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Introduction

Since 1992 the Leibniz Institute for Tropospheric
Research (TROPOS) is located in the “Research
Park Leipzig/Permoserstra3e” close to the Helmholtz
Centre for Environmental Research, the Leibniz-Insti-
tute for Surface Modification and other research
establishments and related businesses. Its name
identifies TROPOS as a member of the Leibniz Asso-

Fig. / Abb. 1: TROPOS main building. / TROPOS-Hauptgebd&ude.
(Photo: Patric Seifert/ TROPOS)

ciation. The institute was founded for the investigation
of physical and chemical processes in the polluted
troposphere.

Over the years a well-defined and globally
unique research profile of TROPOS emerged. Today,
the focus is on the physical and chemical interac-
tions between atmospheric small airborne particles
(aerosol particles) and cloud particles. Despite their
minute absolute amount, aerosol and cloud parti-
cles are essential parts of the atmosphere because
they control the budgets of energy, water and trace

Fig. / Abb. 2: Model of the new TROPOS chemistry laboratory. /
Modell des neuen TROPOS-Chemielaborgeb&udes. (Photo: Schulz
& Schulz Architekten GmbH)
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Einleitung

Im Wissenschaftspark Leipzig/PermoserstraBBe
befindet sich seit 1992 das Leibniz-Institut flr Tropo-
spharenforschung e. V. (TROPOS) in Nachbarschaft
zum Helmholtz-Zentrum fir Umweltforschung, zum
Leibniz-Institut fir Oberflichenmodifizierung sowie
weiteren Einrichtungen. Sein Name weist es als
Mitglied der Wissenschaftsgemeinschaft Gottfried
Wilhelm Leibniz aus. Gegriindet wurde es zur Erfor-
schung physikalischer und chemischer Prozesse in
der belasteten Troposphére.

Das TROPOS hat tber die Jahre ein klares und
weltweit einzigartiges Forschungsprofil herausge-
bildet, in dessen Mittelpunkt heute die physikalischen
und chemischen Wechselwirkungen zwischen atmo-
sphéarischen Schwebeteilchen (Aerosolpartikeln) und
Wolkenpartikeln stehen. Trotz geringster absoluter
Mengen sind diese Partikel wesentliche Bestandteile
der Atmosphére, weil sie den Energie-, Wasser- und
Spurenstoffhaushalt des Erdsystems beeinflussen.
Menschliche Aktivitdten kénnen die Eigenschaften

Fig. / Abb. 3: TROPOS cloud laboratory. | TROPOS-Wolkenlabor.
(Photo: Tilo Arnhold / TROPOS)

dieser hochdispersen Systeme verandern und damit
sowohl direkt als auch indirekt auf den Menschen
zurlickwirken. Beispielhaft seien hier die gesundheit-
liche Wirkung eingeatmeter Partikel und Nebeltrépf-
chen und die regionalen und globalen Klimaénde-
rungen genannt.

Trotz dieser wichtigen Beziehungen zwischen
Mensch auf der einen und Aerosol/Wolken auf der
anderen Seite mussen die physiko-chemischen Pro-
zesse von Aerosol- und Wolkenbildung und die Wech-
selwirkungen mit Gesundheit und Klima zu einem
groBBen Teil noch erforscht werden. Griinde dafir
sind Schwierigkeiten bei der Analyse der beteiligten
kleinsten Stoffmengen und das komplexe Verhalten
atmosphérischer Mehrphasensysteme, deren Einzel-
prozesse in der Atmosphare nicht klar getrennt beob-
achtet werden kdnnen. Im gegenwartigen Sachstand
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Fig./ Abb. 4: Lidar measurements during the HD(CP)? Observational
Prototype Experiment (HOPE) 2013 in Melpitz./ Lidar-Messung
wéhrend der HD(CP)? Observational Prototype Experiment (HOPE)
2013 in Melpitz. (Photo: Tilo Arnhold / TROPOS)

substances of the Earth System. Human activities
can change these highly disperse systems and thus
directly as well as indirectly feedback on human
beings. This occurs for example via health effects
caused by inhaled particles and fog droplets and
through regional and global climate change.

Despite these strong connections between
human beings, aerosols, and clouds, the important
physico-chemical processes of aerosol and cloud
formation and the relationships with climate and
health still need to be investigated to a large extent.
This is mainly due to difficulties with analyzing the
very small samples and because of the complex
behaviour of tropospheric multiphase systems, in
which individual processes seldom can clearly be
distinguished. In climate research this limitation is
reflected in much larger uncertainties in predicted
anthropogenic aerosol and cloud effects in compari-
son to the greenhouse effects of gases.

To gain rapid advances in our process under-

standing of the tropospheric multiphase system and to

improve the application of this process understanding
in the prediction of the consequences of human
impacts the following tools are applied at TROPOS:
Parallel to field studies in polluted regions analytical
methods for aerosol and cloud investigations are
developed. These tools are not only applied in field
experiments but also in extensive laboratory inves-
tigations, which form a second major activity. A third
approach consists of the formulation and application
of numerical models that reach from process models
to regional simulations of the formation, transforma-
tion and effects of tropospheric multiphase systems.
This approach provides the framework for an overall
process understanding of tropospheric multiphase
systems.

zum globalen Klimawandel spiegelt sich diese
Komplexitat in den sehr viel gréBeren Unsicherheiten
in allen zu Aerosol- und Wolkenwirkung veroffent-
lichten Zahlen im Vergleich zu den Treibhauseffekten
der Gase wieder. Um raschen Zuwachs im Prozess-
versténdnis troposphérischer Mehrphasenprozesse
zu erreichen und dessen Anwendung auf die Vorher-
sage der Folgen menschlicher Eingriffe zu verbes-
sern, werden am TROPOS folgende Arbeitsbereiche
eingesetzt:

Neben Feldstudien in belasteten Regionen
werden physikalische und chemisch-analytische
Verfahren zur Untersuchung von Aerosolpartikeln
und Wolken entwickelt. Diese Verfahren werden auch
in ausgedehnten Laboruntersuchungen eingesetzt,
der zweiten Hauptarbeitsrichtung des Instituts. Ein
dritter Arbeitsbereich entwickelt und wendet numeri-
sche Modelle von der Prozessbeschreibung bis zur
Beschreibung der regionalen Bildung, Umwandlung
und Wirkung troposphérischer Mehrphasensysteme an
und bildet den Rahmen fur ein umfassendes Prozess-
versténdnis atmosphérischer Multiphasensysteme.

Feldexperimente und Prozessstudien

Die Feldexperimente des Instituts dienen der
Aufklarung des atmosphérischen Kreislaufs der
Aerosol- und Wolkenpartikel und der damit verbun-
denen Prozesse. Die Komplexitat dieses Systems
wird dabei unter anderem dadurch bestimmt, dass
in der Atmosphére Partikel und Tropfen auftreten,
deren Durchmesser sich vom Nano- bis zum Mikro-
meterbereich um mehr als sechs GréBenordnungen
unterscheidet. AuBerdem kann man in den Aerosol-
partikeln viele der kondensationsfahigen Stoffe des

Fig./ Abb. 5: Balloon ascent during the Melpitz Column Experiment
2015./ Ballonaufstieg wéhrend der Intensivmesskampagne Melpitz-
Séule 2015. (Photo: Janine Lickerath / University of Bayreuth)
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Field experiments and process studies

Field experiments elucidate the atmospheric
life cycle and related processes of aerosol and cloud
particles. The complexity of this system is reflected in
the fact that atmospheric aerosols and cloud particle
exist with diameter from nano- to micrometer span-
ning more than six orders of magnitude. Furthermore,
many of the condensable substances of the Earth
system can be found in the aerosol and a large
number of them in turn effect climate and biosphere.
As a result of this diversity and mass-related analyti-
cal difficulties, essential global aerosol and cloud
properties are still known to a small extend only.

This uncertainty already begins with particle
sources, which are research efforts of TROPOS as
well. The combustion of fossil and renewable fuels
is a significant aerosol source. Measurements of the
institute at many urban and rural background stations
show that emissions of particles and their precursor
gases are followed by strong physical and chemical
transformations that need to be investigated with
high-resolution sensors in order to identify the under-
lying processes. Despite extensive legal measures
air pollution still exists in Germany and Europe with
its consequences for morbidity and mortality of the
respective population.

Also the conurbation Leipzig and the background
station Melpitz is in the focus of investigations on air
pollution with emphasis on aerosol particles, often
conducted in collaboration with the Saxon State
Agency for Environment and Geology (LfULG). The
Melpitz research station is more and more applied to
specific measurement campaigns with national and
international partners (“Melpitz-Column’”).

Fig./ Abb. 6: Pyranometer measurements during the Melpitz
Column Experiment 2015./ Pyranometer-Messungen wéhrend
der Intensivmesskampagne Melpitz-Sé&ule 2015. (Photo: Janine
Liickerath / University of Bayreuth).

TROPOS Biennial Report 2014/2015
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Fig./ Abb. 7: Measuring site Weidenbrunnen at Waldstein/
Fichtelgebirge at a height of 30 meters during a campaign with
University of Bayreuth in July 2014./ Messstation Weidenbrunnen
in Waldstein/Firchtelgebirge in 30 Metern Héhe wéahrend einer
Messkampagne mit der Universitét Bayreuth im Juli 2014. (Photo:
Tilo Arnhold / TROPOS)

Erdsystems finden, von denen wiederum eine grof3e
Zahl Einfluss auf das Klima und die Biosphéare haben
kann. Als Folge dieser Vielfalt und der mengenbe-
dingten analytischen Schwierigkeiten sind wesent-
liche globale Aerosol- und Wolkeneigenschaften noch
wenig bekannt.

Diese Unsicherheit beginnt schon bei den Parti-
kelquellen, die ebenfalls Forschungsgegenstand
am TROPQOS sind. Die Verbrennung fossiler und
nachwachsender Brennstoffe zur Energieerzeugung
und im Verkehr ist eine maBgebliche Aerosolquelle.
Messungen des Instituts an vielen urbanen Mess-
stellen und kontinentalen Hintergrundstationen
zeigen, dass den Emissionen von Partikeln und deren
Vorlaufern enorme physikalische und chemische
Umwandlungen folgen, die mit hoher zeitlicher Aufl6-
sung analysiert werden missen, um die beteiligten
Prozesse aufzuklaren.

Auch der Ballungsraum Leipzig mit der Hinter-
grundstation Melpitz steht hier immer wieder im
Interesse fur Untersuchungen zur Luftverschmut-
zung mit dem Schwerpunkt auf Partikeln, die oft in
Kooperationen mit dem Sé&chsischen Landesamt fir
Umwelt und Geologie (LfULG) durchgefliihrt werden.
Trotz sehr weitgehender gesetzlicher Regelungen
existiert in Deutschland und Europa immer noch
Luftverschmutzung mit ihren Folgen fir Morbiditat
und Mortalitat in der betroffenen Bevolkerung. Die
Forschungsstation Melpitz wird zunehmend fiir fokus-
sierte Messkampagnen mit nationalen und internatio-
nalen Partnern genutzt (,Melpitz-Saule").

Die am hdchsten belasteten Regionen tber
Nordamerika, Europa, Asien mit dem Schwerpunkt
China, Afrika, Uber dem indischen Subkontinent und
Sudamerika sind bei weitem noch nicht hinreichend
bezlglich ihrer Aerosolbelastungen und den daraus
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Fig./ Abb. 8: The downtown of Manila on a heavily polluted day./ Die Downtown von Manila an einem stark verschmutzten Tag. (Photo: Wolfram
Birmili/ TROPOS)

Even the strongest polluted regions over North
America, Europe, Asia with priority on China, Africa,
the Indian subcontinent, and South America are
far from being sufficiently characterized in terms of
aerosol burdens and ensuing climate effects. The
institute thus focuses its participation in international
field campaigns and dedicated long-term studies in
Asia, South America and the marine troposphere over
the northern and southern Atlantic.

Investigations on mineral dust and marine
aerosol particles and its impact on the radiation
budget, cloud formation processes and the atmos-
pheric ice nucleation remain a core component of the
institute’s research. To this end, investigations in the
Central Asian and the Mediterranean region will be
intensified.

In the framework of the European infrastructure
IAGOS the aerosol distribution in the upper tropo-
sphere is measured and analysed using a commercial

Fig./ Abb. 9: Measurement station “Leipzig-Mitte” of the Saxon

State Office for Environment, Agriculture and Geology (LfULG) in
Leipzig‘s city centre. | Messstation ,,Leipzig-Mitte” des Sdchsischen
Landesamt fir Umwelt, Landwirtschaft und Geologie (LfULG).
(Photo: Wolfram Birmili/ TROPOS)

resultierenden Klimawirkungen untersucht. Auf diese
Regionen konzentrieren sich daher in internatio-
naler Zusammenarbeit die Feldexperimente des
TROPOS, u. a. in Form von Messkampagnen und
Langzeitmessungen in Asien, Stidamerika und der
maritimen Troposphére Uber dem sudlichen und nérd-
lichen Atlantik. Untersuchungen zum Mineralstaub
und marinen Aerosolpartikeln und deren Wirkungen
auf den Strahlungshaushalt, die Wolkenbildung und
die atmosphérische Eisbildung bleiben ein Kernbe-
standteil der Arbeiten am TROPOS. Hierzu werden
vermehrt Untersuchungen im zentralasiatischen

und mediterranem Raum vorgenommen. Durch
Nutzung eines kommerziellen Verkehrsflugzeuges
der Lufthansa werden im Rahmen der Européischen
Forschungsinfrastruktur IAGOS auch Aerosolvertei-
lungen in der oberen Troposphéare auf regelméaBig
beflogenen interkontinentalen Routen gemessen und
analysiert.

Am TROPOS werden verschiedene bodenge-
bundene Fernerkundungsverfahren gekoppelt, um so
zu einem synergetischen Bild der vertikalen Vertei-
lung von Aerosolen und Hydrometeoren sowie deren
Prozessierung zu gelangen. Das hierzu entwickelte
Leipzig Aerosol and Cloud Remote Observation
System (LACROS) wird darliberhinaus zu einem
Prototyp-Instrument eines européischen Messnetzes
erweitert.

Auf kleineren Skalen werden Untersuchungen
zur Partikelbildung und Wechselwirkung zwischen
Aerosolpartikeln und Wolken und der Einfluss turbu-
lenter Mischungsprozesse auf die Wolkenentwicklung
mit Hilfe der hubschraubergetragenen Messplattform
ACTOS durchgefiuhrt. Zusatzlich werden Bergsta-
tionen zu Prozessstudien genutzt, die sich dem
Verstandnis von Einzelprozessen, wie der Partikel-
neubildung, der physiko-chemischen Veranderung
der Aerosolpartikel beim Wolkendurchgang und dem

TROPOS Biennial Report 2014/2015
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Fig./ Abb. 10: German research vessels POLARSTERN and METEOR met in the Atlantic Ocean./ Deutsche Forschungsschiffe POLARSTERN
und METEOR begegnen sich im tropischen Atlantik. (Photo: Dominik Nachtsheim / PolE)

Lufthansa aircraft operated on frequent interconti-
nental routes.

At TROPOS different ground-based remote
sensing methods are coupled in order to achieve a
synergetic picture of the vertical distribution of clouds
and aerosols as well as their processing. The Leipzig
Aerosol and Cloud Remote Observation System
(LACROS), that has been developed to this end, will
be further extended towards a European network
prototype instrument.

On smaller scales, investigations concerning new
particle formation, the interactions between aerosol
particles and clouds, and the influences of turbulent
mixing processes on cloud development are carried
out with help of the helicopter-borne measurement
platform ACTOS. In addition, process studies are
conducted at suitable locations such as mountain
observatories to investigate particle nucleation,
particle processing through clouds, and the influence
of aerosols particles on the development and freezing
of clouds.

TROPOS leads several regional, national and
European measurements networks to monitor atmos-
pheric aerosols and cloudiness. In the framework of
the Global Atmospheric Watch (GAW) programme
of the WMO TROPOS hosts the World Calibration
Centre for physical in-situ aerosol measurement
(WCCAP) to assure high quality standards at national
and international observatories.

Field campaigns are supported and comple-
mented by analyses based on meteorological satel-
lites. In particular satellite products provide the spatio-
temporal development of clouds and their interaction
with radiation, as well as transport paths of aerosols.
Especially the geostationary European weather satel-
lite Meteosat is applied to this end.

TROPOS Biennial Report 2014/2015

Einfluss von Aerosolpartikeln auf die Entwicklung und
das Gefrieren von Wolken widmen.

TROPOS ist maBgeblich an regionalen, natio-
nalen und Européischen Messnetzen zur Erfassung
des atmosphérischen Aerosols und der Bewolkung
beteiligt. Das Institut betreibt im Rahmen des Global
Atmospheric Watch (GAW) Programmes der WMO das
Weltkalibrierzentrum fiir physikalische Aerosolmes-
sungen (WCCAP) mit dem Ziel der Qualitatssicherung
von in-situ Messungen an nationalen und internatio-
nalen Messstationen.

Feldexperimente werden durch Analysen, basie-
rend auf meteorologischen Satelliten, unterstitzt und
erweitert. Insbesondere werden mit Satellitenpro-
dukten die raumzeitliche Entwicklung von Wolken und
deren Strahlungsantrieb untersucht, ebenso wie die
Transportwege von Aerosolen. Hierzu dient insbe-
sondere der geostationdre europdische Wettersatellit
METEOSAT.

Fig./ Abb. 11: The TROPOS aerosol chamber (LEAK) during the
Long Night of the Sciences 2014./ Die TROPOS-Aerosolkammer
(LEAK) zur Langen Nacht der Wissenschaften 2014. (Photo: Tilo
Arnhold / TROPOS)
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Fig./ Abb. 12: Two Counterflow Virtual Impactor systems for

the collection of large particles in lab applications (left) and of
hydrometeors in atmospheric clouds aboard the German research
aircraft HALO (right)./ Zwei Gegenstrom-Impaktor Systeme zur
Sammlung groBer Partikel in Laboranwendungen (links) und von
Hydrometeoren in atmosphdrischen Wolken auf dem deutschen
Forschungsflugzeug HALO (rechts). (Photo: Tilo Arnhold / TROPOS)

Laboratory experiments

In atmospheric research, physico-chemical
models for the description of the most relevant
process are continuously developed. These models
are based on process parameters that need to
be determined in laboratory experiments under
controlled environmental conditions.

In the “Experimental Aerosol and Cloud Micro-
physics Department” laboratory experiments cover
the development of a large number of methods to
characterize atmospheric particles in ground-based
or airborne field measurement campaigns. This work
includes for example the improvement of aerosol
size spectrometers as well as collection systems for
the physical and chemical characterization of cloud
droplets and the interstitial aerosol that means those
aerosol particles that are suspended in the gas phase
inside the cloud along with the cloud particles.

Optical measurement techniques are developed
and applied to determine the extinction coefficient of
aerosol particles. Multi-wavelength lidar systems and
a wind lidar are further developed in the laboratory
and applied in the field to determine aerosol proper-
ties, aerosol fluxes and meteorological parameters
such as temperature, relative humidity and wind. The
amount of black carbon and mineral aerosol compo-
nents in the aerosol samples are quantified with spec-
tral absorption measurements.

The “Experimental Aerosol and Cloud Micro-
physics Department” and the ‘Atmospheric Chemistry
Department” are jointly carrying out process-oriented
laboratory studies. Research at the Leipzig Aerosol
Cloud Simulator LACIS addresses the activation

Laborexperimente

In der Atmosphérenforschung werden kontinu-
ierlich physikalisch-chemische Modelle zur Beschrei-
bung der wesentlichen Prozesse entwickelt. Grund-
lage derartiger Modelle sind stets Prozessparameter,
die in Laborexperimenten unter bekannten Umge-
bungsbedingungen ermittelt werden.

In der Abteilung ,Experimentelle Aerosol- und
Wolkenmikrophysik“ werden in Laborexperimenten
zahlreiche Messmethoden entwickelt, die zur Partikel-
charakterisierung in boden- und luftgestutzten Feld-
messkampagnen eingesetzt werden. Diese Arbeiten
beinhalten z. B. die Weiterentwicklung von Aerosolgré-
Benspektrometern sowie Sammelsysteme zur physi-
kalischen und chemischen Charakterisierung von
Wolkentropfchen und dem interstitiellen Aerosol, also
denjenigen Aerosolpartikeln, die innerhalb von Wolken
neben den Wolkenpartikeln selbst in der Gasphase
suspendiert sind.

Optische Messmethoden werden zur Bestim-
mung des Extinktionskoeffizienten von Partikeln entwi-
ckelt und angewendet. Mehrwellenlangenlidare und
ein Windlidar werden zur Bestimmung von Aerosol-
eigenschaften, Aerosolflissen und meteorologischen
Parametern wie Temperatur, Feuchte und Wind im
Labor weiterentwickelt und im Feld eingesetzt. Die
Anteile ,schwarzen Kohlenstoffs“ und mineralischer
Aerosolkomponenten in Aerosolproben werden durch
spektrale Absorptionsmessungen bestimmt.

Prozessorientierte Laboruntersuchungen werden
gemeinsam von den Abteilungen ,Experimentelle
Aerosol- und Wolkenmikrophysik“ und ,Chemie der
Atmosphére® durchgefihrt. Die Arbeiten am Str6-
mungsreaktor LACIS betreffen die Aktivierung von

Fig./ Abb. 13: Inter comparison measurements for quality
insurance with particle mobility size spectrometer in one of the
TROPOS WCCAP laboratories (World Calibration Center for
Aerosol Physics). / Vergleichsmessungen zur Qualitétssicherung
mit PartikelgréBensprektrometern in einem der Labore des
Weltkalibrierzentrums fiir Aerosolphysik (WCCAP) des TROPOS.
(Photo: Tilo Arnhold / TROPOS)

TROPOS Biennial Report 2014/2015



of cloud droplets and primarily the heterogeneous
formation of ice. These investigations aim at a

better understanding of the underlying fundamental
processes, the identification of critical and controlling
parameters, and the development of parameteri-
zations to characterize droplet and ice formation
processes for applications in dynamical models.

In the “Atmospheric Chemistry Department” gas
phase reactions of various radicals are being inves-
tigated in flow reactors and in the Leipzig Aerosol
Chamber (LEAK). These reactions are important for
ozone and particle formation caused by anthropo-
genic or biogenic volatile hydrocarbons. The formed
particles are investigated in collaboration with the
“Experimental Aerosol and Cloud Microphysics
Department” determining hygroscopic growth and
cloud droplet activation behaviour. In a single drop
experiment, investigations on phase transfer parame-
ters of trace gases and radicals are being conducted.
The determination of phase transfer parameters and
reactive uptake coefficients hereby is being extended
to previously not considered chemical species and
complex surfaces.

In the field of liquid phase mechanisms reactions
of primarily radical oxidants are investigated with
time-resolved optical detection techniques. These
reactions proceed within haze particles, fog and cloud
droplets as well as in deliquescent aerosol particles.

For the understanding of the oxidation of organic
trace gases in the tropospheric multiphase system,

a large number of reactions with various radicals are
being studied as well as reactions of halogenated
oxidants. The latter species are of interest for the
emission of reactive halogen compounds from sea
salt particles, the so-called halogen activation.

Fig./ Abb. 14: The samples of the surface fim are collected from a
zodiac for the ensuing laboratory investigations (Polarstern expedition
PS83, 2014, from Cape Town to Bremerhaven)./ Probenahme

des Oberfldchenfims vom Schlauchboot aus fir anschlieBende
Laboruntersuchungen (Polarstern-Expedition PS83, 2014 von Kapstadt
nach Bremerhaven). (Photo: Tilo Arnhold / TROPOS)
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Fig./ Abb. 15: Laboratory technician at the laminar flow reactor of
TROPOS./ Laborantin am Laminar-Strémungsrohr des TROPOS.
(Photo: Tilo Arnhold / TROPOS)

Wolkentropfchen und schwerpunktmafig die hetero-
gene Eisbildung. Ziele dieser Untersuchungen sind
die Erlangung eines besseren Prozessverstandnisses
auf fundamentaler Ebene, die Identifikation kritischer
und kontrollierender Parameter und die Entwicklung
geeigneter Parametrisierungen zur Beschreibung von
Trépfchen- und Eisbildung in dynamischen Modellen.

In der Abteilung Chemie der Atmosphére werden
Gasphasenreaktionen verschiedener Radikale in
Stréomungsreaktoren und der Leipziger Aerosol-
kammer (LEAK) untersucht. Diese Reaktionen sind
von Interesse fiir die Ozon- und Partikelbildung,
verursacht durch anthropogene oder biogene fliichtige
Kohlenwasserstoffe. Die erzeugten Partikel werden in
Zusammenarbeit mit der Abteilung ,Experimentelle
Aerosol- und Wolkenmikrophysik® hinsichtlich ihres
Feuchtewachstums- und Aktivierungsverhaltens unter-
sucht.

In einem Einzeltropfenexperiment werden Unter-
suchungen bzgl. der Phasentransferparameter fiir
Spurengase und Radikale durchgefihrt. Die Bestim-
mung von Phasentransferparametern und reaktiven
Aufnahmekoeffizienten wird dabei auf bisher nicht
betrachtete chemische Spezies und komplexe Ober-
flachen ausgeweitet.

Im Bereich von Flissigphasenmechanismen
werden Reaktionen von vorwiegend radikalischen
Oxidantien mit zeitaufgeldsten optischen Nachweis-
techniken untersucht. Diese Reaktionen laufen in den
Trépfchen von Wolken, Regen und Nebel sowie in
wassrigen Aerosolpartikeln ab.

Hier werden zum Verstandnis der Oxidation
organischer Spurengase im troposphérischen
Mehrphasensystem eine Vielzahl von Reaktionen
verschiedener Radikale sowie Reaktionen von
halogenhaltigen Oxidantien untersucht. Letztere
Spezies sind von Interesse bei der Freisetzung von
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The liquid phase laboratory for the investigation
of tropospheric liquid phase processes is an impor-
tant centre for these research activities. The process
studies result in the improvement of chemical mecha-
nisms, which can be applied to the self-developed
model mechanism CAPRAM.

In the field of analytic measurement technology
laboratory experiments are dedicated to improve
and test methods for the chemical characterization
of organic aerosol components. These methods are
mostly based on mass spectrometric processes,
which are deployed in various coupling techniques.

In the field of sampling techniques the ‘Atmos-
pheric Chemistry Department” closely collaborates
with the “Experimental Aerosol and Cloud Micro-
physics Department” on the development of the
specific segregation of aerosol particles of a distinct
size and their chemical analysis and also on the
development of inlet systems and reactors.

Modeling
For the description of complex atmospheric

processes, model systems of varying dimensions,
complexity, and scales are developed, tested and
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Fig./ Abb. 16: Model grid of the new weather prediction and climate
model ICON (ICOsahedral Non-hydrostatic) with Arctic nest as used
for the global and Arctic focused simulations of aerosol transport and
aerosol-cloud-radiation interactions within (AC)3./ Modellgitter des

neuen Wettervohersage- und Klimamodells ICON (ICOsahedral Non—

hydrostatic) mit einem Nest (iber der Arktis, wie es flir die globalen
und Arktis fokusierten Simulationen des Aerosoltransports und der
Aerosol-Wolken-Strahlungs-Wechselwirkungen in (AC)3 verwendet
werden wird. (Graphic: created with ICON tools developed by DWD/
MPI-M)
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Halogenverbindungen aus maritimen Seesalzparti-
keln, der so genannten Halogenaktivierung.

Das Flussigphasen-Laserlabor zur Untersuchung
der troposphérischen Flissigphasenprozesse ist ein
wichtiges Zentrum dieses Forschungsbereiches. Aus
den Prozessuntersuchungen resultieren Verbesse-
rungen chemischer Mechanismen, die in der Model-
lierung mit dem eigenen Mechanismus CAPRAM
angewendet werden.

In der analytischen Messtechnik werden in
Laborexperimenten Verfahren zur besseren chemi-
schen Charakterisierung der organischen Bestand-
teile von Aerosolpartikeln entwickelt und getestet.
Diese Techniken beruhen zumeist auf massen-
spektrometrischen Verfahren, die in verschiedenen
Kopplungstechniken eingesetzt werden. Im Bereich
der Probenahmetechniken gibt es auch hier eine
enge Kooperation mit der Abteilung ,Experimentelle
Aerosol- und Wolkenmikrophysik“ zur Entwicklung
einer gezielten Abscheidung von Partikeln bestimmter
GroBe und deren chemischer Analyse aber auch zur
Entwicklung von Einlasssystemen und Reaktoren.

Modellierung

Zur Beschreibung der komplexen atmosphari-
schen Vorgange werden Modellsysteme verschie-
dener Dimension, Komplexitat und Skalenbereiche
entwickelt, Uberprift und angewendet, auch in
Kombination mit Daten aus Feldmessungen und aus
satellitengestitzten Fernerkundungen.

Ein Forschungsschwerpunkt ist die Beschrei-
bung von Kreislaufen, Wechselwirkungen und
Phasenubergédngen zwischen Aerosolpartikeln,
Gasen und Wolken, um so unser Verstandnis klima-
relevanter Prozesse in troposphérischen Mehrpha-
sensystemen zu verbessern.

Chemie-Transportmodellierung wird durch das
am TROPOS entwickelte 3D-Modellsystem COSMO-
MUSCAT realisiert. Seine Eignung zur Simulation
des Ausbreitungsverhaltens von Partikeln und Gasen
auf regionaler Skala wurde in mehreren internatio-
nalen Modellvergleichen und bei der Bearbeitung von
Fragen zur Luftqualitat gezeigt. In mehreren Projekten
wird die Dynamik primé&rer und sekundarer Aero-
solpartikel simuliert und deren Wechelwirkung mit
Strahlung und Wolken untersucht. Fir weitere Anwen-
dungsmadglichkeiten wird zusatzlich eine ,urbani-
sierte” Version von COSMO-MUSCAT entwickelt, die
eine horizontale Gitterauflésung bis zu wenigen 100
m nutzt. Damit werden auch Untersuchungen zum
Einfluss der regionalen Klimavariabilitdt auf Spuren-
stoffhaushalte durchgefihrt.

Mit ASAM (All Scale Atmospheric Model) steht
ein noch in der Weiterentwicklung befindliches

TROPOS Biennial Report 2014/2015
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Fig./ Abb. 17: Model domain of the HCCT simulations and calculated sulphate concentrations for 14/09/2010 (11:00 o’clock). / Modellgebiet fiir die
HCCT-Simulationen und berechnete Sulfat-Konzentrationen fiir den 14.09.2010 (11:00 Uhr). (Graphic: simulated with the chemistry-transport

model COSMO-MUSCAT).

applied, also in combination with data from field and
satellite measurements.

One focus of research is the description of
cycles, interactions and phase transfer between
aerosol particles, gases and clouds. The aim is an
improvement in understanding of climate-relevant
processes in the tropospheric multiphase system.

Chemistry-transport modeling is realized with
the three-dimensional modeling system COSMO-
MUSCAT that has been developed at TROPOS. Its
appropriateness for the simulation of particle and gas
distribution on regional scale was demonstrated in
international model intercomparison studies and in
applications on air quality issues.

Several projects investigate the dynamics of
primary and secondary particles and their interac-
tion with radiation and clouds. For further studies an

TROPOS Biennial Report 2014/2015

Modell zur Verfigung, dessen dynamischer Kern fur
Anwendungen vom mikroskaligen bis zum globalen
MaBstab eingesetzt werden kann. In einem karte-
sischen Gitter wird die Darstellung von Orographie
und Hindernissen mit angeschnittenen Zellen reali-
siert. Das Modell wird gegenwartig fir die Untersu-
chung von Grenzschichtprozessen auf der Large-
Eddy-Skala genutzt.

Daneben wurden und werden ein- und zweidi-
mensionale Prozessmodelle entwickelt bzw. weiter-
entwickelt. SPECS (SPECtral bin cloud microphysicS)
dient zur Beschreibung von Wolkenprozessen. Es
erlaubt eine explizite und sehr genaue Berechnung
der Prozesse Kondensation, Kollision oder Gefrieren.
SPACCIM (SPectral Aerosol Cloud Chemistry Inter-
action Model) ist ein Paketmodell zur gekoppelten
groBenaufgeldsten Beschreibung von Mikrophysik

1
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additional “urbanized” version of COSMO-MUSCAT

is being developed using a horizontal grid resolution
up to a few 100 m. It will be applied for studies of the
influence of regional climate variability on the budgets
of trace elements.

The model ASAM (All Scale Atmospheric Model)
indicates future developments, applicable from the
micro to the global scale. It realizes cut cells in a
Cartesian grid for the description of orography and
obstacles. Currently it is mainly used for simulations of
boundary layer processes on the Large Eddy scale.

Besides this, one- and two-dimensional process
models were also developed and will be developed
further. SPECS (SPECtral bin cloud microphysicS)
can be used for the investigation of cloud processes
with a detailed description of condensation, collision or
freezing. SPACCIM (SPectral Aerosol Cloud Chemistry
Interaction Model) is a parcel model, which combines
the size-resolved description of microphysics with a
complex multiphase chemistry. Both modules can be
applied for process modeling as one-dimensional box
model version as well as coupled with the mesoscale
model COSMO for the investigation of real situations.
The process modeling studies are realized in connec-
tion with field studies and laboratory experiments.

The model simulation of the complex atmos-
pheric systems is numerically highly demanding. The
models need to be sufficiently accurate and numeri-
cally efficient to be used productively on existing
computer systems. Ongoing developments within the
Modeling Department thus aim at the improvement of
the numerical methods and parallelisation strategies.

und Mehrphasenchemie. Beide Module kénnen
sowohl als Boxmodell zur Prozessmodellierung als
auch gekoppelt an das mesoskalige COSMO-Modell
zur Untersuchung von realen Situationen verwendet
werden. Die Prozessmodellierungen werden im
Zusammenhang mit Feldstudien sowie mit Laborex-
perimenten durchgefihrt.

Die modelltechnische Behandlung des
komplexen atmospharischen Systems ist nume-
risch sehr aufwandig. Die zu entwickelnden Modelle
mussen hinreichend genau sein und numerisch sehr
effizient den jeweils zur Verfugung stehenden Rech-
nerarchitekturen angepasst werden. Zur Optimierung
der verwendeten numerischen Verfahren und Paralle-
lisierungsstrategien liefert die Abteilung Modellierung
ebenfalls wesentliche Beitrage.

Fig./ Abb. 18: “Ring of Dust”: Pronounced Saharan dust plumes on
August 6, 2015 as seen from Meteosat thermal channels. / ,,Staubring“:
Ausgeprégte Staubwolken am 6. August 2015 aus Sicht der
thermischen Kanéle des Meteosat. (Graphic: EUMETSAT / Imperial
College London)
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Overview of the individual contributions

The biannual report presented here intro-
duces selected work at TROPOS by means of three
extended and 18 short contributions for the time
period 2014 to 2015. All extended contributions have a
focus on measurement campaigns, but demonstrate
different strategic approaches to capture the tropo-
spheric multiphase system. The short contributions
range from physical and chemical characterization
of regional air pollution to CCN measurements at the
research station Melpitz to modelling of the spatial
and temporal aerosol distribution to satellite- and
ground-based observations of convective cloud
systems and their radiative forcing to laboratory
studies of fundamental mechanisms of particle and
ice formation and applications in dynamical and physi-
cal/chemical process modelling at various scales to
the role of long-range transport on local aerosol layers
to large scale cloud observations on the new research
aircraft HALO.

Extended contributions

Thanks to long-term and prospective integrative
projects it is possible to obtain quantitative findings
on the complex system of aerosols and clouds in
focus regions. For nearly 10 years TROPOS performs
measurement campaigns and continuous observa-
tions on mineral dust and maritime aerosol in the area
of the Cape Verde islands. On that basis Muller et
al. arrived at reliable statistics of the strong seasonal
variability of the deposition and composition of African
mineral dust. The here shown synopsis demonstrates
the successful cooperation of all departments and
working groups at the Institute on a central topic. For
example, it is demonstrated how combined in-situ
observations, modelling and remote sensing can
provide the relation between regional deposition,
long-range transport and dust activation. Together
with partner institutes from the Leibniz Association,
the Max-Planck and the Helmholtz-Society TROPOS
participates on the extension and the operation of a
long-term research infrastructure on ocean/atmos-
phere feedback mechanisms in that region.

A counterpoint to long-term structured investi-
gations lies in dedicated short-term measurement
campaigns to retrieve specific processes by means
of an optimal synergy of different innovative instru-
mentations. As an example for that Seifert et al. show
how ice formation, number concentration, shape and
orientation of ice particles in mixed-phase clouds
can be retrieved from combined measurements of
Doppler- and intensity spectra with scanning radar
and lidar systems. This prototype experiments set the
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Ubersicht der Einzelbeitrage

Der vorliegende Zweijahresbericht stellt in drei
langeren und 18 Kurzbeitrédgen einige ausgewahlte
Arbeiten des TROPOS im Zeitraum 2014 bis 2015 vor.
Die Langbeitrdge haben ihren Fokus auf Messkampa-
gnen, demonstrieren hier aber unterschiedliche stra-
tegische Ansétze zur Erfassung des troposphérischen
Multiphasensystems. Die Kurzbeitréage reichen von
der physikalischen und chemischen Charakterisierung
regionaler Luftverschmutzung Gber CCN-Messungen
an der Forschungsstation Melpitz Gber Modellierung
der raumzeitlichen Aerosolverteilung tber satelliten-
und bodengebundenen Fernerkundung von konvek-
tiven Wolkensystemen und deren Strahlungsantrieb
Uber Laborstudien grundlegender Mechanismen der
Partikel- und Eisbildung und deren Umsetzung in
dynamischen und physikalisch/chemischer Prozess-
modellierungen auf unterschiedlichen Skalen Uber die
Rolle von Ferntransporten auf lokale Aerosolschich-
tungen bis zu groBraumigen Wolkenmessungen auf
dem neuen Forschungsflugzeug HALO.

