-
lands 

Eyring, PC 

Apr 2014 Obs4MIPs-2014, Observation for Model Intercomparison Projects for 
CMIP6 Meeting 

Washington 
DC, USA 

Eyring, PC 

Jan 2014 SPARC-2014, WCRP’s SPARC 5th General Assembly 
http://www.sparc-climate.org/meetings/general-assembly-2014/] 

Queenstown, 
New Zealand 

Eyring, EC 

18–21 Nov 2013 ECATS Conference, Technical challenges for aviation in a changing 
environment 

Berlin Matthes, EC 

16–20 Sep 2013 36th Conference on Radar in Meteorology (AMS) Breckenridge, 
USA 

Hagen, PC 

Aug 2013 CMIP-2013, Next generation climate change experiments needed to 
advance knowledge and for assessment of CMIP6 

Aspen, USA Eyring, PC 

8–12 Jul 2013 DACA-13, Davos Atmospheric and Cryospheric Assembly 
http://www.daca13.org 

Davos,  
Switzerland 

Volkert, PC for 
IAMAS 

1–6 Jun 2013 5th European Conference for Aerospace Sciences (EU-CASS), session 
chair “Environmental Impact” EN 5.4 

Munich Voigt, CoS 

14–16 May 2013 CCMI-2013, Chemistry-Climate Model Initiative workshop 2013 
http://www2.cgd.ucar.edu/sections/amp/events/20130514 

Boulder, USA Eyring, PC 

25–29 Jun 2012 7th European Conference on Radar in Meteorology and Hydrology Toulouse, 
France 

Hagen, PC 

21–24 May 2012 CCMVal-2012, Chemistry-Climate Model Validation Workshop, 
http://projects.pmodwrc.ch/ccmval 

Davos,  
Switzerland 

Eyring, PC 

http://www.pa.op.dlr.de/tac/2009
http://www.pa.op.dlr.de/icam2009
http://embracecmip2015.sciencesconf.org/
http://ww.iugg.org/assemblies/2015prague
http://www.wcrp-climate.org/modelling-wgcm-meetings
http://wwosc2014.com/
http://www.daca13.org/
http://www2.cgd.ucar.edu/sections/amp/events/20130514
http://projects.pmodwrc.ch/ccmval
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22–27 Apr 2012 EGU, European Geosciences Union Annual Conference, Session “At-
mospheric Ice Particles” (AS 3.3) 

Vienna, Austria Voigt, CoS 

26–30 Mar 2012 DPG Annual Conference of the “Deutsche Physikalische Gesellschaft”, 
Session “Atmospheric Methods”, Environmental Science Division 

Berlin Voigt, CoS 

25–27 Oct 2011 ANERS 2011, Aviation Noise and Emission Reduction Symposium, ses-
sion “ATM and environment” 

Marseille, 
France 

Matthes, PC, 
CoS 

Oct 2011 WCRP-2011, Parallel Session 'Assessing the Reliability of Climate Mod-
els, CMIP5' at WCRP Open Science Conference 
http://conference2011.wcrp-climate.org/ 

Denver, USA Eyring, CoS 

27 Jun–8 Jul 2011 IUGG-2011, 25th General Assembly of the International Union of Geod-
esy and Geophysics 
http://ww.iugg.org/assemblies/2011melbourne 

Melbourne, 
Australia 

Volkert, PC for 
IAMAS 

22–25 May 2011 International Workshop on Ice Nucleation in Tropospheric Clouds 
(IN2clouds) 

Ettlingen Burkhardt 

4–8 Jun 2011 4th European Conference for Aerospace Sciences (EU-CASS), Session 
“Environmental impact” EN 5.4 

St. Petersburg, 
Russian Federa-
tion 

Voigt, CoS 

3–8 Apr 2011 EGU, European Geosciences Union Annual Conference, Session “At-
mospheric Ice Particles” (AS 3.3) 

Vienna, Austria Voigt, CoS 

6–10 Sep 2010 6th European Conference on Radar in Meteorology and Hydrology Sibiu, Romania Hagen, PC 

21–23 Sep 2009 ANERS 2009, Aviation Noise and Emission Reduction Symposium Hilton Head 
(SC), USA 

Matthes, PC 

19–29 Jul 2009 MOCA-09, Meteorological, Oceanographic, Cryospheric Assembly Montreal,  
Canada 

Volkert, PC for 
IAMAS 

1–5 Jun 2009 CCMVal-2009, Chemistry-Climate Model Validation workshop, 
http://www.atmosp.physics.utoronto.ca/SPARC/CCMVal2009/ 

Toronto,  
Canada 

Eyring, PC 

1–5 Sep 2008 SPARC-2008, WCRP’s SPARC 4th General Assembly,  
http://www.sparc-climate.org/meetings/general-assemblies/] 

Bologna, Italy Eyring, PC 

30 Jun–4 Jul 2008 5th European Conference on Radar in Meteorology and Hydrology Helsinki, 
Finland 

Hagen, Mem-
ber of PC 

6–9 May 2008 WCRP-2008, World Modelling Summit for Climate Prediction,  
http://wcrp.ipsl.jussieu.fr/Workshops/ModellingSummit/ 

Reading, U.K. Eyring, PC 

 
 

5.5 Awards 
Awards and prizes for IPA staff between 2008 and 2015. 

Year Laureate Award 

2015 Bock, L., 
Burkhardt, U. 

Best Poster Award, TAC-4 Conference, Bad Kohlgrub 

2015 Dameris, M. DLR Research Semester (Otto Lilienthal award), ISAC/CNR, Rome, Italy 

2014 Burkhardt, U. DLR Research Semester, Lawrence Livermore National Laboratory, Livermore, USA 

2014 Burkhardt, U., 
Graf, K., 
Kärcher, B., 
Mannstein, H., 
Schumann, U. 

NASA Group Achievement Award 

2014 Forster, C., 
Tafferner, A. 

Innovations-Preis, Gesellschaft von Freunden des DLR 

http://conference2011.wcrp-climate.org/
http://ww.iugg.org/assemblies/2011melbourne
http://www.atmosp.physics.utoronto.ca/SPARC/CCMVal2009/
http://wcrp.ipsl.jussieu.fr/Workshops/ModellingSummit/
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Year Laureate Award 

2014 Grewe, V., 
Matthes, S., 
Frömming, C., 
Brinkop, S. 

Aviation Award, Airport Stuttgart 

2014 Holzäpfel, F. DLR Senior Scientist Award 

2014 Ponater, M., 
Rieger, V., 
Dietmüller, S. 

Best Poster Award, Annual Meeting EMS/ECAC, Prague, Czech Republic 

2014 Rapp, M. Regular Member of the Berlin-Brandenburg Academy of Science and Humanities (BBAW) 

2014 Weinzierl, B. Starting Grant Award administered by the European Research Council (ERC) 

2014 Weinzierl, B. Called into the Junge Akademie (Young Academy) of Leopoldina – German National Academy 
of Sciences and Berlin-Brandenburg Academy of Sciences and Humanities (BBAW) 

2013 Heimerl, K. Amelia Earhard Fellowship awarded by Zonta International, Club München I 

2013 Kärcher, B. NASA ACCRI Group Achievement Award 2013 for work on understanding the “Effects of 
Aircraft on Cloud Cover and the Resulting Impact on Climate” together with the Aircraft Cloud 
Effects Team 

2013 Lammen, Y. Karl-Doetsch-Nachwuchspreis des Niedersächsischen Zentrums für Luftfahrt 

2014 Reitebuch, O. DLR Senior Scientist Award 

2013 Voigt, C. Selection of the proposal AEROCON for funding within the W2/W3 Exzellenzprogramm of the 
Helmholtz Gemeinschaft 

2013 Weinzierl, B. Award for the „Most Thought-provoking Science Talk“ from the Indonesian National Agen-
cy for Meteorology, Climatology und Geophysics (BMKG) for the presentation „On the Diffi-
culty to Define a Threshold for Visible Ash“ at the WMO 6th International Workshop on Vol-
canic Ash in Citeko (Indonesia) 

2013 Weinzierl, B., 
Sauer, D., 
Minikin, A., 
Reitebuch, O., 
Dahlkötter, F., 
Petzold A., 
Veira, A. 

DLR Science Award 2013 
for paper “On the visibility of airborne volcanic ash and mineral dust from the pilot’s perspec-
tive in flight”, Physics and Chemistry of the Earth, 45-46, pp. 87-102, 2012 

2012 Grewe, V. DLR Research Semester, NASA-GISS, New York, NASA-Ames, Mountainview, NCAR, Boulder 

2012 Jurkat, T.,  
Marksteiner, U.,  
Quatrevalet, M.,  
Unterstraßer, S.,  
Witschas, B. 

DLR Science Slam, 2nd place 

2012 Voigt, C., 
Jeßberger, P., 
Jurkat, T., 
Petzold, A. 

DLR Science Award 2012 
for paper “Extinction and optical depth of contrails”, Geophysical Research Letters, 38 
(L11806), pp. 1-5, 2011 