Langbeitrage

Dank langfristig und perspektivisch angelegter
integrativer Projekte ist es moglich, quantitative
Erkenntnisse im komplexen Aerosol/Wolkensystem
in Schwerpunktregionen zu erhalten. TROPOS fuhrt
seit fast 10 Jahren Messkampagnen und Dauermes-
sungen zum Mineralstaub und maritimen Aerosol im
Bereich der Kapverdischen Inseln durch. Auf dieser
Basis kdnnen Muller et al. verlassliche Statistiken
zur starken saisonalen Variabilitdt der Deposition und
Zusammensetzung des afrikanischen Mineralstaubes
ermitteln. Die hier vorgestellte Synopsis demons-
triert die erfolgreiche Kooperation aller Abteilungen
und Arbeitsgruppen am Institut zu einem zentralen
Thema. Zum Beispiel werden durch in-situ Beobach-
tung, Modellierung und Fernerkundung die Zusam-
menhé&nge zwischen regionaler Deposition, Fern-
transport und Staubquellenaktivierung hergestelit.
Mit Partnerinstituten aus der Leibniz-Gemeinschatft,
der Max-Planck- und der Helmholtz-Gesellschatft ist
TROPOS an der Erweiterung und dem Betrieb einer
langfristigen Forschungsinfrastruktur zu Ozean/Atmo-
sphéare-Wechselwirkungsmechanismen in der Region
beteiligt.

Einen Kontrapunkt zu langfristigen Untersu-
chungen stellen fokussierte kurzzeitige Messkam-
pagnen zur Erfassung bestimmter Prozesse durch
eine optimale Synergie verschiedener innovativer
Instrumentierungen dar. Als Beispiel hierfiir zeigen
Seifert et al., wie dank kombinierter Messungen von
Doppler- und Intensitatsspektren mit abtastenden
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basis for further field studies on retrieving the role
of ice nucleating particles on ice formation in mixed
phase clouds in natural or anthropogenic affected
areas.

The extended contribution by Wehner et al.
represents a combination of the two approaches
above. Here, detailed physical and chemical long-
term observations of the surface-near aerosol at the
research station Melpitz are combined with temporary
measurement campaigns and modelling studies to
infer the tropospheric aerosol column (“Melpitz-
Column”). The campaign took place in summer 2015
and was focused on the boundary layer. Exempla-
rily noteworthy is the remarkable coincidence in
the (closer to cloud top) in-situ observed and the
(closer to cloud bottom) remotely sensed turbulence
characteristics. In the future the Melpitz-Column will
continue to serve for topical measurement campaigns
with national and international partners, and will be
extended towards a contribution to the European
research infrastructure ACTRIS (Aerosols, Clouds,
and Trace gas Research InfraStructure).

Short Contributions

TROPOS applies the size resolved aerosol char-
acterization also locally to investigate air quality in
the urban region of Leipzig. In comparison with the
continuous observations in Melpitz local sources can
be distinguished from the rural background aerosol.
This way, van Pinxteren et al. found on the basis
of a three-year measurement campaign that situa-
tions with strong pollution are nearly half caused by
local street traffic, so that corresponding reduction
measures may show largest effects here. This can be
achieved for instance by means of establishing low
emission zones, as TROPOS could prove exemplarily
for the city of Leipzig. Other regions on this world are
often ruled by increasing catastrophic air pollution as
Kecorius et al. showed exemplarily for the subtropi-
cal mega city Manila. Here, the traffic-induced load
of particulate matter is nearly ten times larger than in
Leipzig. For the first time, mobile sensors have been
applied during the four-month Manila-campaign, in
order to resolve the high spatial variability of the soot
burden. Since 2010, the high temporal variability of
inorganic compounds in the gas and particle -phase
is continuously monitored at the research station
Melpitz. Stieger et al. combined hourly measure-
ments with backward trajectories to more precisely
localize source regions of the long-range advected
pollutants. In order to investigate the influence of
natural and anthropogenic aerosol on cloud formation,
number concentration and hygroscopicity of cloud
condensation nuclei (CCN) have been observed and
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Radar- und mit Lidarsystemen auf die Eisbildungs-
prozesse sowie auf Anzahl, Form und Orientierung
von Eispartikeln in Mischphasenwolken geschlossen
werden kann. Derartige Prototyp-Experimente legen
den Grundstein fur weitere Feldstudien zur Erfassung
der Rolle von Eiskeimen auf die Eisbildung in Misch-
phasenwolken in natlrlichen oder anthropogen beein-
flussten Regionen.

Der Langbeitrag von Wehner et al. stellt eine
Kombination der beiden oben genannten Ansétze dar.
Hier werden detaillierte physikalische und chemische
Langzeitbeobachtungen des bodennahen Aerosols
an der Forschungsstation Melpitz mit temporéren
Messkampagnen und Modellstudien zur Erfassung
der troposphérischen Aerosol-Saule kombiniert
(,Melpitz-Saule®). Die Kampagne fand im Sommer
2015 mit dem Fokus auf Grenzschichtaerosol statt.
Exemplarisch herausgestellt ist die bemerkenswerte
Ubereinstimmung der (mehr am Wolkenoberrand)
direkt gemessenen und der (mehr am Wolkenunter-
rand) fernerkundeten Turbulenzcharakteristik. Die
»Melpitz-Saule” wird auch in Zukunft zu thematischen
Messkampagnen mit nationalen und internationalen
Partnern genutzt und als Teil der Européischen
Forschungsinfrastruktur ACTRIS (Aerosol, Clouds,
and Trace gas Research InfraStructure) weiter ausge-
baut.

Kurzbeitrage

TROPOQOS nutzt die gréBenaufgeldste Aerosol-
charakterisierung auch lokal zur Untersuchung der
Luftbelastung im stadtischen Raum Leipzigs und kann
im Vergleich mit den Dauermessungen in Melpitz
lokale Quellen vom landlichen Hintergrund-Aerosol
trennen. So fanden van Pinxteren et al. auf Basis
einer dreijahrigen Messkampagne, dass Situationen
mit starker Belastung fast zur Hélfte durch lokalen
StraBenverkehr verursacht werden und hier Reduk-
tionsmaBnahmen die gréBte Wirkung zeigen kénnen.
Dies gelingt z.B. durch die Einfuhrung von Umwelt-
zonen, was das TROPOS am Beispiel der Stadt
Leipzig nachgewiesen hat. In anderen Regionen
der Welt herrschen allerdings oftmals zunehmend
katastrophale Luftbelastungen, wie Kecorius et al.
am Beispiel der subtropischen Megastadt Manila
zeigen konnten. Tatséchlich ist die verkehrsbedingte
Feinstaubbelastung dort etwa zehnmal héher als
in Leipzig. Auf der viermonatigen Messkampagne
in Manila kamen erstmals mobile Sensoren zum
Einsatz, um die hohe rdumliche Variabilitat der
RuBbelastung aufzuldsen. Die hohe zeitliche Variabi-
litdt organischer Bestandteile in der Gas- und Partikel-
phase wird seit 2010 kontinuierlich an der TROPOS-
Forschungsstation Melpitz erfasst. Stieger et al.
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statistically analysed over several years. Results have
been related to the aerosol chemical composition.

On this basis, Henning et al. could prove a seasonal
cycle of the CCN properties together with their
dependency on origin and history of the advected air
masses.

TROPOS significantly contributes to the experi-
mental and modelling activities of the joint project
“High Definition Clouds and Precipitation for improving
Climate Prediction” (HD(CP)?), and coordinated the
intensive field campaign “HD(CP)? Obervational Proto-
type Experiment” (HOPE) in Jilich and Melpitz in
spring and fall 2013. As a pilot study to future model-
ling studies on aerosol/cloud-interactions Engler
et al. computed the aerosol size distributions (from
which in turn CCN and ice nucleating particle concen-
tration can be obtained) from prognosticated aerosol
mass distributions. Comparisons with observed
aerosol size distributions during HOPE-Melpitz indi-
cate that the model is missing an aerosol source.

In the framework of the Hans Ertel Centre for
Weather Research Senf et al. analysed a compre-
hensive data set of the geostationary satellite Meteo-
sat to characterize dynamical and microphysical
processes, which are responsible for the formation
and intensity of thunderstorms over Germany. Objec-
tives of this work are improved forecasts of convective
extrem events as well as more precise weather warn-
ings.

In addition to satellite remote sensing ground-
based remote sensing is able to detect the micro-
physical processes during the formation and evolution
of clouds with a higher resolution.

Buhl et al. demonstrate how the spatial distribu-
tion of the microphysical properties together with their
dynamical forcing can be simultaneously obtained
from Doppler-lidar, cloud-radar and wind-profiler
measurements. The way aerosols and clouds deter-
mine the spatiotemporal variability of the solar irradi-
ance at the surface has been determined for the first
time by Madhavan et al. from a dense network of
pyranometers, which was in operation during both the
HOPE-Melpitz and the HOPE-Jiilich campaign. The
resulting statistics not only are relevant for climate
studies on radiative forcing, but are also of large value
for yield investigations of solar power plants.

One of the strengths of TROPOS is the coupled
investigation of processes in the field, model and
the laboratory. Mutzel et al. detected the recently
discovered highly oxidized multifunctional organic
compounds (HOM) in the particle phase both
in the Leipziger Aerosol Kammer (LEAK) and at
the TROPOS research station Melpitz. They also

TROPOS Biennial Report 2014/2015

kombinierten stundliche Messwerte mit Rlckwértstra-
jektorien, um so die Quellregionen antransportierter
Schadstoffe genauer zu lokalisieren. Um den Einfluss
der natlrlich und anthropogen erzeugten Aerosole auf
die Wolkenbildung zu untersuchen, wurde in Melpitz
Uber mehrere Jahre die Anzahl und Hygroskopizitat
von Wolkenkondensationskernen (CCN) erfasst,
statistisch ausgewertet und mit der chemischen
Zusammensetzung in Verbindung gebracht. Auf dieser
Basis konnten Henning et al. einen Jahresgang der
CCN-Eigenschaften und deren Abhangigkeit vom
Ursprung und von der Historie der antransportierten
Luftmassen nachweisen.

TROPOS tragt maBgeblich zu den experimen-
tellen und modellierenden Arbeiten des Verbund-
projektes ,High Definition Clouds and Precipitation
for improving Climate Prediction“ (HD(CP)?) bei
und koordinierte dort auch die Intensivmesskampa-
gnen ,HD(CP)? Obervational Prototype Experiment*
(HOPE) in Julich und Melpitz im Frihling und Herbst
2013. Als Vorstudie zu zuklnftigen Modellstudien
zu Aerosol/Wolken-Wechselwirkungen berechneten
Engler et al. aus prognostizierten Aerosolmassen-
die zugehdrigen AerosolgréBenverteilungen, die
wiederum in CCN- und Eisnukleationskern- (IN)
-Konzentrationen umgerechnet werden kénnen.
Vergleiche mit gemessenen AerosolgréBenvertei-
lungen wahrend HOPE-Melpitz weisen auf eine
fehlende Aerosolquelle im Modell hin.

Senf et al. werten im Rahmen des Hans-Ertel
Zentrums fur Wetterforschung des Deutschen Wetter-
dienstes einen umfangreichen Datensatz des geosta-
tionéren Satelliten Meteosat aus, um die fur die
Entstehung und Intensitat von Gewittern verantwortli-
chen dynamischen und mikrophysikalischen Prozesse
Uber Deutschland zu charakterisieren. Ziele dieser
Arbeit sind verbesserte Vorhersagen von konvektiven
Extremereignissen sowie genauere Unwetterwar-
nungen. In Ergdnzung zur Satellitenfernerkundung
kann die bodengebundene Fernerkundung die
mikrophysikalischen Prozesse bei der Bildung und
Entwicklung von Wolken mit héherer Auflésung
erfassen. So zeigen Biihl et al. wie man aus Doppler-
Lidar, Wolkenradar und Windprofilermessungen
gleichzeitig die rAumliche Verteilung der wolkenmi-
krophysikalischen Eigenschaften und deren dyna-
mische Antriebsfelder erhlt. Wie sich Aerosole und
Wolken auf die raumzeitliche Variabilitét der solaren
Einstrahlung am Boden auswirken, bestimmen erst-
malig Madhavan et al. aus einem dichten Pyrano-
meter-Netz, welches sowohl bei HOPE-Melpitz, als
auch bei HOPE-Julich zum Einsatz kam. Die hier
gewonnenen Statistiken sind nicht nur fur Klima-
studien zum Strahlungsantrieb, sondern auch fiir
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identified HOM as a central element in the particle
phase chemistry of aerosols. In a further study Rich-
ters et al. investigated the HOM formation from the
ozonolysis of biogenic emitted sesquiterpenes as
aerosol precursor compounds, and managed to quan-
tify the total molar HOM yields.

Another central mechanism next to the forma-
tion and growth of aerosol and cloud particles that
is intensively researched at TROPOS is the hetero-
geneous formation of ice. At the Leipzig Aerosol and
Cloud Interaction Simulator (LACIS) Niedermeier et
al. investigated the immersion freezing behaviour of
feldspar. In combination with a stochastic model they
arrived at an upper limit for the ice activity of mineral
dust, which may play an important role in the model-
ling of the atmospheric ice formation.

A classical example for a climate-relevant
connection of chemical and physical processes is
the oxidation of dimethylsulfade (DMS) in the forma-
tion and processing of aerosol particles. Hoffmann
et al. developed a complex multiphase chemistry
mechanism for the marine DMS-halogen chemistry,
and managed to prove the importance of multiphase
processes in the DMS reduction as well as in the
formation of their oxidation products.

Bridging specific laboratory studies and field
experiments can be achieved by means of most real-
istic three-dimensional modelling studies. Schrédner
et al. integrated highly complex chemical mecha-
nisms into the chemistry transport model COSMO-
MUSCAT and achieved a realistic modelling of the
effect of clouds on tropospheric oxidants and on the
secondary aerosol mass. Comparisons with corre-
sponding measurements from the HCCT-2010 (Hill
Cap Cloud Thuringia 2010) campaign have shown
general agreements, but also pointed to gaps in the
mechanism modelling. In a more atmospheric dynami-
cally motivated comparison Jahn et al. demonstrated
good matches in the development of convective
structures from lidar observations and from Large
Eddy Simulations over the area of the Caribbean
Island Barbados, where the intensive measurement
campaign SALTRACE (Saharan Aerosol Long-range
Tranport and Aerosol-Cloud interaction Experiment)
took place. These inter-comparisons significantly
contribute to a better process understanding of the
boundary layer development, entrainment of aerosol
from the free troposphere and cloud formation.

In contrast to spatially high resolved three-dimen-
sional atmospheric models one-dimensional air parcel
models can optimally resolve chemical and physical
processes. By means of the chemical air parcel model
SPACCIM Vogelsberg et al. investigated the dissolu-
tion of mineral aerosol compounds (especially mineral
iron) exemplarily for two major dust storm events. The
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Ertragsuntersuchungen von Solarkraftanlagen von
groBBer Bedeutung.

Eine der Starken des TROPOS ist die gekop-
pelte Untersuchung von Prozessen im Feld, im Modell
und im Labor. Die kirzlich entdeckten hochoxi-
dierten multifunktionellen organischen Verbindungen
(HOMs) konnten Mutzel et al. sowohl in der Leipziger
Aerosol Kammer (LEAK) als auch an der TROPOS-
Forschungsstation Melpitz in der Partikelphase
nachweisen und als zentrales Element in der Partikel-
phasenchemie von Aerosolen identifizieren. In einer
weiteren Studie untersuchten Richters et al. speziell
die HOM-Bildung aus der Ozonolyse biogen emit-
tierter Sesquiterpene als Aerosolvorlauferverbin-
dungen und konnten die HOM-Ausbeuten quantifi-
zieren. Neben Bildung und Wachstum von Aerosol-
und Wolkenpartikeln ist die heterogene Eisbildung
ein weiterer grundlegender Mechanismus, der am
TROPOS intensiv erforscht wird. Niedermeier et al.
untersuchten am Leipzig Aerosol Cloud Interaction
Simulator (LACIS) das Immersionsgefrierverhalten
von Feldspatpartikeln und konnten in Kombination
mit einem stochastischen Modell eine Obergrenze
der Eisaktivitat von Mineralstaduben ermitteln, welche
in der Modellierung der atmosphéarischen Eisbildung
eine wichtige Rolle spielen kann.

Ein klassisches Beispiel fir eine klimarelevante
Verknipfung chemischer und physikalischer Prozesse
ist die Oxidation von Dimethylsulfat (DMS) in der
Neubildung und Prozessierung von Aerosolparti-
keln. Hoffmann et al. entwickelten einen komplexen
Multiphasenchemiemechanismus zur marinen DMS-
Halogen-Chemie und konnten so die gro3e Bedeu-
tung von Multiphasenprozessen fir den DMS-Abbau
sowie die Bildung von dessen Oxidationsprodukten
nachweisen.

Die Brucke zwischen dezidierten Laborexperi-
menten und Feldarbeiten kann durch méglichst reali-
tatsnahe dreidimensionale Modellstudien geschlagen
werden. Schrédner et al. integrierten hochkomplexe
chemische Mechanismen in das Chemietrans-
portmodell COSMO-MUSCAT und erreichten so
eine realistische Modellierung des Einflusses von
Wolken auf troposphéarische Oxidantien und die
sekundare Aerosolmasse. Vergleiche mit entspre-
chenden Messungen des Experiments HCCT-2010
(Hill Cap Cloud Thuringia 2010) zeigen generelle
Ubereinstimmungen, wiesen aber auch auf Liicken
in der Mechanismen-Modellierung hin. In einem
mehr atmospharendynamisch motivierten Vergleich
wiesen Jahn et al. gute Ubereinstimmungen in der
Entwicklung konvektiver Strukturen aus Lidarbeob-
achtungen und Large-Eddy-Simulationen iber dem
Gebiet der Karibikinsel Barbados nach, auf der die
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relations between the soluble iron content and total
dust mass found in laboratory could be reproduced in
the model.

The influence of large scale and regional
dynamics on Saharan dust processes has been
investigated by Wagner et al. from a combination of
satellite data analysis and regional modelling. This
work emphasizes the complex relations between dust
source activation and circulation- and precipitation
patterns in North Africa. From there, the so-called
“global dust belt” reaches in easterly direction to
Central Asia. Here, mineral dust contributes to the
glacier retreat by reducing the surface albedo. For
the first time, the characteristics of surface-near and
vertical dust distribution over Tajikistan have been
retrieved by TROPOS in the framework of the long-
term measurement campaign CADEX (Central Asian
Dust Experiment). From Lidar measurements Hofer
et al. identified typical mechanisms of long-range-
transport and deposition of mineral dust.

Besides remote sensing and surface-near meas-
urements TROPOS contributes to airborne aerosol
and cloud observation techniques for several years
as for example on board the German research aircraft
HALO. Mertes et al. applied the HALO-CVI (Coun-
terflow Virtual Impactor) to investigate characteristic
differences in the formation of natural and anthropo-
genic influenced cirrus and tropical convective clouds.

Intensivmesskampagne SALTRACE (Saharan Aerosol
Long-range Tranport and Aerosol-Cloud interaction
Experiment) zum atlantischen Ferntransport des afri-
kanischen Aerosols stattfand. Diese Vergleiche tragen
erheblich zu einem besseren Prozessverstandnis von
Grenzschichtentwicklung, Einmischung des Aerosols
aus der freien Troposphéare und Wolkenbildung bei.

Im Gegensatz zu raumlich hoch aufgelésten drei-
dimensionalen Atmospharenmodellen kénnen eindi-
mensionale Luftpaketmodelle chemische und physi-
kalische Prozesse optimal auflésen. Vogelsberg et
al. untersuchten mit dem chemischen Luftpaketmodell
SPACCIM chemische Lésungsprozesse mineralischer
Aerosolbestandteile (insbesondere mineralischen
Eisens) am Beispiel markanter Saharastaubsturmer-
eignisse. Die in Labormessungen gefundene Relation
zwischen Eisenl6slichkeit und Gesamteisengehalt
konnte im Modell reproduziert werden.

Den Einfluss der groBraumigen und regionalen
Dynamik auf Saharastaubprozesse untersuchten
Wagner et al. aus der Kombination von Satelliten-
datenauswertung und regionaler Modellierung. Die
Arbeit unterstreicht die komplexen Zusammenhange
zwischen der Aktivierung von Staubquellen und
Zirkulations- und Niederschlagsmustern in Nordafrika.
Von Afrika erstreckt sich der sogenannte ,globale
Staubgurtel“ in éstliche Richtung bis Zentralasien.
Mineralstaub tragt dort Uber die Reduzierung der
Bodenalbedo zum Riickgang der Gletscher bei. In
Tadschikistan erfasst TROPOS erstmalig die Charak-
teristika der bodennahen und vertikalen Staubvertei-
lung im Rahmen der Langzeitmesskampagne CADEX
(Central Asian Dust Experiment). Hofer et al. konnten
mit Lidarmessungen typische Mechanismen des
Ferntransports und der Deposition von Mineralstaub
nachweisen. Neben Fernerkundung und boden-
nahen Direktmessungen ist TROPOS seit mehreren
Jahren an der Entwicklung von flug-getragenen
Aerosol- und Wolkenmessverfahren u.a. auf dem
neuen deutschen Forschungsflugzeug HALO und nun
auch an den ersten HALO-Wolkenmesskampagnen
beteiligt. Mertes et al. untersuchten mit dem HALO-
CVI (Counterflow Virtual Impactor) charakteristische
Unterschiede in der Bildung naturlicher und anth-
ropogen beeinflusster Zirruswolken und tropischer
konvektiver Wolken.

TROPOS Biennial Report 2014/2015
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Overview of appendices
Knowledge transfer and public visibility

TROPOS research for the expert public. On
account of the application oriented fundamental
research of the Institute its scientific knowledge is
mainly transferred through scientific publications and
conference contributions (see list, p. 121).

During the reporting period TROPOS was
involved in two significant conferences. TROPOS
hosted the “15" Eletctromagnetic and Light Scattering
Conference” (ELS 2015) and and co-organized the
“15" EuCheMS International Conference on Chemi-
stry and the Environment” (ICCE 2015).

140 researchers from 22 countries attended
the triennial top-level conference of light scattering
experts ELS. The ELS reveals a variety of topics
from basic research and theory of light propagation,
remote sensing of surfaces, aerosols and clouds
through to biomedical applications.

ICCE is the mayor European conference of
environmental chemistry. 500 participants from 50
countries met for presentations and discussions on
current development in the areas of (environmental)
toxicology, analytic chemistry, microbiology and
geosciences.

Emphasis is also to be laid on the “Leipzig
Dust Days” in 2014 and 2015, which were initiated
by TROPOS to show the variety of disciplines in the
research area desert dust and to establish partner-
ships. Current research topics, results and questions
were presented.

TROPOS plays a leading role within the Euro-
pean research infrastructure ACTRIS (Aerosols,
Clouds, and Trace gases Research InfraStructure
Network) and organised the first workshop of work
package 2 in ACTRIS “Remote sensing of vertical
aerosol distribution” with 100 participants. (see list,
p. 147).

Results of TROPOS research contribute to envi-
ronmental policy advice. For example for the Land
of Saxony and the Federal Environmental Agency
(UBA) practise oriented investigations regarding the
behaviour and the future development of air pollu-
tants are conducted. In the framework of projects in
collaboration with the Environmental Agency and the
Saxon State Office for the Environment, Agriculture
and Geology (LfULG) measurement data of fine
and ultrafine particles are collected, evaluated and
provided for further interpretation of the concentration
and chemical composition of this particles.

In the field of clean air policy advice TROPOS
also contributes with its own studies, which are used
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Uberblick der Anhénge
Wissenstransfer und AuBenwirkung

TROPOS-Forschung fiir Fachpublikum. Auf
Grund der Ausrichtung des Institutes als anwen-
dungsorientiertes Grundlagenforschungsinstitut
erfolgt die Verwertung hauptséchlich in Fachpu-
blikationen und Konferenzbeitragen (siehe Liste,

S. 121). Von den wissenschaftlichen Tagungen, an
deren Organisation TROPOS beteiligt war, stechen

im Berichtszeitraum zwei heraus: TROPOS organi-
sierte die ,15. Eletctromagnetic and Light Scattering
Conference” (ELS 2015) in Leipzig und hat die ,,15.
EuCheMS International Conference on Chemistry and
the Environment” (ICCE 2015), ebenfalls in Leipzig,
mitorganisiert.

An der alle drei Jahre stattfindenden Spitzen-
tagung der Lichtforschung ELS haben rund 140
Forschende aus 22 Landern teilgenommen. Die
Konferenz bildete ein Themenspektrum von der
Grundlagenforschung zur Theorie der Lichtausbrei-
tung, Fernerkundung von Oberflachen, Aerosolen und
Wolken bis hin zu biomedizinischen Anwendungen ab.

Die ICCE ist die gréfte européische Tagung der
Umweltchemie. 500 Teilnehmende aus 50 Landern
trafen sich bei Vortragen und Foren zu aktuellen
Entwicklungen in der (Umwelt-)Toxikologie, der Analy-
tischen Chemie, der Mikrobiologie und der Geowis-
senschaften.

Herauszuheben sind ebenfalls die vom TROPOS
organisierten ,Leipziger Staubtage” 2014 und 2015,
an denen aktuelle Forschungsthemen und Fragestel-
lungen zum Thema Wistenstaub vorgestellt wurden,
um die Vielfalt der Fachbereiche zum Forschungsbe-
reich zu zeigen und neue Verbindungen zu knupfen.

TROPOS spielt eine fihrende Rolle im Netzwerk
der europaischen Forschungsinfrastruktur ACTRIS

Fig./ Abb. 1: Conference ELS-XV at TROPOS in Leipzig, 2015./ ELS-
XV-Konferenz in Leipzig 2015. (Photo: Tilo Arnhold / TROPOS)
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for air directive discussions and the implementation
of clean air strategies. In addition the institute uses
national forums for the presentation of research
results.

TROPOS research results for the public at
large. TROPOS seeks dialogue with the public using
print media, radio and TV. The disseminations of press
releases have been significantly increased and shall
be maintained at this level in 2014 and 2015. 20 press
releases have been published during the reporting
period per year. Subsequently 135 publications in
2014 and 129 publications in 2015 were registered.

TROPOS is part of the public relations work of
the German Climate Consortium (DKK), the “Klima-
navigator” and the Leibniz Association.

The 2013 launched website was further en-
hanced and addresses research partners as well as
the public. The section “Discover” aims to present
TROPOS research for the interested public. Focal
points, for example are “Focus dust” or “Low emis-
sion zone Leipzig’ To illustrate scientific work
scientists create picture reports from their measure-
ment campaigns around the world, for example on
campaigns in the Antarctic, the Phillipines, Tadjiki-
stan or with the research vessel Polarstern but also
reports from the Melpitz measurements station or
Fichtelgebirge. Therefore the section “Measurement
campaigns” was created in the menu point “Current
issues”

Together with 60 other institutions TROPOS was
part of the “Science Night” on 27 June, 2014, when
laboratories, lecture halls, institutes, clinics, reposi-
tories, and archives gave an insight into their work.
For the first time all three Leibniz institutes of Leipzig
presented a joint program of short lectures.

For the first time as well a tour and presentation
of the Cloud Laboratory was combined with a concert

Fig./ Abb. 2: Discussion group “DKK-Klima-Friihstiick”, 11.02.2015
in Berlin. | Gespréchskreis ,,DKK-Klima-Frihstick“, 11.02.2015 in
Berlin. (Photo: Tilo Arnhold / TROPOS)
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(Aerosols, Clouds, and Trace gases Research
InfraStructure Network) und fuhrte im November 2015
den von 100 Teilnehmenden besuchten Workshop
zum Workpackage 2 ,Fernerkundung von vertikaler
Aerosolverteilung® durch (siehe Liste, S. 147).

Die Forschungsergebnisse des TROPOS
dienen auch als ein Beitrag zur Politikberatung im
Umweltbereich. So werden flr das Land Sachsen
und das Umweltbundesamt (UBA) praxisrelevante
Untersuchungen zum Verhalten und zur kiinftigen
Entwicklung von Schadstoffen in der Atmosphére
durchgefiihrt. AuBerdem werden im Rahmen von
Auftragsprojekten fur das UBA und das Séchsische
Landesamt fiir Umwelt und Geologie (LfULG) Uber
langere Zeitrdume Messdaten zu den Konzentrati-
onen feiner und ultrafeiner Aerosolpartikel sowie zur
chemischen Partikelzusammensetzung in der Atmo-
sphére erhoben, ausgewertet und diesen Institutionen
zur weiteren Nutzung zur Verfiigung gestellt.

Im Bereich der Luftreinhaltung tragt TROPOS zur
Politikberatung auch durch eigene Forschungsergeb-
nisse bei, die in der Richtliniendiskussion und bei der
Erstellung von Luftreinhalteplanen verwendet werden.

Das Institut nutzt zusatzlich nationale Innova-
tions- und Forschungsforen flr die Préasentation und
Darstellung seiner Forschung.

TROPOS-Forschung fiir die breite Offentlich-
keit. TROPOS sucht den Dialog mit der Offentlichkeit
auch uber Printmedien sowie H6r- und Fernsehfunk.
Die Veroffentlichung von Pressemitteilungen war im
vorigen Berichtszeitraum intensiviert worden und
konnte 2014/15 auf diesem Niveau gehalten werden.
Im aktuellen Berichtszeitraum wurden pro Jahr je rund
20 Pressemitteilungen verfasst. Dadurch entstanden
im Jahr 2014 135 Medienveréffentlichungen. Im Jahr
2015 waren es 129 Veréffentlichungen.

TROPOS ist an den Offentlichkeitsaktionen des
Deutschen Klimakonsortiums (DKK), des Klimanavi-
gators und der Leibniz-Gemeinschaft aktiv beteiligt.

Der 2013 erneuerte Internetauftritt wurde
weiter ausgebaut. Das Internetangebot richtet sich
neben Forschenden zugleich an die breite Offent-
lichkeit. Die Rubrik ,Entdecken” hat daher zum Ziel,
die Forschung fir alle Interessierten zu erlautern.
Schwerpunkte waren dabei beispielsweise ,Staub im
Fokus® und die ,Umweltzone in Leipzig® Um Wissen-
schaft anschaulicher zu machen, kommen auf www.
tropos.de zunehmend Forschende zu Wort, die
auch selbst von den Messkampagnen in aller Welt
berichten. Dazu wurde unter ,Aktuelles” die Rubrik
sMesskampagnen® auf- und ausgebaut, in der z. B.
Berichte und Fotos von Expeditionen mit dem FS
Polarstern, aus der Antarktis, den Philippinen oder
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e r berufundfamme

Fig./ Abb. 3: TROPOS was awarded the second time with the
audit “berufundfamilie” certificate on 29.06.2015. / Das TROPOS
wurde am 29.06.2015 zum zweiten Mal mit dem Zertifikat audit
,berufundfamilie” ausgezeichnett. (Photo: berufundfamilie)

in the framework of the cultural event “Music and
Architechture” Other educational events, for example
the open day at the measurement station Melpitz,
round off the activities for the public at large.

Selected topics and activities during the
reporting period. In addition to the institute’s compe-
tence in urban air quality (particulate matter and low
emission zones) especially climate relevant expertise
about cloud formation processes or the impact of dust
in the atmosphere became more important.

TROPOS provided the scientific proof of the
positive low emission zone effect in January 2014.
Subsequently researchers on that subject were on
high demand for interviews on particulate matter
questions. This applies to the Aerosol Group on the
one hand and also to atmospheric chemistry inves-
tigations on e.g. heating with wood and the effect of
combustion on the air quality as well as modelling the
expansion of pollutants (the so called stench in the
Erzgebirge region).

For the second time the German Climate
Consortium organised a press breakfast with the
contribution of TROPOS and the Jilich Research
Centre in February 2015, this time on the topic
“Clouds as the greatest uncertainty in the climate
system” The subject-specific backround knowledge is
still asked by journalists.

To address policy maker on the federal level
TROPOS contributed to various events in Berlin, for
example to: the “Klimadialog” (i.e. climate dialogue)
of Deutsche Umwelthilfe (German environmental aid
association) in January 2014 on the topic “Climate
effect of soot — political and administrative frame-
works” or the event “Clean Air now” of Verkehrsclub
Deutschland (VDC, German Transport Club) in May
2014.
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Tadschikistan genauso gezeigt werden wie aus dem
Fichtelgebirge oder aus Melpitz bei Leipzig.

Zusammen mit 60 anderen Institutionen betei-
ligte sich TROPOS an der alle zwei Jahre stattfin-
denden ,Langen Nacht der Wissenschaften“ am 27.
Juni 2014, die Einblicke in Labore, Horséle, Institute,
Kliniken, Magazine und Archive bot und damit auch in
die Labore des TROPOS. Erstmals prasentierten an
diesem Abend die drei Leipziger Leibniz-Institute ein
gemeinsames Vortragsprogramm.

Ebenfalls zum ersten Mal 6ffnete TROPOS
im Mai 2015 kulturinteressierten Leipzigerinnen im
Rahmen von ,Musik trifft Architektur” seine Tur, einem
Konzert mit Vortrag und Fihrung zum Wolkenlabor.
Eine Vielzahl weiterer Fihrungen und andere Veran-
staltungen wie z.B. der Tag der offenen Tir an der
Feldstation Melpitz rundeten die Aktivitaten fir die
breite Offentlichkeit ab.

Ausgewahlte Themen und Aktivitaten im
Berichtszeitraum. Neben der Kompetenz des
TROPOS zur urbanen Luftqualitat (Feinstaub und
Umweltzonen) gewann besonders klimarelevantes
Wissen Uber Prozesse wie Wolkenbildung oder die
Auswirkungen von Staub in der Atmosphére an
Bedeutung.

So lieferte TROPOS beispielsweise im Januar
2014 die entscheidenden Belege flr die Wirksamkeit
der Leipziger Umweltzone. Die Forschenden des
Institutes waren daraufhin bei den Medien gefragte
Experten zum Thema Feinstaub. Neben der Exper-
tise der Aerosolgruppe gehdren dazu auch die
atmosphéarenchemischen Untersuchungen zu den
Auswirkungen von ,Heizen mit Holz* auf die urbane
Luftqualitat sowie die Modellierung der Ausbreitung
von Schadstoffen (der so genannte ,Katzendreck-
Gestank® im Erzgebirge).

Das Deutsche Klimakonsortium organisierte
zum zweiten Mal mit dem TROPOS und dem FZ
Julich gemeinsam im Februar 2015 ein Pressefriih-
stick in Berlin. Zum Thema ,Wolken - die grof3en
Unbekannten im Klimasystem® wird auch nach
Monaten noch Hintergrundwissen von Journalisten
nachgefragt. Um politische Entscheidungstréager auf
Bundesebene zu erreichen, beteiligte sich das Institut
zusammen mit Partnern an Informationsveranstal-
tungen in Berlin — so zum Beispiel zusammen mit
dem IASS, dem FZ Jilich und dem UBA am ,Klimadi-
alog“ der Deutschen Umwelthilfe im Januar 2014 zum
Thema ,Wie stark warmt Ruf3 wirklich und welche
politischen und administrativen Rahmenbedingungen
bestehen?“ oder an der Veranstaltung ,Clean Air now"
des Verkehrsclubs Deutschland (VCD) im Mai 2014.

Besonders bei den audiovisuellen Medien ist
die Wolkenforschung nach wie vor sehr beliebt.
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A still very popular topic among actors of audio-
visual media is cloud research. So ZDF for example
reported about a cloud measurement campaign in
the Artic and about the Cloud Laboratory, 3 sat about
investigations on board research vessel Polarstern or
MDR about new methods on thunderstorm forecast
and the “Melpitz Column” campaign. A media part-
nership with “Sachsische Zeitung” could be installed
for future reporting on the Transregio project ‘Arctic
Amplification; which was approved by DFG in 2015.

In 2015 various activities with regard to the
Leibniz Year 2016 were initiated by the local authority
of Leipzig, the Leibniz Institutes, and the Leibniz
Association to draw public attention to the scientific
achievements of Gottfried Wilhelm Leibniz.

Equal opportunities and promotion of young
researchers

Already during recruiting processes measures
for the absolutely non-discriminatory collaboration are
applied at the institute and are improved constantly.
TROPOS intends to further increase the proportion of
international researchers.

Following the so-called Leibniz cascade model
TROPOS also intends to increase the proportion
of women, especially in post-doc and leading posi-
tions. Therefore, a stage-model was implemented
in 2012, which was defined according to the current
structure of employees at the institute. Particularly
worth mentioning here is the approvement of the
Leibniz SAW proposal “Dust at the interface” within
funding line “Women in leading scientific positions”
from Dr. habil. Kerstin Schepanski in 2015 and the
participation of Dr. Heike Kalesse in the Leibniz
Mentoring Programme for women in 2015. Three
young female researchers of TROPOS represented
the Leibniz Association at the “Science and Tech-
nology in Society Forum 2015” (STS Forum) in Kyoto,
where policy makers and company representatives
discussed society relevant questions of sustainability
in the 21t century.

Audit “berufundfamilie’’ An important prerequi-
site for equal opportunities and career orientation is
the reconciliation of career and family, especially for
the promotion of young researchers.

In 2011 the TROPQOS efforts in this direction were
internally and externally manifested in the certificate
for the “career and family audit’ As a result of a re-au-
diting procedure TROPOS received the certificate for
the audit once again on 29 June, 2015. The prepa-
rations for the re-audit 2014 were started in 2013.
According the evaluation on the implementation of the
“DFG research-oriented equal opportunity standards’

TROPOS Biennial Report 2014/2015

Fig./ Abb. 4: The awarding ceremony of the Paul-Crutzen-Prize 2015
to Dr. Sebastian Scheinhardt. / Verleihung des Paul-Crutzen-Preises
2015 an Dr. Sebastian Scheinhardt. (Photo: Tilo Arnhold / TROPOS)

So berichtete beispielsweise das ZDF Uber eine
Wolkenkampagne in der Arktis und das Leipziger
Wolkenlabor, 3sat Giber Untersuchungen auf dem
Forschungseisbrecher ,Polarstern” oder das MDR-
Fernsehen Uber neue Methoden zur Gewitterfriher-
kennung und die Messkampagne zur Melpitz-Saule.
Die deutsche Ausgabe des ,National Geographic®
widmete der Wolkenforschung im April 2015 eine Titel-
story mit TROPOS-Beteiligung.

Mit der Sachsischen Zeitung konnten die
Weichen flr eine Medienpartnerschaft fir eine
umfangreiche Berichterstattung zu dem 2015 von der
DFG beuwilligten Transregio ,Arktische Verstéarkung®
gestellt werden. AuBerdem wurde mit der Leibniz-
Gemeinschaft und der Stadt Leipzig beschlossen, das
Leibniz-Jahr 2016 auch entsprechend in Leipzig zu
begehen und so die Offentlichkeit auf die Forschung
im Namen von Gottfried Wilhelm Leibniz aufmerksam
zu machen.