2011 Eyring, V. Affiliate Scientist Climate and Global Dynamics (CGD), National Center for Atmospheric Re-
search (NCAR), Boulder, CO, USA 

2011 Loyola, D., Coldewey-
Egbers, M, 
Dameris, M., 
Garny, H., 
Stenke, A. 

DLR Science Award 2011 
for paper “Global long-term monitoring of the ozone layer – a prerequisite for predictions”, 
Int. J. Remote Sensing, 30, pp. 4295-4318, 2009 

2009 Dotzek, N. ESSL (European Severe Storms Laboratory) erhielt den Preis "Ausgewählter Ort 2009" der Initi-
ative "Deutschland – Land der Ideen" für seine Europäische Unwetterdatenbank ESWD. 
Schirmherr Horst Köhler 
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Year Laureate Award 

2009 Eyring, V. DLR Senior Scientist Award 

2009 Ibrahim, A. VDI Preis for Diploma Work „Charakterisierung und Validierung eines optischen Kondensati-
onszählers – Miniaturisierung und Aufbau eines Instrumenten Prototyps“ 

2009 Roßi, P. Bundesleistungswettbewerb der elektrohandwerklichen Jugend Deutschlands 

2009 Vazquez Navarro, M. Young scientist presentation award “lifecycle of contrails” best young scientist oral presenta-
tion at the TAC-2 conference, Aachen/Maastricht 

2009 Voigt, C. DLR Research Semester 

2009 Weinzierl, B. DLR Research Semester, NOAA, Boulder, USA 

2009 Weinzierl, B. Therese-von-Bayern Award 2009 for outstanding young scientists, Therese-von-Bayern 
Foundation, München 

2008 Esselborn, M., 
Wirth, M., 
Fix, A. 

DLR Science Award 2008 
for paper “Airborne high spectral resolution lidar for measuring aerosol extinction and 
backscatter coefficients”, Applied Optics, 74, pp. 346-358, 2008 

2008 Eyring, V. Dobson Award for Young Scientists) 

2008 Grewe, V. DLR Research Semester, NCAR, Boulder, USA 

2008 Petzold, A. DLR Senior Scientist Award 

 
 

5.6 Patents 
New granted patents between 2008 and 2015. 
(Country abbreviations: DE – Germany, US – USA, EP – European Patent Organization). 

Name Patent Year Patent No Countries 

Holzäpfel, F. [DE] Verfahren und Vorrichtung zum Ermitteln des 
Horizontalwindes an Bord eines Luftfahrzeugs 
[EN] Method for determining horizontal wind on flying 
aircraft, involves determining the cross-wind and longitudinal 
wind components exclusive of velocity of aircraft above 
ground, according to magnitude, direction and heading of 
aircraft 

2013 DE102012007147 DE 

Ibrahim, A. [DE] Heizungsvorrichtung eines Thermonuders 2013 DE102012003518 DE 

Fix, A., Giez, A. [DE] Lasersystem und Steuerung eines Lasersystems (Einsatz 
von Kollisionswarnsystemen zur Erhöhung der Sicherheit von 
Flugzeuggetragenen Laseranwendungen) 

2013 DE102011010411,  
EP2485064A1 

DE 
EP 

Mannstein, H.,  
Schumann, U. 

[DE] Vorrichtung und Verfahren zur Ermittlung und Anzeige 
klimarelevanter Wirkung eines von einem Flugzeug erzeugten 
Kondensstreifens 
[EN] Device and Method for Determining and Indicating 
Climate-Relevant Effects of a Contrail Produced by an 
Airplane 

2012 DE102009041190,  
EP2477893B1,  
US000009002660B2,  
US20120173147A1, 
WO2011029432A1 

DE 
EP 
US 
US 

Holzäpfel, F. Oberflächenstruktur einer Erdbodenoberfläche zur 
Beschleunigung des Zerfalls von Wirbelschleppen im kurzen 
Endteil eines Anfluges auf eine Landebahn 
[EN] Surface Structure on a Ground Surface for Accelerating 
Decay of Wake Turbulence in the Short Final of an Approach 
to a Runway 

2012 DE102011010147, 
EP2670665A2, 
US20130313363, 
WO2012103864A2, 
WO2012103864A3 

DE 
EP 
US 

In addition three further inventions from IPA are registered with active patents. 
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5.7 Reviews and 
Memberships 
Peer-reviews for journals 

Members of the institute acted as reviewers for the 
following journals: 

– Acta Acustica united with Acustica 
– Advances in Space Research 
– Aerospace Science and Technology 
– Aerosol Science and Technology 
– American Institute of Aeronautics and Astronautics 

(AIAA) Journal 
– Annales Geophysicae 
– Applied Acoustics 
– Applied Physics 
– Applied Optics 
– Atmospheric Research 
– Atmospheric Chemistry and Physics 
– Atmospheric Measurement Techniques 
– Atmospheric Environment 
– Boundary-Layer Meteorology 
– Bulletin of the American Meteorological Society  
– Climate Dynamics 
– Comptes rendus Physique 
– Computers and Fluids 
– Electronic Journal of Severe Storms Meteorology 
– Energy – The International Journal 
– Environmental Modelling and Software  
– Environmental Science & Technology  
– Geophysical Research Letters 
– Geofizika Geoscience and Remote Sensing Letters  
– GLR 
– Geoscientific Model Development 
– History of Geo- and Space Sciences 
– IEEE Geoscience and Remote Sensing Letters 
– International Journal for Numerical Methods in 

Fluids 
– International Journal of Remote Sensing 
– Journal of Aerosol Science 
– Journal of Applied Meteorology 
– Journal of Applied Meteorology and Climatology 
– Journal of Atmospheric and Oceanic Technology 
– Journal of Atmospheric and Solar-Terrestrial Physics 
– Journal of Atmospheric Chemistry 
– Journal of Atmospheric Sciences 
– Journal of Climate 
– Journal of Computational Physics 
– Journal of Fluid Mechanics 
– Journal of Geophysical Research – Atmospheres  
– Journal of Quantitative Spectroscopy and Radiative 

Transfer 
– Journal of the Acoustical Society of America 
– Meteorologische Zeitschrift 
– Meteorology and Atmospheric Physics 

– Metrologia 
– Monthly Weather Review  
– Natural Hazards and Earth System Sciences 
– Nature 
– Nature Geosciences 
– Optical Engineering  
– Optics Letters 
– Physical Chemistry, Chemical Physics 
– Quarterly Journal of the Royal Meteorological Soci-

ety 
– Remote Sensing of Environment 
– Science 
– Science of the Total Environment 
– Solar Energy 
– Tellus 
– Theoretical and Applied Climatology 
– Transaction on Geoscience and Remote Sensing 
– Weather and Forecasting 
 

Reviews of research applications 

Members of the institute acted as reviewers of research 
applications for: 

– Alexander von Humboldt-Stiftung 
– American Meteorological Society (AMS), USA 
– Australian Research Council 
– Bayerisches Staatsministerium für Wirtschaft, Ver-

kehr und Technologie 
– Bundesministerium für Bildung und Forschung 

(BMBF), Projektförderung 
– Canadian Foundation of Climate and Atmospheric 

Science (CFCAS) 
– Colorado State Univ., Ft. Collins, CO, USA 
– Deutsche Forschungsgemeinschaft (DFG) 
– Deutsche Bundesstiftung Umwelt 
– Eidgenössische Technische Hochschule Zürich – 

internal research proposal  
– ERCOFTAC 
– European Commission, 7th Framework Programme 
– Fonds zur Förderung der wissenschaftlichen For-

schung (Republik Österreich) 
– Heinrich-Böll-Stiftung 
– German-Israeli Foundation for Scientific Research 

and Development (G.I.F.) 
– Grant Agency, Academy of Sciences of the Czech 

Republic 
– International Science and Technology Center 
– Johann-Wolfgang-Goethe Universität, Frank-

furt/Main 
– MacArthur Foundation, Chicago, USA 
– National Aeronautics and Space Administration 

(NASA) Geospace Review Panel 
– NASA High Speed Civil Transport Programme 
– NASA Heliophysics Senior Review 
– NASA Wind Lidar Science Program 
– National Oceanic and Atmospheric Administration 
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(NOAA), USA 
– National Research Council, USA 
– National Science Foundation (NSF), USA 
– Natural Sciences and Engineering Research Council 

of Canada 
– Natural Environment Research Council (NERC), U.K. 
– Netherlands Agency for Aerospace Programmes 

(NIVR)  
– Nederlandse Organisatie voor Wetenschappelijk 

Onderzoek (NWO) 
– Norwegian Research Foundation  
– Österreichische Nationalbank  
– Research Cooperation, USA  
– Research Council of Norway 
– SRON Netherlands Institute for Space Research 
– Staatssekretariat für Bildung und Forschung, 

Switzerland 
– State Univ. of New York (SUNY), Albany, NY, USA 
– Studienstiftung des Deutschen Volkes 
– Swiss National Science Foundation 
– North American Electric Reliability Corporation 

(NERC) 
– The Royal Society of New Zealand, MARSDEN 

FUND 
– THORPEX/Vaisala Cooperative Postdoctoral Re-

search Fellowship Program 
– Univ. of California at Los Angeles (UCLA), CA, USA 

Memberships in professional organizations 

IPA employees are members of these organisations: 

– Acoustical Society of America (ASA) 
– American Association for Aerosol Research (AAAR) 
– American Geophysical Union (AGU) 
– American Meteorological Society (AMS) 
– Association Aéronautique et Astronautique de 

France 
– Deutsche Akustische Gesellschaft (DEGA) 
– Deutsche Geophysikalische Gesellschaft e.V. (DGG) 
– Deutsche Meteorologische Gesellschaft e.V. (DMG) 
– Deutsche Physikalische Gesellschaft (DPG) 
– European Geosciences Union (EGU) 
– Flugsportgruppe im DLR Oberpfaffenhofen e.V. 
– Gesellschaft für Aerosolforschung (GAeF) 
– Gesellschaft für Informatik 
– Optical Society of America (OSA) 
– Organisation Scientifique et Technique Internatio-

nal du Vol à Voile (OSTIV) 
– Royal Meteorological Society (RMetS) 
 
 
 
 

 

Membership in active external professional committees 

Membership of IPA staff in external professional committees between 2008 and 2015. 

Name Function Period Assigned by 

Burkhardt, U. Member, Scientific steering committee of the BMBF project HD(CP)2 
(High definition clouds and precipitation for advancing climate 
prediction), co-ordinator of the "Synthesis" module of HD(CP)2 

since 2011 Steering Committee of 
HD(CP)2 

Dameris, M. Member, Scientific Advisory Council of the Leibniz-Institute for At-
mospheric Physics at the Univ. Rostock 

2002 – 
2010 

Ministerium für Bildung, 
Wissenschaft und Kultur 
Mecklenburg-
Vorpommern 

 Gewähltes Mitglied, Beirat "Umweltphysik" der Deutschen Physika-
lischen Gesellschaft (DPG) 

since 2013 DPG (UP) 

 Associate Editor, Journal “Atmospheric Chemistry and Physics 
(ACP)” 

since 2001 ACP Board 

Ehret, G. Member, A-SCOPE Mission Advisory Group since 2006 ESA 

 Member, Board Management of the Bayern Photonics Network since 2007 Elected by the members of 
the Bayern Photonics 
Network 

 Member, EUFAR (European Facility of Airborne Research) Expert 
Group on Active remote sensing 

since 2007 EUFAR 

 Co-PI, French-German Climate Mission MERLIN since 2009 MERLIN Joint Steering 
Committee 

Eyring, V. Scientific coordinator, International Chemistry-Climate Model Vali-
dation (CCMVal) Activity for World Climate Research Program 
(WCRP) SPARC 

2004-2012 WCRP SPARC 

 Editor and Member, Scientific Steering Group for the SPARC 
CCMVal Report on Chemistry-Climate Model Evaluation 

2007-2010 WCRP SPARC 
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Name Function Period Assigned by 

Eyring, V. 
(cont’d) 

Member, Scientific Steering Group of the IGBP-IGAC (International 
Geosphere-Biosphere Program-International Global Atmospheric 
Chemistry) / WCRP-SPARC Atmospheric Chemistry and Climate 
Initiative 

2007-2012 WCRP SPARC 

 Member, International Commission on the Middle Atmosphere 
(ICMA) of the International Association of Meteorology and At-
mospheric Science (IAMAS) 

2007-2015 IAMAS 

 Member, Scientific Steering Group of WCRP’s SPARC (Stratospheric 
Processes and their Role in Climate) project 

2008-2014 WCRP SPARC 

 Member, Working Group on Numerical Experimentation 
(WGNE)/Working Group on Coupled Modelling (WGCM) metrics 
panel 

since 2008 WCRP 

 Co-chair, IGAC/SPARC Chemistry-Climate Model Initiative (CCMI) 2012-2013 WCRP SPARC 

 Chair, WCRP Coupled Model Intercomparison Project (CMIP) Panel since 2014 WCRP WGCM 

 Member, WCRP Data Advisory Council's (WDAC) Observations for 
Model Evaluation Task Team 

since 2014 WCRP 

 Member, Scientific Steering Committee of the IGAC/SPARC Chemis-
try-Climate Model Initiative (CCMI) 

since 2014 WCRP SPARC 

Fix, A. Member, Natural Environment Research Council (NERC) Advisory 
Committee for Aircraft Lidar 

since 2009 NERC 

 Member, MERLIN Scientific Advisory Group since 2010 DLR/CNES 

 Member, Working Group, International Coordination Group for 
Laser Atmospheric Studies (ICLAS), International Radiation Com-
mission, IAMAS 

since 2015 ICLAS 

Gierens, K. Associate Editor, Journal “Geoscientific Model Development 
(GMD)” 

since 2010 GMD Board 

Grewe, V. Editor, Journal “Geoscientific Model Development” (GMD) since 2007 EGU 

 Vice-Chair, Environmental Compatible Air Transport System (ECATS) since 2015 ECATS International Associa-
tion 

Groß, S. Beisitzer, Vorstand des Zweigvereins München der Deutschen Mete-
orologischen Gesellschaft (DMG-ZVM) 

since 2013 Elected by members of 
DMG-ZVM 

 Schriftführer, Vorstand des Zweigvereins München der Deutschen 
Meteorologischen Gesellschaft 

since 2014 Elected by members of 
DMG-ZVM 

Hagen, M. Mitglied, VDI Kommission Reinhaltung der Luft – Niederschlagsmes-
sung mittels Radar 

since 2009  

 Member, AMS Radar Meteorology committee since 2013  

 Member, ISO-TC Groundbased remote sensing of precipitation – 
Weather radar 

since 2014  

Heimann, D. Mitglied, Normausschuss Akustik, Lärmminderung und Schwin-
gungstechnik (NALS), UA "Schallausbreitung im Freien" 

since 2006 NALS im DIN 

Höller, H. Member, MTG-LI Science Team (LIST, Meteosat 3rd Generation 
Lightning Imager Science Team) 

2009-2013 EUMETSAT 

 Member, MTG-LI Mission Advisory Group (LIMAG, Meteosat 3rd 
Generation, Lightning Imager Mission Advisory Group) 

since 2013 EUMETSAT 

Jöckel, P. Associate Editor, Journal “Atmospheric Chemistry and Physics 
(ACP)” 

since 2009 ACP Board 

Kiemle, C. Member, COSPAR Task Group on the Group on Earth Observations 
(GEO) 

since 2014 COSPAR 

Matthes, S. Chair, Environmental Compatible Air Transport System (ECATS) 
International Association (AISBL) 

2010-2014 Elected by ECATS Assembly 

 Lead, Working Group “Climate Impact of Aviation” of ECATS since 2014 Elected by ECATS Assembly 

Pfeiffer, A. Beisitzer, Vorstand des Zweigvereins München der Deutschen Mete-
orologischen Gesellschaft 

since 2005 Elected by members of 
DMG-ZVM 

http://www.iamas.org/
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Name Function Period Assigned by 

Rapp, M. Vice Chairman, COSPAR – Kommission C2: “The Earth's middle 
atmosphere and lower ionosphere” 

2006-2014 COSPAR 

 Vorsitzender, Kommission 1 (Erdnaher Weltraum) der Arbeitsge-
meinschaft Extraterrestrische Forschung (AEF) 

2009-2015 AEF, DPG 

 Member, “Science Oversight Committee” of the European Incoher-
ent Scatter (EISCAT) Scientific Association 

2009-2014 EISCAT Council 

 Editor-in-Chief, “Journal of Atmospheric and Solar-Terrestrial Phys-
ics” 

2010-2014 Elsevier Ltd. 

 Member, EarthCare Mission Advisory Group since 2012 ESA 

 Mitglied, Programmausschuss “Erforschung des Weltraums” since 2013 DLR 

 Mitglied, Wissenschaftlicher Lenkungsausschuss des deutschen 
Forschungsflugzeuges HALO 

since 2013 HALO Kuratorium 

Reitebuch, O. Member, ADM-Aeolus Mission Advisory Group since 2001 ESA 

 Topical Editor, Journal “Applied Optics” since 2011  

Sausen, R. Vice-Chair, ACARE-RETS (Advisory Council for Aeronautics Research 
in Europe – Research on Emission Trading) 

2007-2009 ACARE 

 Moderator, ECTRI (European Conference of Transport Research 
Institutes) Thematic Working Group “Energy & Climate Change” 

2007-2008 ECTRI  

 Member, Impacts and Science Group (ISG) of the Committee on 
Aviation Environmental Protection (CAEP) of the International Civ-
il Aviation Organization (ICAO) 

since 2007 BMV (now BMVI) 

 Chairman, Advisory Council of the European Severe Storms Labora-
tory (ESSL) 

since 2008 Exexcutive Board of ESSL 

 Mitglied, Wissenschaftlicher Lenkungsausschuss für das Deutsche 
Klimarechenzentrum (DKRZ) 

since 2010 BMBF 

 Member, Advisory Board of the Competence Center Environment 
and Sustainability of the ETH Domain (CCES), Switzerland 

since 2010 President of the ETH Zürich 

 Vorsitzender, Zweigverein München der Deutschen Meteorologi-
schen Gesellschaft 

2011-2014 Elected by members of 
DMG-ZVM 

 Stellvertretender Vorsitzender, Zweigverein München der Deutschen 
Meteorologischen Gesellschaft 

since 2014 follows "Vorsitzender” 