Chancengleichheit und Nachwuchsférderung

Am TROPOS werden MaBnahmen zur absolut
diskriminierungsfreien Zusammenarbeit am Institut
bereits im Einstellungsverfahren angewendet und
fortlaufend verbessert.

Das Institut ist weiterhin bestrebt, den Anteil an
internationalen Wissenschaftlerinnen und Wissen-
schaftlern zu erhéhen.

TROPOS will den Anteil von Frauen, vor allem
in wissenschaftlichen Fihrungspositionen, weiter
erhéhen und verfolgt dabei das so genannte Kaska-
denmodell nach den Empfehlungen der Leibniz-
Gemeinschaft, wobei ein an die momentane instituts-
spezifische Stellensituation angepasstes Stufenmo-
dell im Jahr 2012 definiert wurde. Speziell erwéhnt sei
hier die Férderung fur Frau Dr. habil. Kerstin Sche-
panski im Leibniz-Wettbewerbsverfahren SAW unter
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for which the Leibniz Association has agreed in 2008,
TROPOS is among the first 18 institutes rated as
excellent and thus placed in position 13 of 89 insti-
tutes.

Promotion of young researchers. TROPOS
actively promotes young researchers in the bachelor
and master education at the Leipzig University as well
as during and after doctoral research projects. The
institute is involved in the development and implemen-
tation of the new Bachelor and Master programmes
and is exclusively responsible for four modules and
partially responsible for further two modules.

Highly qualified scientists of the Institute
contribute to teaching activities in cooperation with
the Leipzig University as joint appointments. In addi-
tion to Meteorology students also Chemistry and
Physics students are trained at TROPOS (see list,

p. 138).

The institute offers young researchers an indi-
vidualized realization of their dissertation projects
supported by the supervision committee in the frame-
work of the structured doctoral training programme.

TROPOS scientists give lectures at the Univer-
sities of Jena, Beijing, Jinan, and Shanghai, Helsinki
and Stockholm, in international summer and winter
schools, training courses and networks (see list,

p. 136).

In 2012 the Leipzig Graduate School on “Aerosol,
Clouds and Radiation: Mineral dust” was formed on
the subject of characteristics and effects of mineral
dust aerosol particles. This structured doctoral
training program in collaboration with the Leipzig
University is member of the Research Academy
Leipzig (RAL).

Create future. TROPOS is a partner within the
MINT-Individual network to inspire and generate
interest in technical and natural science studies, and
especially shows career perspectives in tropospheric
research. Students get to know research work in a
playful manner and have the possibility to directly talk
to scientists from the MINT field. In the framework of
this initiative the institute regularly participates in the
Girls’ Day (girls future day). In 2014 and 2015 inter-
ested female students could gain insight into labora-
tories and career opportunities as scientists and other
professions at TROPOS. In total 12 practical trainings
employees of the institute supervised pupils and
five educational events for pupils and students were
performed during the reporting period

Two BELL projects (Besondere Lernleistung, i.e.
special learning performance) were supervised.

As in the last years TROPOS will continue to
finance an apprentice position.
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der Forderlinie ,Frauen in Leitungspositionen“ sowie
die Aufnahme von Frau Dr. Heike Kalesse in das
Leibniz-Mentoring-Programm fir Frauen in 2015.

Drei TROPOS Nachwuchswissenschatftlerinnen
nahmen als Vertreterinnen der Leibniz-Gemeinschaft
am ,Science and Tecnology in Society Forum 2015“
(STS Forum) in Kyoto teil, auf dem Wissenschaftle-
rinnen, politische Entscheidungstragende und Unter-
nehmensbeauftragte Fragen der Nachhaltigkeit im 21.
Jahrhundert diskutierten.

TROPOS ist laut Auswertung zur Umsetzung der
»Forschungsorientierten Gleichstellungsstandards der
DFG" im Jahr 2014, denen sich die Leibniz Gemein-
schaft 2008 verpflichtet hat, in der Spitzengruppe von
18 Instituten mit der Bewertung ,herausragend® und
damit auf Platz 13 von 89 Leibniz-Instituten.

Audit ,,berufundfamilie’ Eine Voraussetzung
fur die Chancengleichheit ist die Vereinbarkeit von
Beruf und Familie fir den wissenschaftlichen Nach-
wuchs und somit eine bessere Karriereplanung. Mit
der Zertifizierung zum Audit ,berufundfamilie® am 25.
Mai 2011 wird das Engagement des TROPOS fir die
Vereinbarkeit von Beruf und Familie nach innen und
auBen dokumentiert und seit dem angewendet. Am
29.06.2015 wurde TROPOS nach vorherigem Reaudi-
tierungsverfahren zum zweiten Mal mit dem Zertifikat
zum Audit ,berufundfamilie” ausgezeichnet

Nachwuchsférderung. TROPOS férdert aktiv
den wissenschaftlichen Nachwuchs in der Bachelor-
und Masterausbildung, wahrend der Promotionsvor-
haben und dartiber hinaus.

Das Institut ist eng in die Entwicklung und in die
Durchfihrung der neuen Bachelor- und Masterstu-
diengange an der Universitét Leipzig eingebunden

Fig./ Abb. 5: The Leibniz delegation during the “Science and
Technology in Society (STS) Forum” 2015 in Kyoto, Japan. / Die
Leibniz-Delegation wéhrend des ,, Science and Technology in Society
(STS) Forum*“ 2015 in Kyoto, Japan. (Photo: Leibniz Association)
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Cooperations and networking

Numerous grown networks within the Leibniz
Association, with Universities, with Max Planck
Institutes, with institutes of the Helmholtz Society,
and collaborations at the international level demon-
strate the actual level of TROPOS networking in the
field of interdisciplinary aerosol and cloud research.
Similar alike TROPOS is networked on the Euro-
pean and global level and actively develops research
programmes (see list, p. 155).

Technological developments at TROPOS lead to
international standards in the experimental direct and
indirect acquisition of aerosols and hydrometeors from
ground up to the high atmosphere as well as in model-
based descriptions of the complex multiphase system.

TROPOS uses its national cooperation through
several pathways (see list, p. 159). Examples are e.g.:

1. the CARIBIC project in cooperation with
Lufthansa that was ensured for another 10 years
after running already for 10 years,

2. the TROPOS participation in the DFG research
group INUIT investigating the atmospheric ice
nucleation together with eight partners,

3. the DFG priority programmes, and the implemen-
tation and use of the new HALO aircraft platform,

4. the cooperation with the Federal Environmental
Agency for the characterization of aerosol parti-
cles,

5. the DWD projects (Deutscher Wetterdienst) for
the development of LIDAR measurement devices
and ceilometer measurement networks,

6. the contribution to the DWD Hans Ertel Centre
for weather research, subject 1 “Atmospheric
dynamics and predictability’;

Fig./ Abb. 6: The TROPOS delegation during a CADEX meeting
(Central Asia Dust Experiment) in Dushanbe, Tadjikistan, 2015. / Die
TROPOS-Delegation wéhrend eines CADEX-Treffens in Duschanbe,
Tadschikistan, 2015. (Photo: Julian Hofer / TROPOS)
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und ist fur vier Module exklusiv und fur zwei weitere
Module teilweise verantwortlich.

Hochqualifizierte Mitarbeiterinnen und Mitarbeiter
beteiligen sich als gemeinsame Berufungen an der
Lehre der Universitat Leipzig. Neben Studierenden
der Meteorologie werden am TROPOS auch Chemie-
und Physikstudentinnen ausgebildet (siehe Liste,

S. 138).

Das Institut bietet jungen Wissenschatftlerinnen
individuell abgestimmte und von einem Betreu-
ungsteam begleitete Realisierung ihrer Promotionen
im Rahmen der strukturierten Doktorandenausbil-
dung. Mitarbeiterlnnen des TROPQOS halten Kurse
an den Universitaten von Jena, Peking, Jinan und
Shanghai, Helsinki und Stockholm und in internatio-
nalen Sommerschulen, Ausbildungskursen und -netz-
werken (siehe Liste, S. 136).

Die im Juli 2012 gegrundete Leibniz-Graduierten-
schule ,Wolken, Aerosole und Strahlung am Beispiel
des Mineralstaubs* hat die DoktorandInnenausbil-
dung am TROPOS gemeinsam mit der Universitat
Leipzig auf eine solide Grundlage gestellt und ist in
der ,Research Acadamy Leipzig“ (RAL) verortet.

Zukunft schaffen. TROPOS ist Partner im Netz-
werk MINT-Individual und unterstltzt den Weg zum
naturwissenschaftlichen Studium und zeigt berufliche
Perspektiven im Bereich der Atmosphérenforschung.
Schulerlnnen lernen die Forschungsarbeit auf spie-
lerische Art kennen und kommen mit Forscherlnnen
aus dem MINT-Bereich ins Gesprach. Im Rahmen
der MINT-Initiative, die zum Ziel hat, Jugendliche fur
einen Beruf in den Fachern Mathematik, Informatik,
Naturwissenschaften und Technik zu begeistern,
beteiligt sich TROPOS auch am Girls* Day, dem
Madchen-Zukunftstag. In den Jahren 2014 und 2015
konnten sich an diesem Tag interessierte Schule-
rinnen in den Laboren Uber Ausbildungsmdglichkeiten
informieren. Insgesamt wurden in beiden Jahren 12
Schulerpraktika durchgefihrt, finf Bildungs- und
Informationsveranstaltungen flr Schulkinder und
zwei fir Studierende. Zwei BELL-Arbeiten (besondere
Lernleistungen) wurden betreut.

TROPOS wird auch in den nachsten Jahren
mindestens einen Lehrlingsausbildungsplatz aus
Haushaltsmitteln finanzieren.

Bedeutende Kooperationen und Vernetzung in
der Forschung

Zahlreiche bisher gewachsene Vernetzungen
innerhalb der Leibniz-Gemeinschaft, mit Universi-
taten, mit Max-Planck-Instituten, mit Instituten der
Helmholtz-Gemeinschaft sowie auf internationaler
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Fig./ Abb. 7: ACTRIS workshop in Leipzig 2015. / ACTRIS-Workshop
in Leipzig 2015. (Photo: Tilo Arnhold / TROPOS)

7. the coordination and active participation in the
BMBF project “Clouds and precipitations for
advancing climate prediction” with permanent
measurements at the “supersites” Leipzig/
Lindenberg and the evaluation of results of an
intensive measurement campaign 2013 in Julich
and Melpitz, and the provision and evaluation of
satellite observation data,

8. the national cooperation for the chemical analy-
sis within the maritime context (MPI Jena,
GEOMAR),

9. the cooperation with the Leibniz Institute for
Baltic Sea Reseach Warnemiinde (IOW) and
the Centre for Tropical Marine Ecology in
Bremen (ZMT) for the investigation of exchange
processes between the polluted ocean and the
polluted atmosphere,

10. the cooperation within the newly established
Leibniz research networks, currently this
networks are “Crises in a Globalised World” and
“Infectious Diseases’

11. the aerosol particle research community
(observing and modelling research) consisting
of partners who worked together on SAMUM
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Ebene zeigen den derzeitigen Stand der Vernetzung
des TROPOS in der interdisziplindren Aerosol- und
Wolkenforschung. Ahnlich ist TROPOS auf der euro-
paischen und weltweiten Ebene vernetzt und entwi-
ckelt hier aktiv Forschungsprogramme (siehe Liste,
S. 155).

Technologische Entwicklungen am TROPOS
fihren zu internationalen Standards in der experimen-
tellen direkten und indirekten Erfassung von Aero-
solen und Hydrometeoren vom Boden bis zur hohen
Atmosphére sowie in der modellmaBigen Beschrei-
bung des komplexen Multiphasensystems.

Die inlandischen Kooperationen (siehe Liste,

S. 159) des Institutes werden Uber mehrere Pfade
intensiv genutzt:

1. durch das seit Uber 10 Jahren laufende und
durch einen Kooperationsvertrag mit der Luft-
hansa fir weitere 10 Jahre gesicherte CARIBIC-
Projekt,

2. durch die Beteiligung an der DFG-Forscher-
gruppe INUIT zum Thema der atmosphéarischen
Eisnukleation, in der das TROPOS mit acht nati-
onalen Partnern zusammenarbeitet,

3. Uber die laufenden DFG-Schwerpunktpro-
gramme und uber den Aufbau und die Nutzung
der neuen Flugzeugplattform HALO,

4. Uber das Umweltbundesamt zur deutschland-
weiten Aerosolcharakterisierung,

5. Uber Projekte des DWD zur Lidarentwicklung und
Ceilometer-Messnetzen,

6. Uber einen Beitrag zum Hans Ertel Zentrum fiir
Wetterforschung des Deutschen Wetterdienstes
im Themenbereich 1 ,Atmosphérendynamik und
Vorhersagbarkeit;

7. Uber die Koordination und aktive Beteiligung an
der nationalen BMBF-Férderung ,Wolken und
Niederschlag im Kontext der Klimaforschung® mit
kontinuierlichen Messungen an den ,Supersites”
Leipzig/Lindenberg und der Auswertung einer
Intensivmesskampagne in 2013 in Jilich und
Melpitz, und der Bereitstellung und Auswertung
von Satellitenbeobachtungen,

8. Uber Kooperationen auf nationaler Ebene bezlig-
lich chemischer Untersuchungen mit maritimem
Bezug (MPI Jena, GEOMAR),

9. Uber Kooperationen mit dem Leibniz-Institut
fur Ostseeforschung Warnemiinde und dem
Zentrum fur Maritime Tropendkologie zur Unter-
suchung von Austauschprozessen zwischen
dem belasteten Ozean und der belasteten Atmo-
sphére,

10. Uber Kooperationen im Leibniz-Forschungsver-
bund (LFV), ,Krisen einer Globalisierten Welt*
und dem LFV ,Infektionskrankheiten?

TROPOS Biennial Report 2014/2015
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measurement campaigns and during SALTRACE
projects,

12.the application for the further development of the
national infrastructure ACTRIS in the framework
of the BMBF National Roadmap,

13. the contribution to the collaborative research
project TR 172 “Arctic Amplification” on the detec-
tion of the arctic aerosol cloud and radiation
system,

14.the Leibniz Competition cooperation on the role
of aerosol particles on the interaction between
ocean and atmosphere,

15.the continuous studies of the marine troposphere
on board the Polarstern research vessel.

In the framework of the Leibniz Competition
funds TROPQOS establishes collaborations within
the Leibniz Association or with university institutes.
TROPOS has built numerous international coopera-
tions (see list, p. 155). The ground-based remote
sensing and in-situ measurement activities of the
institute are integrated into the long-term orientated
Infrastructure ACTRIS and into ESA policy advice.
The in-situ measurements of aerosol particles are
part of the EMEP and WMO GAW networks. The
collaboration with partners from Eastern Europe is
being established (see list, p. 155).

11. Uber die im Rahmen der SAMUM-Kampagnen
und wahrend der SALTRACE-Projektarbeiten
aufgebaute Gemeinschaft an Aerosolforschern
(beobachtende und modellierende Einrich-
tungen),

12. Uber die Einreichung eines Antrages zur Weiter-
entwicklung und Nutzung der nationalen Infra-
struktur ACTRIS im Rahmen der Nationalen
Roadmap des BMBF,

13. Uber die Beteiligung am Sonderforschungsbe-
reich TR 172 ,Arctic Amplification“ zur Erfassung
des arktischen Aerosol-, Wolken- und Strah-
lungssystems,

14. ber Kooperationen im Leibniz-Wettbewerb
zur Rolle des Aerosols in der Wechselwirkung
zwischen Ozean und Atmosphére,

15. Uber kontinuierliche Studien der marinen Tropo-
sphére auf dem Forschungsschiff Polarstern.

Im Rahmen des Wettbewerbsfonds der Leibniz-
Gemeinschaft werden die Kooperationsmdglich-
keiten innerhalb der Leibniz-Gemeinschaft und mit
Universitatsinstituten ausgebaut. Durch Kooperati-
onsvereinbarungen ist das Institut mit zahlreichen
internationalen Einrichtungen verbunden (siehe Liste,
S. 155). Die bodengebundenen Fernerkundungs- und
in-situ-Messungen sind international eingebunden in
die langfristigen ACTRIS-Arbeiten und in Beratungs-
tatigkeiten fur die ESA. Die in-situ Aerosolaktivitaten
sind international in den EMEP- und WMO-GAW-
Netzwerken eingebunden. Die Zusammenarbeit mit
Osteuropaischen Partnern zur Umweltbelastung und
Aerosolferntransporten im europdischen Raum ist
angebahnt und wird weiter ausgebaut (siehe Liste,

S. 155).

TROPOS Biennial Report 2014/2015
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Results from the SOPRAN study regarding
dust and sea exchange processes

Konrad Miiller, Khanneh Wadinga Fomba, Manuela van Pinxteren, Thomas Miiller, Nicole Niedermeier,
Bernd Heinold, Kerstin Schepanski, Hartmut Herrmann, Ina Tegen, Alfred Wiedensohler

In den verschiedenen Teilen des Verbundprojektes SOPRAN sind Mobilisierung, Transport, und
Deposition des Saharastaubes sowie die Wechselwirkung mit dem Ozean untersucht worden. Durch
Langzeitexperimente gelang es sehr gut, saisonale und interannulare Variationen im Transport von
Saharastaub in den tropischen Nordostatlantik aufzuklaren. Wechselwirkungen des Staubes mit
anthropogenen und natiirlichen Aerosolbestandteilen sowie die Depositionsfliisse in den Ozean
konnten liber lange Zeit untersucht werden. Die Bioverfiigbarkeit von Eisenmetallen aus dem Staub
konnte partikelgroBenselektiv bestimmt werden. Staubquellregionen wurden aus SEVIRI-
Aufnahmen identifiziert. Das COSMO-MUSCAT-Modell diente zur Ermittlung der Staubemissions-
flisse sowie des Staubtransportes. Ebenso wurden trockene und nasse Deposition iiber dem tropi-
schen Nordostatlantik modelliert und mit den Messungen am CVAO sowie mit Satellitendaten verifi-

ziert.

Mit der chemischen Charakterisierung des ozeanischen Oberflachenfilms wéhrend verschiedener
Schiffskampagnen und vor der Insel Sao Vicente wurden erste Schritte realisiert, die Wechselwir-
kung von Aerosol und Ozean besser zu verstehen. Dicarbonylverbindungen, Amine und Amino-
sauren sind als wichtige Stoffklassen identifiziert worden, die im Oberflachenfilm angereichert

werden und auch in Aerosolpartikeln prasent sind.

Auch in Zukunft wird die Station CVAO dazu dienen, Aerosol-Ozean Wechselwirkungen zu untersu-

chen. Neue Projekte hierzu laufen bereits an.

Introduction

With the construction of the CVAO (Cape
Verde Atmospheric Observatory) the BMBF funded
SOPRAN project started in 2006. At this now perma-
nent research site a continuous observation of the
marine aerosol influenced by Saharan dust, West
African anthropogenic emissions, and ocean-air
exchange processes started in 2007. Beside our in-
vestigations the MPI-BGC Jena and the University of
York are partners at the CVAO who are investigating
marine gas-phase processes and permanent gas
concentrations. Nearby in the open Atlantic the CVOO
(Cape Verde Oceanic Observatory) was installed from
GEOMAR Kiel to investigate oceanic processes influ-
enced by the deposition of Saharan dust.

The emission, transport, processing, deposition
of Saharan dust and its impact on oceanic processes
were the goals of the project. The TROPOS scientists
provided important contributions to all parts. For the
first time a long time series of physical and chemical
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aerosol measurements in the tropical Northeast At-
lantic took place and produced a unique data base for
model development and validation. External project
partners used these data. During seven intensive

field campaigns the size-selective PM collection by a
BERNER-type five-stage low-pressure impactor and
the parallel physical characterization of the aerosol
was the basis for the important new findings that the
tropical marine aerosol is influenced by the Saharan
dust transports.

The general aim of one sub-project included a
better understanding of sea-air exchange processes
in terms of organic material. Sources transport and
formation pathways of organic compounds in the
marine compartments shall be elucidated. The investi-
gation of the surface microlayer (SML) as a source of
organic aerosol components over the Atlantic Ocean
was carried out with SML samples taken at Sao
Vicente and during several research-vessel cruises
as well as from fine aerosol particles collected at the
CVAQ.
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Results

Long-term aerosol measurements at the
CVAO - physical characterization. To better under-
stand the mineral dust cycle including its pathways
and atmospheric life time, information about mass
concentrations and mass deposition fluxes of mineral
dust in the remote ocean regions are necessary
[Mahowald et al., 2005]. Direct measurements of
mass deposition of mineral dust into the ocean
are sparse. Literature values arise from global and
regional model outputs [e.g., Ginoux et al., 2001 and
Schepanski et al., 2009] and from sample measure-
ments [Ginoux et al., 2001].

Within SOPRAN, a new method was employed
to obtain mass deposition fluxes of mineral dust into
the ocean. This method combines measurements
of particle number size distributions (PNSD) from
a mobility particle size spectrometer (MPSS) and
an aerodynamic particle size spectrometer (APS),
hygroscopic measurements with a humidity - differ-
ential mobility sizer - aerodynamic particle sizer
(H-DMA-APS) and measurements of wind velocity
and wind direction with a 3D sonic anemometer.

While the highly hygroscopic sea salt particles
grow at 85% relative humidity (RH) compared to
30% RH (dry state), mineral dust particles are hydro-
phobic and show almost no size change at 85%

RH compared to 30% RH. Thus, number fractions
of mineral dust from four discrete particle diame-
ters between 550 and 900 nm (volume equivalent
diameter at dry state) particles are calculated from
the humidified size distribution of the H-DMA-APS
and are applied to the PNSD to obtain dust number
size distributions [Niedermeier et al., 2014]. The
resulting dust number concentrations of mineral dust
calculated from the dust number size distribution

are converted into dust mass concentrations (M, ).
Comparisons of dust mass concentrations with gravi-
metrically determined mass concentrations from
samples of a Berner impactor show a high correla-
tion of R*=0.98. However, gravimetrically determined
mass concentrations show a 30% higher mass
concentration.

Covariance calculations from the highly time
resolved measurements of the sonic anemometer
are used to obtain turbulence parameters like fric-
tion velocity, Obukhov-length and roughness length.
Together with the wind velocity, these turbulence
parameters are used in a parameterization [Zhang et
al., 2001] to obtain a size resolved deposition velocity
Vg

The mass deposition flux of mineral dust (F)
is calculated with F=>M v summing over the
PNSD particle diameters. Figure 1a) shows the
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mass deposition flux of mineral dust for the months
December 2011 to March 2012. The median values for
each month lie between 15 and 18 ng/m?s, except for
February with values of about 1.5 ng/m2s. The mean
values indeed show less variation and have values
around 30 ng/mas for all four months (24, 27, 35 and
34 ng/m?/s for Dec, Jan, Feb and Mar, respectively).
There is a high variability within one month covering
two orders of magnitude. For each of the shown
months, there is one event when the mass concen-
tration exceeds 100 ng/m?3s, which is marked with a
star. 10-day Hysplit back trajectories were calculated
for each event and are shown in Fig. 1b). For the four
months shown, air masses always arrived from the
same source regions (Mali, Mauritania, Algeria and
Morocco). Consequently, physical and chemical dust
properties should be similar for these periods. In
February, the air masses circulated over Algeria and
Mali, thus picking up large amounts of mineral dust
and leading to the highest observed mass deposition
flux of 550 ng/m?3s.

The method described above provides mass
deposition fluxes with a high time resolution. Meas-
urements of the spectral light absorption of mineral
dust with a seven-wavelength absorption photom-
eter (Aethalometer, model AE31) allow to determine
dust concentrations [Niedermeier et al., 2014]. This
method has the disadvantage that it is not size
resolved, thus a representative deposition velocity for
the whole size range of mineral dust must be derived.

Figure 2 shows the annual cycle of Aethalo-
meter mass concentrations for the years 2012 and
2013, deposition velocities assumed for the whole
aerosol population, and mass deposition fluxes calcu-
lated from this input. The dotted line shows the ltis
clearly seen that the highest mass concentrations
are observed in the winter months from November
to December, which is the dust season at the Cape
Verde Islands. But although outside the dust season,
mass concentrations of mineral dust in the summer
months (June to August) show values up to 5 pg/ma.
There is little variation in the deposition velocity with
a mean value of 0.99 = 0.13 mm/s. The evaluation of
two more years (2014 and 2015) will show, whether
a constant deposition velocity can be assumed to
simplify flux calculations. The mass deposition flux
of mineral dust follows the mass concentration in
shape due to the deposition velocities around 1 mm/s.
Highest values in the winter months reach values
larger than 30 ng/m?3s and thus show similar results
as from the method explained above. From these
measurements, the yearly mass deposition flux into
the North Atlantic Ocean reaches around 125 ng/m3s.
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Fig. 1: Mass deposition fluxes obtained from particle number size distribution and hygroscopic measurements combined with micrometeorological
measurements for December 2011 to March 2012 (a) and 10-day back trajectories from Hysplit simulations for events with mass deposition fluxes
exceeding 100 ng/m?s (b). Colors of the stars indicating dust events match with the colors of the back trajectories.
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Fig. 2: Annual cycle of Aethalometer mass concentrations, deposition velocities and mass deposition fluxes of mineral dust.

Long-term aerosol measurements at the
CVAO - chemical characterization. From December
2006 on a quasi-continuous sampling of PM_
aerosol is carried on using DHA-80 (DIGITEL-AG,
Hegnau, Switzerland). Not only a strong seasonality
was observed but also an enormous inter-annual
variability of the chemical constitution of aerosol
(Fig. 3). The transport of Saharan dust to the CVAO
shows maxima during the “Harmattan” season from
end of November to beginning of March. One of the
important findings about these dust events was the
parallel increase of OC, EC, and secondary anthro-
pogenic ionic constituents in the particles within the
dust events. Ground based long-term investigation
of PM at the CVAO is an important step towards
understanding the role of aerosols in ocean atmos-
phere interactions especially in the tropical Northeast
Atlantic.

At the standard collection height of 32 m at
the CVAQ, the long term mean of sea salt and total
PM10 aerosol were 11 ug/m3 and 47 pg/ms, respec-
tively, of which Saharan dust made up 55% of the
PM10 mass. Secondary ionic species, elemental
carbon, organic matter and water completed the
particle constitution. Seasonal variations were found
for aerosol mass, dust, nss-sulfate, EC, OM and
ammonium. The highest sulfate concentrations were
strongly connected to Saharan dust events but not all
dust events were responsible for the elevated sulfate
concentrations. When air mass containing dust did
not have contact with anthropogenic SO, pollution
sources, the nss-sulfate was not elevated and vice
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versa. During the dust season marine sources of
nss-sulfate played a minor role. The averaged nss-sul-
fate concentration in winter marine air masses was
0.47 + 0.31 pg/me while for the dust days the aver-
aged nss-sulfate concentration was 2.46 + 1.05 pg/ma.
The strong increase in sulfate concentrations during
the dust events is indicative of anthropogenic activi-
ties in Africa that influences the aerosol constitution.
Marine precursors could explain about 40 + 20 % of
the observed nss-sulfate during the non-dust periods.
Nitrate concentrations, however, never showed a
strong seasonal trend as shown on Fig. 3. A slight
increase in the nitrate concentrations (about 20%)
was often observed in the summer except during
2008 where a strong decline in nitrate concentrations
from January to December was found. Ammonium
and oxalate were often correlated with chlorophyll A,
which suggests that ammonia and oxalic acid had
also marine precursors in this environment. A distinct
seasonality was observed for the halogenide deple-
tion with the minimum in winter due to the occurrence
of Saharan dust events and the lower irradiation inten-
sity in non-dust periods. Chloride depletion varied
between 10% and 35%. The observed strong annual
and seasonal variation of the aerosol constitution
provides useful information about the type of atmos-
pheric nutrient deposition and the ocean responds

to this deposition over the past years. Such investi-
gations are valuable as they provide relevant back-
ground knowledge for understanding the role of the
atmosphere and the ocean in the longt-term global
climate.
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Fig. 3: Time series of PM,, mass concentration, nitrate, sulfate, elemental and organic carbon on filter samples from the CVAO tower (2007-2013).

Aerosol iron and trace metals at the CVAO.
Measurements of trace metals and of important
macronutrients such as iron were performed on
aerosol particles collected at the CVAO. Iron, amongst
others, is a key nutrient for marine organisms such
as planktons and its supply to the open oceans is
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mainly through atmospheric deposition of mineral
dust. Saharan dust being the major source of mineral
dust is thus the main source of mineral nutrients to
the north-eastern Atlantic Ocean. The quantification
of atmospheric iron provides useful information on
the assessment of the role of mineral nutrient on the
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bio productivity of marine organisms in this region.
Though the total amount of iron deposited to the
ocean is required, the most essential factor, however,
is the amount of soluble iron that is made bioavailable
to microorganism upon deposition onto the oceans.
The soluble composition is known to vary depending
on aerosol composition and atmospheric chemical
processes. Different studies have suggested that
processes involving organic complexation combined
with photochemistry [Hand et al., 2004; Zhuang et
al., 1992; Schroth et al., 2009] and cloud processes
[Deguillaume et al., 2005; Hand et al., 2004;
Desboeufs et al., 2001] in the atmosphere modify
iron solubility of desert dust [Boyd, 2007; Chen and
Siefert, 2004]. These processes often relate to the
photochemical reduction of iron (lll) to iron (ll), due to
the higher solubility of iron (Il) compounds in compari-
son to the iron (Ill) compounds. Thus, evaluation of
the various forms of soluble iron provides a more
detailed understanding in the role of atmospheric
processes towards iron solubility and bioavailability.
During intensive campaigns lasting up to six
weeks, both sized resolved and bulk aerosol PM,;
samples were collected at the CVAO to determine
the concentration of total and soluble iron and other
trace metals. The measurements were performed with
total-reflection x-ray fluorescence and ion chromato-
graphy techniques for the total and soluble trace metal
content, respectively [Fomba et al., 2015]. Figure 4
shows the size distribution of iron during a winter
field campaign in 2012 at the CVAO. The iron mass
concentration varied between 0.06 and 32 pg/m?3
with an average concentration of about 3.2 pg/m?3
observed. The average aerosol mass concentration

during the period of Saharan dust storms was about
780 pg/msa. Iron was mainly observed in the coarse
mode aerosol particles mainly due to the high influ-
ence of Saharan dust especially during the period of
the 2nd to the 10th of February where a Saharan dust
storm was observed. A similar size distribution was
found for all other trace metals of crustal origin such
as Al, Mn, Ti, and Ca. For trace metals such as V, Zn,
Pb and As they were mainly found in the fine mode
aerosol particles due to their predominantly anthro-
pogenic origin [Fomba et al., 2013]. During days of
Saharan dust storms their size distribution, however,
shifted toward the coarse mode due to likely conden-
sation on larger particles.

Soluble iron was investigated in different pH
solutions including acetate buffer solution at pH 4.5
to mimic atmospheric relevant conditions regarding
to cloud water and pH 5.5 in deionized water. The
solubility shows a strong dependency on the solu-
tion’s pH with higher soluble iron observed at lower
pH. Iron solubility varied from 0.02 to 0.9% and from
0.02 to 2.5% in deionized water and acetate puffer,
respectively. Figure 5 shows the temporal variation
of the soluble iron content in both deionized water
and acetate butter solutions. High soluble iron was
observed during periods of less Saharan dust. During
periods of Saharan dust storms iron solubility tends
to be lower, especially at higher pH. A comparison of
iron solubility data with anthropogenic trace metals
such as Pb and Ni revealed that higher soluble iron
content was related to days of elevated concentra-
tions of Pb and Ni in the aerosol sample. The higher
soluble composition was, therefore, caused by the
influence of iron form anthropogenic activities such
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Fig. 5: Temporal variation of fractional soluble iron trace metal concentration in pH 5.5 (deionized water) and pH 4.5 (acetate buffer) during winter

2012.

as combustion sources. However, soluble iron was
mainly found in the iron (Ill) state with less than 10%
of the soluble iron present in the iron (Il) state. The pH
dependence of trace metals such as Mn, Zn and Cu
was similar to that of iron with higher soluble content
observed at lower pH.

SOPRAN-Modelling. The mineralogical and
microphysical properties of Saharan dust that is
transported to the tropical Atlantic depends on the
source region, while the modification of dust surfaces
by heterogeneous chemical processes depends on
the transport pathway of the dust particles. Satellite
retrievals can be used to localize dust sources and
to quantify dust loads over ocean surfaces and to
estimate dust deposition. However, for quantification
of dust fluxes and clarification of transport trajecto-
ries numerical models of the dust cycle are needed.
While global-scale dust models provide information
about averages and spatiotemporal variability of dust
patterns, regional scale models that are driven by
forecast or re-analysis fields are suitable to investigate
dust transport for specific meteorological situations.
Due to inherent uncertainties in such models they
must be validated with in-situ observations.

Active dust sources are identified from infrared
(IR) dust index images calculated from bright-
ness temperatures obtained from SEVIRI (Spin-
ning Enhanced Visible and InfraRed Imager, flying
on-board the geostationary Meteosat Second Gen-
eration satellite) observations [Schepanski et al.,
2012]. The seasonal cycle of dust source activations
over North Africa (Fig. 6) is characterized by different
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meteorological conditions: In the northern hemisphere
winter (December - February), dust source activation
(DSA) is dominantly driven by nocturnal low-level jets
(LLJs) that provide surface wind speeds sufficiently
high for dust entrainment during their degradation

by the onset of turbulence after sunrise. In particular
dust sources located in the Bodélé depression and
dry desert valleys (wadis) in the foothill regions of
the Saharan mountains are activated at 30-50% of
the days. In spring (March - May) dust emission is
still dominated by LLJs, but in the northern Sahara
Mediterranean cyclones cause substantial dust emis-
sion as well. Continental scale dust fronts initiated

by density currents result in large dust outbreaks
over the tropical North Atlantic with low, near surface
transport height within the lowest 2 km of the atmos-
phere. Dust source activation activity during summer
(June - August) is shifted toward the Western Sahara.
In addition to LLJ favouring DSA, Haboobs and cold
downdrafts initiated by deep convection result in DSA
in summer. In general, the lowest DSA frequencies
occur in fall.

While the satellite retrievals allow a localization of
dust source regions and characterization of seasonal
changes, dust emission fluxes and transport are
computed with the regional model system COSMO-
MUSCAT [e.qg., Tegen et al., 2013]. The model system
consists of the regional-scale meteorological model
COSMO of the German Weather Service (Deutscher
Wetterdienst, DWD) and the MUItiScale Chemistry
Aerosol Transport Model (MUSCAT) [Wolke et al.,
2012]. For the dust model application the domain
includes the major part of the Sahara desert and
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Fig. 6: Spatial distribution of dust source regions inferred from MSG SEVIRI IR dust index images for winter (a) and summer (b) 2008. The color
bar shows dust source activation frequency in a grid cell representing a dust source. Contour lines represent the orography given at 200 m
intervals. Overlaid wind vectors taken from the ERA-Interim re-analysis data set illustrate the seasonal mean wind indicating main transport
directions. As dust is transported at lower levels during winter compared to summer, winds at 925 hPa are shown for winter, and winds at 600 hPa
are shown for summer as being representative for the main dust transport direction. The Cape Verde Atmosphere Observation (CVAO) station is

indicated by a red circle.

parts of the Tropical Atlantic including the Cape Verde
islands. The model operates with 28 km horizontal
grid resolution and 40 vertical layers. Dust emission,

transport, and deposition are simulated using me-

teorological fields from COSMO, considering the
direct dust radiative effect on atmospheric dynamics.
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The location of potential dust sources derived from
Meteosat Second Generation satellite observa-
tions are used to mask out areas where DSA is not
observed. The model transports dust as a passive
tracer in five independent size classes between
0.1 pm and 25 pm radius. Dry and wet deposition
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processes depending on particle size, density and
relevant meteorological parameters cause removal of
dust particles.

Saharan dust transport and deposition into the
tropical North Atlantic Ocean were simulated for indi-
vidual events and for the full time period from January
2007 until February 2009. The model results were
evaluated with in situ aerosol measurements, satellite
dust indices and sun photometer measurements that
are routinely taken at the Aerosol Robotic Network
(AERONET) stations. Model results show generally
a good agreement with the observations, but fail to
reproduce dust emissions in the vicinity of moun-
tainous terrain [Tegen et al., 2013]. The model results
provide spatiotemporal context to the measurements
of microphysical and chemical properties at the CVAO
[Niedermeier et al., 2014].

Dust fluxes towards the ocean surfaces are
controlled by dry and wet deposition processes. Dry
deposition of dust particles is caused by gravitational
settling and turbulent mixing on to the surface, while
wet deposition is caused by the removal of atmos-
pheric dust by precipitation. Deposition fluxes depend
on the particle size, their density and meteorological
conditions along the transport trajectory into the area
where dust is deposited. After long-range transport
from the Saharan sources the size distribution does
not vary with time to a large extent, highlighting the
importance of meteorological processes for dust
deposition. In the Cape Verde region, dry deposition
processes of dust dominate during most of the year.
This is most pronounced in the northern hemisphere
winter, as Saharan dust transport in the winter months
occurs in the boundary layer below 2 km height. The
dust layer often extends down to the surface, which
enhances dry deposition fluxes by turbulent mixing
processes. In contrast, in the northern hemisphere
summer, dust transport occurs above the marine
boundary layer at 3-5 km height and dry deposition
events over the ocean are related to the sporadic
occurrence of sinking of air masses containing dust.
During the northern hemisphere summer season
deposition fluxes in the Cape Verde region are lower
than in the winter months, when dry deposition fluxes
can reach 200 mg/m? per month. The comparison of
dry dust deposition fluxes in the month of January in
several years is illustrated in Fig. 7 for the years 2007
to 2009. Dust deposition at the Cape Verde station
can be influenced by the dust transport patterns as
well as the location and strengths of activated dust
sources.

Regional models provide a spatiotemporal
context to measurements at individual stations. Dust
transport direction can be reproduced well in models
that rely on meteorological fields from re-analyses
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Fig. 7: COSMO-MUSCAT model results of dust dry deposition flux in
the Western Sahara and the tropical north Atlantic in January in the
years 2007, 2008 and 2009. The symbol ‘CV’ indicates the location of
the CVAO.

such as COSMO-MUSCAT. However, the simula-
tion of the location of dust source regions and the
correct placement and magnitude of dust emission
fluxes remains problematic in large-scale models.
Higher resolved models and better descriptions of
soil properties will help to determine the location and
processes of dust emissions. This will also support
evaluations of connections between mineral proper-
ties of soils in dust source regions and the deposition
of minerals that serve as micronutrients in the tropical
North Atlantic Ocean.

Oceanic export of organic matter. In several

marine field campaigns aerosol particles and the sea
surface microlayer (SML) - that is the direct interface
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between ocean and atmosphere - were sampled

and analysed for the chemical composition. Appro-
priate sample preparation methods were developed
aiming at an enrichment of the target analytes and
an elimination of the matrix [van Pinxteren et al.,
2012]. The results of sea water analysis (SML and
bulk water) from the southern Baltic Sea suggest that
different compound groups within the broad chemi-
cal class of nitrogen containing organic compounds
and carbohydrates show very different behavior with
respect to water concentrations and enrichment in
the SML. Generally amines and amino acids tend to
be enriched in the SML, whereas for dissolved carbo-
hydrates a trend towards depletion was observed.
The characteristics of the different compound classes
were found to be in strong correlation to bacterial
activity and meteorological conditions [van Pinxteren
etal., 2012].

Two atmospheric relevant organic compounds
were studied in more detail during SOPRAN llI; the
alpha-dicarbonyls glyoxal (GLY) and methylglyoxal
(MGLY). These compounds have attracted increasing
attention over the past years because of their poten-
tial role in secondary organic aerosol formation.

To date, there are few available field data of these
compounds in the marine area. During SOPRAN Il

measurements of GLY and MGLY in seawater and
marine aerosol particles sampled during a transat-
lantic Polarstern cruise could be achieved. The results
show that GLY and MGLY are present in the SML
and corresponding bulk water with concentrations in
the nmol range. Significant enrichment (factor of 4) of
GLY and MGLY in the SML was found implying photo-
chemical production of the two carbonyls however, a
clear connection to global radiation was not observed.
On aerosol particles, both carbonyls are strongly
connected to each other, suggesting similar forma-
tion mechanisms. Both carbonyls show a very good
correlation with particulate oxalate, supporting the
idea of a secondary formation of oxalic acid via GLY
and MGLY. A slight correlation of the two carbonyls
in the SML and in the aerosol particles was found at
co-located sampling areas. In summary, the results of
GLY and MGLY in marine aerosol particles and in the
oceanic water gave first insights towards interaction
processes of these alpha dicarbonyls between ocean
and atmosphere [van Pinxteren and Hermann, 2013].
A detailed chemical investigation and qualitative
classification of main sources of submicron aerosol
particles was performed during the RV MARIA S.
MERIAN cruise MSM 18/3 that passed through
equatorial upwelling areas (Fig. 8). Chemical analysis
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Fig. 8: Cruise track of the MERIAN MSM 18/3 cruise from Cape Verde to Gabon. The light blue line represents Region | (mainly marine-influenced
aerosol particles), the dark blue line represents Region Il (marine- and biomass burning-influenced aerosol particles) and the brown line
represents Region Il (strongly biomass burning-influenced aerosol particles).
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included the determination of important secondary
organic aerosol compounds (methane sulfonic acid,
amines, carbonyl compounds and oxalic acid) as well
as n-alkanes and related compounds. The combina-
tion of the chemical information with meteorological
and biogeochemical parameters resulted in the iden-
tification of three main regimes being dominated by
varying marine and anthropogenic (biomass burning)
influences. The high concentrations of water-insoluble
organic carbon along the cruise suggest upwelling
influences on the local aerosol composition; however,
due to strong external influences from biomass
burning, a quantitative effect couldn’t be ascertained
from these measurements. Altogether, this cruise
served as a case study for elucidating marine and
anthropogenic influences on the chemical composi-
tion of aerosol particles in the equatorial ocean [van
Pinxteren et al., 2015].

In the very last part of the SOPRAN Il project,
aerosol particles were studied in the joint SOPRAN
laboratory campaign in the wind-wave-channel
AEOLOTRON in Heidelberg. 20.000 litre of seawater
were filled in the AEOLOTRON and - during different
wind and light conditions - the produced particles
were sampled with a filter sampler. The dependence
of the transfer of organic matter from the ocean to
the atmosphere regarding environmental param-
eters could therefore be studied under controlled
conditions. Data analysis is still in progress and will
help to determine differences in aerosol composition
regarding ambient and laboratory produced aerosol
particles.
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Summary and outlook

The CVAO has evolved to an important research
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mental studies in the tropical marine atmosphere.
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phere were investigated and modelled. Seasonal
and interannual variations of dust concentration and
deposition were observed. The size class selective
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Die Untersuchung heterogener Eisbildungsprozesse bei Temperaturen zwischen -40 und 0 °C ist in
vielfacher Hinsicht von groBem Interesse. Zum einen ist bisher noch unvollstidndig erfasst, welche
Prozesse und Partikel unter verschiedenen atmosphéarischen Bedingungen fiir die heterogene
Eisbildung verantwortlich sind. Zum anderen sind Fernerkundungsmethoden zur Erfassung und
Charakterisierung der von heterogenen Eisbildung beeinflussten Mischphasenwolken bisher nur
spérlich verfigbar und existierende Methoden mit groBen Unsicherheiten verbunden.

Zur Evaluierung neuer unter Mitwirkung des TROPOS entwickelter und angewendeter Fernerkun-
dungstechniken wurde im Herbst 2014 das ACCEPT (Analysis of the Composition of Clouds with
Extended Polarization Techniques) Feldexperiment in Cabauw, NL, in Kooperation mit nationalen
und internationalen Partnern durchgefiihrt. Zentraler Bestandteil der Kampagne war der erstmalige
Einsatz eines in Kooperation von TROPOS und Metek GmbH entwickelten hybrid-mode 35-GHz
Wolkenradars vom Typ MIRA-35, das die Bestimmung von Form und Orientierung von neugebildeten
Eiskristallen erlaubt. Kenntnis der Partikelform ist eine wichtige Grundlage fiir die Interpretation
mikrophysikalischer Ablaufe im Lebenszyklus von Mischphasenwolken und fiir die Bestimmung
von PartikelgroBenverteilungen aus mit Wolkenradaren gemessenen Doppler-Spektren, die Informa-
tion tiber die Fallgeschwindigkeit der beobachteten Hydrometeore enthalten. Basierend auf den
ACCEPT Messungen wurde die Langzeitstabilitdt der Messungen des neuen Wolkenradars demons-
triert und gezeigt, dass die Form der in diinnen unterkiihlten Flissigwasserwolken gebildeten
Eiskristalle mit Labormessungen vergleichbar ist. Die Informationen zur Partikelform wurden zudem
verwendet, um die mikrophysikalischen Prozesse in Eiskristallen auf ihrem Weg entlang eines Fall-
streifens zu dokumentieren und eine AnzahlgréBenverteilung von Eiskristallen aus einem mit einem
Wolkenradar gemessenem Dopplerspektrum zu ermitteln. Die erzielten Ergebnisse demonstrieren
die Eignung der entwickelten Techniken fiir zukiinftige SchlieBungsexperimente zwischen Eiskeim-
und Eiskristallkonzentrationen.

Introduction

Mixed-phase clouds are frequently observed
in the atmospheric temperature range between -40
and 0 °C where water droplets and ice crystals can
coexist. The formation and composition of these
mixed-phase clouds, i.e., the partitioning of liquid
water and ice, plays a crucial role in the formation of
precipitation and in the cloud radiative effect. To which
extent liquid water or the ice phase contributes to the
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composition of a mixed-phase cloud strongly depends
on environmental conditions, such as temperature
and humidity, and on the properties of the available
ice nucleating particles (INP) which are required to
initialize the formation of a crystal at temperatures
between -40 and 0 °C, the so-called heterogeneous
freezing range.

On the one hand, it is of great interest to char-
acterize the initialization of the ice phase in the
heterogeneous freezing range. This has been done
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at TROPQOS either by means of laboratory studies
with the Leipzig Aerosol and Cloud Interaction Simu-
lator (LACIS) or based on remote-sensing obser-
vations with lidar or cloud radar or both. From the
laboratory-based studies the relationship between
the microphysical properties of INP and their ice
formation activity can be derived in detail [Hartmann
et al., 2013; Augustin-Bauditz et al., 2014]. From

such investigations it is meanwhile well known that
each aerosol type contributes to heterogeneous ice
formation with different efficiency, depending on the
particle chemical composition and size as well as
atmospheric temperature and humidity. The effect of
regionally and seasonally varying aerosol conditions
on the heterogeneous formation of ice in the atmos-
phere has been investigated at TROPOS by means of
remote-sensing observations with lidar. It was found
by Seifert et al. [2010] that ice forms more frequently
at temperatures above -20 °C when Saharan dust

is present at cloud level. In the presence of volcanic
ash all clouds observed at temperatures below -15 °C
contained ice [Seifert et al., 2011]. By contrasting lidar
observations at southern and northern mid-latitudes
Kanitz et al. [2011] concluded that heterogeneous

ice formation is much less efficient in the southern
hemisphere which is likely caused by the considerably
lower aerosol concentrations available there. A varia-
tion of heterogeneous ice formation efficiency caused
by different aerosol conditions was also observed in
the region of the Amazon Basin [Seifert et al., 2015].
There, ice formation was found to be much more effi-
cient during the dry season when aerosol particles
related to biomass burning are present throughout
the troposphere which is not the case during the wet
season. In addition, the lidar-based observations
confirmed that ice formation at temperatures above
-25 °C in general occurs via the liquid-phase, i.e.,
heterogeneous ice nucleation is initialized within or on
the surface of supercooled liquid droplets [Ansmann
et al., 2008].

On the other hand, the evolution of the ice phase
after the initial heterogeneous formation of ice crys-
tals is of strong interest in order to examine how the
properties of INP relate to the cloud microphysical
properties under different atmospheric conditions.
First approaches to quantify heterogeneous ice
formation based on remote-sensing observations at
TROPOS have been presented recently by Bdihl et
al. [2013] who demonstrated that heterogeneous ice
formation in shallow clouds with top temperatures
above -10 °C in general produces low ice water
contents in the order of 108 to 106 kg/m3. Neverthe-
less, a multitude of processes can occur during the
mixed-phase cloud life cycle, each of them affecting
shape, size, and number concentration of the formed
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ice crystals. In order to characterize the evolution of

a mixed-phase cloud, observational techniques are
required to constrain the retrieval of the mentioned
quantities. E.g., to derive the relationship between the
concentrations of INP concentration and formed ice
crystals, secondary ice formation and ice multiplica-
tion processes need to be absent which potentially
can be validated based on observed shape, size, and
number of the ice crystals.

Combined active remote sensing with lidar and
cloud radar as it is comprised within the Leipzig
Aerosol and Cloud Remote Observations System
(LACROS) operated by TROPOS is a promising
approach to obtain new insights into mixed-phase
clouds. To demonstrate this potential, the mobile
components of LACROS were deployed in the Analy-
sis of the Composition of mixed-phase Clouds with
Extended Polarization Techniques (ACCEPT) field
experiment at the Cabauw Experimental Site for
Atmospheric Research (CESAR), The Netherlands, in
Fall 2014. The ACCEPT experiment was an initiative
of TROPOS that was realized within a consortium
of Delft University of Technology (Delft, The Neth-
erlands), Ludwig-Maximilians Universitat Miinchen
(Munich, Germany), Metek GmbH (Elmshorn,
Germany), and the Royal Netherlands Meteorological
Institute (KNMI, De Bilt, The Netherlands).

Within this article, we provide first an overview on
motivation and implementation of the ACCEPT field
campaign, followed by a presentation of the attempts
taken by TROPOS to shed light on the microphysical
properties of shallow mixed-phase cloud layers.

ACCEPT field experiment

Motivation. The synergy of cloud radars with
other active and passive sensors, in particular lidars
and microwave radiometers, provides a great potential
for the development of novel retrieval techniques to
get reliable and robust estimations of cloud properties.
Hereby, lidar provides information on the location of
liquid layers within optically thin clouds. Such layers
can influence the size, shape, and density of ice
crystals falling through them, for instance via riming.
Thus, the information about the exact location of
supercooled water layers is important for the inves-
tigation of the evolution of ice phase in mixed-phase
clouds. Cloud radars feature Doppler capabilities,
which provide a Doppler spectrum that contains the
information of the fall-velocity spectrum of observed
cloud hydrometeors convolved by contributions of
atmospheric motions for every detected range gate.
Based on the cloud radar Doppler spectra and
known size-terminal-velocity relations for different
particle habits, the number size distribution of cloud
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Tower site

CESAR Equipment
1: 35-GHz cloud radar
2: TARA 3-GHz radar

4: Leosphere 355-nm lidar
5: Microwave radiometer HATPRO
6: 1-GHz wind profiler

TROPOS Equipment

7: OCEANET Container (at tower site)
7a: Polly*T lidar
7b: All-Sky camera
7c: Vaisala RS92 radiosonde station

8: LACROS Container
8a: Hybrid-mode MIRA-35 cloud radar
8b: Microwave radiometer HATPRO
8c: Optical disdrometer OTT Parsivel?
8d: Ceilometer Jenoptik CHM15kx
8e: HALO Streamline Doppler lidar

9: LDR-mode MIRA-35 cloud radar

Fig. 1: Instrumental setup at the CESAR observatory during the ACCEPT field experiment.

hydrometeors can be derived. One of the important
issues within this approach is an accurate estimation
of ice crystal habit [Shupe et al., 2008]. It is widely
considered that the ice particle shape is the largest
source of error in existing size and number concen-
tration retrievals based on combined lidar and radar
vertical observations. Information about the shape
of ice crystals is a prerequisite for the determination
of size and mass of ice crystals, because the shape
determines the relationship between measured
particle fall velocity and the unknown particle size.
Additionally, the accurate estimation of the particle
number size distribution implies mitigation of air
motion influence from radar Doppler spectra, which is
another problem to solve.

In order to improve techniques for phase detec-
tion and estimation of crystal shape at all stages, from
cloud formation to the precipitation of ice particles
TROPOS started the initiative to realize the ACCEPT
field experiment to bring together state-of-the-art
cloud remote sensing instruments at one location.

Beside technical aspects concerning the cloud
radar evaluation, the measurement campaign
included the following broad list of scientific objectives,
concerning shallow mid- and high-level cloud layers:

* Analyse the effects of ambient temperature and

humidity on the shape and size of formed ice
crystals.
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¢ Develop radar-based algorithms for the detection
of liquid layers in mixed-phase clouds.

* Investigate the evolution of microphysical prop-
erties of ice phase in multi-layered mixed-phase
clouds.

¢ Study the impact of increased concentrations
of ice nuclei on microphysical properties of ice
crystals.

e Demonstrate the potential of size-distribution-re-
trieval based on combined lidar and cloud radar
observations.

e Evaluate the inter-calibration of the deployed
radar systems.

Experiment. The ACCEPT field experiment
was conducted between 7 October and 17 November
2014 at the CESAR observatory (51.971° N, 4.927° E)
in the Netherlands. The instruments deployed during
ACCEPT at the CESAR site are shown in Fig. 1. A
photograph of the site setup is shown in Fig. 2. Core
instrumentation provided by TROPOS were the
vertically pointing linear-depolarization-ratio (LDR)
mode 35-GHz cloud radar MIRA-35 (9 in Fig. 1), the
Humidity and Temperature Profiler (HATPRO) Micro-
wave radiometer (8b in Fig. 1), the HALO photonics
Streamline Doppler lidar (8e in Fig. 1), and the
multi-wavelength Raman polarization lidar PollyXT
(7a in Fig. 1). In addition, TROPOS rented a newly
developed 35-GHz cloud radar from Metek GmbH
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Fig. 2: Photograph of the instrumental setup during the ACCEPT field experiment as seen eastward from location 6 in Fig. 1.

(8a in Fig. 1) that was operating in the so-called
simultaneous transmit simultaneous receive (STSR)
mode, which is in the following referred to as hybrid-
mode MIRA-35. This cloud radar was developed and
implemented in the frame of the European Union
project ITaRS (Initial Training for Atmospheric Remote
Sensing) within a cooperation between TROPOS and
Metek GmbH and is described in more detail below.

The reason for choosing CESAR site for the
ACCEPT field experiment can be seen in the exten-
sive list of already available instruments. At the
CESAR observatory, the 3-GHz radar TARA (2 in
Fig. 1) is operated to retrieve particle shape of large
precipitation particles. At this frequency, the signal
is not contaminated by reflection from supercooled
water droplets and is not attenuated, providing direct
information on ice crystal properties even for opti-
cally thick clouds. However, at such a frequency,
freshly formed particles cannot be detected because
the instrument is not sensitive to them. Therefore,
TARA provides complementary information to the
35-GHz cloud radar observations of TROPOS that
are obtained at a much shorter wavelength and thus
allow to detect and characterize even freshly formed
ice particles in optically thin clouds but suffer from
attenuation and sensitivity to liquid water that affect
the radar output for optically thicker clouds.

In addition, co-located measurements of the
5° off-zenith pointing polarization-lidar Polly*T of
TROPOS enable the detection of layers of horizon-
tally aligned planar crystals causing specular reflec-
tions which affect only the signal measured with the
zenith-pointing CAELI (3 in Fig. 1) operated by KNMI
at the CESAR site.

In addition to the instruments operated at
CESAR and the ones deployed by TROPOS and
Metek GmbH, an ice halo imaging camera and
Sun-Sky Automatic Radiometer (SSARA) were set
up and operated by Ludwig-Maximilians-Univer-
sitat (LMU), Munich, Germany. These instruments
were located on a roof platform at KNMI in De Bilt,
30 km northeast of CESAR observatory. That loca-
tion was chosen in order to relate the properties of
halos produced in ice clouds observed with passive
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methods at the KNMI site to the remotely sensed
particle properties above the CESAR site. A good
overlap of the observations was expected for after-
noon times when, due to the position of the Sun, the
halos seen from De Bilt are actually formed approxi-
mately above the CESAR site.

Observations of particle habit with hybrid-
mode cloud radar MIRA-35

The principle of particle shape detection with
scanning cloud radar is illustrated in Fig. 3 that shows
the apparent axis ratio of a spherical and oblate
particle observed as a function of the elevation angle
of the radar antenna. The elevation dependency of the
axis ratio translates into an elevation dependency of
polarimetric variables such as differential reflectivity
(ZDR) and correlation coefficient (p,,). Tracking the
angular changes in ZDR and p,,, it is possible not only
to classify the particle shape but also to quantitatively
characterize the orientation of observed ice crystals.
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Fig. 4: Elevation dependencies of modeled (a) ZDR and (b) p,,, for strongly oblate (axis ratio << 1), strongly prolate (axis ratio>>1), and spherical
(axis ratio of 1) solid ice particles. Particles are assumed to be oriented near horizontally with the degree of orientation of 0.99. The figure is based
on look-up tables given in Myagkov et al. [2015b].
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Fig. 5: Height-time cross-sections of (a) equivalent radar reflectivity factor Z,, mean (b) and standard deviation (c) of polarizability ratio p,, mean
(d) and standard deviation (e) of degree of orientation p, taken during the ACCEPT field experiment on 20 October 2014. The equivalent radar
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TROPOS Biennial Report 2014/2015 45



P. Seifert et al.: ACCEPT campaign: Tracing mixed-phase cloud microphysical properties with Doppler-polarimetric cloud radar and lidar

In order to measure ZDR and p,,, which are widely
used in polarimetric weather radars but still rarely
registered with cloud radars a new cloud radar with
scanning ability was developed based on a typical
LDR-mode cloud radar of type MIRA-35 [Gdrsdorf

et al., 2015]. The new radar was built and tested in
collaboration between TROPOS and METEK GmbH
within the ITaRS project. Technical details on the
hybrid-mode cloud radar are given by Myagkov et

al. [2015a]. During the ACCEPT campaign elevation
scans were performed between 60° off-zenith and the
zenith direction to observe the elevation depeden-
cies of differential reflectivity ZDR and the correlation
coefficient p,,,. The applicability of the two parameters
for the shape determination is described in Fig. 4

that illustrates differences in modeled polarimetric
variables for oblate, prolate, and spherical solid ice
particles. Summarizing, ice particles of different habits
have distinct polarimetric scattering signatures that
are utilized in the retrieval.

The retrieval algorithm involves two steps. First,
using modeled and measured elevation dependen-
cies of ZDR and p,,, ice particles are classified as
either oblate, e.g., plate-like crystals or dendrites, or
prolate, such as columnar shaped crystals. Second,
at a certain altitude mean and standard deviation of
the two parameters polarizability ratio p, and degree
of orientation p, are estimated from ZDR and p,,, for
every elevation angle in the range from 30 to 60°,
where 90° elevation corresponds to the zenith direc-
tion. The polarizability ratio p, depends on shapes and
dielectric properties of scatterers, while the degree of
orientation p, characterizes the width of the orienta-
tion angle distribution of all particles in the observed
volume. It is assumed that the mean orientation of ice
particles is horizontal.

In Fig. 5 the application of the algorithm to a
complex cloud system observed during the ACCEPT
field campaign is presented. Amongst other smaller
features, three different main ice particle habits can
be distinguished within this measurement. Between
13:30 and 14:30 and from 17:00 to 17:45 UTC rather
isotropic particles, i.e. having either a shape close
to spherical or low apparent ice density, occurred
that have a polarizability ratio of close to unity and a
degree of orientation of close to zero. This indicates
a preferred horizontal orientation. Between 15:30
and 17:00 the polarizability was low and the degree
of orientation rather high, pointing to the presence
of horizontally aligned plate-like crystals. It can in
addition be noted that the polarizability ratio in this
time range increases from cloud top to cloud base,
indicating that the particles become less dense and/
or turn more spherical, as it is the case during aggre-
gation of snow flakes.
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Prolate ice crystals, e.g., columnar or needle-
shaped ice particles occurred between 18:10 and
19:10 UTC. During this time period, the polarizability
ratio was very high whereas the degree of orientation
was low, indicating that the particles were oriented
along their long axis.

The shape of ice crystals at the top of mixed-
phase clouds

A direct verification of the shape and orienta-
tion retrieval developed by Myagkov et al. [2015]
based on in-situ measurements of ice crystals was
not possible for the ACCEPT campaign, due to the
absence of respective observations. Nevertheless,
an indirect validation was performed on the basis of
existing shape-temperature relationships obtained in
laboratory studies summarized by Fukuta and Taka-
hashi [1999]. The authors present the axis ratio and
apparent density of ice crystals that formed at liquid
water saturation as a function of temperature. The
respective dataset is shown in Fig. 6. The apparent
density accounts for the reduction of density due to
inclusions of air in the spheroid defined by the axis
ratio.

From the given relationships of axis ratio and
apparent density, the corresponding value of the
polarizability ratio p_ can be calculated, as is shown
in Fig. 7. This enables an intercomparison between
the polarizability ratios obtained from the laboratory
studies and the ones measured during the ACCEPT
campaign. This was done based on 22 cloud layers
observed during the campaign periods. Strict selec-
tion criteria were applied to the dataset. E.g., only
cloud layers were analysed where the ice formed
within supercooled liquid layers and the datapoint
closest to the cloud top region was used for compari-
son in order to minimize possible influences of effects
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Fig. 6: Axis ratio of ice crystals formed in a cloud chamber at liquid
water saturation as a function of apparent density and temperature.
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Fig. 7: Polarizability ratio as a function of geometrical axis ratio and
apparent density.

such as crystal sublimation, aggregation, riming or
splintering.

The result of the intercomparison is shown in
Fig. 8. Whereas the blue circles depict the laboratory
measurements, red circles show the measurements
during the ACCEPT campaign with corresponding
error bars. At all temperatures, a striking agreement
between the polarizability ratios derived during
ACCEPT and from the laboratory studies is visible. In
addition the approximate primary shapes derived from
the cloud-radar observations are depicted for different
temperature regions. Prolate, e.g., needle-shaped
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Fig. 8: Temperature dependence of polarizability ratios for ice crystals
grown in the free-fall chamber (blue filled circles) and for ones located
close to tops of mixed-phase clouds, retrieved from hybrid-mode
MIRA-35 (red filled circles).
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crystals, dominate at temperatures between -3 and
-7 °C. Rather isometric particles occur at -8 to -10 °C.
Between -13 and -17 °C oblate crystals such as
dendrites are formed whereas crystals are rather
isotropic at temperatures below -20 °C.

The intercomparison highlights that the shape of
crystals that are formed in shallow supercooled liquid
layers agrees very well to the pristine shapes of ice
crystals formed at comparable temperatures in the
laboratory.

Assessing ice particle growth processes from
Doppler spectra

To gain insight into microphysical processes
occurring in different layers in mixed-phase clouds,
we can analyze the temporal evolution of the radar
Doppler spectrum from cloud top to cloud base. As
already highlighted by Marshall [1953] and shown
for a snow fall case study by Kalesse et al. [2015], in
situations when vertical wind shear is observed, we
should track the evolution along slanted fall streaks
instead of considering vertical profiles. The slope of
the fall streaks is determined from the horizontal wind
profile (obtained from azimuthal scans of the hybrid-
mode MIRA-35) and the mean Doppler velocity profile
of the vertically-pointing MIRA-35 for which data is
presented in this section.

For the time period around 16:15-16:45 UTC
shown in Fig. 5, a typical slanted range spectrogram
(i.e., the cloud radar Doppler spectrum evolution
along a fall streak) is shown in Fig. 9a. Ice particles
generated near cloud top at a temperature of -15 °C
are falling through a liquid layer which was detected
by the Polly*™ Raman lidar between 4.2-4.6 km height.
Below liquid base an increase in Doppler velocity (V)
is observed. Looking at a single Doppler spectrum
below the supercooled-liquid layer shown in Fig. 9b
we do see a bimodal distribution with a slower and
a faster ice mode. Velocities in the faster mode are
on the order of 1.5 m s which point towards riming.
The temperature range in the supercooled-liquid layer
was -8 to -10 °C, which is where riming often occurs.
However, it should be noted that the Doppler veloci-
ties shown are not corrected for up- and downdrafts
which could shift the whole Doppler spectrum by a
considerable amount up- or downward.

The shown example of a Doppler spectrum high-
lights the information content of radar Doppler spectra
analysis: While the first moments of the Doppler spec-
trum (radar reflectivity Ze and mean Doppler velocity)
are dominated by the largest ice particles (Ze ~ D),
the spectrum itself reveals the presence of multiple
particle populations.
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Fig. 9: (a) Slanted-range spectrogram along an ice virgae falling from a liquid layer as observed on 20 October 2014 at around 16:30 (see Fig. 5).
(b) Doppler spectrum taken from (a) at a height of 3.6 km. Two falling-particle modes are visible, indicating the presence of multiple particle types.

During the time of observation of the spectra are more randomly oriented there. Here, it should be
shown in Fig. 9, the retrieved ice particle shape is noted that the shown degree of orientation relates
oblate (dendrites). Figure 10a nevertheless shows to the one presented in Myagkov et al. [2015] by the
an increase of polarizability ratio towards cloud base relation (1-p,)/2.
indicating that the shape becomes less oblate and/
or the ice particles become less dense. When riming Determination of the ice crystal size
occurs, the ice particle shape is getting less oblate, distribution
however ice particle density increases. Figure 10b
shows that the degree of orientation changes from The results presented in the previous sections
about 0.2 in the upper part of the cloud, indicating are a prerequisite for the retrieval of particle size
horizontal orientation of the dendrites, to about 0.5 distributions from cloud radar Doppler spectra. In
in the lower part of the cloud meaning the particles Fig. 11 a zoom into the time period from 15:35 to
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Fig. 10: Evolution of particle shape and orientation along a virgae precipitating from a supercooled liquid layer as observed on 20 October 2014
at approximately 16:30 UTC (see Fig. 5). Shown are vertical profiles of (a) polarizability ratio (indicating particle axis ratio) and (b) degree of
orientation (indicating alignment of particles).
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Fig. 11: Measured parameters from lidar Polly*™ and cloud radar MIRA-35 on 20 October 2014.The black circle denotes the region for which the ice
microphysical properties are presented in Fig. 12.

102 ‘ 16:02 of the measurement shown in Fig. 5 is pre-
sented. In Fig. 12a the retrieved number size distri-
bution for the black circle in Fig. 11 is shown. The
retrieval method was formulated by Bdh/ [2015]. The

Integral Values:
N =5000 m*

E

g

(o]

O

E 0%} Ice Mass Flux = 1970 m* s” number size distribution is fixed to a gamma distri-
ZO 02100'5 10 102 107 bution. Width and mean size are derived from the

8 ""M6)  —Particle Mass " Integral Values: shape of the cloud radar Doppler spectrum. Consecu-
€ 0.0151 = -Particle Extinction IWC =5.2e° kgm?® 4 . . . .
s 0= 4.6 km" tively, the spectrum is normalized in a way that the
5 0010 I computed radar reflectivity coefficient corresponds
g 0.0051 1 with the measured one, assuming stellar crystals
= 0.0005 = T 02| @s measured with the hybrid-mode MIRA-35 during

Particle Maximum Diameter [m] the analysed time period (see Fig. 5). In Fig. 12b,

the basic particle properties mass and particle
Fig. 12: Microphysical properties of ice crystals obtained for the region extinction are plotted. It is interesting to see that
encircled in Fig. 11. (a) Number size distribution and resulting particle both quantities show near|y the same dependency
flux. (b) Weighting function for extinction coefficient alpha (red) and ice onp article maximum diameter, prob ably, due to the
water content IWC (yellow). .

extremely oblate shape of the stellar ice crystals.
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The total optical extinction coefficient is computed

to validate the resulting number concentration. In

the example shown here, a number concentration of
5000 m? is derived. The resulting flux of ice particles
is 1970 m2 s™'. It is worth noting again that such a
retrieval is only possible with exact knowledge about
particle shape, which has been in our case measured
directly with the new scanning hybrid-mode cloud
radar.

Summary

Based on remote sensing observations
performed during the ACCEPT field experiment we
demonstrate the potential of different retrieval tech-
niques to obtain insights into the microphysical prop-
erties of mixed-phase clouds. Focus of the experi-
ment was set on the operation of and observations
with the newly developed hybrid-mode 35-GHz cloud
radar MIRA-35. It was demonstrated that the new
system provides a continuous, valuable dataset that
enabled for the first time to derive the shape and
orientation of freshly formed, pristine ice crystals.
Only based on this information, Doppler spectra of ice
crystals observed with cloud radar can be converted
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Articles

Results from the Melpitz Column

Experiment

Birgit Wehner, Holger Baars, Johannes Blihl, Sebastian Dising, Bernd Heinold, Michael Jéhn, Konrad

Muller, Patric Seifert, Holger Siebert, Gerald Spindler

Im Frahjahr 2015 fand das Feldexperiment ,Melpitz Saule‘ an der TROPOS-Forschungsstation
Melpitz, ca. 40 km norddstlich von Leipzig statt. Zusétzlich zu den Langzeitmessungen von Aerosol-
partikeln und meteorologischen Parametern, die dort kontinuierlich am Boden durchgefiihrt werden,
kamen mehrere luftgetragene Systeme sowie bodengebundene Fernerkundung der LACROS
(Leipzig Aerosol and Cloud Remote Observations System) Station zum Einsatz, um die atmosphéri-
schen Prozesse in der gesamten Séule zu erfassen. Weiterhin ermdglicht diese komplexe Instru-
mentierung einen Vergleich der verschiedenen Systeme, wie z.B. Fernerkundung und luftgetragene
in-situ Messungen. Dazu werden fiir diese Kampagne vor allem Aerosoldaten, gemessen mit der
hubschraubergetragenen Plattform ACTOS (Airborne Cloud and Turbulence Observation System),
mit den optischen Parametern des Raman Lidars Polly*™ verglichen. Zudem werden in einer fritheren
Kampagne von ACTOS durchgefiihrte hochaufgeléste Messungen und gegen die zeitgleich durch-
gefiihrte Vertikalwindmessung eines Dopplerlidars evaluiert.

Die Einordnung der chemischen Messungen in die lange Zeitreihe zeigt, dass der Zeitraum der
Melpitz Saule verglichen mit anderen Jahren oder auch Jahreszeiten eine sehr saubere Periode
darstellt. Ein Indikator dafiir sind die geringen Konzentrationen von Kohlenstoff (EC/OC), die ein
MaB fiir die anthropogene Verschmutzung sind und in Melpitz vor allem von der Anstromrichtung

abhangen.

Begleitend wurden Ausbreitungssimulationen mit dem regionalen Chemie-Transport-Modell
COSMO-MUSCAT durchgefiihrt. Die Transportmodellierung dient dazu, einen raumzeitlichen Zusam-
menhang der gemessenen Aerosoleigenschaften zu méglichen Quellen und Senken herzustellen.
Zum anderen kénnen Effekte der Partikelalterung und Mischungsprozesse sowie Aerosol-Strah-

lungswechselwirkungen analysiert werden.

Mithilfe von hochaufgeldsten Large-Eddy-Simulationen fiir das Gebiet rund um Melpitz sollen
weitere Informationen beziiglich der zeitlich und raumlich variablen Grenzschichtstrukturen und
Turbulenzentwicklung gewonnen werden. Die meteorologischen Einfllisse auf Partikelneubildungs-
ereignisse und nachfolgende Transportprozesse stehen hierbei ebenfalls im Fokus der Analyse.

Introduction

The Campaign Melpitz Column was performed
from May 4 until July 10, 2015. During this time a very
complex setup of aerosol and boundary layer meas-
urements was installed at the TROPOS measurement
site Melpitz. Besides a detailed aerosol characteri-
zation on ground and ground-based remote sensing,
several platforms performing airborne measurements
were applied to investigate the aerosol distribution in
the whole column (Fig. 1). The combination of several
unmanned aerial systems (UAS), the helicopter-borne
platform ACTOS (Airborne Cloud and Turbulence
Observation System), research aircraft, and a tethered
balloon within one campaign is unique and provides
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a dataset that is subject to ongoing investigations.
First selected results will be presented here together
with results from a former study in Melpitz in 2013.
On the other hand, ground-based measurements of
aerosol particle composition have been performed
over several years and these long time series help to
put the Melpitz Column campaign into a longer time
frame.

In addition to the measurements, regional model-
ling of aerosol transport and large eddy simulations
have been performed which complement the Melpitz
Column 2015 field experiments by providing additional
information on sources and transport processes of
tropospheric aerosol as well as the boundary layer
development.
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during the Melpitz Column campaign were the
multiwavelength Raman-polarization lidar Polly*T, a
35-GHz cloud radar Mira-35, a Doppler wind lidar,
and a microwave radiometer. Data of LACROS is
routinely processed within Cloudnet [/llingworth et al.,
2007]. One of the derived products is the aerosol and
cloud target classification which is shown in Fig. 2

for the whole campaign period. It can be seen that
low clouds, cirrus and precipitation occurred rather
frequent. The in-situ flights of UAV and ACTOS were
performed mainly during periods with little amounts of
clouds as it was the case from 14 to 18 June, and the
period after 24 June, with the exceptions of 27 and 29
June.

Comparison Remote Sensing — Airborne in-

Fig. 1: Schematic of the Melpitz Column Experiment including ground-
based, remote sensing and airborne measurements.

Overview on cloud and aerosol conditions

During the Melpitz Column campaign ground-
based remote-sensing instruments of the Leipzig
Aerosol and Cloud Observations System (LACROS)
was operated continuously on site.

The instrumentation comprised active and
passive remote sensing that spans from optical to
microwave frequencies. Main instruments operated

situ Measurements

Comparison Raman Lidar — in-situ aerosol
measurements. The helicopter-borne platform
ACTOS performed 12 measurement flights above the
TROPOS research site Melpitz while the Raman Lidar
Polly*™ [Engelmann et al., 2015] measured continu-
ously at the site. ACTOS is equipped with instruments
to measure basic meteorology with high time resolu-
tion [Siebert et al., 2006], aerosol parameter [Wehner
et al., 2015], and for the first time also optical aerosol
properties: extinction (at 630 nm) and absorption (at
450 nm, 525 nm and 624 nm). Selected profiles of
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Fig. 2: Overview on the temporal evolution of the vertical structure of clouds, aerosol, and precipitiation during the Melpitz Column Experiment by
means of the Cloudnet target classification based on the remote sensing observations of the LACROS instrument suite.
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Fig. 3: Vertical profiles measured using ACTOS and Raman Lidar Polly*™ on June 26 2015. Presented parameters are: potential temperature (6),
absolute humidity (a), total particle number concentration (N), relative humidity (rH), all measured by ACTOS, particle backscatter coefficient at 3

wavelengths (B,..) measured by Polly’,

potential temperature 6, absolute humidity a, relative
humidity rH, total particle number concentration N (all
from ACTOS) particle backscatter coefficient 3, (from
Polly*™), and absorption coefficient o, (from ACTOS)
measured on June 26, 2015 are presented in Fig. 3.

The profiles show a first temperature inversion
between 400 and 500 m connected with significant
decrease in N, a, and rH, while the decrease in ¢ _
is smoother. The lidar measurements start in this
height and represent the backscatter coefficient under
ambient conditions in contrast to the in-situ meas-
urements where the aerosol was dried below 40% rH
before entering the measurement instruments.

Figure 3 shows an increase in B, similar to the
increase in rH, caused by the associated hygroscopic
growth of aerosol particles.

Aerosol particle number size distributions have
also been measured in-situ in different heights. From
these measurements optical properties such as
backscatter and extinction will be calculated using
Mie-theory in the next step and compared directly with
the lidar measurements. This is a direct possibility to
validate lidar-based retrievals of aerosol microphysical
properties with parallel in-situ measurements.

Mean cloud turbulence observed by airborne
in-situ and remote sensing. During the HOPE
campaign in September 2013, several measurement
flights in the Melpitz area have been performed. Here,
we present an intercomparison between an ACTOS
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and absorption coefficient at 3 wavelengths (c_, ) measured by ACTOS.

abs

flight in a stratocumulus (Sc) layer with observations
performed by a vertically pointed Doppler lidar. The
Sc layer was in a height of 1800 m and approximately
200 m thick. Both observations were spatially collo-
cated; the 10 km-long flight path was about 500 m
away from the Melpitz station where the remote
sensing field was located.