Schlager, H. Member, EUFAR Expert Group “Atmospheric Chemistry” since 2009 EUFAR 

 Associate Editor, Journal “Atmospheric Measurement Technique 
(AMT)” 

since 2010 AMT 

 Lead, Working Group “Field measurements” of the IGAC/SPARC 
Atmospheric Composition and Asian Monsoon (ACAM) Activity 

since 2012 NCAR/NASA 

 Lead, EUFAR Expert Group “Quality assurance / Quality Control” since 2011 EUFAR 

 Member, WMO Volcanic Ash Scientific Advisory Group (VASAG) since 2012 VASAG 

 Lead, Working Group “Volcanic Ash” of the ECATS International 
Association 

since 2013 ECATS 

Schumann, U. Member, Advisory Board „Meteorologische Zeitschrift“ 2000-2008 Editor Meteorol. Zeitschrift 

 Mitglied, Wissenschaftlichen Lenkungsausschuss für das Deutsche 
Klimarechenzentrum (DKRZ) 

2000-2011 BMBF auf Vorschlag der DFG 

 Member, Scientific Steering Committee for HALO, High Altitude and 
Long Range Research Aircraft 

2000-2013 HALO-users, confirmed by 
DLR, HGF and MPG 

 Member, International Core Steering Committee of “The Observing 
System Research and Predictability Experiment” (THORPEX) 

2001-2010 Commission of the Atmos-
pheric Sciences of the 
WMO 

 Member, Comité Scientifique et Technique (CST), Centre National 
de Recherche Technologique 'Aéronautique et Espace' (CNRT-AE) 

2002-2010 Director of CNRT-AE 

 Mitglied, DFG-Fachkollegium "Atmosphären- und Meeresfor-
schung" für das Fach "Physik, Chemie und Biologie der Atmo-
sphäre, des Meeres und seiner Sedimente" der Deutschen For-
schungsgemeinschaft (DFG). 

2004-2008 DFG 
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Name Function Period Assigned by 

Schumann, U. 
(cont’d) 

GEWEX representative to the WCRP AC&C activity 2007-2009 Intern. GEWEX Project Office 

 Member, Management Committee of COST Action ES0604 “At-
mospheric Water Vapor in the Climate System (WaVaCS)” 

2007-2011 COST-Office, Brussels 

 Member, Scientific Advisory Group on Volcanic Ash (VA-SAG), of 
World Meteorological Organization, International Union of Geo-
detics and Geophysics, International Civil Aviation 

2010-2013 ICAO and WMO 

 WMO Rapporteur on Aviation and the Environment 2010-2013 WMO Council 

Voigt, C. Vice-Chair, Research Centre VAMOS (since 2012, former GEOCY-
CLES) at faculty 09 for Chemistry, Pharmaceutical Sciences and 
Geosciences at the Johannes Gutenberg-University Mainz 

since 2012 Research Centre VAMOS 

 Associate Editor, Journal “Atmospheric Measurement Technique 
(AMT)” 

since 2012 AMT 

 Associate Editor, Journal “Atmospheric Chemistry and Physics 
(ACP)” 

since 2012 ACP Board 

 Lead, Expert Group “Cloud Instrumentation” since 2014 EUFAR 

 Member, HAIC High Altitude Ice Crystals by EU (2012-2016) Project 
funded by the European Commission in the 7th framework pro-
gram (http://www.haic.eu/) 

since 2014 HAIC 

Volkert, H. Secretary General, International Association of Meteorology and 
Atmospheric Sciences (IAMAS) 

2007-2015 Elected by IAMAS General 
Assembly 

 Associate Editor, Journal “History of Geo- and Space Sciences 
(HGSS)” 

since 2011 HGSS Board 

 Chair, Working Group on History, International Union of Geodesy 
and Geophysics (IUGG) 

since 2015 IUGG Executive Committee 

 IUGG liaison to WMO 2011-2015 IUGG Executive Committee 

Weinzierl, B. Mitglied des Vorstandes, Zweigverein München der Deutschen Me-
teorologischen Gesellschaft (DMG-ZVM) 

since 2011  

 Schriftführer, Vorstand des Zweigvereins München der Deutschen 
Meteorologischen Gesellschaft 

2011-2014  

 Review Board Member for the selection of participants for the 
Helmholtz Mentoring Program, Helmholtz Association, Germany 

since 2012  

 Board Member, Association for Aerosol Research (GAeF) since 2014 GAeF 

 Supervisory Board Member, VERTIGO (Marie Curie ITN)  since 2014  

 Member, ATom (Atmospheric Tomography Mission) Science Team since 2015  

 Guest Editor, SALTRACE Special Issue in Journals “Atmospheric 
Measurement Techniques (AMT) and “Atmospheric Chemistry 
and Physics” (ACP) 

since 2015  

 

IAMAS Secretariat at IPA 

From July 2007 to June 2015 DLR Senior Scientist Hans Volkert served as Secretary-General of the International Asso-
ciation of Meteorology of Atmospheric Sciences (IAMAS). Details about IAMAS and its umbrella, the International 
Union of Geodesy and Geophysics (IUGG) can be found of the web-portal www.IAMAS.org which was maintained by 
IPA. As its core task, IAMAS and its ten international commissions organize regular conferences of global scope. De-
tails are listed in Section 5.4 (second table). Until 2011 the IAMAS secretariat at IPA received financial support from 
DLR’s central unit International Cooperation and from DFG. 
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5.8 Publications 
The bibliography of IPA is available online at elib.dlr.de. This sec-
tion lists publications in reverse chronological order (2015 down 
to 2008) with following selection criteria: 

– Publications in ISI and Scopus journals 

– Other peer reviewed publications in journals 

– Assessment contributions 

– Books or book contributions 

– Doctoral theses 

– Invited conferences contributions and external seminars 

– Contribution to a collection 

Internal reports as well as Diploma, Master and Bachelor theses 
are not listed. Members of the institute are marked in bold type-
face. 
 
 

5.8.1 Publications in ISI or Scopus 
Journals 

2015 
[1] Barth, M., Cantrell, C.A., Brune, W., Rutledge, S., Craw-
ford, J., Huntrieser, H., Carey, L. D., MacGorman, D. R., Weis-
man, M., Pickering, K. E., Bruning, E., Anderson, B. E., Apel, E., 
Biggerstaff, M., Campos, T., Campuzano-Jost, P., Cohen, R., 
Crounse, J., Day, D. A., Diskin, G., Flocke, F., Fried, A., Gar-
land, C., Heikes, B., Honomichl, S., Hornbrook, R., Huey, G. L., 
Jimenez, J. L., Land, T., Lichtenstern, M., Mikoviny, T., Nault, B., 
O'Sullivan, D., Pan, L. L., Peischl, J., Pollack, I., Richter, D., 
Riemer, D., Ryerson, T., Schlager, H., St. Clair, J., Walega, J., 
Weibring, P., Weinheimer, A., Wennberg, P., Wisthaler, A., 
Wooldrige, P. J., Ziegler, C., 2015: The Deep Convective Clouds 
and Chemistry (DC3) Field Campaign, Bulletin of the American 
Meteorological Society, pp. (in press). 

[2] Brasseur, G. P., Gupta, M., Anderson, B. E., Balasubramani-
an, S., Barrett, S., Duda, D., Fleming, G., Forster, P.M. de, Fu-
glestvedt, J.S., Gettelman, A., Halthore, R. N., Jacob, S. D., Jacob-
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kung, In Metz, N. (ed.), Expert Verlag, Renningen, 92, pp. 247-
263. 
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5.9 Planned HALO Field Campaigns 
Planned HALO field campaigns with IPA participation. 

Acronym Field phase Region Brief description 

POLSTRACC/ 
GW-LCYCLE-2 

2015/16 Northern 
Scandinavia 

The polar stratosphere in a changing climate/Life cycle of gravity 
waves 

NARVAL-2 2016 Caribbean Coupling between clouds, circulation and climate over the tropical 
and subtropical oceans 

NAWDEX 2016 North-Atlantic North-Atlantic Waveguide and Downstream Experiment 

CoMet 2017 Europe Carbon dioxide and methane mission for HALO 

EMERGE 2017 East-Asia Emissions of mega cities 

WISE 2017 Europe Wave-driven isentropic exchange between the tropo- and strato-
sphere 

ANTHALO 2018/19 Antarctica High precision mapping of the gravity field of Antarctica/Thermal 
structure and gravity wave activity over Antarctica 
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5.10 Completed or Ongoing DLR Projects 
The institutional funding within DLR is distributed by the “programme directorates” of the corresponding 
HGF-programmes. These directorates either fund “Vorhaben”, i.e., research activities within only one given institute, or 
“DLR Projects”. Within these projects, several DLR institutes commit themselves to jointly conduct research with well-
defined research aims and milestones. A list of such completed or ongoing DLR projects is given below. 