The analysis focuses on a description of mean
turbulence based on observations of the vertical
wind velocity w. The ACTOS record comprises data
sampled during a 20 km long flight path compared
with a 12 km long record from the wind lidar. ACTOS
observations are perpendicular to the mean flow
whereas Lidar observations are along the mean wind
by definition.

The upper panel of Fig. 4 shows w ranging
from -1 to +1 m s, which are typical values for Sc
fields. The lower panel shows the probability density
function PDF(w) which roughly follows a Gaussian
function and agrees remarkable well for both obser-
vations with a similar standard deviation for both
observations of ¢, =0.3 ms™. Both PDFs are roughly
Gaussian as predicted for homogeneous and isotropic
turbulence.

Figure 5 shows the power spectral density
functions F(k) of the vertical wind. For wavenumbers
k > 102 m™ both spectra show a clear power law
behavior with a -5/3-slope. Classical turbulence theory
predicts F(k) = o, € 2° k -3 for the inertial sub-range
(oo = 0.5) from which the energy dissipation rate € can
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Fig. 4: Upper panel: Vertical wind velocities w along the 2 km long flight path of ACTOS (red curve) and along the mean wind passing the Doppler
lidar (blue curve). Lower panel: the corresponding probability density functions PDF(w) with the standard deviations c,,.

be estimated. The energy dissipation is widely used
as a key parameter describing the turbulence intensity
of a flow. Both systems yield almost the same value of
e =10 m? s3, typical for Sc [Siebert et al., 2010].

Due to the high spatial collocation of the
airborne in-situ and remote-sensing observations,

this experiment provides high confidence that both
systems sample the same areas of the cloud layer.
The good agreement of the results indicates that both
devices are suitable to characterize the dynamics and

mean turbulent statistics of stratiform boundary layer
clouds.
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Fig. 5: Power spectral densities F(k) based on ACTOS (red) and Lidar (blue) observations. A -5/3-slope is included as reference for inertial

subrange scaling, the estimated energy dissipation rates are presented.
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Fig. 6: Daily mean concentration of OC and EC in PM,, and PM, (thermo-optical detection) at Melpitz site (1% of Mai until 8" of July 2015).

Thermo-optical OC and EC measurements at
ground in a long-term context

High-Volume (HV) samples were taken on quartz
fibre filters, daily for PM,, PM, . and PM,, at the
Melpitz site [Spindler et al., 2013]. The organic carbon
(OC) and the elemental carbon (EC) content (in sum
total carbon, TC) at the filters were quantified using an
off-line thermo-optical method [TO, Karanasiou et al.,
2015]. Figure 6 shows the daily concentration of OC
and EC in PM,; and PM, at the Melpitz site around
the timeframe of the Melpitz Column period. The OC
concentration in PM,; was found in the range 1.5 to
8.2 ym m= and the EC concentration was in the range
0.1 and 0.7 pm m3, respectively.

The daily OC/EC ratio for PM, varies in the
range between 6.0 and 34.8, with a typical summer
mean of 15.1 for a location in the middle European
background influenced by air mass inflow from West.
The OC/EC mean ratio for PM, is about 13.7 because
the EC-content relatively to OC in the smaller parti-
cles is slightly higher.

During the Melpitz Column campaign the
concentration of elemental carbon in PM, is rela-
tively low (0.26 pg m). Figure 7 shows the daily EC
concentration is shown together with the daily mean
sector of air mass inflow since 2012 in Fig. 7. The
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EC-concentrations are higher in winter, when the
temperatures are low and emissions from anthropo-
genic burning processes are higher as in summer.
The air mass inflow influences the EC-concentra-
tions additionally. Continental, mostly dry air masses,
show at one hand higher concentrations due to lower
wind velocities as marine air masses with higher
turbulence and enclosed rain showers. On the other
hand, the emissions in the source regions in direction
East or West are completely different [Spindler et al.,
2012 and 2013]. Source regions with emissions from
combustion processes especially individual coal fired
ovens and forest fires are located in a sector east of
Melpitz and EC can arrive via long-range transport.
During the Melpitz Column campaign (8" May — 8"
July 2015), 82% of the days show an air mass inflow
from West, only 8% of days show an air mass inflow
East and 10% of days could be not be accessed.

For the time January 2012 until November 2015 60%
are West and 19% are East days and 21% could not
accessed. That demonstrates that the Melpitz Column
campaign was much less influenced by continental air
masses as it is for Melpitz over a longer timeframe.
The method for calculating the daily mean sector

for air mass inflow using 96-backward-trajectories is
described in Spindler et al. [2013].
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Fig. 7: Daily mean concentration of EC in PM, (thermos-optical detection) at Melpitz site (1°' January 2012 until 30" of September 2015). Days with
an mean air mass inflow West or East are shown a blue or green bars, respectively. The time frame of the Melpitz Column campaign (1% of May until

8™ of July is marked).

Regional and micro scale modelling with
COSMO-MUSCAT and ASAM

Regional modelling of aerosol transport and
large eddy simulations, respectively, complement the
Melpitz Column 2015 field experiments by providing
additional information on sources and transport
processes of tropospheric aerosol as well as the
boundary layer development:

Regional aerosol transport modelling. Aerosol
transport simulations have been performed for the
field experiment Melpitz Column 2015 using the
coupled model system COSMO-MUSCAT (COnsor-
tium for Small-scale Modeling — MUItiScale Chemi-
stry Aerosol Transport). The model system, which
describes the dynamics and transformation of tropo-
spheric aerosol and relevant trace gases, has been
developed at TROPQOS for predicting air pollution
dispersion at local and regional scale and process
studies [e.g., Wolke et al., 2012].

The modelled period spans from 1 May to 3
July 2015. The simulations are run with 7 km hori-
zontal grid spacing on a model domain covering
Central Europe. Future model runs will include a
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second, one-way nested domain centred on the
Melpitz field site with 1.5 km grid spacing. Operational
forecasts from the European Centre for Medium-
Range Weather Forecasts (ECMWF) are used to
initialize and force boundaries of the 7 km run, and
Monitoring Atmospheric Composition and Climate
(MACC) aerosol forecasts provide the input for atmos-
phere-chemical boundary conditions. The inner nest
will then be driven with the initial and boundary condi-
tions provided by the 7 km run.

The regional aerosol transport modelling will help
interpret the aerosol measurements by putting them
into a broader spatio—temporal context and may prove
the representativeness of ground-based observations.
Once thoroughly evaluated with operational and field
campaign observations, the COSMO-MUSCAT results
will be used to study the relative importance of local
sources and long-range transport to the local aerosol
conditions (See Fig. 8 for an example of the modelled
aerosol distribution). In addition, the impact of aero-
sol-ageing and mixing processes on particle proper-
ties will be investigated. The initial simulations use a
mass-based approach for the description of aerosol
processes in MUSCAT. At a later stage, the extended
version of the modal aerosol model M7 could be
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Fig. 8: Map of the fine particulate matter (PM2.5) concentration at
surface level as computed with COSMO-MUSCAT for 26 June 2015,
12:00 UTC.

utilised to study the sensitivity of the results against
a more detailed aerosol modelling. It is also planned
to quantify the direct radiative forcing of (carbon-con-
taining) aerosol and related dynamical effects. Since,
however, ground-based in-situ measurements and
remote sensing at Melpitz show below average levels
of total particulate matter and, in particular, black
carbon (‘soot’) concentrations throughout May and
June 2015, it will be interesting to investigate whether

the observed aerosol conditions can be reproduced
by the model and what the implications are for the
radiation budget.

Large eddy simulations of boundary layer
processes and turbulence. The large amount of
available data gained during Melpitz Column 2015 is
a very good opportunity for performing high-resolu-
tion large eddy simulations (LES). Since the results
of LES are very sensitive to the forcing, especially
surface fluxes, high-quality input data is necessary
to obtain reliable modelling results. In this frame-
work, simulations will be performed with the fully
compressible, non-hydrostatic model ASAM (All
Scale Atmospheric Model). The model utilizes a new
physics package, including a multi-layer soil model
and a land-use model with 9 different land classes.
Radiative forcing (direct, diffuse and terrestrial irra-
diance) will be directly used from the thermopile
pyranometers of TROPOS’ MORDOR (MObile
RaDiation ObseRvatory) system. Hourly resolved
soil parameters like temperature and humidity are
available from the nearby DWD (Deutscher Wetter-
dienst, German Weather Service) station “Klitzschen
bei Torgau’ which is only 3 km away from the field
site and thus can be considered as representative for
the Melpitz area. Figure 9 shows the land use map
for a 40 x 40 km2 domain with Melpitz located at the
domain centre. The nearest city, which is described
by the land class “urban area is Torgau northeast of

5.73x10°

5.72x10°

5.71x10°

UTM north (m)

5.7x10°

340000 350000 360000 370000
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Land use map Melpitz area (300 m res.)
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Savannah

Urban area
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Fig. 9: Land use map in UTM coordinates (Universal Transverse Mercator) for a domain of 40x40 km? around Melpitz. The land classes shown as

labels are the same as used in ASAM for the surface parameterization.
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Fig. 10: Time series of daily averaged soil properties during the campaign time (May-July 2015). The soil moisture is expressed as percent plant
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Melpitz. The Elbe river flows in northwest direction
passing Torgau. The surrounding area is character-
ized by a mixture of shrubland, annual crops and
different forest types. These different land use types
are related to different surface parameters like rough-
ness length, plant cover, leaf area index, root depth
etc. All these parameters influence the calculation of
the surface fluxes in the LES model. Thus it is very
likely that the boundary layer development will show
a distinct dependence on wind direction due to the
surface heterogeneity.

Not only land use, but also soil parameters
have to be taken into account. Figure 10 shows the
temporal variation of daily averaged soil temperature
(expressed as the temperature in 5 cm depth) and soil
moisture (in 60 cm depth under grass). Depending on
the meteorological situation, the difference between
maximum and minimum values during the campaign
time are about 17 K for soil temperature and 25% for
soil moisture, respectively. The COSMO-MUSCAT
output serves as input data for the LES runs. To
capture large-scale changes in the atmospheric
state, which cannot be resolved by LES directly, a
nudging term derived from the COSMO output every
three hours is applied to the tendency equations of
momentum, temperature and moisture.

After acquiring a consistent picture of the
boundary layer structure from the LES modelling
results, another focus of the analysis lies on new
particle formation (NPF) events. Especially the
connection of the spatiotemporal distribution of
meteorological parameters to NPF events will be
examined. Additionally, a tracer analysis can point out
subsequent particle transport processes within the
atmospheric boundary layer.
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Summary

The field campaign Melpitz Column was
successfully performed at the TROPOS field site
Melpitz from May to beginning of July 2015. A very
complex setup of ground-based instruments was
installed to provide a detailed physical and chemical
characterization of aerosol particles. In addition,
several airborne platforms have been used to provide
in-situ measurements of aerosol properties and
meteorological parameters in the column during an
intensive period within the campaign. Also vertical
measurements have been performed continuously
using remote sensing instrumentation of the LACROS
facility, such as the Raman Lidar Polly*™ and a wind
lidar. In-situ aerosol measurements will be used to
calculate optical properties which will be directly
compared with particle backscatter measured by the
lidar. The comparison of the vertical wind velocity
measured by ACTOS and a Doppler lidar within a
cloud shows a good agreement which provides high
confidence that both systems sample the same areas
of the cloud layer. The good agreement of the results
indicates that both devices are suitable to charac-
terize the dynamics and mean turbulent statistics of
stratiform boundary layer clouds.

The long-term measurements of chemical
particle composition, i.e. the measurements of carbon
concentration (EC/OC) being an indicator for anthro-
pogenic pollution show that the period of Melpitz
Column was relatively clean compared to former
years and seasons. The EC/OC concentration in
Melpitz is mainly determined by the air mass origin.
During Melpitz Column clean westerly air mass were
dominating.
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In parallel simulations using the chemistry-trans-
port model COSMO-MUSCAT have been performed.
The regional aerosol transport modelling will help to
interpret the aerosol measurements by putting them
into a broader spatio—temporal context and may prove
the representativeness of ground-based observations.
In addition, particle aging and mixing can be analysed
as well as aerosol-radiation interaction.
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Regional air quality in Leipzig: Results
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In den Jahren 2013 — 2015 wurden umfangreiche Untersuchungen zu den Quellen partikulédren
Materials (PM) im Raum Leipzig durchgefiihrt. Durch partikelgroBenaufgeloste Bestimmung chemi-
scher Hauptbestandteile sowie charakteristischer Markerverbindungen konnten eine Reihe
wichtiger Quellen identifiziert und quantifiziert werden. Ultrafine Partikelmasse stammte im Sommer
liberwiegend aus Verkehr und photochemischen Sekundéarquellen, wiahrend im Winter regionale
bzw. antransportierte Emissionen aus der Verbrennung von Festbrennstoffen dominierten. PM im
GoBenbereich des Akkumulationsmodes stammte liberwiegend aus sekundéaren Quellen sowie aus
Biomasse- und Kohleverbrennung im Winter. Die Hauptquellen grober Partikel waren unter-
schiedlich je nach betrachteter Standort/Jahreszeit/Anstrémungskategorie und beinhalteten
Seesalz, Stadtstaub, Verkehrsemissionen, Pilzsporen und Biomasseverbrennung. Die hochsten
lokalen Reduktionspotentiale zeigten sich fiir Verkehrsemissionen, wahrend fiir sekundéares Material
und Festbrennstoffemissionen groBflachigere ReduktionsmaBnahmen notwendig sind.

Introduction

Many cities in Europe and Germany, including
Leipzig, are still challenged to comply with legal
limit values, especially for pollutants such as NO_
and particulate matter (PM). As a major prerequisite
for further efficient mitigation strategies, detailed
knowledge of PM sources and their quantitative
impacts at different sites is needed. To this end,
the TROPOS has been cooperating since many
years with the Saxon State Agency for Environment,
Agriculture and Geology to study air quality and
PM sources in Leipzig and surrounding areas. In
2013-2015, a PM source apportionment study took
place at 4 sampling sites in the Leipzig area with
continuous and non-continuous measurements of
aerosol particles and their chemical composition.
The comprehensive dataset served as the basis for
detailed source apportionment using approaches of
different complexity.

TROPOS Biennial Report 2014/2015

Methods

Particle sampling was performed at 4 sites in
parallel: Leipzig-Mitte (LMI, traffic site), Eisenbahn-
strasse (EIB, traffic and residential site), TROPOS
(TRO, urban background site) and Melpitz (MEL,
regional background site). Size-resolved sampling of
aerosol particles was performed on 42 days in winter
and summer for 24 hours using a 5-stage Berner-type
impactor. In addition, continuous measurements of
particle number size distributions and black carbon
concentrations took place.

Particle samples were analysed for inorganic
ions, organic and elemental carbon, water-soluble
organic carbon, oxalate, monosaccharides, alkanes,
polycyclic aromatic hydrocarbons, hopanes, and trace
metals applying established methods at the atmos-
pheric chemistry department of TROPOS.

Source apportionment was performed by positive
matrix factorisation (PMF) applying the EPA PMF 5.0
software. PMF was performed separately for each
of the 5 particles, leading to the quantification of PM
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sources in quasi-ultrafine particles (aerodynamic
diameter of 50-140 nm), accumulation mode particles
(0.14-0.42 pm and 0.42-1.2 ym), and coarse particles
(1.2-3.5 ym and 3.5-10 ym). Assignment of sources to
the PMF factors was based on their chemical profiles
(main constituents and characteristic tracers in factor)
and their temporal concentration patterns at the
different sites.

Results

In Fig. 1 the relative mean contributions of
PMF-resolved sources are given for all 4 sites in
different categories.

Ultrafine particles in summer originated mainly
from traffic-related sources and photochemistry with
ultrafine mass fractions of about 20-50% and 30-50%,
respectively. At EIB a tentatively identified cooking
source contributed about 1/3 to ultrafine particle
mass. Particles from solid fuel combustion (mainly
biomass combustion) strongly increased in winter
explaining typically 50-70% of ultrafine particle mass.

Main sources of accumulation mode particles
in summer were of secondary nature. The sum of two
identified secondary PMF sources (“photochemistry”
and more general “secondary aerosol”) typically
contributed about 60-90% to particle mass. Traffic
contributed another 10-20% at the urban sites and
cooking aerosol showed mean contributions up to
about 50% at the residential EIB site. During winter,
increased contributions from the general secondary
aerosol (about 30-80%) and the solid fuel combustion
sources (about 10-60%) were observed. Solid fuel
combustion particle mass was dominated by biomass
combustion during western inflow with generally much
lower concentrations and coal combustion during
eastern inflow with significantly increased source
contributions.

D. van Pinxteren et al.: Regional air quality in Leipzig

For coarse mode particles the main sources
were more diverse. In summer they included sea salt,
urban dust, exhaust and general traffic emissions,
fungal spores, and biomass burning. In winter, contri-
butions from urban dust and fungal spores dimin-
ished, while the importance of biomass combustion
for coarse particle mass increased, especially for
eastern air mass origin. Coal combustion appeared as
an additional important source in “Winter East”

In summary for PM,; mass concentrations,
traffic, secondary, and solid fuel combustion parti-
cles were identified as the most important sources
in Leipzig. At the most polluted site, traffic typically
contributed 30-40%, indicating a high potential for
PM reductions. About half of traffic particle mass was
in the coarse and 15% in the ultrafine size range.
Technologies to reduce traffic emissions across the
full particle size range would thus be favourable for
improvements of PM at kerbside sites. Secondary
material was another major source of PM at the urban
sites (approx. 45% of PM, on average). However,
80% of it originated from regional sources, indicating
that larger-scale reductions of precursors would be
required to substantially reduce urban concentration
values. Biomass combustion contributed about 10% to
urban PM,; concentrations in winter with up to 60% of
it originating from local emissions in a residential area.
Measures to minimise its impact on urban air quality
thus seem reasonable. Finally, coal combustion was
another major PM source when air masses in winter
arrived from eastern European regions to the study
area, explaining 30-40% of PM, . PM, concentrations
were generally highest in this scenario, including most
of the EU limit exceeding days in this study. Therefore,
continued efforts to reduce emissions on an EU wide
level will help to improve air quality not only locally in
the emission regions, but also on a larger scale by
reducing trans-boundary pollution transport.
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Spatial and temporal distribution of black
carbon in the metropolitan area of Manila,
Philippines
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Metro Manila, die Hauptstadt der Philippinen, hat mehr als 11,8 Millionen Einwohner und unterliegt
einer rasch zunehmenden Luftverschmutzung. Mit der Entwicklung der Wirtschaft und wachsenden
Wohlistand hat sich die Zahl der registrierten Kraftfahrzeuge von 1990 bis 2013 verfiinffacht und
erreichte Ende 2013 die Anzahl von 7,7 Millionen. Dieser rasche Anstieg der Fahrzeugflotte flihrte zu
signifikant erh6hten Aerosolpartikel-Emissionen. Verkehrsbedingte Quellen sind fiir mehr als 60%

der Feinstaubemission der Philippinen verantwortlich. Um die zukiinftige Forschung voranzu-
bringen und Informationen fiir politische Entscheidungstrager und Interessengruppen bereitzu-
stellen, wurde die Intensiv-Aerosolmesskampagne MACE 2015 ,,Manila Aerosolcharakterisierung
Experiment” (Méarz bis Juni 2015, Metro Manila) durch das Leibniz-Institut fiir Troposphérenfor-
schung (TROPOS) und das philippinischen Forscherkonsortium ,,Researchers for Clean Air
(RESCueAir)“ins Leben gerufen. Der Hauptschwerpunkt der Messkampagne war die Untersuchung
der rdumlichen Variabilitat und der Belastung von schwarzem Kohlenstoff (RuB) in Metro Manila.

Introduction

Metro Manila, the capital of the Philippines,
accounts for more than 11.8 million inhabitants and
being the densest populated region in Philippines
faces the rapidly increasing threat of air pollution.
With the developing economy and growing wealth, the
number of registered motor vehicles has quintupled
from 1990 to 2013 and reached 7.7 million [LTO, 2013].
This rapid increase of vehicle fleet results in higher
combustion generated aerosol emissions, which in
turn becomes a dominant aerosol source in the urban
atmosphere. Emission inventories report that traffic-
related sources are responsible for more than 60% of
the total country’s particulate matter emission in Phil-
ippines [Vergel and Tiglao, 2013].

Aerosol particles, which are predominantly soot
from diesel-fueled vehicles, contain heavy metals
and Polycyclic Aromatic Hydrocarbons (PAHSs).

These particles are as small as 100 nm that can
deeply penetrate into the respiratory system. It poses
increased risks of childhood asthma, cancer, heart
malformations and even premature deaths [Lee,
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Fig. 1: Air pollution over Manila, Philippines.

2010]. Moreover, model projections indicate that

by 2050 the contribution of ambient air pollution to
premature mortality will double, and yet, Manila stake-
holders and policy makers for the protection of public
health relay on outdated clean air acts and regula-
tions [Krupnick et al., 2003; Lelieveld et al., 2015].

Manila Aerosol Characterization Experiment
2015 (MACE 2015)

To guide future research and to provide infor-
mation for policymakers and stakeholders, an

TROPOS Biennial Report 2014/2015
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intensive aerosol research experiment called the
“Manila Aerosol Characterization Experiment 2015”
(MACE 2015), was carried out and jointly organized
by the Leibniz Institute for Tropospheric Research
(TROPOS) and the Consortium “Researcher for
Clean Air’ (RESCueAir) from March to June, 2015.
RESCueAir is a consortium of researchers and
academics from the University of the Philippines (UP)
Diliman, the Manila Observatory (MO) of the Ateneo
de Manila University (ADMU), De La Salle University
(DLSU) and the Philippine Nuclear Research Institute
(PNRI).

One stationary aerosol observational site was
set-up at Manila Observatory (N 14.6359, E 121.0781)
to investigate the properties of urban background
aerosol. In parallel, the TROPOS aerosol measure-
ment container was positioned at two distinct road-
sites: Katipunan Ave. (N 14.6352, E 121.0745; March
to May) and Taft Ave. (N 14.5656; E 120.9937, May
to June) to understand the contribution of different
vehicular fleet particulate emissions to traffic-related
pollution. To recover the spatial distribution of urban
aerosols at street level, additionally, a mobile meas-
urement platform was designed and used daily to
map aerosol particle properties on pre-defined routes.

Ambient Particle Number Size Distribution
(PNSD) in a size range from 10 nm to 10 pm was
measured using the combination of Mobility and
Aerodynamic Particle Size Spectrometers. Particle
light absorption and scattering coefficients were
measured with a Multiple Angle Absorption Photom-
eters (MAAP) and an integrating nephelometer,
respectively. The particle light absorption coefficient
was used to derive black carbon (BC) mass concen-
trations. Additionally, a Volatility Tandem Differential
Mobility Analyzer (VTDMA), Condensation Particle
Counters (CPC) and seven wavelength aethalometer
were deployed to provide insights about mixing state,
number concentration variability and the organic
component of aerosol particles with a focus on soot
particles. The mobile platform included CPC, portable
aethalometer and Optical Particle Size Spectrometer.
For off line analysis, a 5-stage Berner Impactor was
used at Manila Observatory and at the Katipunan
Ave. road site to measure particulate PAH mass size
distribution. All instruments warrant a high degree of
inter-comparability [Mdiller et al., 2011; Wiedensohler
etal., 2012].

Results
Road and urban background sites. Diurnal
variations of the black carbon (BC) mass concentra-

tion and the PNSD are shown in Fig. 2 for the whole
measurement campaign. In the same figure, the BC
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dependence on wind direction is presented in a po-
lar plot. It can be seen that in all sites the physical
properties of aerosol particles are highly variable.
First, two contour plots show typical urban PNSDs

at road sites, where ultrafine particles dominate the
particle number size distribution. The lowest BC mass
concentration measured at road sites were somehow
similar, 12 and 14 ug m* at Katipunan Ave. and Taft
Ave., respectively. The same stands for the maxi-
mum values reaching 33 and 47 ug m= of BC mass
concentration at the mentioned sites. In comparison,
these maximum BC mass concentrations are about
factor of 10 higher than at a typical street site in Eu-
rope (e.g. Leipzig, Germany). However, the time of
the day, when the maximum and minimum values
were observed was different. At the Katipunan Ave.,
the minimum values were registered late afternoon
and the maximum - around midnight. The lowest and
highest BC mass concentrations at Taft Ave. were
measured around 3 a.m. and from 6 to 9 a.m., re-
spectively. It can also be seen that the increases in
ultrafine particle number and BC mass concentrations
at road sites are closely related. Traffic count data
from Taft Ave. show an increase in vehicle number by
a factor of 6 from 3 to 8 a.m. supporting the evidence
that the variation of aerosol particle properties is di-
rectly linked to anthropogenic activities. Polar plot also
reveal the dependency between wind direction and
BC mass concentration (Fig. 2, right). At Katipunan
Ave., the highest BC mass concentrations appear
when the westerly winds prevail. It also shows the
highest BC values are measured at nighttime. In Taft
Ave., the north-east air transport results in the highest
BC mass concentration. In both road site cases this
means a direct transport of pollutants from the street
to the measurement site.

At the urban background site, established at the
Manila Observatory, the BC mass concentration and
PNSD patterns were different compared to those at
road sites. The highest and lowest BC concentrations
were measured at 6 a.m. with a value of 18 pg m* and
noon with a value of 3 ug m3, respectively. The polar
plot suggests that the highest BC values are related
with the presence of north-west winds (Katipunan
Ave. direction). Particle number size distribution differs
from those observed at the road sites, not only by
the absence of dominant ultrafine particle mode, but
also showing the presence of more diverse aerosol
particles. The morning (6 a.m.) increase in both, BC
and particle number concentrations, shows the contri-
bution of morning rush hour to urban background
aerosol. This increase can also be found at Katipunan
Ave. (see Fig. 2). A rapid increase of the number
concentration of 10 nm particles with a constantly
low BC mass concentration at Manila Observatory
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Fig. 2: Diurnal variation of the particle number size distribution (contour plot), BC mass concentration (black solid line) and the BC dependence on

wind direction in the road and urban background sites.

suggests that new particle formation occurs in the
urban environment.

Mobile Measurements. In parallel to stationary
measurements, spatial distribution of aerosol particle
properties were measured in two pre-defined routes
along Katipunan (Fig. 3) and Taft (not shown here)
avenues. The routes were selected to cover various
possible exposures to pollutants in residential areas
(left stretch in Fig. 3), busy intersections and relatively
clean parks (right section in Fig. 3).

As can be seen from the Fig. 3, the highest
concentration of BC was measured at the busy inter-
section (middle bottom in the Fig. 3) where two main
streets, Katipunan Ave. and Aurora Boulevard meet.
Moreover, a public transport terminal with constantly
idling vehicles was located beside the intersection.
As a result — a maximum BC mass concentration
of 91 ug m= was registered. In the residential area
(121.070 longitude and 14.637 latitude) the BC mass
concentrations were half as large compared to the
hotspot areas. However, despite considerably lower
traffic intensity, the values still reached more than
40 ug m*® and were as high as the ones measured
along Katipunan Ave. This can be explained by east-
erly prevailing winds, which pick the pollutants from
the avenue and disperse it over residential areas. In
contrast, the BC mass concentration rarely exceeded
10 pg m=in the ADMU Campus, which is to the east
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Fig. 3: Spatial distribution of black carbon mass concentration
measured with portable aethalometer. The blue and green stars mark
Katipunan road and Manila Observatory urban background sites,
respectively.

from the avenue. These results show the importance
of mobile measurements to fully understand the
spatial distribution of pollutants and possible exposure
in different urban environments.

PAHSs. Results from an eight-day, 24-hour con-
tinuous sampling are shown in Fig. 4. Daily total par-
ticulate PAH (TPAH) mass concentration was ranging
from 54 to 153 ng m™.

At the roadside site, the highest level of TPAHs
was observed in ultrafine particles (stage 1) and
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Fig. 4: Total PAH mass concentration in 5 Berner impactor stages
at road and urban background sites. Error bars represent standard
deviation.

reached the value of 40 ng m=. As the particle size
increases, the TPAH concentration decreases. This

is a characteristic of PAH size distribution that can be
attributed to direct tailpipe emissions. For the urban
background site, the highest TPAH level of 33 ng m?
was detected in the accumulation mode (stage 2). It
was also observed that in the particulate matter from
stage 3, urban background TPAH mass concentration
was about 20% higher than the values observed at
the road site. This shows that regional TPAH transport
to an urban environment is of similar importance as
direct emissions.
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Conclusions

An intensive aerosol research experiment,
MACE2015, was conducted in Manila, Philippines, in
2015. Results show that road-side mass concentra-
tions of BC are extraordinarily high and are mostly
dominated by combustion particles. The highest
diurnal BC mass concentration at Katipunan Ave.
and Taft Ave. reached 33 and 47 ug m, respec-
tively. These values were consistent with the winds
prevailing from the street. Particle number size
distributions at road sites were mostly influenced by
ultrafine particles. Mobile measurements revealed
the spatial distribution of BC. Hotspots with BC mass
concentration over 90 pg m* and urban background
zones were identified. Offline analysis of the 5 stage
Berner impactor foils showed that daily total PAH
mass concentration reaches 153 ng m3, with 30% of
it found in ultrafine particles (impactor stage 1; 50-140
nm), which represents direct tailpipe emissions from
vehicles. Future research will be focused on under-
standing how meteorological conditions influence the
urban aerosol pollution, evaluating spatial patterns of
particle exposure and dispersion at the roadside and
determining the emission factors for different vehicular
fleets.
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An der TROPOS Forschungsstation Melpitz werden seit 2010 kontinuierlich die Partikel- und
Gasphasenkonzentrationen anorganischer Bestandteile mit der MARGA (Monitor for AeRosols and
Gases in ambient Air) quantifiziert. Die Kombination aus nass-chemischem rotierenden Denuder
und Aerosolkammer sowie zweier ionenchromatographischer Systeme erméglicht die stiindliche
Bestimmung der anionischen und kationischen Konzentrationen beider Phasen. Mit dieser hohen
Zeitauflésung sowie der Nutzung von Riickwértstrajektorien lassen sich mégliche Quellregionen fir

anorganische Partikel ausfindig machen.

Introduction

The standard method for the quantification of
inorganic particulate ions is filter sampling followed
by off-line ion chromatographic analysis. A disadvan-
tage is the long sample duration of several hours up
to several days. In the recent years, new analytical
on-line instruments were developed with higher time
resolution like the Aerodyne Aerosol Mass Spectro-
meter (AMS) [Sun et al., 2010] and the wet chemical
MARGA system [ten Brink et al., 2007]. Besides
information concerning the particle phase, the latter
provides also the detection of corresponding trace
gases due to the combination of rotating denuder and
steam-jet aerosol collector.

Here, the source identification of the main par-
ticulate ions are presented by using the MARGA data
at the TROPOS site Melpitz [Spindler et al., 2013]
from a 5-year measurement period (2010-2014).

MARGA instrument
The used MARGA system (Applikon, The Neth-
erlands) measures the inorganic compounds in PM,

(CI, NO,, SO,*, Na*, NH*, K*, Mg**, Ca**) and their
corresponding trace gases (HCI, HONO, HNO,, SO,,
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NH,) at the TROPOS research station Melpitz since
2010. An air pump transports the ambient air firstly
through a Teflon-coated PM, -inlet. Afterwards, the
water-soluble gases are separated within a Wet
Rotating Denuder (WRD) in which the gas molecules
diffuses rapidly into the aqueous solution [Keuken
et al., 1988]. Particles are more inert and follow the
flow to the Steam-Jet Aerosol Collector (SJAC) that
is a chamber with a supersaturation of water vapour
[Khlystov et al., 1995]. Herein, the particles grow to
droplets and are collected. The aqueous solutions
from the WRD and SJAC are pumped continuously
by syringe pumps to the detector box where two ion
chromatography systems analyses the anionic and
cationic compounds in the sampled solutions. The
ion chromatography systems work with an internal
standard of lithium bromide (LiBr) for calibration.

Results

Longtime measurements. Gaseous ammonia
in Fig. 1 reaches highest concentrations in spring
when huge amounts are released due to agriculture
activities or evaporation of semivolatile particles
(ammonium nitrate or ammonium chloride) with
increasing temperatures. The particulate ions show
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Fig. 1: Measured MARGA concentrations in ug m= of the main particulate ions chloride (black), nitrate (olive), sulphate (red) and ammonium (pink)

as well as the gaseous ammonia (blue) in Melpitz from 2010 until 2014.

highest concentrations during winter, which is due to
the direct emission from anthropogenic combustion
processes as well as from the formation of ammo-
nium salts at lower temperatures. Another reason is
the enrichment of particles within inversion layers that
are more stable in winter.

Source identification of particulate ions. To
study the most probable emission areas of the single
pollutants, the Potential Source Contribution Function
(PSCF) [Malm et al., 1985] is used. For this estima-
tion the hourly 96h-HYSPLIT (HYbrid Single-Particle
Lagrangian Integrated Trajectory) backward trajecto-
ries and the hourly MARGA data are combined. High
PSCF values stand for probable emission area. The
PSCF calculation for the measured gases is not pros-
perous because of their short tropospheric lifetimes.

In Fig. 2, the PSCF calculations for the main
particulate ions are summarized. Chloride shows two
significant source regions. An important contributor
for high chloride concentrations in Melpitz is sea salt
coming from the North Sea and the Northern Atlantic
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Ocean with westerly winds. Furthermore, air masses
from the east can contain high chloride concentra-
tions that are emitted by anthropogenic coal combus-
tion processes.

The dominant emission area for nitrate, sulphate
and ammonium are located over South Poland, the
Czech Republic and Slovakia. Higher probabilities for
nitrate in West Europe can be explained by anthropo-
genic emission and by processed sea salt particles.
It is known that chloride containing sea salt releases
hydrochloric acid in presence of nitric acid [Twigg et
al., 2015]. The chloride-nitrate exchange lead to aged
sea salt particles and higher nitrate concentration in
Melpitz with westerly winds.

The similar main emission area of the four
particulate ions (Fig. 2) indicates that the ions are
transported to Melpitz in form of the salts ammonium
chloride, ammonium nitrate and ammonium sulphate.
The highest concentrations were observed in winter
(Fig. 1) when temperatures are low and the semi-
volatile salts ammonium nitrate and chloride exist in
the particle phase.
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Conclusion

Since 2010, a MARGA system is used in Melpitz
for the simultaneous measurement of trace gases and
inorganic compounds in PM, . The high time resolu-
tion of one hour is a significant advantage compared
to the standard filter measurements. Combination of

the data with measured meteorology and calculated
backward trajectories, makes it possible to estimate
the probable source areas. Highest concentrations of
the main particulate ions are connected with easterly
winds, which transports anthropogenic polluted air
from Eastern Europe to Melpitz.
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Fig. 2: PSCF plots of chloride (upper left), nitrate (upper right), sulphate (bottom left) and ammonium (bottom right) for the measurement period

from 2010 until 2014.
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Articles

What influences CCN properties in central

Europe?

Silvia Henning, Wolfram Birmili, Alexander Beyer, Laurent Poulain, Achim Griner, Alfred Wiedensohler,

Hartmut Hermann, Frank Stratmann

Basierend auf einem kontinuierlichen 3-Jahres-Datensatz zur Anzahlkonzentration von Wolkenkon-
densationskernen (CCN), gemessen an der TROPOS Forschungsstation in Melpitz, wurden erste
statistische Auswertungen zum CCN-Vorkommen und zur CCN-Hygroskopiziédt durchgefiihrt. Die
Zusammmenhénge dieser GroBen mit den vorherrschenden Luftmassen wurde mit Hilfe einer
Clusteranalyse untersucht. Der Hygroskopizitdtsparameter « wies einen Jahresgang mit héchsten
Werten in den Wintermonaten (0.38 + 0.01 bei 0.3% Ubersattigung) und den niedrigsten Werten in
den Spiatsommer/Herbstmonaten (0.22 + 0.02 bei 0.3% Ubersiattigung) auf. Dieser Jahresgang kann
mit der vorherrschenden GroBwetterlage in Zusammenhang gebracht werden, mit hoher CCN
Aktivitat wahrend stabiler kalter Winterlagen und niedriger CCN Aktivitat bei nordwestlicher Anstré-

mung im Herbst.

In August 2012 standardised cloud condensation
nucleus (CCN) long-term observations were launched
at the TROPOS field station Melpitz, Germany. The
station is part of the European Aerosols, Clouds,
and Trace gases Research InfraStructure Network
(ACTRIS), which aims at integrating European
ground-based stations equipped with advanced
atmospheric probing instrumentation for aerosols,
clouds, and short-lived gas-phase species. Aerosol
and CCN properties measured at this site are region-
ally representative for central Europe. Our monodis-
perse CCN measurements follow the recommenda-
tions of the ACTRIS Standard Operation Procedure
(SOP, [Gysel et al., 2013]) for CCN measurements. In
addition to the CCN data, particle (CN) number size
distribution measurements, a wide variety of chemical
gas and particle measurements as well as standard
meteorological parameters are available on a contin-
uous basis at the Melpitz station.

The now available 3-year dataset (August 2012
to July 2015) of continuous CCN size spectra, for
particle sizes between 25 and 300 nm at 5 different
supersaturation (SS) levels (0.1, 0.2, 0.3, 0.5, 0.7%)
has been analysed. The CCN and CN spectra were
corrected for multiple charges and the size-dependent
activation fraction (AF) was calculated by dividing
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CCN (N, by total particle number concentration
(N, This was done for all SS levels. By fitting the
resulting AF at certain SS with the sigmoid error func-
tion, the 50% activation diameter could be derived
(Dpy,)- For given SS and D, the corresponding
hygroscopicity k was calculated as given by Petters
and Kreidenweis [2007].
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Fig. 1: Monthly mean over 3-year data set of the hygroscopicity
parameter x as derived from CCN measurements at five different
supersaturations and from ACSM plus MAAP measurements.
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Fig. 2a: Mean back trajectories (96 h) for the 15 different clusters.
Clusters were achieved not only from the backward trajectories but
also considering of the vertical stratification of the atmosphere.

For the unclustered dataset the monthly mean
values of x vary between 0.2 and 0.4 for SS§=0.3%
(Fig.1) which compares well to the « - value reported
in literature for continental aerosol [Pringle et al.,
2010; Wex et al., 2010]. The monthly mean values
of N, (@ SS=0.3%) vary between 1000 and
3000 [cm™?], not following N, ,, but rather the number
concentration of particles larger than 80 nm (N _, ).
When relating the « - value of the particles to their
chemical composition (derived from bulk ACSM and
MAAP data, not shown) an increase in the « - value is
connected to a decreasing organic and an increasing
nitrate fraction. An annual cycle of the the « - value
was observed, with more hygroscopic particles during
winter season, which is seen in the x - value derived
from the CCN data as well as in the « - value derived
from the chemical composition [Wu et al., 2013].