DLR 
Prog. 

Project Goal of the Project Project 
lead 

Partners in 
DLR 

Period 

L AVANTGARDE Efficient and environmentally friendly aircraft propulsion AS FA, AT, PA, VT 07-09 

L CATS Development of a methodology for quantifying and minimizing 
the climate impact of the air transport system  

PA LY, AT, VT, FL, 
ME, TT, FW, 
FA, AS, SC, FX  

08-12 

L ECLIF Characterization of emissions and estimation of climate impact 
of contrail cirrus when using alternative fuels 

VT PA, AT, FX 14-17 

L flexiGuide AP PA Flexible Flight Guidance to reduce negative environmental im-
pact 

FL PA, AS, FT, 
KN, LY, ME 

11-14 

L L-bows Land-Based and Onboard Wake Systems (L-bows) aims at opti-
mizing aircraft spacings and avoiding wake encounters by 
ground-based and airborne wake vortex predictions 

PA FT, AS, SR, FX, 
LY 

14-16 

L P-Air-Form AP PA Demonstration of the positive impact of improved thunderstorm 
nowcasting for the pre-tactical planning of airport operations 

FL PA, LY 13-14 

L TOPGAL AP PA Development of a concept which allows automatic aircraft land-
ing and taxing based on satellite navigation under various 
weather conditions 

KN FL, RM, PA, 
FX, FT 

10-13 

L VolcATS The main goals of VolcATS are the development of a satellite 
volcanic ash detection algorithm, the development of flexible air 
traffic management structures in presence of volcanic ash, anal-
ysis of the effects of volcanic ash on aircraft engines, and the 
design of an ash warning system for commercial airliners 

PA FL, LY, FX, 
WF, AT, SHT 

12-16 

L WeCare Quantification of the potential to reduce the climate impact 
from aviation by weather and climate adapted routing 

PA FL, LY, SC, 
FW, FX, AT 

13-17 

L Wetter und 
Fliegen 

Augmentation of safety and efficiency in air transportation by 
developing weather and wake vortex expert systems embedded 
in air traffic management concepts and by researching new 
sensors and delivering automated flight control and innovative 
flight crew information systems 

PA / FT AS, RM, LY, 
FX, ME 

08-11 

R ADM-2 Support to ADM-Aeolus with airborne validations, algorithm 
development and scientific use of data. 

PA MF, FX 04-09 

R ADM-3 Support to ADM-Aeolus with airborne validations, algorithm 
development and scientific use of data. 

PA MF, FX 10-18 

R ESMVal Earth System Model Validation PA FX 11-14 

R KliSAW  Relevance of atmospheric trace gases, aerosols and clouds: 
Along the way to EarthCARE and MERLIN 

PA DFD, MF, FX 15-17 

V EnviTrans Center of Excellence: Environmental impact of transport VF AS, FK, FW, 
ME, TS 

13-15 

V IML Analysing the development of the global air transport system 
including the impact on climate 

FW PA, AT 07-09 

V IML-2 Analysing the development of the global air transport system 
including the impact on climate 

FW PA, AT 10-12 

V VEU Development of transport and its impact on the environment VF AS, AT, FK, 
FW, ME, SC, 
TS  

10-13 

V VEU-2 Development of transport and its impact on the environment VF AS, AT, FK, 
FW, ME, SC, 
TS, TT  

14-17 

TM Globales Gewit-
ter-Nowcasting 

To develop an efficient algorithm which allows the detection, 
tracking, and nowcasting of thunderstorms world-wide  

PA PA 13-15 

(Acronyms of DLR partners see next page) 
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Legend 

DLR Programmes  

L Luftfahrt Aeronautics 

R Raumfahrt Space 

V Verkehr Transport 

E Energie Energy 

TM Technologiemarketing Technology Marketing 

   

Partners in DLR  

AS Institut für Aerodynamik und Strömungstechnik Institute of Aerodynamics and Flow Technology  

AT Institut für Antriebstechnik Institute of Propulsion Technology 

DFD Deutsches Fernerkundungsdatenzentrum The German Remote Sensing Data Center 

FA Institut für Faserverbundleichtbau und Adaptronik Institute of Composite Structures and Adaptive Systems 

FK Institut für Fahrzeugkonzepte Institute of Vehicle Concepts 

FL Institut für Flugführung Institute of Flight Guidance 

FT Institut für Flugsystemtechnik Institute of Flight Systems 

FW Institut für Flughafenwesen und Luftverkehr Institute of Air Transport and Airport Research 

FX Flugexperimente Flight Experiments 

KN Institut für Kommunikation und Navigation Institute of Communications and Navigation 

LY Lufttransportsysteme Air Transportation Systems 

ME Institut für Luft- und Raumfahrtmedizin Institute of Aerospace Medicine 

MF Institut für Methodik der Fernerkundung The Remote Sensing Technology Institute 

RM Institut für Robotik und Mechatronik Institute of Robotics and Mechatronics 

SC Simulations- und Software-Technik Simulation and Software Technology 

SR Institut für Systemdynamik und Regelungstechnik  Institute of System Dynamics and Control 

SHT Systemhaus Technik Engineering Facility Systemhaus Technik 

TS Institut für Verkehrssystemtechnik Institute of Transportation Systems 

TT Institut für Technische Thermodynamik Institute of Engineering Thermodynamics 

VF Institut für Verkehrsforschung Institute of Transport Research 

VT Institut für Verbrennungstechnik Institute of Combustion Technology 

WF Werkstoff-Forschung Institute of Materials Research 
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     5.11 Acronyms and Abbreviations 

5.11 Acronyms and 
Abbreviations 

Acronym Expansion 

A2D ALADIN Airborne Demonstrator 

ACAM Atmospheric Composition and the Asian 
Monsoon 

ACARE Advisory Council for Aviation Research and 
Innovation in Europe 

ACCESS-1 Arctic Climate Change, Economy and 
Society (a Campaign in Norway, 2012) 

ACCESS-2 Alternative Fuel Effects on Contrails and 
Cruise Emissions (a Campaign in USA, 
2014) 

ACCMIP Atmospheric Chemistry Climate Model 
Intercomparison Project 

ACI Parameterization for Aerosol-Cirrus 
Interaction 

ACP Atmospheric Chemistry and Physics (a 
Journal) 

ACRIDICON Aerosol, Cloud, Precipitation, and Radiation 
Interaction and Dynamics of Convective 
Cloud Systems (a Campaign) 

ACRIDICON-
CHUVA 

ACRIDICON-Cloud Processes of the Main 
Precipitation Systems in Brazil: a 
Contribution to Cloud Resolving Modelling 
and to the Global Precipitation 
Measurement 

ACTA Automatic Contrail Detection Algorithm 

ADM Atmospheric Dynamics Mission 

ADM-Aeolus (an ESA Satellite) 

AENEAS Atmospheric Nitrogen Oxides Measuring 
System (a HALO instrument) 

AerCARE Impacts of Aerosol Layers on Atmosphere 
and Climate 

AERO2K (an Aviation Emissions Inventory for 2002 
and 2025) 

AEROCON Aircraft Effects on Clouds and Climate 

AERONET Aerosol Robotic Network 

AEROTROP Impact of Aircraft Emissions on the 
Heterogeneous Chemistry of the 
Tropopause Region 

AHEAD Advanced Hybrid Engines for Aircraft 
Development (a EU Project) 

AIDA Aerosol Interactions and Dynamics in the 
Atmosphere 

AIMS Atmospheric Chemical Ionization Mass 
Spectrometer 

AirClim (an Efficient Tool for Evaluation of Climate 
Impact of Aircraft Emissions) 

Acronym Expansion 

AIRTRAC Emissions Placed Directly on Trajectories (an 
EMAC Submodel) 

AISBL Association Internationale Sans But Lucratif 

ALADIN Atmospheric Laser Doppler Instrument 

A-LIFE Absorbing Aerosol Layers in a Changing 
Climate: Aging, Lifetime and Dynamics (an 
ERC Starting Grant Project) 

ALIMA Airborne Lidar for the Middle Atmosphere 

AMMA African Monsoon Multidisciplinary Analyses 
(a EU Project) 

AMETYST an Aerosol Measurement System 

am+fusion Airborne Meteo Data Fusion Algorithm 

AMTEX Atmospheric Tracer Experiment 

AMVER Automated Mutual-Assistance Vessel 
Rescue System 

ANTHALO Antarctic HALO Campaign (2018/2019) 

AoA Age of (Stratospheric) Air 

AOS Atmospheric and Oceanic Sciences, 
Princeton University 

APICS Algorithm for the Physical Investigation of 
Clouds with SEVIRI 

APSC Advanced Particle Simulation Code 

ARISE2 Atmosphere Dynamics Research 
Infrastructure in Europe (a EU Project, 
2017) 

A-SCOPE Advanced Space Carbon and Climate 
Observation of Planet Earth (an ESA 
Mission) 