Fig. 2b: Mean vertical profiles of pseudo-potential temperature 6

at Lindenberg. These profiles indicate the degree of atmospheric
stratification. Five trajectory clusters with pronounced stable
stratification are labelled. The profiles were normalised to T=0°C at a
height of 100 m to avoid bias by excess heating of the surface.

The hygroscopicity parameter (x - value) and the
total CCN number concentration were examined as a
function of the large scale weather situation using a
k-means back trajectory cluster analysis. The current
cluster results are still unpublished but the method
is very similar to that employed in Ma et al. [2014].
Briefly, the cluster analysis makes use of 96 h back-
ward trajectories (daily; start time 12:00 UTC), and
the vertical profiles of pseudo-potential temperature 6
based on radiosounding ascents (daily; 12:00 UTC).
The cluster analysis was run multiple times in order to
obtain a “best solution” that maximizes the differences
in near-surface PM,; mass concentration among the
15 trajectory clusters. The mean trajectories for the
15 clusters and the mean vertical profiles of pseudo-
potential temperature 6 are given in Fig. 2a and 2b,

Tab. 1: Summary on the air mass properties for the 15 different clusters, which were determined for Melpitz, research site.

Cluster No. | Stability Wind direction Vorticity Main season PM10 level
0 very stable stagnating anticyclonic winter very high
1 unstable North West cyclonic spring/autumn low/very low
2 unstable South East anticyclonic spring/summer high
3 unstable South West cyclonic spring/autumn low
4 stable West anticyclonic winter high
5 unstable North West anticyclonic summer low
6 unstable North East anticyclonic spring/autumn low/medium
7 stable East anticyclonic winter very high
8 unstable stagnant anticyclonic summer medium
9 unstable West anticyclonic spring/autumn medium
10 very stable South West cyclonic winter high
1 unstable West cyclonic summer medium
12 stable South West cyclonic winter very low
13 unstable West cyclonic winter medium
14 unstable West cyclonic summer very low
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Fig. 3a: Averages over 3-year data set of the CCN particle number
concentration at five different supersaturations. The data are sorted
after the 15 different air mass clusters.

with a meteorological description of the different clus-
ters being summarized in Tab. 1. The clustering ana-

lysis was performed for the whole 3-year CCN dataset.

A significant difference in CCN ability is found
between very stable winter weather conditions with
an enriched PM,; mass (cluster 0 & 7), and unstable
spring / autumn weather situations (cluster 1, low /
very low PM,  load). The ratio of N to N ata
supersaturation of 0.7% is 0.65 (cluster 0) vs. 0.35
(cluster 1) and N, to N, for a supersaturation of
0.1% is 0.3 (cluster 0) vs. 0.05 (cluster 1) (Fig. 3a).
For cluster 0 the air mass is stagnating for several
days, the mass concentration is increasing and by
the same time CCN ability increases as well, most
probably due to the enrichment of soluble material
on the pre-existing particles. In case of cluster 1 the
boundary layer is well mixed and consequently a
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Fig. 3b: Averages over 3-year data set of the hygroscopicity parameter
x at five different supersaturations. The data are sorted after the 15
different air mass clusters as given in Tab. 1 and Fig. 1.
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Articles

Regional aerosol modelling in the

framework of HOPE

Christa Engler, Ina Tegen, Wolfram Birmili

Aerosolverteilungen wurden fiir die Feldkampagne HOPE (HD(CP)? Observational Prototype Experi-
ment)l, die April bis Juni 2013 bei Jilich durchgefiihrt wurde, mit dem regionalskaligen Aero-
soltransportmodell COSMO-MUSCAT berechnet. Aus den berechneten Aerosolmassenverteilungen
von sieben Aerosolspezies wurden AnzahlgréBenverteilungen abgeleitet. Die Modellergebnisse
wurden fiir den mit Aerosolmessungen am Standort Melpitz bei Leipzig verglichen. Aerosolanzahl-
konzentrationen werden im submikronen GréBenbereich vom Modell gut reproduziert. Im super-
mikronen GréBenbereich unterschétzt das Modell die beobachteten Aerosolverteilungen, was auf

eine fehlende Aerosolquelle im Modell hinweist.

Introduction

In association with the field experiment HOPE
(HD(CP)?2 Observational Prototype Experiment) that
was carried out from April to June 2013 near Julich,
regional-scale aerosol model simulations were
performed. The aim of the HOPE experiment was to
provide observational data on cloud properties and
precipitation formation for model evaluation. While
detailed aerosol measurements were not in the
focus of the field experiment, information on aerosol
concentration and size distribution are still required
for estimates of cloud condensation nuclei (CCN)
concentrations that can then be used for further
investigations of aerosol-cloud interactions at the
site. For ice nuclei distribution, an estimate based on
model results of size-resolved Saharan dust particle
size distributions that can be used for the campaign
data has been provided by [Hande et al., 2015]. Here,
estimates of aerosol number size distributions for
seven aerosol species are provided by from results
of the regional aerosol transport model COSMO-
MUSCAT (COSMO: Consortium for Small-scale
Modeling; MUSCAT: MultiScale Chemistry Aerosol
Transport model) for the field campaign period. The
results provide a basis for estimating CCN concentra-
tions within the model domain.

TROPOS Biennial Report 2014/2015

Method

The regional-scale aerosol transport model
COSMO-MUSCAT [Wolke et al., 2012] was used to
simulate the bulk concentrations of anthropogenic and
natural aerosol species (ammonium sulfate, ammo-
nium nitrate, EC, OC, dust, sulfuric acid, sea salt). In
addition, size-resolved atmospheric particle number
concentrations were simulated for Saharan dust
aerosol. While the number distributionS of secondary
aerosol species are particularly important to deter-
mine cloud condensation nuclei concentrations, dust
particles are efficient ice nuclei.

For the estimation of the aerosol number size
distributions, the mode mean diameter, density and
standard deviation of the log-normal mode have been
predefined for each aerosol species. The simulated
mass concentrations were converted to total number
concentrations by assuming spherical particles of a
certain size and density individually for each compo-
nent. Assuming a log-normal size distribution with a
certain mean diameter and standard deviation, the
total number concentration can then be used to esti-
mate the number size distribution for each compo-
nent. The sum of all individual size distributions
results in the total particle size distribution, which can
be compared to the observations.
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Model simulations were performed for the period
2013-03-26 to 2013-06-20, which covers the period of
the HOPE field campaign in Julich. Furthermore the
model was evaluated for the site Melpitz near Leipzig,
since no specific aerosol measurements were carried
out during the campaign at the Jiilich site.

Results and Discussion

An example for model results of bulk aerosol
concentrations of ammonium sulfate aerosol is shown
in Fig. 1 for the day 2013-06-18, 12 UTC. The simu-
lated concentrations are shown for the lowest model
layer. The near-surface concentrations of ammo-
nium sulfate vary by a factor of 3 between southern
and northern parts of Germany. On this day the

lattitude [°]
ammonium sulfate, pg/m®

longitude [°]

Fig. 1: Simulated ammonium sulfate concentrations in the lowest model
layer for 18.6.2013. The simulations were performed with COSMO-
MUSCAT.

concentrations at the Julich site were approximately

5 pg/mé. The aerosol size distribution on this day
resulting from conversion of the simulated bulk aerosol
concentration into size resolved aerosol concentration
at the Julich site is shown in Fig. 2a. Here, ammo-
nium sulfate contributes the main part to the modeled
aerosol number concentrations. These results

could not be verified at the Jilich site due to lack of
observations. Therefore, comparisons of modeled

and observed size distributions were performed at

the Melpitz site near Leipzig (Fig. 2b) [Birmili et al.,
2015]. While in the size range between 50 nm and
0.15 pm the model estimated number size distribution
matches the observations well, the model underesti-
mates the observations at smaller and larger particle
sizes. This is also the case when comparing model
results and observations for a full month (Fig. 2c).

The underestimation at smaller sizes is due to the

fact that the nucleation mode, which is present in the
measurements, is not taken into account in the model.
However, at this size range such an underestimate

is less important for diagnosing CCN concentrations.
The underestimate of the model results at larger
particle sizes (also reflected in underestimates of
PM2.5 and PM10 concentrations, not shown) may be
more critical, however the number concentrations of
the large particles are low. The model deficit may point
to an aerosol type that is not included in the model, for
example fugitive dust. Natural sea salt and desert dust
aerosol are unlikely to be responsible for this deficit at
the larger particle sizes, since the sea salt large mode
was adjusted to observations, while independent
comparisons of dust aerosol size distributions with
observations during measurements at independent
field campaigns have shown that simulated dust size
distributions in the supermicron size range match well
to ground and airborne dust size observations (e.g.,
[Heinold et al., 2011]).
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Further comparisons with observations will be distributions with the aerosol microphysics module
carried out including utilizing information for aerosol M7 to provide more information about the processes
profiles to ensure that the results are valid. Model that control the aerosol size distribution for the

simulations are also planned to simulate aerosol size ~ campaign period.
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Hochreichende konvektive Wolken, die sich speziell an heiBen Sommertagen zu Gewittern
ausbilden, sind beeindruckende, aber auch gefahrbringende Phédnomene des kontinentalen Wetters.
Ein vertieftes wissenschaftliches Verstandnis des Wachstumsprozesses dieser Wolken ist die
notwendige Grundlage fiir die Vorhersage und Warnung vor diesen Unwetterereignissen mit groBer
gesellschaftlicher Relevanz. Des Weiteren ist der Einfluss des Menschen auf die Charakteristika
hochreichender konvektiver Wolken weitgehend unverstanden. Aus diesen Griinden wurde die
Wachstumsphase konvektiver Wolken (iber Mitteleuropa fiir die Jahre 2012 bis 2014 untersucht. Mit
Hilfe von Meteosat-Daten wurden dynamische und mikrophysikalische Eigenschaften wachsender
Gewitter auf Fallbasis zusammengestellt und analysiert. Betrachtet wurden unter anderem die
Wolkenoberkantentemperatur, deren Abkiihirate, der effektive Wolkenpartikelradius sowie die GroBe
und Expansionsgeschwindigkeit des entstehenden Eisschirms. Es konnte unter anderem gezeigt
werden, dass die Gesamtwachstumszeit im Mittel ca. 70 min betrédgt und, dass schneller abkiih-
lende Wolkenoberkanten mit schneller expandierenden Eisschirmen mit im Mittel kleineren Partikeln

in Verbindung stehen.

Introduction

Deep convective clouds and their accompanying
hazards are very fascinating, but also very dangerous
phenomena of continental summer weather with
large impact on society. Their forecast on various time
scales is challenging and complicated by the inherent
complexity of associated dynamical and microphysi-
cal processes. Geostationary satellites can play an
important role to enhance our understanding of their
growth properties, and can thus improve forecasting
capabilities. Besides their safety and economic
impacts, deep convection also plays an important role
in the climate system. Convective updrafts transport
a significant amount of water and air constituents into
the upper troposphere / lower stratosphere. Further-
more, it has become increasingly important to quan-
tify the impact of anthropogenic pollution on deep
convective clouds and its effect on the global energy
budget. However, impacts of aerosol-mediated cloud
changes on our current and future climate are highly
uncertain [Boucher et al., 2013]. We therefore focus
on convective development in Central Europe, with
the objective to enhance our scientific understanding
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of the convective initiation, convective life cycle, and
development of severe storms.

Data and Methods

We use data from the optical imaging radiometer
SEVIRI aboard the geostationary Meteosat Second
Generation (MSG) satellites operated by EUMETSAT
[Schmetz et al., 2002]. The so-called rapid-scan
service covering Europe with a typical pixel size of
3 x 6 km? in Central Europe and a 5-min repeat cycle
enables us to resolve details in the convective devel-
opment.

For the years 2012 to 2014, more than one-hun-
dred tracks of growing isolated deep convective cells
have been manually assigned using subsequent
satellite images [see Senf et al., 2015]. For characteri-
zation, the infrared channels at 6.2 and 10.8 ym and
the high-resolution visible (HRV) channel have been
used. The 10.8-pm brightness temperature (BT10.8)
is a window channel nearly unaffected by atmospheric
gases and represents the cloud-top temperature for
thick clouds. As a measure of convective growth, the
cloud-top cooling (CTC) rate was determined from
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the 5-min time trend of the along-track BT10.8. The
anvil size and expansion speed was calculated from
connected BT10.8 areas below 240 K and their time
trends. Additionally, the KNMI cloud physical prop-
erties algorithm [Roebeling et al., 2006] has been
applied to retrieve the cloud-top effective radius.

Results and Discussion

The majority of studied storms shows a distinct
maximum in CTC rate, and its corresponding time
was used for synchronization of the storm tracks.
Figure 1 gives a schematic overview of the time-
scales involved in the growth process of deep convec-
tive clouds. Characteristic stages are the time of
maximum CTC and the time of maturity. The latter
marks the transition between growth and mature
phase and is defined based on the time trend of
the brightness temperature difference between the
6.2- and 10.8-um SEVIRI channels. The first part
of the growth period, the early updraft intensifica-
tion, lasts on average 34 min and ranges from the
subjectively determined cloud detection time to the
time of maximum CTC. The continued growth period
thereafter lasts until the time of maturity with a similar
temporal length. Typical CTC rates are in the order of

18 °C per 15 minutes corresponding to ascent rates of
around 2.6 m/s. The typical anvil expansion speed is
around 4.5 m/s at the time of maturity.

The connection between dynamical and micro-
physical cloud properties is shown in Fig. 2. Over all
considered cases, the correlation has been calculated
between the magnitude of the maximum CTC rate
as a measure of updraft strength and the anvil edge
velocities (Fig.2, upper row) as well as the effective
particle radius (Fig. 2, lower row) at different times
relative to the time of maximum CTC. The correlation
typically increases throughout the growth phase and
reaches a maximum around 15 to 30 min after the
time of maximum CTC. The anvil edge velocity is
around twice as large as the maximum vertical ascent
rate. Smaller cloud-top particles are found for larger
vertical ascent rates which is physically plausible
because ice crystals less time to growth in stronger
updrafts.

In the future, we will combine satellite-based
dynamical and microphysical cloud properties with
lightning activity, radar-detected precipitation strength
and additional environmental properties to further
increase understanding of parameters that impact
convective growth as well as to enhance future satel-
lite-based detection capabilities with Meteosat.
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Fig. 1: Sketch of simplified cloud development. Green arrows mark cloud-top vertical motion and red arrows show the anvil expansion. The times of
maximum CTC and of maturity as well as several growth periods are indicated. Given values represent the respective medians over all cases and
the uncertainty intervals are obtained from the cross-case interquartile range.
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Die Interaktion von Aerosol- und Wolkenpartikeln wird hauptsachlich von der vertikalen Luftbewe-
gung angebtrieben. Das macht die vertikale Luftbewegung zu einer duBerst wichtigen MessgroBe.
Doppler-Lidare und Wolkenradare kénnen vertikale Bewegungen nur dort messen, wo Tracer in
Form von Aerosolpartikeln, Wolkentropfen oder Eiskristallen vorliegen. Beide messen daher auch
immer vertikale Luftbewegungen die von den Fallgeschwindigkeiten der Teilchen liberlagert sind.
Nur Wind-Profiler kdnnen die Luftbewegung auch in klarer Luft messen. Solche Geréte sind jedoch
sehr groB, teuer und kdnnen daher nur von gut ausgeriisteten Institutionen betrieben werden. In
Deutschland betreibt der Deutsche Wetterdienst (DWD) einen Wind-Profiler am Meteorologischen
Observatorium in Lindenberg (MOL). Dort hat in 2013 die gemeinsame TROPOS/MOL Messkam-
pagne COLRAWI (Combined Observations with Lidar, Radar and Wind Profiler) stattgefunden. Dabei
wurden zum ersten Mal ein Doppler-Lidar, ein Wolkenradar und Wind-Profiler gemeinsam zur gleich-
zeitigen Beobachtung vertikaler Luftbewegungen genutzt [Biihl/ et al., 2015].

The interaction between aerosols, cloud drop-
lets and ice crystals is driven mainly by vertical air
motion. This makes vertical air velocity a highly
desired measurement value. Observations of vertical
air motion is possible with Doppler lidars and cloud
radars. Observations are, however, restricted to
regions of the atmosphere where enough aerosol
or cloud particles prevail. In the clear air around
clouds, only radar wind profilers can provide meas-
urements of vertical air motion. Wind profilers are
relatively large and expensive instruments and
can only be operated by a very limited number of
well-funded institutions. In Germany the German
Meteorological Service (DWD) operates an Ultra-
High-Frequency Wind Profiler at the Meteorological
Observatory Lindenberg (MOL). In 2013, the common
DWD/TROPOS measurement campaign COLRAWI
(Combined Observations with Lidar, Radar and Wind
Profiler) has been performed at MOL combining
vertical observations from Doppler lidar, cloud radar % F -1l
and wind profiler [Bdhl et al., 2015].
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lidar, ceilometers, microwave radiometers, a MIRA-35
cloud radar and the above-mentioned radar wind
profiler. The wind profiler is normally used to derive
30min-profiles of horizontal wind speed up to the
tropopause. During the COLRAWI campaign, the
wind profiler was run in a special vertical-stare mode
with 10s temporal and 100m vertical resolution. For
the first time this wind profiler was used in this mode
together with a Doppler lidar and a cloud radar in
order to generate a combined dataset of cloud micro-
physics with the Cloudnet framework [/llingworth et
al., 2007] together with vertical air velocity in and
around cloud layers.

Examples of combined measurements

In Fig. 1, it is shown how cloud droplets and air
motion can be obtained simultaneously. It is visible
from that figure that vertical velocity measurements
are provided by Doppler lidar and cloud radar in the

boundary layer (below 1300m height) and at cloud
level (2900m height). The wind profiler, however,
delivers a coherent picture of the vertical motions in
the complete column up to 4500m height. In Fig. 2 an
example is shown where combined measurements
are used to derive the pure fall velocity of ice particles
relative to the surrounding air. For this purpose, the
vertical air motions measured by the wind profiler are
subtracted from the vertical velocity of particles meas-
ured with the cloud radar and Doppler lidar.

Summary and Outlook

Measurements like those shown in Fig. 1 can
be of great practical use, e.g. for initiating cloud
models [e.g., Simmel et al., 2015], process studies
and long-term statistics of vertical motions. On the
other hand, the pure fall velocity of particles relative
to the surrounding air may be used to derive first-
hand information about ice particle size and shape.
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Fig. 2: The vertical velocity measurements of the wind profiler (center) are subtracted from those of the Doppler lidar (left column) and the
cloud radar (right column). With the correction applied the measurements yield the fall speed of the particles relative to the surrounding air

(bottom).
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COLRAWI has shown that a combination of Doppler
lidar, cloud radar and wind profiler makes it possible
to derive the highly-desired vertical velocity of clear
air in order to characterize different kinds of vertical
motions in the atmosphere. It has been shown that
the use of a wind profiler can fill the white spaces left
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Articles

Spatio-temporal variability of surface solar
irradiance with pyranometer network

Madhavan Bomidi, Hartwig Deneke, Andreas Macke

Die Zeitreihen der globalen solaren Transmission eines Pyranometer Messnetzes mit 99 Stationen
wurde mit einer Wavelet-basierten Multiskalenanalyse untersucht, um das frequenzabhéangige Leis-
tungsspektrum und die Auswirkungen von zeitlichen und raumliche Skalen auf die Varianz und
Korrelation zwischen Stationen zu untersuchen. Diese Analyse wurde fiir variable Bewolkungs-
bedingungen durchgefiihrt. Es wurde dabei festgestellt, dass an Tagen mit durchbrochener
Bewdlkung das Leistungsspektrum der Zeitreihe deutlich hohere Variabilitat auf allen Skalen
aufweisst. Charakteristische Unterschiede des Leistungsspektrums wurden in unterschiedlichen
Bewdlkungssituationen beobachtet. Sowohl die rdumliche Korrelation als auch die zeitliche Varianz
héangen stark von der Lange des Mittelungsperiode ab. Diese Arbeit ermdglicht es uns, das Niveau
der Ubereinstimmung zu bestimmen, dass bei einem Vergleich von Punktmessungen mit einem
Flachenmittel zu erwarten ist, wie es oft bei der Validierung von Satellitenprodukten und Atmosphé-

renmodellen gemacht wird.

Introduction

As part of the High Definition Clouds and Precipi-
tation for advancing Climate Prediction (HD(CP)?)
Observational Prototype Experiment (HOPE), a high
density network of 99 pyranometer stations was set
up around Juelich, Germany to capture the small-
scale variability of cloud-induced surface radiation
fields at an unprecedented spatial resolution. Each
pyranometer station measures the downward short-
wave global irradiance at 10 Hz resolution. The global
transmittance (T) was derived from the observed
global horizontal irradiance (G) by normalizing with
a fixed value of extraterrestrial irradiance at the top
of atmosphere (TOA), corrected for the sun distance.
Detailed information about the data processing and
uncertainty assessment are presented in Madhavan
et al. [2015]. The time series variability of the flux
transmittance fields from the pyranometer network
were subject to a wavelet-based analysis to under-
stand the spatial and temporal scaling properties
under different sky conditions. The maximum overlap
discrete wavelet transform and Haar wavelet were
chosen for analyzing the time series flux transmit-
tance measurements from the pyranometer network.
A Haar wavelet corresponds to the rectangular
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scaling and wavelet functions, which act as lowpass
and bandpass filters respectively, with maximum time
localization by reducing the support of filters and
thus the range of edge effects. The time series of flux
transmittance measurements from each station were
decomposed into smooths (Si) and details (Dj) for
scales from 3 hours to 10 seconds.

Results and Discussion

The power spectrum of transmittance variability
under broken clouds is always higher than that during
clear, cirrus and overcast skies at all averaging time
periods (Fig. 1). On a broken cloudy day, the variance
of transmittance details are always higher and distinct
at all averaging time periods. When the clouds are
scattered, multiple reflections and scattering near the
sides of the clouds produce a complex radiance distri-
bution. For most scattered low level clouds of some
vertical extent, this leads to higher global transmit-
tances at the surface than that would result for clear
skies. The same effect occurs when patches of cirrus
or alto-cumulus clouds appear but do not steadily
obscure the sun. Overall, a significantly large spatial
and temporal variation under broken cloudy situations
result in higher variances. During days with cirrus
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Fig. 1: Wavelet power spectrum of the variability in global transmittance fields on different prevailing sky conditions. The horizontal dashed line
correspond to the combined instrumental uncertainty resulting from all components of a pyranometer system. The vertical bars around the mean
values correspond to the limits of minimum and maximum variance or standard deviation.

clouds, the variance of transmittance details was underlying surface and the cloud base, leading to an
lower at all scales compared to broken cloudy condi- increased variability.

tions, but higher than those resulting on a clear sky.

Under a homogeneous thick overcast sky, the global It is essential to know how representative the
irradiance is completely diffuse and the radiance time series of one station is for that observed at

of the cloud base observed from the ground will be close-by stations under specific conditions. The
uniform, resulting in lower variability of transmittance auto-correlation between the transmittance details (or
fields. However, under partly overcast skies, global smooths) was observed to be decaying exponentially
transmittance of clouds can also be perturbed by as the spatial separation between stations increased

multiple reflections of the solar radiation between the (Fig. 2). Also, the correlation between stations varied
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Fig. 2: Wavelet correlation as a function of distance between stations on different days: (a) clear — 4 May 2013 (top row), (b) cirrus — 16 July 2013
(second row), (c) overcast — 9 June 2013 (third row), and (d) broken clouds — 25 April 2013 (last row). Here S, corresponds transmittance smooths
at a time scale of 3 h, while the transmittance details are represented for time periods 3-1.5 h (D,), 1.5h-45 min (D,), 45-22.5 min (D,), 22.5-11.25 min
(D,), 11.25-5.6 min (D,), 5.6-2.8 min (D), and 2.8-1.4 min (D).
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widely depending on the type of cloud cover prevailing  for averaging time periods larger than 1.4-2.8 min.

over the region on that day and the representative Finally, the temporal and spatial scaling properties
averaging time period of transmittance details. Under obtained above for different sky conditions can be
different sky conditions, remarkable differences were used to quantify the representative errors between

observed in the behavior of auto-correlation especially  point measurements and spatial means.
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Articles

Highly oxidized multifunctional organic
compounds observed in tropospheric
particles — a field and laboratory study

Anke Mutzel, Janine Schindelka, Laurent Poulain, Torsten Berndt, Yoshiteru linuma, Maria Rodigast,
Olaf Bége, Stefanie Richters, Gerald Spindler, Hartmut Herrmann

Kiirzlich wurden hochoxidierte multifunktionale organische Verbindungen (HOMs) mit einem O/C
Verhaltnis gréBer 0.7 entdeckt. Aufgrund ihres niedrigen Dampfdruckes werden sie als extreme
niederfliichtige organische Verbindungen (ELVOCs) bezeichnet und kénnen daher signifikant zur
organischen Masse im troposphérischen Partikel beitragen. Auch wenn HOMs sehr erfolgreich in
der Gasphase nachgewiesen wurden, so ist ihr Verbleib nach erfolgter Partitionierung in die Parti-
kelphase weitgehend unverstanden.

Daher wurde im Rahmen dieser Studie versucht, HOMs bzw. verwandte Oxidationsprodukte in der
Partikelphase nachzuweisen. Hierfiir wurden zum einen Experimente zur o-Pinen Ozonolyse in der
Aerosolkammer LEAK als auch eine umfangreiche Feldmesskampagne im Sommer 2013 an der
Forschungsstation Melpitz durchgefiihrt. Die Analysen der erhaltenen Filterproben zeigten drei
Hauptverbindungsklassen in der Partikelphase: 1) intakte HOMs mit einer oder mehreren
Carbonylfunktion(en), 2) kurzkettige Carbonylverbindungen und 3) hochoxidierte Organosulfate
(HOOS), wobei letztere eine bisher unbekannte Substanzklasse darstellen. In weiteren Versuchen
zur Oxidation von Isopren mit OH-Radikalen konnte ebenfalls die Bildung von HOMs nachgewiesen
werden, welche bis zu zwei Drittel von organischen Peroxiden in der Partikelphase erkldren kénnen.
Anhand der durchgefiihrten Feldstudie konnte gezeigt werden, dass die Partitionierung von HOMs
aus der Gasphase zu einem Anstieg des Oxidationsgrads der Partikelphase fihrt. Damit konnte
eindeutig die zentrale Rolle von HOMs fir die Partikelphasenchemie von Aerosolen demonstriert

werden.

Introduction

The existence of highly oxidized multifunctional
organic compounds (HOMs) in the gas phase has
been successfully demonstrated during lab and field
studies [Ehn et al., 2012, 2014, Jokinen et al., 2014].
They are also often referred as extremely low-vola-
tile organic compounds - ELVOCs. Recent studies
revealed that the oxidation of biogenic volatile organic
compounds (BVOCs) leads to the formation of HOMs
with a molar yield of up to 7 % (c-pinene ozonolysis).
At low aerosol loadings, the condensation of HOMs
might be able to explain the entire SOA mass [Ehn
et al., 2014]. Thus, HOMs significantly contribute to
the formation of organic mass during monoterpene
oxidation. Despite these observations, HOMs formed
in the gas phase via autoxidation processes have
not been detected in the particle phase beyond their
contribution to organics and thus their fate after phase
transfer and their possible chemical consequences
remain unclear. In our study, we addressed this gap
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by examining both the phase transfer of HOMs into
particles and their further reactions within the particle
phase. To this end, a series of experiments was
conducted in the aerosol chamber LEAK (Leipziger
Aerosol Kammer) investigating the ozonolysis of
o-pinene and OH induced oxidation of isoprene. The
obtained laboratory observations were also compared
to field measurements conducted at the Melpitz
research station during summer 2013.

Experiments

The aerosol chamber LEAK was used to
examine HOM formation from o-pinene ozonolysis
(2.4 ppb a-pinene). The chamber was operated as a
continuous flow reactor (CFR). This approach enabled
us to conduct chamber experiments extending over
several days. Four experiments using different type
of seed particles (sulfuric acid (H,SO,), sodium
sulfate (Na,SO,), ammonium bisulfate (NH,HSO,)
and a mixture of phthalic acid dipotassium salt
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(C,H,-1,2-(CO,K),) and potassium hydrogen phthalate
(C;H,KO,)) were conducted in the chamber. Each
experiment was allowed to react for 48 hours. A proton
transfer reaction mass spectrometer (PTR-MS) was
operated to monitor the a-pinene mixing ratio. The
particle number concentration was monitored with a
scanning mobility particle sizer (SMPS). Sample ana-
lysis of chamber-generated and ambient aerosol parti-
cles collected on filters was conducted by high-perfor-
mance liquid chromatography electrospray ionization
coupled to time-of-flight mass spectrometry (HPLC/(-)
ESI-TOFMS) and ultra-performance liquid chromatog-
raphy electrospray ionization coupled to time-of-flight
mass spectrometry (UPLC/(-)IMS-QTOFMS). Filters
were directly analysed and after derivatization with
2,4-dinitrophenylhydrazine (DNPH).

Gas phase HOMs were detected and quantified
in LEAK and at the Melpitz research station by a
NO,-CI-APi-TOF (chemical ionization atmospheric
pressure interface time-of-flight) mass spectrom-
eter (Airmodus Ltd., Tofwerk A.G) as NO, (M+NO,)
adducts [Ehn et al., 2012; Jokinen et al., 2012].

Field measurements were performed at the
TROPOS research station at Melpitz (51.54°N,
12.93°E, 86 m a.s.l.), approximately 50 km east of
Leipzig, Germany.

Further, experiments on the OH induced oxida-
tion of isoprene (5/100 ppb) were performed. OH
radicals were produced by photolytic cleavage of
hydrogen peroxide (H,0,), which was injected either
before turning on UV-lamps (A = 254 nm) or continu-
ously over the hole experiment time. For investigation

of SOA formation, experiments were performed either
without or with seed particles (Na,SO,). Organic
peroxides in SOA particles have been analysed with
an iodometric-spectrophotometric method [Mutzel et
al., 2013].

Results and Discussion

Based on our study we propose three reaction
pathways of condensed HOMs from c-pinene ozono-
lysis: i) condensation into the particle phase without a
structural change, ii) fragmentation reactions leading
to short chain carbonyl compounds and iii) formation
of highly oxidized organosulfates (HOOS). Several
hints were found for all suggested pathways indicating
that these processes occur simultaneously. It should
be noted that none of the detected HOOS have been
reported in the literature. Therefore, it can be stated
that the condensation of HOMs leads to the formation
of an up to now unknown class of compounds.

In terms of the HOM structures, the analysis
demonstrated that the vast majority of the HOMs
contains one or more carbonyl groups. Thus, this
study provides the first evidence for the presence of
HOM s in laboratory-generated and ambient SOA as
well as the first experimentally obtained structural
information of particle-phase HOMs (Fig. 1). Espe-
cially for the most abundant HOMs [Zhao et al., 2013]
at m/z 308, 340, 342 and 310 [M+NO,] important
structural information were obtained by DNPH deri-
vatization. The compounds detected at m/z 340, 342
and 372 [M+NQO,] have been described to be involved
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Fig. 1: Mass spectra obtained from CI-APi-TOF measurements at the Melpitz research station (red) and during the ozonolysis of a-pinene in the
aerosol chamber LEAK (black). Compounds were detected as NO, adducts. Please note, that no OH radical scavenger was used. Thus, some
signals also originate from OH radical reactions as it is discussed in the literature [Jokinen et al., 2014].
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Fig. 2: Total concentration of HOMs (black) and particulate carbon oxidation state (OS_, purple) during selected days of the measurement
campaign in Melpitz (A). Scatter plot highlights the linear relationship that can be observed between gas-phase HOM concentration and

particulate OS_ (B).

in particle formation whereas m/z 308 is suggested
to be correlated with particle growth [Zhao et al.,

2013]. For the first three compounds corresponding
mono-DNPH derivatives were detected indicating a
monocarbonyl compound. Contrary, for the m/z 308
[M,+NO_] compound a corresponding di-hydrazone
signal was found indicating a dicarbonyl compound.

Especially HOMs detected at m/z 298, 308,

340, 342 and 372 [M+NO,] were also reported in the
literature and were assigned to C,;H,,0,, C, H,,O.,
C,H.0,, C, H,O,and C, H, O, based on the high
resolution mass spectrometric data [Ehn et al., 2012,
2014; Zhao et al., 2013]. Besides these compounds
three additional signals were found at m/z 294, 310
and 324 [M+NQ,] corresponding to C, H, O, C, H, O,
and C, H,,0O,.

Up to now, the existence of carbonyl groups
in HOMs was only subject to speculation, and the
present study provides the first experimental evidence
for the presence of carbonyl groups in the HOM ske-
leton.

Based on the obtained Melpitz field data set
compared to the LEAK data set, it can be stated that
the formation of a number of identical HOMs was
observed. The conducted field study shows that the
phase transfer of HOMs leads to a significantly higher
oxidation state of ambient organic aerosol.

As it can be seen in Fig. 2, a good agreement
between particulate OS_ and the total concentration
of gas phase HOMs was found, suggesting that these
compounds might directly contribute to the change
in particle-phase OS_ (Fig. 2A). This is particularly
clearly seen for the first hours of the morning when
the formation of HOMs is the strongest. During this
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period, a linear relationship between total HOM
concentration in the gas phase and particulate OS_
was observed (Fig. 2B). Based on this it is expected
that HOMs condense into the particle phase and thus,
make up a large fraction of the organic mass.

A generation of HOMs was also observed for the
oxidation of isoprene with OH radicals. This forma-
tion differs from monoterpene oxidation as HOMs
are formed only from a second oxidation step. The
precursor compound is hydroperoxy-methylbutenol
(ISOPOOH) which itself is the main primary oxidation
product of isoprene in a low NO, regime.

Observed HOMs products are C, compounds
with up to 9 oxygen atoms. These high oxygen
contents can structurally only be explained with a high
amount of hydroperoxy groups in addition to alcohol
and carbonyl functional groups. Further, the high
oxygen content results in O/C ratios and oxidation
states OS_ of up to 1.8 and 1.6, allowing them to be
assigned to the group of ELVOCs. Support for this
classification is given by a strong reduction of the
HOM s gas phase concentrations simultaneously to a
growth of particles observed in experiments with seed
particles.

Further quantitative analysis of particle mass
compounds showed that organic peroxides contribute
a significant proportion of 17 % to the organic mass.
Given that all HOMs partition to the particle phase
and remain stable until analysis of the organic mass,
isoprene HOMs can add 10 % to particle mass and
thereby two third of the peroxide content can be
explained.
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Articles

Highly oxidized multifunctional organic
compounds (HOMs) from the ozonolysis of
sesquiterpenes

Stefanie Richters, Hartmut Herrmann, Torsten Berndt

Sesquiterpene (C H,,) stellen neben Isopren (C,H,) und den Monoterpenen (C, H, ) wichtige biogene
organische Verbindungen dar, deren Oxidationsprodukte zur Bildung von sekunddrem organischen
Aerosol (SOA) in der Atmosphaére beitragen kénnen. Bei Untersuchungen zur Oxidation von Mono-
terpenen wurden kiirzlich hochoxidierte Reaktionsprodukte (HOMs) nachgewiesen, welche auf
Grund ihrer Eigenschaften relevant fiir die SOA-Bildung sind.

In dieser Arbeit wurde die HOM-Bildung aus der Ozonolyse von drei Sesquiterpenen, o-Cedren,
B-Caryophyllen und c-Humulen, in einer Freistrahlapparatur untersucht.

Fiir alle drei Sesquiterpene konnte HOM-Bildung beobachtet werden, welche dem bekannten Reak-
tionsmechanismus der Autoxidation entspricht. AuBerdem wurden bei der Ozonolyse von 3-Caryo-
phyllen und o-Humulen weitere Signale detektiert, welche auf zusatzliche Reaktionspfade hin-
weisen. Die molaren HOM-Ausbeuten der drei Sesquiterpene liegen zwischen 0.5 und 1.8%. Dies
deutet darauf hin, dass Sesquiterpen-HOMs nur in geringem MaBstab zur globalen SOA-Bildung
beitragen kénnen.

repeated several times. The first-generation closed-
shell products of these highly oxidized RO, radicals
are formed in the atmosphere from the reaction with
NO, NO,, HO, or other RO, radicals.

The scope of this work are basic investigations
on HOM formation from the ozonolysis of three
sesquiterpenes (SQTs), namely o-cedrene, 3-caryo-
phyllene and a-humulene. The corresponding mole-
cule structures are given in Fig. 1. SQTs are emitted
to the atmosphere with about 18 million metric tons
carbon per year corresponding to approximately
2.4% of the total annual biogenic emission of about
720 million metric tons carbon [Sindelarova et al.,

Introduction

The oxidation products of biogenic emissions,
such as isoprene (C,H,), monoterpenes (C, H,,) and
sesquiterpenes (C,.H,,), are known to have an impor-
tant impact on the global secondary organic aerosol
(SOA) burden. It is currently a hot topic in atmospheric
chemistry to ascertain how these low-volatile organic
oxidation products are formed in the atmosphere.

Recently, Ehn et al. [2014] conclusively demon-
strated the formation of highly oxidized multifunctional
organic compounds (HOMs) from the ozonolysis of
a-pinene, and their importance for SOA formation.

The HOM detection became feasible by the latest
developments of on-line mass spectrometric tech-
niques [Junninen et al., 2010]. Other terpene ozono-
lysis studies, using the same detection technique,
have confirmed the findings by Ehn et al. [2014] and
discovered that HOM formation with up to 12 O-atoms
in the molecules proceeds on a time scale of seconds
at atmospheric reactant concentrations [Jokinen et
al., 2014; Mentel et al., 2015].