ASM Asian Summer Monsoon 

APSC Advanced Particle Simulation Code 

ATAL A Distinct Aerosol Layer 

ATC Air Traffic Control 

ATM Air Traffic Management 

ATR Average Temperature Response 

A-Train Afternoon Train (a Constellation of Six 
Earth Observation Satellites) 

ATRS Air Transport Society 

ATS After-Treatment Systems  

ATTICA European Assessment of Transport Impacts 
on Climate Change and Ozone Depletion 
(a EU Project) 

ATTILA Atmospheric Tracer Transport in a 
Lagrangian Model 

BB Biomass Burning 

BC Black Carbon 

BDC Brewer-Dobson Circulation 
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Acronym Expansion 

BIOCLEAN Biotechnological Solutions for the 
Degradation of Synthetic Polymeric 
Materials (a EU Project) 

BMBF Bundesministerium für Bildung und 
Forschung (Federal Ministry of Education 
and Research) 

BMU Bundesministerium für Umwelt, 
Naturschutz und Reaktorsicherheit (Federal 
Ministry for the Environment, Nature 
Conservation and Nuclear Safety) 

BRITESPACE High Brightness Semiconductor Laser 
Sources for Space Applications in Earth 
Observation (a EU Project) 

CALIOP Cloud-Aerosol Lidar with Orthogonal 
Polarization 

CALIPSO Cloud-Aerosol Lidar and Infrared Pathfinder 
Satellite Observations 

CAPE Convective Available Potential Energy 

CARATS Collaborative Action for Renovation of Air 
Transport Systems 

CarbonSAT (an ESA Mission Dedicated to Monitoring 
the Carbon Cycle) 

CARIBIC Civil Aircraft for the Regular Investigation 
of the Atmosphere Based on an Instrument 
Container 

CARMA Community Aerosol and Radiation Model 
for Atmospheres 

CAS-DPOL Cloud and Aerosol Spectrometer with 
Detection of Polarization 

CASTNET Clean Air Status and Trends Network 

CAT Clear Air Turbulence 

CATS Climate Compatible Air Transportation 
System (a DLR Project) 

Cb Cumulonimbus (Thunderstorms) 

Cb-LIKE Cumulonimbus Likelihood 

Cb-TRAM Cumulonimbus Tracking and Monitoring 

CCD Charge-Coupled Device 

CCF Climate Cost Function 

CCI Climate Change Initiative of ESA 

CCM Chemistry-Climate Model 

CCMI Chemistry-Climate Model Initiative 

CCMVal Chemistry-Climate Model Validation 
Activity for SPARC 

CCNC Cloud Condensation Nuclei Counter 

CCN Cloud Condensation Nuclei 

CCSIM Contrail Cirrus Simulator 

CDM Collaborative Decision-Making 

Acronym Expansion 

CERES Clouds and the Earth's Radiant Energy 
System 

CHARM-F CH4 Active Remote Sensing Measurements 
– Flugzeug 

CHEM (an ECHAM4 Submodel for some Chemical 
Processes) 

CH4 Methane (an EMAC submodel) 

CICERO Center for International Climate and 
Environmental Research, Oslo, Norway 

CI-ITMS Chemical Ionization – Ion Trap Mass 
Spectrometer 

CIMS Chemical Ionization Mass Spectrometer 

CIP Cloud Imaging Probe 

CIS Common Information Sharing 

CL Chemiluminescence 

CLOUDOPT Cloud Optical Properties (an EMAC 
Submodel) 

Cly Inorganic Chlorine 

CMIP Coupled Model Intercomparison Project 

CMIP3 3rd Phase of CMIP 

CMIP5 5th Phase of CMIP 

CMIP6 6th Phase of CMIP 

CMUG Climate Model User Group 

CNES Centre National d'Etudes Spatiales, France 

CNR National Research Council of Italy 

CO Carbon Monoxide 

CoCiP Contrail Cirrus Prediction Tool 

COCS Cirrus Optical Properties Derived from 
CALIOP and SEVIRI During Day and Night 

CoMet CO2 and Methane Mission (a HALO 
Campaign) 

CONCERT-1 Contrail and Cirrus Experiment, 2008 

CONCERT-2 Contrail and Cirrus Experiment, 2011 

CONTRAIL (an EMAC Submodel which Parameterizes 
the Fractional Coverage with Contrails) 

COPS Convective and Orographically-Induced 
Precipitation Study (a Campaign) 

CORAL Compact Autonomous Rayleigh Lidar 

COSMO Consortium for Small-Scale Modelling 

COSPAR Committee on Space Research 

COST European Cooperation in Science and 
Technology 

CPC Condensation Particle Counters 

CPI Constant Pressure Inlet 

CPO Cloud Phase Optical 
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     5.11 Acronyms and Abbreviations 

Acronym Expansion 

CREDOS Crosswind-Reduced Separations for 
Departure Operations (a EU Project) 

CRESCENDO Coordinated Research in Earth Systems and 
Climate: Experiments, Knowledge, 
Dissemination and Outreach 

CRJ Canadair Regional Jet 

CST Concentrating Solar Technologies 

CTM Chemical Transport Model 

D-ATRA Advanced Technology Research Aircraft (a 
DLR Research Aircraft) 

D-CMET (DLR Research Aircraft “Falcon”) 

D2P Deterministic 2-Phase Wake Vortex 
Transport and Decay Model 

DAAD Deutscher Akademischer Austauschdienst 
(German Academic Exchange Service) 

DC3 Deep Convective Clouds and Chemistry 
Experiment 

DEEPWAVE Deep Propagating Gravity Wave 
Experiment over New Zealand 

DELICAT Demonstration of Lidar Based Clear Air 
Turbulence (a EU Project) 

DFB Distributed Feedback (Laser) 

DFD DLR-Deutsches Fernerkundungsdaten-
zentrum (The German Remote Sensing 
Data Center) 

DFG Deutsche Forschungsgemeinschaft 
(German Research Foundation)  

DFS Deutsche Flugsicherung GmbH 

DIAL Differential Absorption Lidar 

DIN Deutsches Institut für Normung 

DKRZ Deutsches Klimarechenzentrum GmbH 
(German Climate Computing Center) 

DLR Deutsches Zentrum für Luft- und 
Raumfahrt (German Aerospace Center) 

DMA Differential Mobility Analyzer 

DMI Danmarks Meteorologiske Institut 

DMG Deutsche Meteorologische Gesellschaft 
(German Meteorological Society) 

DMG-ZVM DMG, Zweigverein München 

DMPS Differential Mobility Particle Sizer 

DMT Droplet Measurement Technologies Inc. 

DNI Direct Normal Irradiance 

DOI Digital Object Identifier 

DPG Deutsche Physikalische Gesellschaft e.V. 

DWD Deutscher Wetterdienst (German Weather 
Service) 

E39 (Model ECHAM4 with 39 Layers) 

Acronym Expansion 

E39C (Model ECHAM4 with 39 Layers and 
Package "CHEM") 

E39C-A (Model ECHAM4 with 39 Layers and 
Packages "CHEM" and "ATTILA") 

EANET Acid Deposition Monitoring Network in 
East Asia 

EarthCARE Earth Clouds, Aerosols and Radiation 
Explorer 

EC European Commission 

ECHAM European Center Hamburg Model 

ECHAM4 European Center Hamburg Model, ver. 4 

ECHAM5 European Center Hamburg Model, ver. 5 

ECATS Environmental Compatible Air Transport 
System 

ECLIF Emissions and Climate Impact of 
Alternative Fuels (a DLR Project) 

ECMWF European Centre for Medium-Range 
Weather Forecasts, Reading, U.K. 

ECV Essential Climate Variable 

EFB Electronic Flight Bag  

EGU European Geosciences Union 

EMAC ECHAM/MESSy Atmospheric Chemistry 

EMEP European Monitoring and Evaluation 
Programme 

EMERGE Effect of Megacities on the Transport and 
Transformation of Pollutants on the 
Regional and Global Scale (a HALO 
Campaign) 

EMPA Swiss Federal Laboratories for Materials 
Science and Technology 

Envisat Environmental Satellite 

ERC European Research Council 

ERS-2 European Remote Sensing Satellite 

ESA European Space Agency 

ESGF Earth System Grid Federation 

ESM Earth System Model 

ESMVal Earth System Model Validation (a HALO 
Campaign) 

ESMValTool Earth System Model Validation Tool 

ESSL European Severe Storms Laboratory 

ESTEC European Space Research and Technology 
Centre (Netherlands) 

ESRL Earth System Research Laboratory (NOAA, 
USA) 

ESWD European Severe Weather Database 

ETH Eidgenössische Technische Hochschule 
(Federal Institute of Technology) 
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Acronym Expansion 

EU European Union 

EU-15 15 Member States of the European Union 
as of December 31, 2003 

EUCAARI European Integrated Project on Aerosol 
Cloud Climate and Air Quality Interactions 

EUFAR European Facility of Airborne Research 

EULAG Eulerian or Lagrangian Numerical Solver 

EUMETSAT European Organisation for the Exploitation 
of Meteorological Satellites 