The HOM formation can be explained via an
autoxidation mechanism, meaning RO, isomeriza-
tion (ROO — QOOH) and subsequently O, addition
(QOCH + O, — R"00). This reaction sequence is
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2014]. Locally, SQTs can be responsible for up to 70%
of the biogenic emissions, e.g. in orange orchards
[Ciccioli et al., 1999].

o-cedrene -caryophyllene o-humulene

Fig. 1: Structures of the three sesquiterpenes investigated in this study.
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Experimental

The experiments were carried out in a free-jet
flow system at a temperature of 297 + 1 K and a pres-
sure of 1 bar purified air [Berndt et al., 2015]. This
approach allows investigations with negligible wall
losses and a reaction time of 3.0 - 7.9 s. The reaction
products were detected and quantified by means of
chemical ionization - atmospheric pressure inter-
face - time-of-flight (CI-APi-TOF) mass spectrometry
(Airmodus, Tofwerk) sampling the centre flow at the
tube outlet with a rate of 10 L min™' (STP, standard
temperature and pressure). Nitrate or acetate were
used as the reagent ions in the ionization process.
Gas chromatography with a flame ionization detector
(GC-FID; Agilent 6890) as well as Proton Transfer
Reaction — Mass Spectrometry (PTR-MS; HS
PTR-QMS 500, lonicon) served as the analytical tech-
niques for SQT quantification.

Results

Figure 2 shows an example of a product mass
spectrum from the ozonolysis of a-cedrene in the
mass to charge range 350 - 505 Th using nitrate
ionization. The position of the dominant signals in the
spectrum differs by 32 nominal mass units each (361,
393, 425, 457 and 489 Th) and were assigned to
highly oxidized RO, radicals according to the general
formula O,0-C,H,, (OOH) O, with x = 1 — 5. Here, “x”
represents the number of hydroperoxide moieties in
the molecule. The two oxygen atoms “O,0”- arise from
the initial ozone attack and the final O, characterizes
the RO, radical. The number “x” was determined in
experiments with heavy water (D,0) in the reaction

gas allowing to exchange the H-atoms in the OOH
groups by D-atoms. The resulting signal shift in the
mass spectrum indicates “x” The origin of the O-atoms
in the highly oxidized products was investigated using
either “normal” ozone (*°0,) or “heavy” ozone (**0,) in
the ozonolysis. From the comparison of the product
spectra it was followed that two O-atoms in the HOMs
arose from ozone, indicated as “O,0’ and the others
from O, from the air. This finding is in line with earlier
results from monoterpene ozonolysis [Jokinen et al.,
2014]. The formation of the detected highly oxidized
RO, radicals (Fig. 2) as well as the corresponding
closed-shell products can be explained by an autoxi-
dation mechanism [Jokinen et al., 2014].

Similar ozonolysis experiments have been
conducted for B-caryophyllene and a-humulene as
well. It is to be noted, that the product spectra were
more complex in the case of these SQTs. Obviously,
other reaction pathways are also important for HOM
generation beside the autoxidation steps. More ex-
perimental work is needed for a better understanding
of HOM formation from the ozonolysis of B-caryophyl-
lene and a-humulene.

The total, molar HOM yield was measured
as a function of reacted SQT applying nitrate and
acetate ionization, see Fig. 3. The HOM yields slightly
decreased for all SQTs for higher SQT conversions.
This could tentatively be explained by consecutive
product formation of the highly oxidized RO, radicals
which are not detectable with the used technique.

For a-cedrene, the total HOM concentrations yielded
0.6 *55 % of the reacted a-cedrene for both ioniza-
tion techniques. In the case of 3-caryophyllene, the
observed molar HOM yield was 0.5 *33 % using nitrate
ionization and 1.8 *{:8 % using acetate ionization. This

O,O'C‘SHzg,X(OOH)on

-
N
1

ion counts (s
o2}
1

N
1
Le>sx=1
=
=]
=>Xx=5

O, +SQT

\. , \L % - = 0, only

T T T
350 400 450 500
mass / charge (Th)

0

Fig. 2: Ozonolysis of a-cedrene: Highly oxidized RO, radicals
(0,0-CH,, (OOH) O, x =1 -5, red oval lines) and corresponding
C,-closed-shell products (C,,H,,0, ., red rectangular lines), nitrate
ionization. The green spectrum line (O, only) shows the background
experiment in which only ozone (no SQT) was present.
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Fig. 3: Total, molar HOM yield from the ozonolysis of the three SQTs
as a function of reacted SQT using either acetate (full red symbols) or
nitrate (open black symbols) for ionization.
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large difference by a factor of 3.6 reflects the higher
detection sensitivity of acetate compared with nitrate
for special classes of HOMs. The molar HOM concen-
trations from the ozonolysis of a-humulene resulted in
a total HOM yield of 1.4 *}3 % using nitrate ionization.
A comparison with results from acetate ionization was
impossible caused by experimental restrictions in this
reaction system.
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Die Eiskeimféhigkeit monodisperser Feldspat-Partikel verschiedener GréBen wurde mit Hilfe des
Leipzig Aerosol Cloud Interaction Simulators im Immersionsgefriermode untersucht. Dabei zeigte
sich, dass nicht alle unterkiihilten Tropfen heterogen einfroren und der Anteil gefrorener Tropfen
direkt proportional zur Partikeloberflache ist. Das beobachtete Gefrierverhalten konnte mit Hilfe des
kombinierten ,,stoCHastic modEIl of similar and poiSSon distributed ice nuclei“ und ,,Soccer Ball
Models“ (CHESS-SBM) beschrieben werden. Basierend auf unseren Ergebnissen und unter Einbe-
ziehung von Beobachtungen anderer Forschergruppen konnte ein Grenzwert der ,,ice active
surface site density“ n_fir Mineralstaub abgeleitet werden. Dieser Grenzwert stellt eine Obergrenze
der Eisaktivitat dar und ist somit ein wichtiger Eingangsparameter fiir atmosphérische Modellie-

rungen.

Introduction

Atkinson et al. [2013] reported that “feldspar
minerals dominate ice nucleation by mineral dusts
under mixed-phase cloud conditions, despite feldspar
being a minor component of dust emitted from arid
regions” Studies of Wex et al. [2014] and Augustin-
Bauditz et al. [2014] further illustrate the relevance
of feldspar for ice nucleation. Augustin-Bauditz et al.
[2014] investigated the freezing behaviour of drop-
lets each containing a single feldspar particle with a
diameter of 300 nm. They observed a levelling off of
the frozen droplet fraction at about 0.8 for tempera-
tures above the homogeneous ice nucleation limit
(T >-38°C).

In this study [Niedermeier et al., 2015], we
deepen the investigations concerning the ice nucle-
ating ability of the same feldspar by focusing on
size-segregated, monodisperse particles and verifying
whether the levelling off in the frozen fraction scales
with particle surface area. This would give indications
concerning the number and distribution of ice nucle-
ating sites in the particle population. For the experi-
ments the Leipzig Aerosol Cloud Interaction Simulator
(LACIS) [Hartmann et al., 2011] is applied. The Soccer
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ball model (SBM) [Niedermeier et al., 2011, 2014]

is combined with the stoCHastic modEl of similar
and poiSSon distributed ice nuclei (CHESS model)
[Hartmann et al., 2013] to represent the determined
ice nucleation behaviour and to derive the ice active
surface site density, n_.

Experimental Results and CHESS-SBM

In Fig. 1, experimentally determined frozen frac-
tions are presented for droplets each containing one
feldspar particle of a certain size. In different exper-
iments the particle size was varied. In all cases, the
measured frozen fractions increase with decreasing
temperature and level off at values lower than 1 at
temperatures well above the homogeneous freezing
temperature. The value of the frozen fraction in the
leveling off range depends on particle size. This
observed behavior indicates that not all particles
feature an ice nucleating site with the (average)
number of sites per particle scaling linearly with
particle surface area.

In order to theoretically describe the observed
ice nucleating behavior we assume that the ice nucle-
ating sites are Poisson distributed over the droplet
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Fig. 1: LACIS frozen fraction f__ as a function of temperature as water

droplets containing differently sized feldspar particles (A values

are given as well). The solid lines represented SBM fis to the frozen
fractions.

population with A, . being the average number of ice
nucleating sites per droplet. A is a key parameter of
the CHESS model. Furthermore each ice nucleating
site is assigned a specific contact angle (equivalent to
ice nucleation rate), based on a Gaussian probability
density function (PDF) — a key feature of the SBM.
Consequently, the resulting CHESS-SBM includes the
probability of a droplet to contain an ice nucleating
site connected with probability of the site to induce ice
nucleation at a certain temperature.

As it is possible to directly derive A, for the feld-
spar sample, only two unknown CHESS-SBM param-
eters, the mean p, and the standard deviation 6, of
the PDF, are left which can be determined through
fitting the CHESS-SBM to the experimental data.

The calculated CHESS-SBM curves (with p, = 1.29
rad and o, = 0.10 rad) are shown in Fig. 1 fitting the
experimental LACIS data with reasonable accuracy.

Asymptotic value of the ice active site density

As an instrument-independent quantity, the
temperature-dependent ice active surface site density,
n,, [e.g., Connolly et al., 2009] has been established
in the past in order to describe and compare the ice
nucleating behavior of various particle types. Conse-
quently, n_is used here for comparing our experi-
mental results with those of other studies.

Several laboratory studies quantifying the ice
nucleating ability of various desert dust samples,
which are summarized in Hoose and Mdéhler [2012]
suggest the existence of an asymptotic value for n_
because a leveling off can be observed for T > -38°C.
Based on these results and our findings for feldspar,
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we can derive an asymptotic value for n_ which we
calln: n* =Mk /S, with S being the particle
surface area.

In Fig. 2, in addition to experimentally deter-
mined n_ values of different natural mineral dusts, a
CHESS-SBM curve (grey area) is shown which is
based on the parameters determined for our feldspar
sample (i.e., y, = 1.29 rad and o, = 0.10 rad). This
parameterization further includes a range of nucle-
ation times commonly used in laboratory studies (in
some of the original studies the time scales were not
reported). Additionally to determine the values for
n.* to be used for the CHESS-SBM parameterization,
we assume the feldspar content in these desert dusts
to range between 1% and 25% based on findings for
various desert soils [Atkinson et al., 2013 and refer-
ence therein]. The different desert dusts can be very
well represented by the CHESS-SBM.

INS

Implications

The ice nucleating ability of natural mineral dusts
is dominated by the contained feldspar amount in the
temperature range where feldspar is an efficient ice
nucleator. Based on our knowledge about feldspar,
an asymptotic value for the ice active surfaces site
density, n_*, can be determined as a measure for the
ice nucleation potential of natural dusts. Care has to
be taken when extrapolating n_ curves for mineral
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Fig. 2: The differently colored symbols represent n_values determined

in various studies for various desert dusts: Asian Dust (AD), Canary
Island Dust (CID), Israeli Dust (ID), and Saharan Dust (SD). Note that
these data points have already been presented in Fig. 11b of Hoose and
Méhler [2012]. The red line represents the parameterization of Niemand
et al. [2012] for desert dusts valid in the temperature range [-36°C,
—12°C]. Doted lines represent the extrapolation of the parameterization.
The gray shaded curve depicts the CHESS-SBM-based n;
parameterization for the feldspar sample for the nucleation times/cooling
rate range dT/dt = 0.1-10.0 K min~' and the n_* spread of 8.40 x 10"

to 2.13 x 10" m= assuming the feldspar amount in the desert dusts to
range between 1% and 25%.
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dusts to lower or higher temperature. It might lead to
orders of magnitude overestimations of n_ (compare
Niemand et al. [2012] parameterization, which is

valid in the temperature range of -12°C to —-36°C, to
the CHESS-SBM curve in Fig. 2). If it is possible to
determine a n_* value for a given particulate material,
it is possible to determine the (average) number of ice
nucleating sites per particle surface area. This finding
could be used in atmospheric modeling applications
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Die Oxidation von DMS in der marinen tropospharischen Grenzschicht ist von groBer Bedeutung fiir
die Chemie der Atmosphaére und das Erdklimasystem, da DMS essentiell fiir die Prozessierung und
Neubildung von marinen Aerosolpartikeln ist. Jedoch bestehen noch groBe Unsicherheiten
beziiglich der Bedeutung von Multiphasenprozessen an der DMS-Oxidation. Daher war das Ziel der
hier beschrieben Studien, die Entwicklung eines komplexen Multiphasenchemiemechanismus zur
Beschreibung der marinen DMS-Halogen-Chemie sowie dessen Anwendung im Chemieprozess-
modell SPACCIM (SPectral Aerosol Cloud Chemistry Interaction Model). Mittels des entwickelten
DMS Moduls (DM1.0; 162 Multiphasenprozesse) wurden intensive Studien fiir marine Hintergrundbe-
dingungen durchgefiihrt. Die Studien zeigten, dass die Multiphaseninteraktion von DMS und dessen
Oxidationsprodukten mit reaktiven Halogenverbindungen sowie die Chemie der wassrigen Aerosol-
phase einen bedeutenden Anteil am DMS-Abbau und der Umwandlung in SO, und MSA haben.

Introduction

Oceans cover approximately 70% of Earth’s
surface and are the general emitter of dimethyl
sulphide (DMS), the major natural sulphur source
[Andreae, 1990]. The main DMS oxidation prod-
ucts are methyl sulfonic acid (MSA) and sulphuric
acid/SO,. Hence, DMS is of high importance for
the formation of non-sea salt sulphate (nss-SO,?)
aerosol and secondary particulate matter and thus
for global climate [Quinn and Bates, 2011]. Despite
many previous model studies on the DMS oxidation,
there are still important knowledge gaps, particularly
in aqueous-phase DMS chemistry, of its atmospheric
fate [Barnes et al., 2006]. Therefore, the present
study aimed at the investigation of the multiphase
DMS chemistry in the marine boundary layer (MBL).
For this purpose, the new CAPRAM DMS module
1.0 (DM1.0) was developed and applied in the
parcel model SPACCIM [Wolke et al., 2005] for pris-
tine-ocean simulations.

TROPOS Biennial Report 2014/2015

Mechanism development and modelling

Despite intensive efforts on the process
modelling in the past, a detailed representation of
multiphase DMS processes in state-of-the-art mecha-
nisms was still lacking causing thus very inadequate
predictions. To close this gap, a comprehensive
multiphase DMS chemistry mechanism, the DM1.0,
was developed. The newly developed reaction module
includes 103 gas-phase reactions, 5 phase transfers
and 54 aqueous-phase reactions. The DM1.0 has
been coupled with the multiphase chemistry mecha-
nism MCMv3.2/CAPRAM4.00+HM2.1 [Rickard et
al., 2015; Bréuer et al. 2013, 2016] to investigate the
multiphase DMS oxidation in the MBL. SPACCIM
studies were carried out for a pristine ocean scenario.
The scenario includes non-permanent cloud condi-
tions with 8 cloud passages. The cloud passages
allow the investigation of the influence of deliquesced
particles and clouds on multiphase DMS chemistry
during both day- and night-time conditions. To test

97



E. H. Hoffmann et al.: Modelling of the marine multiphase DMS chemistry with the new CAPRAM DMS-Module 1.0

3 OH
D0 — ]l o— DM | — 1, 5~ ey
HyC—S—OH H,G~ CH ZERN s = L:CEGL g
ST s B OH H3C/ \CH3 OH, Cl o . Nt
CHg 0
B B Phase transfer
H,C” YOH
D'\S/IS HSC/S\CH
HyC” CH, HGC/S\?-HZ i
o}
NG HyC—S"
DMSO H,C™ Y0 3
o) Phase transfer DMSO
It
weP g ?s)l molecules cm? s
3 3 e 150-10?
OH RACLARA A
( ot S__O 100
) m e H.C” 07 90
MSIA 80
o Phase transfer MSIA 70
I dHEmEEEENENND> Q 60
~ or HiC” " oH e
3 CHg 50
i.
CH, _S\ e
— ¥~ OH,, 0o 40
9 o 30
o) I 20
HEES
o IOT on, T
75
o 6 .CH,S0," T
<2.5
¢ MSA MSA
. 0=4=0° GHe (s |Phase transfer ™ s
Soa HC 0=S=0 0=S=0| — — — — 0=S=0 O0=S=
o) ] I I T
& o OH OH o}
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period in 102 molecules cm™ s7'. The blue area highlights aqueous-phase reactions and the ochre area depicts gas-phase reactions. Produced
stable compounds are shaded yellow, dashed lines represent phase transfer processes and the main products are bold.

the influence of various chemical subsystems on
multiphase DMS chemistry different sensitivity runs
were performed. Investigations of multiphase chemi-
stry of DMS and its important oxidation products are
done using concentration-time profiles and detailed
time-resolved reaction flux analyses. Such detailed
flux analyses determine the most important chemical
cycles (see Fig.1) and help to understand the time
evolution of the concentration profiles. The model
results were also compared to previous model studies
and atmospheric measurements.

Model results

The model studies discovered the significance of
aqueous-phase processes for the fate of DMS and its
oxidation products (see Fig.1). Overall, about 7% of
DMS is effectively oxidised by O, in the cloud phase.
Moreover, the simulations implied the importance of
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reactive halogens for the chemistry of DMS and its
oxidation products. Halogen radicals contribute overall
with about 71% to DMS oxidation and gaseous ClI
and BrO are identified as main oxidants (Cl: 23.6%,
BrO: 46.1%). Under the simulated conditions, the
aqueous-phase chemistry considerably reduces the
80, yield. The conversion efficiency of DMS to SO, in
the gas phase was found to be between 0.2 and 0.6
for the pristine ocean scenario run with the full DM1.0
and a simulation without treating aqueous-phase
chemistry in DM1.0, respectively. The investigations
imply that the thermal decomposition of CH,SO,’ into
S0, is the main contributor to gas-phase production of
H,SO, from DMS, with a total yield of 7.2% to sulphate
production. Moreover, clouds and background
concentrations of NO, and O, showed strong effects
on the yield of SO,. In contrast to former studies, the
DMA1.0 is able to carry the aqueous-phase production
of MSA from reactions of methyl sulfinic acid (MSIA)
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with O, (see Fig.1). These reactions contribute with
about 57.7% to MSA production. Therewith, for the first
time the simulations were able to capture measured
MSA aerosol concentration levels of about 0.2 ug m3
[Phinney et al., 2006] without using assumptions

as done in former studies [e.g., Lucas and Prinn,
2002]. This finding indicates the key role of the aque-
ous-phase DMS chemistry. Moreover, DMS oxidation
yields were observed between 0.01 and 0.47 MSA

in different sensitivity runs, which are much higher
compared to current implementations in higher-scale
chemistry transport models (CTMs).

Conclusions and outlook
Overall, the simulation implies that multiphase

DMS oxidation produces equal amounts of MSA and
sulphate impacting both new particle formation and
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Simulationen mit dreidimensionalen atmosphérischen Modellen kénnen einen wichtigen Beitrag
zum Verstandnis dieser Prozesse und zur Interpretation von Feldmessungen leisten. Deshalb wurde
eine detaillierte und realitdtsnahe Beschreibung komplexer wolkenchemischer Prozesse sowie ihrer
Interaktionen im Chemietransportmodell COSMO-MUSCAT realisiert. Das weiterentwickelte Modell-
system wurde fiir umfangreiche 2-D-Prozessstudien und zur Modellierung von zwei ausgewéhliten
Episoden des Feldexperiments HCCT-2010 (Hill Cap Cloud Thuringia 2010) genutzt. Dadurch
konnten rdumliche und dynamische Einfliisse der Multiphasenchemie in Wolken z. B. auf tropo-
sphérische Oxidantien und die sekundédre Aerosolmasse untersucht werden. Erstmals wurde hierbei
ein chemischer Mechanismus mit der Komplexitat von C3.0RED fiir 3-D-Simulationen realer
Episoden verwendet. Ferner wurden die Modellergebnisse mit HCCT-2010 Messungen verglichen.
Dieser Vergleich zeigte generelle Ubereinstimmungen vieler Konzentrationsverlaufe. Fiir einige
partikulare organische Verbindungen wurden aber auch interessante Unterschiede gefunden.

The tropospheric multiphase system consists of
several highly connected processes, in which clouds
play a key role. To treat detailed cloud chemistry in the
chemistry transport model (CTM) COSMO-MUSCAT
[Wolke et al., 2012], the model was enhanced by a
description of aqueous-phase chemical processes. To
assess the chemical effects observed in 2-D process
studies [Schrédner et al., 2014] on a larger scale
and to investigate the 3-D cloud processing as well
as to demonstrate the general 3-D applicability of
the detailed aqueous-phase chemistry of C3.0RED
[Deguillaume et al., 2009], the enhanced model
was applied for real 3-D case studies simulating two
selected time periods connected to the HCCT-2010
field campaign [van Pinxteren et al., 2012]. The setup
of HCCT-2010 is shown in Fig. 1. For the prevailing
south-westerly wind directions, the airflow roughly
passes the three measurement sites. Measurements
of the aerosol-cloud processing were only performed
under suitable flow conditions [Tilgner et al., 2014].

Methods

Due to the close proximity of the measurement
sites to each other, a very high horizontal model reso-
lution was chosen. To reduce the computational costs,
the model is nested 2 times, whereas the horizontal
resolution is doubled with every nesting step and the
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aqueous-phase chemistry is only treated for the inner-
most nest (0.7km horizontal resolution; thickness of
lowest model layer ~20m). The initial and boundary
data for the chemical composition of the atmo-
sphere for the outer nest (N3) were obtained from a
Europe-wide simulation, whereas reanalysis data of
COSMO-DE runs (covering Germany) are used for
the meteorological initial and boundary conditions.

Firstly, the model performance with respect to
the meteorological fields and selected gas-phase
concentrations was evaluated on the outer nests by
a comprehensive comparison with available obser-
vations. Overall, the main characteristics of the
compared species and the airflow at Mt. Schmuicke
are simulated quite well. Therefore, we conclude that
the initial and boundary conditions for the innermost
domain are reasonable for the chosen periods. For
the investigations of cloud chemical processes, simu-
lations with C3.0RED, with INORG (simple inorganic
aqueous-phase chemistry) [Sehili et al., 2005], and
without aqueous-phase chemistry are compared with
each other and with measured data.

Results
The formation of the sulphate mass as well as

the relative difference of between C3.0RED and
INORG of gas phase OH and NO, during the cloud
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Fig. 1: Modelled nitrate mass (coloured) and modelled cloud liquid water content (contour lines) for HCCT scenario FCE1.1 at 14/09/2010, 19:00

UTC. In the lower left corner, the topography of the model domain is shown.

event FCE1.1 is presented in Figs. 1 and 2. In general,
the effects observed in the earlier 2-D studies
[Schrédner et al., 2014] could be confirmed. However,
the decrease of the gas phase concentrations of the
major oxidants OH and NO, was more pronounced
with a net decrease ~20 km after the cloud of up to
20% and 99%, respectively. Hence, the slowed down
oxidation of gas phase VOCs lead to larger deviations
between C3.0RED and INORG for the concentrations
of e.g., isoprene, a-pinene, and limonene after the
cloud passage.

As observed in the 2-D cases, the pH decreases
during the cloud passage due to the formation of
sulphate and nitrate. Because of the low nighttime
pH in C3.0RED (caused by uptake of N,O, and
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subsequent nitrate formation), the sulphate forma-
tion via O, becomes unimportant. This leads to
~20% lower nighttime sulphate mass concentrations
compared to INORG. However during the day, the
additional sulphate formation via HNO,, which is not
present in INORG, results in locally up to ~10% higher
sulphate mass concentrations in C3.0RED. During
FCE1.1, the cloud processing at the mountain ridge
can be clearly seen in the simulations. Furthermore,
the cloud processing (e.g., sulphate formation) is hori-
zontally rather inhomogeneous and not necessarily
correlated with the LWC.

The simulation results were compared to se-
lected measurements conducted at the Mt. Schmiicke
measurement site (in-cloud). In general, the model
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Fig. 2: Relative differences INORG of the gas phase concentrations of OH (a) and NO, (b) within the lowermost ~1000m. Modelled mass
concentrations of sulphate (c) and the pH (d) in the lowest model layer. The square depicts Mt. Schmdicke.

is able to follow the observed variability of the LWC.
However, sometimes deviations of more than 0.1 gm=
are observed. In Fig. 3, selected modelled and
measured time series during FCE1.1 are compared.
Overall, considerable differences between a simple

or no aqueous-phase chemistry representation and
the application of the detailed aqueous-phase mecha-
nism C3.0RED are found. The results show that the
sulphate formation during the considered cases
depends on both the available SO, and the modelled
LWC. Therefore, the largest deviations between the
simulation with and without aqueous-phase chemistry
occur for high LWCs (e.g., FCE1.1 around noon).
Similar results can be seen for nitrate during the
night. However, also during the day, the modelled
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nitrate mass differs slightly between the runs with and
without aqueous-phase chemistry due to the uptake
of HNO,. Around noon during FCE1.1, the pH values
and the sulphate/nitrate masses agree well with the
measurements.

Overall, the conducted studies showed the 3-D
CTM applicability of the complex multiphase chemi-
cal mechanisms C3.0RED. Significant spatial cloud
effects were revealed. Further simulations should be
conducted to provide a more comprehensive picture
of agreements and disagreements between measure-
ment and model results, and to improve the under-
standing of multiphase chemical processes.
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Fig. 3: Modelled and measured concentration time series of sulphate and nitrate in cloud water as well as the pH of the cloud water during FCE1.1
at the summit station. The blue shaded area indicates times when a cloud was simulated.
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Articles

Large Eddy Simulations of Island Effects in
the Caribbean Trade Wind Region

Michael Jahn, Oswald Knoth, Ina Tegen, Moritz Haarig, Albert Ansmann

Large-Eddy-Simulationen (LES) werden fiir das Gebiet der Karibikinsel Barbados zur Untersuchung
von Inseleffekten beziiglich Grenzschichtmodifikation, Wolkenbildung und vertikaler Durchmi-
schung von Aerosolen durchgefiihrt. Beobachtungen aus der SALTRACE-Messkampagne werden
als Eingabe fiir die Modellldufe genutzt. Es werden u.a. die Sensitivitdt beziiglich Modellgitterweite,
mariner Grenzschichtentwicklung und Inselorographie untersucht. Vergleiche zwischen LES-Modell-
ergebnissen und Daten aus Lidarmessungen zeigen gute Ubereinstimmungen in der Formierung

der konvektiven Strukturen am Tag.

Introduction

The understanding of the interaction between
a topographically structured island, trade winds, the
trade inversion layer and daytime dependent heating
is a very challenging topic in boundary layer (BL)
meteorology. One example of these island effects is
a leeward updraft zone, which is commonly visual-
ized by satellite imagery in the shape of cloud streets
or atmospheric wakes. The impacts of islands on
meteorological parameters like atmospheric stability,
dynamics, cloud properties or turbulence are often
difficult to detect with measurements. For that reason,
numerical models are essential tools to improve the
understanding of these effects. Island-induced clouds,
even originating from small and flat islands, result
in an enhancement of vertical heat and moisture
exchange and can cause severe rainfall events in
extreme cases. Island effects may influence measure-
ments that are conducted on islands, both long-term
observations and field campaigns. For this study, data
from the SALTRACE (Saharan Aerosol Long-range
Transport and Aerosol-Cloud-Interaction Experiment)
field campaign in June/July 2013 is taken to initialize
model runs and for comparisons. All simulations are
performed with ASAM [All Scale Atmospheric Model;
Jéhn et al., 2015]. Detailed results are presented and
discussed in J&hn et al. [2016].
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LES model setup

Since Barbados is a 24 km wide (west-east) and
34 km long (south-north) island, a model domain with
a spatial extent of 102.4 x 102.4 km? is chosen. The
island is located at the domain centre. The model
top is set to 5 km altitude. Due to the presence of the
island area, non-cyclic lateral boundary conditions
have to be used. The island topography has a reso-
lution of 200 m in the model. Measured night time
radiosonde profiles of temperature and humidity at 22
June 2013 are directly used for model initialization,
which reduces the complexity of the simulations due
to the absence of horizontal inhomogeneities and a
time-varying background state.

Simulation results

Figure 1 shows the surface wind fields and
liquid water path for three simulation cases at 14:00
local time (LT). Due to the daytime island heating,
the moderate trade wind flow and undisturbed back-
ground conditions, the conceptual model of island
effects is affirmed and visible in the model data (REF
case in Fig. 1). Island convection leads to downwind
flow distortion, which results in a near-surface flow
convergence together with a well-defined updraft
band of at least 40 km length that is aligned along
the mean wind direction in the downwind region of
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Fig. 1: Horizontal cut planes of surface wind vectors and contours of liquid water path for three simulation cases on 22 June 2013. Results of
the reference case (REF), without a well-mixed marine boundary layer (NOCP) and without island topography (FLAT) are shown, respectively.

Barbados. If the turbulent inflow generation is turned
off, i.e., no marine boundary layer develops (NOCP
case in Fig. 1), cloud properties are drastically
changed over and in the lee of the island. There,
cloud cover, liquid water path and cloud base height
have significantly higher values compared to the refer-
ence case. Also, the cloud morphology is different,
having horizontally aligned cloud bands instead
of scattered cumulus clouds. If island orography is
not taken into account (FLAT case in Fig. 1), the
downwind flow convergence pattern is still present.
However, there is a weaker flow acceleration and the
flow field is less turbulent due to a flat island surface
and the absence of orographic turbulence. This has
also subsequent effects on the spatial distribution of
island-induced shallow cumulus clouds, which are
more concentrated in the southern part of Barbados.
Vertical mixing of aerosols and layer transport
has been analysed by including passive tracers in the
LES model, which represent the incoming Saharan
dust layers over Barbados. Layers of turbulent down-
ward mixing have been detected between 1200 m and
1700 m altitude. It can be concluded that if the dust
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layer reaches this height range, turbulent downward
mixing of aerosol takes place, which is separated
from large-scale subsidence effects.

Comparison with Raman lidar data

From the stationary Raman Lidar BERTHA,
which was deployed near the west coast of Barbados
at the CIMH (Caribbean Institute for Meteorology
and Hydrology) campus, cloud base heights and
thickness are estimated and compared with the LES
data. Combining these two techniques, a consistent
picture of the diurnal convective activity and cloud
generation over the island was gained for the most
part. Figure 2 shows the diurnal variation of cloud
base heights during 22 June 2013 derived from LES
and lidar, respectively. The spread gives an indica-
tion about the cloud thickness due to the fact that if
a cloud overpasses the lidar beam, it is very likely
that cloud water near the cloud top is detected at first
and/or at the end of the overpass. However, in some
cases, the observations indicate individual clouds that
start at an altitude of 1600 m. At noon, the cloud base
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Fig. 2: Temporal evolution of the spatially averaged cloud base height from the LES REF case (black line) and cloud base height derived from
BERTHA lidar measurements (green circles) during the 22 June 2013 at the west coast near the CIMH.

rises to higher altitudes and the clouds are generally
thinner, which is reflected by the low variation in the
lidar signal at this time period.

Conclusions and outlook

The performed simulations provided a detailed
image of boundary layer structure downwind of the
island, cloud and vertical mixing processes, which
agree well with lidar measurements. The model data
can also help to better interpret the ground-based
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Parcel model studies on iron mobilization in
mineral aerosol

Ulrike Vogelsberg, Ralf Wolke, Andreas Tilgner, Khanneh Wadinga Fomba, Hartmut Herrmann, Ina Tegen

Eisen ist das am haufigsten vorkommende Ubergangsmetall in der Erdkruste und in atmosphiri-
schen Aerosolen mineralischen Ursprungs. Wasserldsliche Aerosolbestandteile knnen die biologi-
sche Produktivitdt im Ozean erhdhen oder als Katalysator in wolkenchemischen Prozessen wirken.
Zur Untersuchung der Lésungsprozesse mineralischer Aerosolbestandteile wurden verschiedene
Ansétze in das chemische Luftpaketmodell SPACCIM implementiert. Diese Lésungsansétze
basieren u.a. auf Parametrisierungen von Labormessungen. Mit dem weiterent-wickelten SPACCIM
sowie dem erweiterten Multiphasenmechanismus RACM/CAPRAM wurden Modellsimulationen zur
Eisenprozessierung fiir zwei markante Staubsturmepisoden tGber West-Afrika im Winter 2012 durch-
gefiihrt. Die Modellergebnisse wurden ferner mit Messungen am Cape Verde Atmospheric Observa-

tory (CVAO) verglichen.

Introduction

Every year huge quantities of mineral dust parti-
cles are being emitted into the atmosphere causing
physical and chemical interaction processes and
are subsequently deposited in other environments.
Yet, the environmental influence of mineral dust is
not fully understood. This study specifically focuses
on (i) the dissolution of mineral iron, (ii) the further
chemical atmospheric processing of soluble iron and
its later deposition. Water-soluble iron is known to
potentially increase biological productivity in remote
ocean regions after deposition or to affect atmos-
pheric chemistry, e.g. by acting as catalyser in cloud
chemical cycles. Results from laboratory studies
suggest that highly acidic aerosol water and high
tropospheric aerosol concentrations of oxalate can be
driving forces for the iron dissolution in airborne dust
particles (e.g., lto and Shi [2015]). Parameterisations
based on these experimental measurements consider
such effects describing the dissolution process of
mineral dust in atmospheric chemistry models.

Model setup
To study the chemical processing of airborne
mineral dust particles the chemical air parcel model

SPACCIM (Spectral Aerosol Cloud Chemistry
Interaction Model [Wolke et al., 2005]) is used and
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extended by several approaches describing both the
dissolution and precipitation of mineral particles. The
dissolution of salts (e.g. NaCl) and mineral oxides
(such as kaolinite) is treated by different approaches.
The iron dissolution approaches implemented in
SPACCIM are based on parameterisations from
laboratory studies [Shi et al., 2011; Ito and Shi, 2015].
The gas- and aqueous-phase chemistry is driven by
the RACM/CAPRAM (Regional Atmospheric Chemis-
try Mechanism [Stockwell et al., 1997]/Chemical
Aqueous Phase Radical Mechanism [Ervens et

al., 2003]) mechanism, which was extended for
dissolution processes [Meskhidze et al., 2005 and
references therein].

Cases

In winter 2012, two distinct dust storms occurred
over West Africa advecting huge amounts of dust
towards the Atlantic Ocean and the Cape Verde
Islands. Satellite data and 5 days backward trajec-
tories at 500 m height (Fig. 1a) imply a continental
origin of the air masses from North Africa between
January 19" to 25" with dust sources originating
from East Algeria and North Mauritania. In February,
5-days backward trajectories moved over Europe
(Fig. 1b), resulting from a low-pressure system over
North Africa and the Mediterranean. Laboratory
results of the soluble content from dust samples
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Fig. 1: The origin of air masses in winter 2012 is represented by 5-day backward trajectories at 500m height from calculations of the HYSPLIT

model for the dust period in January (a) and February (b).

collected at CVAO allowed for comparison with model
results.

The meteorological input parameters for
SPACCIM were derived from HYSPLIT (Hybrid Single
Particle Lagrangian Integrated Trajectory Model)
backward trajectories at 200 m height. The chemical
background concentrations were calculated as spatial
mean from MACC (Monitoring Atmospheric Compo-
sition and Climate) data. Simulation time for each
trajectory was about two days. The mineralogical
composition of the dust was taken from Journet et al.
[2014].

Results and Discussion

Comparisons of the measured soluble iron
content from the CVAO dust samples and results
of the modelling studies are shown in Fig. 2.
However, modelling and laboratory results have to
be interpreted carefully due to large uncertainties
in the origin and composition of dust particles and
air masses. Since reference dust material from the
source region is not available, the processing of dust
is quite uncertain and dust samples might contain
already soluble material due to e.g. weathering
processes in the source region or combustion
products from anthropogenic emissions.
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Fig. 2: Total mass (left axis) and mass fraction (right axis) of the soluble iron content from laboratory measurements (red and blue) and from

model calculations (green).
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January 2012. The dust episode was character-
ized by dust loads of 40 to 180ug/m? for PM10 over
the Cape Verde Islands. The total iron content of the
dust samples reached approximately 1% to 2.7%
of PM10 mass. The amount of measured soluble
iron showed a large difference ranging from 2% to
21% and 6% to 40% for dissolution experiments at
pH 2 and pH 1, respectively. Similar behaviour was
observed in the model results showing diverging
amounts of dissolved iron apparently unrelated to
the amount of total iron. This is caused by the strong
pH dependence of the dissolution mechanism in the
model framework, which is influenced by varying pH
values throughout the advection. Thereby, different
dust masses and varying meteorological patterns
affect the acidity of solubilised particles. Low liquid-
water content increased the acidity at the particle
surface in the model, with overall pH values varying
between 0.5 and 2 in all trajectory calculations.

February 2012. Highest dust concentrations of
up to 800pg/m? for PM10 were measured on February
7. The total iron content reached 2% to 4.2% of
the total PM10 mass. Laboratory results show an
inverse relationship between dust mass and soluble
iron content for 6-9™ February. High dust loads are
linked with lower soluble iron fractions. Model results
are comparable to the measurements with lowest
dissolved iron fraction calculated for highest dust
concentrations resulting from higher calculated pH
values.
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Discussion. The modelled soluble iron content
is exclusively formed by the dissolution of mineral
particles, while the sources of measured soluble iron
from CVAO dust samples are not clear. However, the
laboratory measurements of strongly acidified dust
samples show in general lower fractional solubility
with higher iron content (Fig. 3). Simulation results do
not fully reflect this behaviour but are within a reason-
able range to the field measurements. The model
results are mostly closer to the results at pH 2 than to
the results at pH 1.
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Articles

Towards understanding the interannual
variability in Saharan dust emissions

Robert Wagner, Kerstin Schepanski, Bernd Heinold, Ina Tegen

Nordafrikanische Staubquellen wurden liber einen Zeitraum von vier Jahren (2006-2010) mithilfe der
Staubprodukte des geostationédren Satelliten MSG-SEVIRI kontinuierlich beobachtet sowie deren
raum-zeitliche Verteilung ausgewertet. Dabei zeigte sich, dass die Aktivierung von Staubquellen
und damit die Mineralstaubemissionen in die Atmosphére neben einem charakteristischen Tages-
und Jahresgang auch eine starke interannuale Variabilitdt aufweisen. Anhand der beiden Jahre 2007
und 2008 — gekennzeichnet durch einen signifikanten Anstieg in der Anzahl der beobachteten
Staubausbriiche — wurden unter Nutzung verschiedener Beobachtungs- und Modelldaten mégliche
Ursachen hierfiir herausgearbeitet. Dies fiihrte zum Ergebnis, dass 2008 zahlireiche einzelne
Faktoren zur haufigeren Aktivierung von Staubquellen beitrugen, welche teilweise in komplexer
Wechselwirkung zueinander stehen und sich gegenseitig verstarkten. Dazu gehéren u. a. Verande-
rungen in der Auspragung und Position typischer nordafrikanischer Zirkulationsmuster sowie
Variationen in der Niederschlagsverteilung in der Sahel-Zone, welche letztendlich die Staub-
emissionen durch Auswirkungen auf die oberflaichennahen Windgeschwindigkeiten oder durch
Modifikationen der Bodentextur kontrollierten. Die Ergebnisse dieser Studie legen nahe, dass diese
atmosphaérischen Verédnderungen durch Anomalien der Meeresoberflichentemperaturen in den

angrenzenden Ozeanen gesteuert wurden.