EUROCONTROL European Organisation for the Safety of Air 
Navigation 

FAA Federal Aviation Administration (USA) 

FALCON (a DLR Research Aircraft) 

FASTPEX Fast Measurements of Peroxy Acetyl 
Nitrates 

FLYSAFE European Cooperation in Flight Safety (a 
EU Project) 

ForWind Center for Wind Energy Research of the 
Univ. of Oldenburg, Hannover and Bremen 

FSSP Forward Scattering Spectrometers 

GADCOM Ground Air Data Link Communication (a 
Lufthansa Project) 

GAeF Gesellschaft für Aerosolforschung 

GC Gas Chromatograph  

GCM General Circulation Model 

GEnx General Electric Next-Generation 

GEOPHYSICA (a Russian High-Altitude Aircraft) 

GERB Geostationary Earth Radiation Budget (a 
Satellite Instrument) 

GEWEX Global Energy and Water Cycle Experiment 
(a WCRP Research Programme) 

GFZ Deutsches GeoForschungsZentrum 

GHG Greenhouse Gas 

GHI Global Horizontal Irradiance 

GHOST an In-Flight GC (an Instrument of the Univ. 
of Frankfurt) 

GOME Global Ozone Monitoring Experiment 

GW Gravity Wave 

GW-LCYCLE Gravity Wave Life Cycle Experiment 

GWP Global Warming Potential 

H2OISO H2O Isotopologues (an EMAC Submodel) 

HALO High Altitude and Long Range Research 
Aircraft 

HAMP HALO Microwave Package 

Acronym Expansion 

HDO Semi-Heavy Water, Water Isotopologue 
(Hydrodeuteriumoxid) 

HEFA Hydroprocessed Esters and Fatty Acids 
(Kerosene) 

HFO Heavy Fuel Oil 

HGF Helmholtz-Gemeinschaft Deutscher 
Forschungszentren (Helmholtz Association 
of German Research Centres) 

HIRS High-Resolution Infrared Radiation Sounder 
(a Satellite Instrument) 

HIW High-Impact Weather Events 

HOLAS Pulsed Holmium-Laser for Atmospheric CO2 
Monitoring (an ESA Project) 

HS Hochschule (University) 

HSRL High Spectral Resolution Lidar 

HV Horizontal-Vertical 

HYDS Hydrometeorological Innovative Solutions, 
Spain 

HYSPLIT Hybrid Single-Particle Lagrangian 
Integrated Trajectory (a Model) 

IAGOS In-service Aircraft for a Global Observing 
System 

IAMAS International Association of Meteorology of 
Atmospheric Sciences 

IAP Leibniz-Institut für Atmosphärenphysik 
(Leibniz-Institute of Atmospheric Physics), 
Kühlungsborn 

ICAO International Civil Aviation Organization 

ICARTT-ITOP International Consortium for Atmospheric 
Research on Transport and Transformation 
– Intercontinental Transport of Ozone and 
Precursors Programme 

ICOADS International Comprehensive Ocean-
Atmosphere Data Set 

ICON Icosahedral Nonhydrostatic General 
Circulation Model 

ICOS Integrated Carbon Observation System 

IFAR International Forum for Aviation Research 

IFS DLR-Institut für Flugsystemtechnik (Institute 
of Flight Systems) 

IGAC International Global Atmospheric 
Chemistry 

ILT Fraunhofer-Institut für Lasertechnik 
(Fraunhofer Institute for Laser Technology) 

IML Integrierte Modellierung des Luft-
verkehrssystems (a DLR Project) 

IMF DLR-Institut für Methodik der 
Fernerkundung (The Remote Sensing 
Technology Institute) 
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Acronym Expansion 

IMO International Maritime Organization 

IMPROVE Interagency Monitoring of Protected Visual 
Environments 

IPA DLR-Institut für Physik der Atmosphäre 
(Institute of Atmospheric Physics) 

IPCC Intergovernmental Panel on Climate 
Change 

IPDA Integrated Path Differential Absorption 

IPY International Polar Year 

IPY-THORPEX International Polar Year – The Observing 
System Research and Predictability 
Experiment 

ISAC Institute of Atmospheric Sciences and 
Climate (Italy) 

ISI Institute for Scientific Information 

ISS International Space Station 

IT Information Technology 

ITMS Ion Trap Mass Spectrometer 

IUGG International Union of Geodesy and 
Geophysics  

IWC Ice Water Content 

IWES Fraunhofer-Institut für Windenergie und 
Energiesystemtechnik (Fraunhofer Institute 
for Wind Energy and Energy System 
Technology) 

JAXA Japan Aerospace Exploration Agency 

JET-A1 (a Specification of Kerosene) 

JMA Japanese Meteorological Agency 

KIT Karlsruher Institut für Technologie 
(Karlsruhe Institute of Technology) 

KliSAW Klimarelevante Spurenstoffe, Aerosole und 
Wolke (a DLR Project) 

KNMI Koninklijk Nederlands Meteorologisch 
Instituut (Royal Netherlands Meteorological 
Institute, Netherlands) 

LAGRANTO Backward Trajectory Model (originating 
from EMPA, Zurich, Switzerland) 

LAI Leaf Area Index 

LCM Lagrangian Cirrus Module 

LED Light-Emitting Diode 

LES Large-Eddy Simulation 

LESTUF Large-Eddy Simulation of Turbulent Fluid 

L-bows Land-Based and On-board Wake Systems (a 
DLR Project) 

libRadtran Library for Radiative Transfer 

LIDAR Light Detection and Ranging 

Acronym Expansion 

LIPS Wetterabhängige Charakterisierung der 
Schallimmission in der Umgebung von 
Windenergieanlagen in topografisch 
gegliedertem Gelände (a BMU-funded 
Project) 

LLNL Lawrence Livermore National Laboratory 
(USA) 

LMD Laboratoire de Météorologie Dynamique 
(France) 

LMU Ludwig-Maximilians Universität München 

LWC Liquid Water Content 

MACClim Middle Atmosphere in a Changing Climate 
(a HGF-Young Investigator Group) 

MADE Modal Aerosol Dynamics Model for Europe 

MADE-in MADE Including Insoluble Modes 

MAN Maschinenfabrik Augsburg-Nürnberg; 
Societas Europaea 

MDB Myasishchev Design Bureau (a Russian 
Company) 

MDER Multiple Diagnostic Ensemble Regression 

MECCA Module Efficiently Calculating the 
Chemistry of the Atmosphere 

MECO(n) MESSy-fied ECHAM and COSMO Models 
Nested n Times 

MERLIN Methane Remote Sensing Lidar Mission 

MERRA Modern-Era Retrospective Analysis for 
Research and Applications 

MESSy Modular Earth Submodel System 

METEOSAT Meteorological Satellite 

METFROG (a Meteorological Data Display System from 
DFS) 

METEK Meteorologische Messtechnik GmbH 

MetOP-A Meteorological Operational Satellite 

MG Matrix Group (in IPA) 

MGLET Multi Grid Large Eddy Turbulence (a LES 
Model) 

MGO Marine Gas Oil 

MIM Meteorologisches Institut München 
(Meteorological Institute, Univ. of Munich) 

MIPAS Michelson Interferometer for Passive 
Atmospheric Sounding 

MIPs Model Intercomparison Projects 

MIRA36 (a Cloud Radar from METEK) 

ML-CIRRUS Mid Latitude Cirrus and Contrail Cirrus (a 
HALO Campaign, 2014) 

MLO Mixed Layer Ocean (an EMAC Submodel) 
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Acronym Expansion 

MLS/OMI Microwave Limb Sounder/Ozone 
Monitoring Instrument (Instruments on 
board Aura Spacecraft) 

MMM Multi-Model Mean 

MOCA-09 Meteorological, Oceanographic, 
Cryospheric Assembly, Montreal, Canada 

MODIS Moderate Resolution Imaging 
Spectroradiometer 

MOPA Master Oscillator Power Amplifier 

MPC Metropolitan Planning Committee 

MPG Max Planck Gesellschaft 

MPI-M Max Planck Institute for Meteorology 

MRR Micro Rain Radars 

MSG Meteosat Second Generation 

MTG Meteosat Third Generation 

MTP Microwave Temperature Profiler 

MUAS Munich Univ. of Applied Sciences 

MUC Munich Airport 

MULIS Multichannel Backscatter Lidar (at MIM, 
Munich) 

MYSTIC Monte Carlo Code for the Physically 
Correct Tracing of Photons In Cloudy 
Atmospheres 

NARVAL Next Generation Remote Sensing for 
Validation Studies 

NASA National Aeronautics and Space 
Administration (USA) 

NAT Nitric Acid Trihydrate 

NAWDEX North Atlantic Waveguide and 
Downstream Impact Experiment 

NCAR National Center of Atmospheric Research 
(USA) 

NCEP National Centers for Environmental 
Prediction (USA) 

Nd:YAG Neodymium-Doped Yttrium Aluminium 
Garnet 

NextGEN Next Generation Air Transportation System  

NICI-MS Negative Ion Chemical Ionization-Mass 
Spectrometer 

NICT National Institute of Information and 
Communications Technology (Japan) 

NIWA National Institute of Water and 
Atmospheric Research (New Zealand) 

NLC Noctilucent Clouds 

NLR National Aerospace Laboratory 
(Netherlands) 

NMHC Non-Methane Hydrocarbon 

Acronym Expansion 

NOAA National Oceanic and Atmospheric 
Administration (USA) 

NOGAPS Navy Operational Global Atmospheric 
Prediction System 

NOx Nitrogen Oxides 

NOy Total Reactive Nitrogen 

NRL Naval Research Laboratory (USA) 

NWP Numerical Weather Prediction 

O3ORIG Origin of Ozone (an EMAC Diagnostic Tool) 

OH Hydroxyl Radical 

OHB Orbitale Hochtechnologie Bremen 

OLR Outgoing Longwave Radiation 

OMO Oxidation Mechanism Observations 

OMO-ASIA (a HALO Campaign in Asia, 2015) 

OMO-EU (a HALO Campaign in Europe, 2015) 

ONERA Office National d'Etudes et de Recherches 
Aérospatiales (France) 

OPA Optical Parametric Amplifier 

OPC Optical Particle Counter 

OPO Optical Parametric Oscillator 

OUC Ocean University of China 

P2P Probabilistic 2-Phase Wake Vortex 
Transport and Decay Model 

PANDOWAE Predictability And Dynamics Of Weather 
Systems in the Atlantic-European Sector 

PAN Peroxy Acetyl Nitrate 

PARC Polarimetric Radar Calibration  

PAZI Particles and Cirrus Clouds (a DLR 
Project/Campaign) 

PCASP Passive Cavity Aerosol Spectrometer Probe 

PCOAG Lagrangian Far-Field Plume Model 

PCS Partial Cross Section 

PDE Partial Differential Equation 

PERTRAS Perfluorocarbon (PFC) Tracer Release, 
Sampling and Analysis System 

PFA Perfluoroalkoxy 

PFC Perfluorocarbon 

PH-LAB (a Research Aircraft, TU Delft) 

PICARRO Picarro Inc. (USA) 

PI Principal Investigator 

PIP an Optical Particle Spectrometer (Univ. 
Mainz) 

PM10 Particulate Matter, less than 10 µm 
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Acronym Expansion 

PM2.5 Particulate Matter, less than 2.5 µm 

PMCP Perfluoromethylcyclopentane 

PMO Primary Mode Ozone 

POLARCAT Polar Study using Aircraft, Remote Sensing, 
Surface Measurements and Models, of 
Climate, Chemistry, Aerosols, and 
Transport 

POLARCAT-
GRACE 

Greenland Aerosol and Chemistry 
Experiment (Campaign for POLARCAT) 

POLDIRAD Polarisation Diversity Radar 

POLIS Portable Lidar System (at MIM, Munich) 

POLSTRACC Polar Stratosphere in a Changing Climate 
(a HALO Campaign) 

PSAP Particle Soot Absorption Photometer 

PSC Polar Stratospheric Cloud 

PV Potential Vorticity 

PVU Potential Vorticity Unit 

QCTM Quasi Chemistry-Transport Model 

QUANTIFY Quantifying the Climate Impact of Global 
and European Transport Systems (a EU 
Project, 2005–2010) 

RACEPAC Radiation-Aerosol-Cloud Experiment in the 
Arctic Circle 

RAD (an EMAC Submodel) 

Rad-TRAM Radar Tracking and Monitoring 

RANS Reynolds-Averaged Navier-Stokes 
Equations 

RAVE Research at Alpha Ventus (a BMU Project) 

RB Rayleigh-Brillouin 

rBC Refractory Black Carbon  

RCP Representative Concentration Pathway 

RCTT Residual Circulation Transit Time 

REACT4C Reducing Emissions from Aviation by 
Changing Trajectories for the benefit of 
Climate 

RECAT Re-Categorization 

RECONCILE Reconciliation of Essential Process 
Parameters for an Enhanced Predictability 
of Arctic Stratospheric Ozone Loss and its 
Climate Interaction 

RF Radiative Forcing 

RH Relative Humidity 

RHi Relative Humidity (ice saturation) 

RPK Revenue Passenger Kilometres 

RRUMS Rapid Retrieval of Upwelling Irradiances 
from MSG/SEVIRI 

Acronym Expansion 

SAC Schmidt-Appleman Criterion 

SALTRACE Saharan Aerosol Long-Range Transport and 
Aerosol-Cloud-Interaction Experiment 

SAMUM Saharan Mineral Dust Experiment 

SCIAMACHY Scanning Imaging Absorption Spectrometer 
for Atmospheric Chartography 

SeaKLIM Einfluss von Schiffsemissionen auf 
Atmosphäre und Klima (a HGF-Young 
Investigator Group, 2004-2010) 

SESAR Single European Sky Air Traffic 
Management Research Programme 

SEVIRI Spinning Enhanced Visible and Infrared 
Imager 

SHIVA Stratospheric Ozone: Halogen Impacts in a 
Varying Atmosphere (a HALO Campaign) 

SID3 Small Ice Detector Mk 3 

SIOUX Stratospheric Observation Unit for Nitrogen 
Oxides 

SNOOPY (IPA’s SP2 Instrument for HALO) 

SOA Secondary Organic Aerosol 

SP2 Single-Particle Soot Photometer  

SPARC Stratosphere-troposphere Processes And 
their Role in Climate 

SRIA Strategic Research and Innovation Agenda 

SSiRC Stratospheric Sulphur and its Role in 
Climate 

SST Sea Surface Temperature 

STAR Simultaneous Transmit and Receive of H 
and V 

STC Supplemental Type Certificate 

StratoClim Stratospheric and Upper Tropospheric 
Processes for Better Climate Predictions (a 
EU Project) 

STRATOMAS (a new CIMS Instrument) 

SURFACE Surface Processes (an EMAC Submodel) 

TAC International Conference on Transport, 
Atmosphere and Climate 

TACTS/ESMVal Transport and Composition in the UTLS 
and Earth System Model Validation 

TAGGING (an EMAC Diagnostic Tool) 

TBUDGET (an EMAC Diagnostic Tool) 

TCCON Total Carbon Column Observing Network 

TDL Tunable Diode Laser  

TD Thermal Desorber 

TECHNO (a HALO Mission) 

TELMA Temperature Lidar for Middle Atmosphere 
Research 
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Acronym Expansion 

TENDENCY (an EMAC submodel to trace process-based 
tendencies of prognostic variables) 

THALES Thales Group 

THOR (an Airbus flight simulator) 

THORPEX The Observing System Research and 
Predictability Experiment 

TOPGAL Total Performance Concept for GBAS 
based Automatic Landings (a DLR Project) 

TMA Terminal Manoeuvring Area 

T-NAWDEX THORPEX-North Atlantic Waveguide and 
Downstream Impact Experiment 

T-PARC Pacific Asian Regional Campaign 

TransClim Modelling the Impact of Surface 
Transportation on Climate 

TROPOS Leibniz-Institut für Troposphärenforschung 
(Leibniz Institute for Tropospheric 
Research), Leipzig 

TU Technische Universität (Technical University) 

UFS Umweltforschungsstation 
Schneefernerhaus (Environmental Research 
Station Schneefernerhaus) 

UHSAS Ultra-High-Sensitivity Aerosol Spectrometer 

UNEP United Nations Environment Programme 

US United States (of America) 

USA United States of America 

UTC Universal Time Coordinated 

UTLS Upper Troposphere and Lower 
Stratosphere 

UV Ultraviolet 

VADUGS Volcanic Ash Detection Using 
Geostationary Satellites 

VAMOS Volcanoes and Atmosphere in Magmatic 
Open Systems (a Research Centre at Univ. 
Mainz) 

VDI Verein Deutscher Ingenieure (The 
Association of German Engineers) 

VEU Verkehrsentwicklung und Umwelt (a DLR 
Project) 

VOCs Volatile Organic Compounds 

VolcATS Volcanic Ash Impact on the Air Transport 
System 

VUV Vacuum Ultraviolet 

WakeScene Wake Vortex Scenarios Simulation Package 

WALES Water Vapour Lidar Experiment in Space, 
Airborne Demonstrator 

WARAN Water Vapour Analyzer 

WAVOP Wake Vortex Program  

Acronym Expansion 

WCB Warm Conveyor Belt 

WCRP World Climate Research Programme 

WEAA Wake Encounter Advisory and Avoidance 
System 

WeCare Utilizing Weather-Climate Information in 
Air Traffic Simulations (a DLR Project) 

WHITE Winter Hazards In Terminal Environment 

WISE Wave driven Isentropic Exchange (a HALO 
Campaign, 2017) 

WMO World Meteorological Organization 

WRF Weather Research and Forecasting Model 

WSVBS Wirbelschleppen Vorhersage- und 
Beobachtungssystem (a Wake Vortex 
Advisory System) 

WVSS-II Atmospheric Water Vapor Sensing System 

WWRP World Weather Research Program 

XML Extensible Markup Language  

YIG Young Investigator Group 

ZDR Radar Differential Reflectivity 
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