Introduction

North Africa, including the Saharan desert, is
the largest source of mineral dust worldwide and
is characterized by a multiplicity of different source
regions. Local and large-scale meteorological
processes like the morning breakdown of nocturnal
low-level jets, convective systems, or cyclonic activity
can cause the activation of potential dust sources,
mainly due to impacts on the strength of surface-
near winds. These dust source activations (DSA)
show a strong variability on diurnal, seasonal, and
interannual time scales. Whereas the diurnal and
seasonal variations can be linked to the dominant
local atmospheric circulation pattern [Schepanski
et al., 2009], causes for the interannual variability of
DSA are largely unclear [Tegen et al., 2013].

Methodology

The continuous observation of the North African
dust sources requires geostationary satellites with
a high temporal resolution. Therefore we inferred
DSA events from 15-minute infrared dust index
images calculated from Meteosat Second Generation
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(MSG) Spinning Enhanced Visible and Infrared
Imager (SEVIRI) and classified the observed DSA
into a 1° x 1° gridded map [Schepanski et al., 2007,
2012]. The analysis was conducted for four years
covering March 2006 to February 2010 and allows
the identification of changes in time and space, both
of the number of DSAs and their spatial distribution.
Satellite observations and results from numerical
model simulations on regional scale, using the
atmosphere-dust model system COSMO-MUSCAT
(COSMO: Consortium for Small-scale Modeling;
MUSCAT: MulitScale Chemistry Aerosol Transport),
and continental scale, using atmospheric fields

from the reanalysis dataset from NCEP (National
Center for Environmental Prediction), were used
complementarily to identify atmospheric and oceanic
features that may control the DSA over North Africa.

Differences in the DSA pattern

The time series of the monthly totals of the
observed number of DSA as shown in Fig. 1 reveals
a clear interannual variability in the dust source
activity over North Africa. This variability is particu-
larly significant for the two years 2007 and 2008, as
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Fig. 1: Time series of the number of DSA per 1° x 1° grid cell for North
Africa for March 2006 to February 2010.

a sudden and strong increase in the number of DSA
occurred between the end of 2007 and early 2008.
The number of dust events in 2008 was increased by
a factor of three compared to 2007. The spatial ana-
lysis of frequent dust source activations, expressed
as the DSA frequency (DSAF) for each grid cell and
presented in Fig. 2, shows that an increased DSAF
is evident for almost all parts of the Saharan desert.
This increase was particularly obvious in the Bodélé
Depression and the Western Sahara (Fig. 2c). Monthly
maps of DSAF for 2007 and 2008 illustrate a spread
of increased DSA numbers rather than a general
increased level over all places at the same time.
Regions of increased DSAFs were observed first in
December 2007 over the mountainous regions south
of the Tibesti Massif (including the Bodélé Depres-
sion), and occurred first in the Western Sahara and in
the vicinity of the Atlas Mountains in March 2008. In
almost all regions the observed DSAFs stayed at this
- compared to the both previous years - unusual high
level until mid-2009.

Discussion of potential reasons for differences
in DSA 2007 and 2008

The analyses of wind and pressure fields
using NCEP reanalysis data for the large scale and
COSMO-MUSCAT simulations for the North-African
scale suggest that the variability of several individual
forcing mechanisms contributed to the enhanced
number of DSA in 2008. It includes the classical North
African circulation features like the West African heat
low and the formation of Mediterranean cold surges,
which predominantly result in changes in the Sahel
rainfall distribution and the mid-tropospheric wind
pattern. Ultimately, changes in the near-surface wind
speed distribution and finally variability in DSAs occur.
All these different atmospheric forcing mechanism
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a) 2007 Dust Source Activation Frequency (DSAF)
40°N
35°N ) s 4
30°N —|
25°N
20°N —

15°N

10°N —

5°N

0 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 0.44 0.48

b) 2008 Dust Source Activation Frequency (DSAF)
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Fig. 2: DSAF maps for 2007 (a) and 2008 (b). Shown is the fraction of
DSA per day for all grid boxes with at least on DSA per year. Regions
with very active dust sources are usually located at the foothills of the
mountains areas in the Sahel-Zone. (c) shows the difference in DSAF
for 2007 and 2008 defined as 2008 minus 2007,

and the area of their predominant relevance for the
DSA variability are summarized in Fig. 3. The results
further show that these modifications were appre-
ciably caused by Sea Surface Temperature (SST)
changes in surrounding ocean basins in the two
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Fig. 3: Overview of the main atmospheric mechanism, which have contributed to the differences in DSA for 2007 and 2008.

years. These SST changes act as a controlling factor,
which governs the development and strength of most
of the regional circulation patterns and finally forces
the DSA. Despite the differences in the strength and
frequency of occurrence of atmospheric circulation
patterns, it appears that wind erosion from alluvial
sediments in desert valleys of the Saharan mountains
contributes significantly to the enhanced level of DSA
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Articles

First year activities within the Central
Asian Dust Experiment (CADEX): lidar
observations, chemical aerosol analysis,
and dust transport modeling

Julian Hofer', Dietrich Althausen', K. Wadinga Fomba', Konrad Miller', Bernd Heinold', Sabur F. Abdullaev?,
Abduvosit Makhmudov?, Georg Schettler®, Holger Baars', Ronny Engelmann’, Albert Ansmann'

' Leibniz Institute for Tropospheric Research (TROPOS), Leipzig, Germany

2 8.U. Umarov Physical-Technical Institute, Academy of Sciences of the Republic of Tajikistan,

Dushanbe, Tajikistan

3 Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences, Potsdam, Germany

Anfang Oktober 2014 startete das vom Bundesministerium fiir Bildung und Forschung geférderte
deutsch-tadschikische Gemeinschaftsprojekt CADEX (Central Asian Dust Experiment). Das Projekt
ist eine Kooperation zwischen dem Leibniz-Institut fiir Troposphéarenforschung und dem Physika-
lisch-Technischen Institut der tadschikischen Akademie der Wissenschaften. Im Rahmen des
Projekts werden zum ersten Mal in Tadschikistan Lidarmessungen durchgefiihrt. Das Ziel des
Projektes ist die Charakterisierung des Aerosols liber Zentralasien. Insbesondere der Transport von
Wiistenstaub und dessen Einfluss auf Wetter und Klima sollen damit besser verstanden werden.

In diesem Beitrag wird ein Messbeispiel eines Staubfalles vom April 2015 in Tadschikistan prasen-

tiert.

Introduction

Tajikistan lies in the global dust belt in close
proximity of some major dust sources like the Takli-
makan desert. Central Asia and especially Tajikistan
are highly affected by climate change. For example,
dramatic glacier shrinking took place in the last
decades, which has also an effect on the water
resources of Tajikistan and the whole Central Asian
area.

Aerosol observations in Tajikistan are therefore
highly important to understand regional and global
transport of mineral dust and its effects on radiation
budget, cloud formation etc.

Up to now, only few experiments were performed
to characterize the aerosol over Central Asia. The
knowledge of the vertical aerosol distribution over
Tajikistan and especially the transport of mineral dust
over Central Asia is insufficient. Therefore CADEX
aims to provide long-term data on vertical profiles of
the backscatter coefficient, the extinction coefficient,
and the particle depolarization ratio.

TROPOS Biennial Report 2014/2015

Instruments and Methods

The measurement instruments are operated
at a measurement site (38°33'34” N, 68°51'22” E,
864 m a.s.l.) of the Academy of Sciences of the
Republic of Tajikistan in the capital of Tajikistan
Dushanbe.

Lidar measurements. The automated multiwave-
length polarization Raman lidar PollyXT is used for
the lidar measurements [Althausen et al., 2009]. The
system has been updated and improved by installing
an additional depolarization channel and by replacing
most of the electronic components with the current
Polly*™ systems standard parts [Engelmann et al.,
2015]. The lidar measurements are performed con-
tinuously (24/7). The data are used to determine the
vertical profiles of the backscatter and extinction coef-
ficients, the depolarization and the lidar ratios as well
as the Angstrém exponents.

Collocated with the lidar measurements the Tajik
colleagues operate a CIMEL sun photometer that is
part of the AERONET (Aerosol Robotic Network).
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Ground-based in-situ measurements. At the
measurement site a Digitel high volume sampler
(HVS DHA-80) collects aerosol samples on quartz
filters for chemical analysis. Additionally GFZ
German Research Centre for Geosciences Potsdam
contributes a Grimm optical particle counter
(EDM 180). The quartz filters are analyzed on organic
carbon and elemental carbon as well as the ionic
composition is measured with ion chromatography.
Furthermore, trace metals are determined with
Total Reflection X-Ray Fluorescence.

Modeling. The regional-scale dust model
COSMO-MUSCAT (COSMO: Consortium for Small-
scale Modeling; MUSCAT: MultiScale Chemistry
Aerosol Transport) [Heinold et al., 2007; Heinold et
al., 2011] will be used to simulate the dust transport
across Tajikistan. The simulations are run with 28 km
grid spacing on a model domain covering Arabia,
Central Asia, and the Taklimakan. Operational fore-
casts from the European Centre for Medium-Range
Weather Forecasts (ECMWF) are used to initialize
and force boundaries and Monitoring Atmospheric
Composition and Climate (MACC) aerosol forecasts
provide the input for dust aerosol boundary condi-
tions.

First results

Up to now a vast number of dust cases have
been observed in Dushanbe during the first 10

months of measurements. As an example case,
measurements from April 13" to 15" 2015 are
presented here.

Figure 1 shows the temporal development of the
range corrected signal of the 1064 nm channel from
2015-04-12 18:00 UTC to 2015-04-15 05:59 UTC. The
dust layer arrives on 2015-04-12 after 18:00 UTC at
above 5 km height. The slowly descending dust layer
finally extends between 2.5 and 5 km height, while
clouds (grey) are detected sporadically embedded
in it. The vertical profiles of the dust optical proper-
ties are presented in Fig. 2. They are averaged from
2015-04-13 15:10 - 16:10 UTC (indicated with the light
blue box in Fig. 1 a)) and calculated with the Raman
method [Ansmann et al., 1992]. The particle depolar-
ization ratios (Fig. 2 c)) reach about 0.3 for 532 nm
and 0.2 for 355 nm, the lidar ratios are about 40 sr
(Fig. 2 d)) and the Angstrdm exponent is relatively
low with about 0.3 (Fig. 2 €)). These values are char-
acteristic for West Asian dust [Mamouri et al., 20183;
Nisantzi et al., 2015].

After 2015-04-13 18:00 UTC (Fig. 1 a)) down
mixing of this dust layer can be observed accompa-
nied with some rain during the next days (Fig. 1 b)).
This is also consistent with the chemical measure-
ments of the aerosol which show a very large dust
fraction on April 14" and 15" 2015 (Fig. 3.). The
connection of ground-based chemical measurements
with the lidar optical profiles is a promising first result
which shows the useful combination of the two experi-
mental approaches. The next step will be to use the
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Fig. 1: Temporal development of the range corrected signal of the 1064 nm wavelength lidar channel from 2015-04-12 18:00 UTC to 2015-04-13

25:58 UTC (a), from 2015-04-14 00:04 UTC to 2015-04-15 05:59 UTC (b).
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COSMO-MUSCAT model to simulate the transport of
dust over Tajikistan. After thorough model evaluation
using the measurements, the simulations will be used
to study mixing processes and dust radiative effects.
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Characterization of ice particle and
cloud drop residuals sampled during the
HALO cloud missions ML-CIRRUS and
ACRIDICON-CHUVA

Stephan Mertes, Udo Késtner, Stephan Ginnel

Im Rahmen des Schwerpunktprogramm 1294 der Deutschen Forschungsgemeinschaft DFG hat
TROPOS einen Gegenstrom-Impaktor (engl.: Counterflow Virtual Impactor, CVI) Einlass fiir das
deutsche Forschungsflugzeug HALO entwickelt (HALO-CVI). Der HALO-CVI sammelt Eispartikel
und/oder Tropfen bei Wolkendurchfliigen mit HALO und stellt deren Residuen zur physiko-chemi-
schen Analyse bereit. Wahrend des Mid-Lattitude Cirrus (ML-CIRRUS) Projekts (Missionsflige Marz/
April 2014 (iber Westeuropa) und des ACRIDICON-CHUVA Projekts (Missionsfliige September 2014
tiber dem brasilianischen Regenwald) wurde der HALO-CVI erfolgreich betrieben. Bei ML-CIRRUS
gibt es aufgrund der HALO-CVI Messungen starke Anzeichen fiir Unterschiede in den Bildungsvor-
gangen von natiirlichen und Kondensstreifen induzierten Zirren aber auch innerhalb natiirlicher
Zirren (in-situ und warm conveyor belt Zirren). In der Untersuchung hochreichend konvektiver
Wolkensysteme wahrend ACRIDICON-CHUVA tragen die HALO-CVI Messungen dazu bei, Unter-
schiede in der vertikalen Entwicklung dieser Wolken als auch in der Prozessierung und im Vertikal-
transport von Grenzschichtaerosolen durch diese Wolken in sauberen und durch Biomasseverbren-
nung verschmutzten Luftmassen zu erfassen.

Introduction particles and releases dry ice particle or cloud drop
residues (IPR, CDR), which are then available for

Within the priority program SPP-1294 of the a physico-chemical characterization, by driving the
German Research Foundation DFG “Atmospheric and  condensed ice or water phase into the gas phase.
Earth System Research with the Research Aircraft Since IPR and CDR are closely related to the original
HALO (High Altitude and Long Range Research ice nucleating particle (INP) and cloud condensation
Aircraft), TROPOS developed a dedicated Coun- nuclei (CCN), the HALO-CVI is a powerful tool for
terflow Virtual Impactor (HALO-CVI). This kind of airborne in-situ investigations of aerosol-cloud-inter-
inlet [e.g., Mertes et al., 2005] samples only cloud actions with the research aircraft HALO.

Fig. 1: Inlets and wing probes installed at the German research aircraft HALO for the ML-CIRRUS mission. The position of the HALO-CVI inlet
developed by TROPOS (shown in the enlarged detail) is indicated.
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Experimental Setup of the HALO-CVI system

The controlled counterflow coming out of a CVI
inlet tip allows only hydrometeors above a certain
size to enter the sampling system and simultaneously
pre-segregates smaller interstitial particles and gases.
The hydrometeors are impacted into a particle-free
and dry sample flow inside the inlet which leads
to a complete evaporation of the condensed water
phase, whereby their residual particles are released
for analysis. The HALO-CVI is installed on the upper
fuselage of the HALO aircraft (Fig. 1) and its sample
line is connected to the control and measurement rack
installed in the pressurized cabin. Here the residual
number concentration, sub-micrometer size distribu-
tion and absorption coefficient are measured. From the
latter a residual black carbon (BC) mass concentration
can be determined. Moreover, the electrical current
of the residual particles is measured from which the
number of charges per hydrometeor can be derived.

Since the HALO missions are coordinated
measurements of different collaborating partners
further residual aerosol properties are measured by
other groups. This includes the chemical composition,
number concentration of BC particles, super-micro-
meter size distribution and CCN and INP capability.

HALO cloud missions

ML-CIRRUS. The Mid-Latitude Cirrus project
(mission flights in March/April 2014) investigates the
formation, microphysical properties, life cycle, and
climate impact of natural and aviation influenced
cirrus clouds over Western Europe [Voigt et al., 2016].
The HALO-CVI measurements should mainly provide
insight into the formation mechanisms (in-situ or liquid
phase origin) of natural cirrus and aged contrails or
contrail cirrus. This implies homogeneous and hetero-
geneous ice nucleation, where the latter includes
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Fig. 2: Residual particle number size distributions measured by means
of the HALO-CVI inlet inside aviation influenced cirrus clouds over
Germany on 07.04.2014 during ML-CIRRUS.

TROPOS Biennial Report 2014/2015

deposition nucleation and immersion freezing. Immer-
sion freezing is expected for liquid clouds lifted up by
warm conveyor belts to higher altitudes.

Figure 2 shows two residual particle number size
distributions measured when HALO flew through avia-
tion induced cirrus clouds (contrail cirrus) during the
mission flight on 07.04.2014 over Germany. Both size
distributions have a pronounced accumulation mode
at particle diameters between 100 and 200 nm, and
there seems to be a distinct Aitken mode below 100
nm as well. This might be an indication for a different
IPR origin and composition and consequently for
different ice nucleation processes forming the probed
cirrus clouds. This will be further investigated, naturally
under consideration of further ML-CIRRUS mission
flights.

ACRIDICON-CHUVA. The objective in this
project is the investigation of the vertical evolution of
tropical deep convective clouds including their aerosol
cloud processing, aerosol vertical transport and
precipitation behavior in clean and biomass burning
polluted air masses [Wendisch et al., 2015]. In this
context HALO-CVI measurements were carried out
during the in-situ vertical profiling in the lower warm
region as well as in the anvil outflow region of these
cloud systems above the Amazonian rainforest south
(polluted) and north (clean) of Manaus, Brazil in
October 2014.

Vertical profiles of air temperature, drop charges,
residual number concentration and black carbon mass
concentration from two ascents and one descent of
HALO during the cloud profiling mission flight AC18
(28.09.2014) are shown in Fig. 3. These profiles are
measured within 3 hours in a rather clean air mass.
Temperature as well as cloud microphysics did not
significantly change with height. Residual particle
number and black carbon mass concentration reach
values of about 2000 cm? and 0.1 pg m, respectively.
This means that soot particles originating from the
boundary layer are at least transported up to 6000m
when they are incorporated into drops. Drop charges
are found to be negative close to cloud base between
40 to 100 elementary charges and positive above,
where the convective clouds are still liquid at tempera-
tures above -10°C, not exceeding 20 elementary
charges. The polarity of the drop charges change at
an altitude of about 3000 m. This vertical pattern of
the cloud electrification might have influence on the
thunderstorm development and formation of precipi-
tation by increasing the drop coalescence efficiencies
and ice formation [Beard et al., 2004]. The measured
parameters shown in Fig.3 will be analyzed for other
ACRIDICON-CHUVA mission flights to arrive at more
general results.
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Fig. 3: Vertical profiles of air temperature, drop charge, residual particle number concentration (N,,.;) and black carbon mass concentration (BC,
measured in tropical deep convective clouds over the Amazonian rainforest on 28.09.2014 during ACRIDICON-CHUVA. Drop charge, N and
BC,, are obtained from in-situ drop collection with the HALO-CVI.
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University courses

Lecturer Course WS SS WS SS wSs
2013/ | 2014 | 2014/ | 2015 | 2015/
2014 2015 2016
Ansmann, A. Active Remote Measurement in Atmospheric X X X
Althausen, D. Research (2 sh)
Seifert, P. Seminar Active Remote Sensing (2 sh) X X X
Engelmann, R.
Deneke, H. Advanced Training Module of the Leipzig X
Pospichal, B. (LIM*) | Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR)
“Indirekt Aerosol Effect; TROPOS, July 01-02,
2014
Hermann, M. Airborne Physical Measurements + Exercise X X
Siebert, H. (2 sh)
Wendisch, M.
Herrmann, H. Atmospheric Chemistry | + Exercises (3 sh) X X X
Atmospheric Chemistry Il + Exercises (3 sh) X X
Atmospheric Chemistry Seminar (1 sh) X X X X
Atmospheric Chemistry Lab course (1 sh) X
Guest lecture: Tropospheric Multiphase X
Chemistry, Shandong University (SDU), Jinan,
October 22-24, 2013
The “Second Sino-European School on
Atmospheric Chemistry” (SESAC), Shanghai,
China, October 19-31, 2015
Advanced Training Module of the Leipzig X
Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR)
“Heterogenous Chemistry, TROPOS,
November 25-26, 2014
Macke, A. Atmospheric Radiation (1 sh) X X
Macke, A. Advanced Training Module of the Leipzig X
Wendisch, M. (LIM) | Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR)
“Polarization; TROPOS, February 11-12, 2014
Macke, A. Advanced Training Module of the Leipzig X
Quaas, J. (LIM) Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR)
“Clouds in a Changing Climate System
TROPOS, September 28-29, 2015
Macke, A. Satellite Remote Sensing + Exercises (2 sh) X X
Deneke,H.
136 TROPOS Biennial Report 2014/2015




Appendices: University courses

Lecturer

Course

ws
2013/
2014

SS
2014

ws
2014/
2015

SS
2015

ws
2015/
2016

Macke, A.
Stratmann, F.

Cloud Physics + Exercises (3 sh)

Mutzel, A.

Advanced Study Analytics and Spektroscopy,
Athmospheric Chemistry (2 x 2 sh)

Stratmann, F.

Advanced Training Module of the Leipzig
Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR) “Heterogeneous Ice
Nucleation} TROPOS, April 22-23, 2015

Tegen, I.

Modeling of Atmospheric Trace Substances
(2 sh)

Seminar Modeling of Atmospheric Trace
Substances (1 sh)

Modelling of the Atmosphere (2 sh)

Basics of Mesoscale Model Simulations +
Exercises (3 sh)

Advanced Training Module of the Leipzig
Graduate School on Clouds, Aerosols and
Radiation (LGS-CAR)

‘Absorbing Aerosols; TROPQOS, October 15-16,
2013

Wandinger, U.

Scattering and Atmospheric Optics (2 sh)
Seminar Applied Scattering Theory (1 sh)

Stratmann, F.
Birmili, W.
Mdaller, T.

Wiedensohler, A.

Atmospheric Aerosols (2 sh)

Seminar Atmospheric Aerosols (1 sh)
incl. Laboratory practise (until SS 2015),
Seminar (from WS 2015/2016)

Wiedensohler, A.

Winterschool on ‘Atmospheric Aerosol Physics,
Measurements, and Sampling Techniques’,
Indian Institute of Technology Madras, India,
January 13-16, 2014

“International School on Atmospheric Aerosol
Physics, Measurement, and Sampling;
Institute of Environmental Science and
Meteorology University of the Philippines,
Diliman, Q.C., March 31 to April 3, 2014

10th Summer School on Atmospheric Aerosol
Physics, Measurement, and Sampling,
Hyytiala, Finland, May 4-10, 2014
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Lecturer Course WS SS ws SS WS
2013/ | 2014 | 2014/ | 2015 | 2015/
2014 2015 2016
Wiedensohler, A. GAWTEC School on Atmospheric Aerosol X
Physics, Measurement, and Sampling,
Schneefernerhaus, Zugspitze, November,
2014
11th Summer School on Atmospheric Aerosol X
Physics, Measurement, and Sampling
Hyytiala, Finland, May 1-8, 2015
Latin American and Caribbean Aerosol X
Measurements School: From measurements
technologies to applications, La Paz, Bolivia,
June, 22-27, 2015
van Pinxteren, M. Guest lecture: Analysis and Spectroscopy: X
Gas Chromatography, Lecture in an one week
course
* Leipzig Institute for Meteorology (LIM), Leipzig University
Academical degrees
Completed academic qualifications 2014/2015
Academic | Name Title Faculty Year
degree*
Dr. rer. nat. | Schepanski, K. | Controls on dust entrainment into the Leipzig University, 2015
habil. atmosphere Faculty of Physics
and Earth Sciences
Ph. D. Brauer, P. Extension and application of a tropospheric | Leipzig University, 2015
aqueous phase chemical mechanism Faculty of Physics
(CAPRAM) for aerosol and cloud models and Earth Sciences
Bahl, J. Combined lidar and radar observations of Leipzig University, 2015
vertical motions and heterogeneous ice Faculty of Physics
formation in mixed-phase layered clouds - and Earth Sciences
Field studies and long-term monitoring
ClauB3, T. Development and Application of Optical Leipzig University, 2015
Methods for the Characterization of the Ice | Faculty of Physics
Phase in Mixed-Phase Aerosol and Earth Science
Ditas, F. Microphysical properties of aerosol particles | Leipzig University, 2014
in the trade wind regime and their influence | Faculty of Physics
on the number concentration of activated and Earth Sciences
particles in trade wind cumulus clouds
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Academic | Name Title Faculty Year
degree*
Ph. D. Ditas, J. On the small-scale dynamics of cloud Leipzig University, 2014
edges Faculty of Physics
and Earth Sciences
Engler, C. Meteorologische Einflisse auf die Leipzig University, 2014
Konzentrationen feiner und grober Faculty of Physics
atmosphérischer Aerosolpartikel in and Earth Sciences
Deutschland
Hanschmann, T. | Unsicherheiten in der Erfassung des Leipzig University, 2014
kurzwelligenWolkenstrahlungseffektes Faculty of Physics
and Earth Sciences
Hartmann, S. An immersion freezing study of mineral dust | Leipzig University, 2015
and bacterial ice nucleating particles Faculty of Physics
and Earth Sciences
Horn, S. Simulations of complex atmospheric flows Leipzig University, 2015
using GPUs - the model ASAMgpu Faculty of Physics
and Earth Sciences
Huang, S. Chemical composition of the submicrometer | Leipzig University, 2015
aerosol over the Atlantic Ocean Faculty of Physics
and Earth Sciences
Koénig, M. Large-Eddy simulation modelling for urban Leipzig University, 2014
scale Faculty of Physics
and Earth Sciences
Mutzel, A. Influence of the reaction conditions on the Leipzig University, 2014
oxidation of atmospheric first-generation Faculty of Chemistry
monoterpene oxidation products and Mineralogy
Nekat, B. Chemical composition and source Leipzig University, 2014
apportionment of submicron aerosol Faculty of Chemistry
particles sampled in Wuging (China) and Mineralogy
Niedermeier, N. | Experimental determination of the mass Leipzig University, 2014
deposition flux of mineral dust at the Cape Faculty of Physics
Verde Islands and Earth Sciences
Pfeifer, S. Verknupfung aerodynamischer und Leipzig University, 2014
optischer Eigenschaften nichtkugelférmiger | Faculty of Physics
atmosphérischer Grobstaubpartikel and Earth Sciences
Rdsch, M. Untersuchungen zur Generierung und zum | Leipzig University, 2015
Immersionsgefrierverhalten supermikroner, | Faculty of Physics
quasimonodisperser Mineralstaubpartikel and Earth Sciences
Schmidt, J. Dual-field-of-view Raman lidar Leipzig University, 2014
measurements of cloud microphysical Faculty of Physics
properties: Investigation of aerosol-cloud and Earth Sciences
interaction
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Academic | Name Title Faculty Year
degree*
Ph. D. Weigelt, A. An optical particle counter for the regular Leipzig University, 2015
application onboard a passenger aircraft: Faculty of Physics
Instrument modification, characterization and Earth Sciences
and results from the first year of operation
M.Sc. Badeke, R. Untersuchung physikalischer TU Bergakademie 2015
Eigenschaften des atlantisch-marinen Freiberg
Grenzschichtaerosols
Bér, J. Zur Parametrisierung trockener und nasser | Leipzig University, 2015
Partikeldeposition in der mesoskaligen Faculty of Physics
Transportmodellierung am Beispiel von and Earth Sciences
Seesalz und Wistenstaub
Bechler, J. An investigation of the hygroscopic growth Leipzig University, 2015
and cloud condensation nucleus activity of Faculty of Physics
mixed organic/inorganic aerosol particles and Earth Sciences
Bier, A. Studies on the modelling of the behaviour Leipzig University, 2014
of liquid particles/droplets below the melting | Faculty of Physics
point of water at the Leipzig Aerosol Cloud and Earth Sciences
Interaction Simulator (LACIS) with FLUENT/
FPM
Dusing, S. SchlieBBung Aerosoloptischer Eigenschaften | Leipzig University, 2015
zwischen luftgetragenen und in-situ- und Faculty of Physics
bodengebundenen LIDAR-Messungen and Earth Sciences
Emmrich, S. The effect of cities on aerosol and cloud Leipzig University, 2015
properties concerning the planetary Faculty of Physics
boundary layer observed with rural and Earth Sciences
and urban lidar and sun photometer
measurements in Melpitz and Leipzig
Grawe, S. Investigations on the Immersion Freezing Leipzig University, 2015
Behavior of Ash Particles at the Leipzig Faculty of Physics
Aerosol Cloud Interaction Simulator (LACIS) | and Earth Sciences
Hellner, L. Untersuchungen des Leipzig University, 2015
Immersionsgefrierverhaltens naturlicher Faculty of Physics
Boéden am Leipzig Aerosol Cloud Interaction | and Earth Sciences
Simulator (LACIS)
Herenz, P. Investigations corresponding the influence Leipzig University, 2014
of temporal change of the termodynamic Faculty of Physics
state on the surface area structure of ice and Earth Sciences
particles
Heun, J. Numerische Lésung der linearen Leipzig University of 2015
Wellengleichung in Gebieten mit Applied Sciences
kompliziertem Rand
Hoffmann, E. Modellierung der troposphérischen Leipzig University, 2014
Multiphasenchemie mit MCM-CAPRAM Faculty of Physics
unter marinen und kontinentalen and Earth Sciences
Hintergrundbedingungen
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Academic | Name Title Faculty Year

degree*

M.Sc. Kathner, R. Design and theoretical description of a Leipzig University of 2014
streaming tube for the investigation of Applied Sciences
atmospheric chemical processes

Kanter, S. Untersuchungen zum Leipzig University, 2014
Immersionsgefrierverhalten von lllit und Faculty of Physics
Feldspatpartikeln am Leipzig Aerosol Cloud | and Earth Sciences
Interaction Simulator (LACIS)

Kundisch, M. Influence of air mass origin and seasons on | Leipzig University, 2014
aerosol particle size distribution and soot Faculty of Physics
concentration at Chacaltaya (5,421 m ASL), | and Earth Sciences
Bolovia 2012

Markwitz, C. Simulation of stratiform mixed-phase clouds | Leipzig University, 2015
in the Arctic boundary layer Faculty of Physics

and Earth Sciences

Padelt, J. Untersuchungen zum Einfluss des Leipzig University, 2015
thermodynamischen Umgebungszustandes | Faculty of Physics
und des Eisnukleationspartikels (INP) auf and Earth Sciences
das Gefrieren und die Oberflachenstruktur
der entstehenden Eiskristalle

Rau, A. Zeitaufgeldste Messungen Leipzig University, 2015
kurzkettiger Dicarbonsauren (DCASs) in Faculty of Physics
atmosphérischen Partikeln and Earth Sciences

Rempel, M. Objekt-basierte Bewertung der Gute von Leipzig University, 2015
COSMO-DE Konvektionsvorhersagen Faculty of Physics
mittels Meteosat and Earth Sciences

Rittmeister, F. The African dust and smole layer over the Leipzig University, 2015
tropical Atlantic during the spring season Faculty of Physics
2013: Ship-based lidar observations from and Earth Sciences
Guadeloupe to Cape Verde

Sarchinger, M. Untersuchung des Einflusses Leipzig University, 2015
meteorologischer Faktoren und des Faculty of Physics
regionalen Hintergrunds auf die and Earth Sciences
Aerosolbelastung in der Stadt Leipzig

Schmidt, M. Einfluss von meteorologischen Leipzig University, 2014
Parametern und Anstrémungen auf Faculty of Physics
die PM-Massenkonzentration und and Earth Sciences
Zusammensetzung in Melpitz - eine
Langzeitstudie (1992-2012)

Stieger, B. Aerosol- und Wolkenchemie: Kinetische Leipzig University, 2014
und mechanistische Untersuchungen der Faculty of Chemistry
Reaktionen von NO,- und SO, -Radikalen and Mineralogy
mit sauerstoffhaltigen organischen
Verbindungen in wéassriger Lésung

Szodry, K.-E. Meteorologische Situationen, die die Leipzig University, 2015
Entstehung von Staubfahnen in Island Faculty of Physics
beglnstigen and Earth Sciences
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outbreak events

Faculty of Physics
and Earth Sciences

Academic | Name Title Faculty Year
degree*
M.Sc. Wagner, R. American dust bowl - Das Zusammenspiel Leipzig University, 2015
von Dirre, Gewittern und Haboobs Faculty of Physics
and Earth Sciences
Walther, J. Schattenbandradiometer GUVis-3511 - Leipzig University, 2014
Strahlungsmessung und Bestimmung Faculty of Physics
optischer Eigenschaften von Aerosol zu and Earth Sciences
Wasser und zu Land
B.Sc. Bohlmann, S. Heterogene Eisbildung tber Slidostasien Leipzig University, 2014
Faculty of Physics
and Earth Sciences
Hellmuth, F. Investigation of the regional variability of the | Leipzig University, 2015
ice water content produced by supercooled | Faculty of Physics
stratiform clouds and Earth Sciences
Kunz, C. Heterogene Eisbildung im Amazonasgebiet | Leipzig University, 2014
Faculty of Physics
and Earth Sciences
Lemme, A. Uber den Einfluss von Saharastaub auf die | Leipzig University, 2015
hochreichende Konvektion im tropischen Faculty of Physics
Atlantik and Earth Sciences
Schimmel, W. Numerische Simulation groBer kinetischer Leipzig University of 2015
Systeme der tropospharischen Luftchemie Applied Sciences
Tatzelt, Ch. Fernerkundung der Wolkenklassen mit Hilfe | Leipzig University, 2015
der kombination von aktiven und passiven Faculty of Physics
Satellitendaten and Earth Sciences
Ulrich, M. Characterization of Mediterranean dust Leipzig University, 2014

* Habil.: Habilitation, Ph. D.: Doctoral theses, Dipl.: Diploma, M.Sc.: Master of Science, B.Sc.: Bachelor of Science

Summary of completed academic qualifications

Academical degrees Number Total
2014 2015

Habilitation 1 1

Doctoral theses 10 8 18

Master of Science 9 16 25

Bachelor of science 3 4 7
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Awards
Name Prize Awarding institution | Comments/Description
A. Wiedensohler | Highly Cited Thomsen Reuters Highly Cited Researchers 2014 represents
Researcher 2014 some of world’s leading scientific minds.

Over three thousand researchers earned
the distinction by writing the greatest
numbers of reports officially designated by
Essential Science Indicators®™ as Highly
Cited Papers.

A. Wiedensohler | Haagen Smit Journal Atmospheric The award is given annually to a maximum

E. Briggemann Prize 2014 Environment of two outstanding papers published in the

G. Spindler
K. Muller

journal ‘Atmospheric Environment’

S. Scheinhardt

Paul-Crutzen

German Chemical

The prize is given annualy for outstanding

Prize 2015 Society (GDCh) achievements in the area of environmental
professional group chemistry and ecotoxology, in this case
for environmental for a publication regarding effect of climate
chemistry and change on air qaulity in Dresden.
ecotoxicology

A. Wiedensohler | Highly Cited Thomsen Reuters Highly Cited Researchers 2015 represents

Researcher 2015 some of world’s leading scientific minds.

Over three thousand researchers earned
the distinction by writing the greatest
numbers of reports officially designated by
Essential Science Indicators™ as Highly
Cited Papers.

Guest scientists

Name Period of stay Institution

Zhang, S. 01.01. - 30.06.14 Chinese Academy of Science, Beijing, China

Marinou, E. 25.03.-25.05.14 National Observatory of Athens, Greece

Covert, D. 05.04.-02.05.14 Joint Institute for the Study of the Atmosphere and Ocean
(JISAO), Seattle, USA

Shen, X. 06.04. - 16.04.14 Chinese Academy of Meteorological Sciences, Beijing, China

Sun, J. 06.04.- 16.04.14 Chinese Academy of Meteorological Sciences, Beijing, China

Aswathy, E. 15.04. - 30.04.14 Indian Institute of Technology Madras, India

Pfitzenmaier, L.

22.04.-28.05.14

Delft University of Technology, The Netherlands

Silva, A.

30.04. - 21.07.14

Universidad de Concepcion, Chile
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Name Period of stay Institution
Zhou, P. 02.06. - 20.06.14 Unviersity of Helsinki, Finland
Morosov, I. 27.07.- 27.08.14 Institute for Chemical Physics, Moskau, Russia

Syromyatnikov, A.

2707 -27.08.14

Institute for Chemical Physics, Moskau, Russia

Weinzierl, B. 01.09. - 05.09.14 German Aerospace Center (DLR), Oberpfaffenhofen, Germany

Baergen, A. 01.09.-10.10.14 University Toronto, Canada

Filep, A. 12.09. - 11.11.14 University of Szeged, Szeged, Hungary

Marinou, E. 21.09.-21.10.14 National Observatory of Athens, Greece

Li, X. 01.10.14 - 31.09.15 Fudan University Shanghai, China

Alas, H. 09.11.- 31.12.14 Manila Observatory, Diliman, Philippines

Tamayo, E. 09.11.- 31.12.14 Manila Observatory, Diliman, Philippines

Avila, F. 29.11.- 15.12.14 Universidad Mayor de San Adres, La Paz, Bolivia

Binietoglou, I. 08.12.-19.12.14 National Institute of R&D for Optoelectronics, Magurele, llfov,
Romania

Wang, X. 07.01.- 14.11.15 Max Planck Institute for Chemistry, Mainz, Germany

Wu, Z. 20.01. - 27.02.15 Peking University, Beijing, China

Donaldson, J. 26.01.- 28.02.15 University of Toronto, Canada

Wiedemann, K.

02.02. - 23.02.15

University of Arizona, USA

Garimella, S. 23.02. - 06.03.15 Massachusetts Institute of Technology, USA
Leng, C. 07.04 - 31.12.15 Chinese Academy of Science, Beijing, China
Kandler, L. 20.04. - 30.04.15 TU Darmstadt, Germany
Kohl, R. 20.04. - 30.04.15 Goethe University Frankfurt am Main, Germany
Fabian, F. 20.04.- 30.04.15 Goethe University Frankfurt am Main, Germany
Rose, D. 20.04. - 30.04.15 Goethe University Frankfurt am Main, Germany
Shneider, J. 20.04. - 30.04.15 Max Planck Institute for Chemistry, Mainz, Germany
Garimella, S. 20.04. - 30.04.15 Massachusetts Institute of Technology, Massachusetts, USA
Grayson, J. 04.05. - 29.05.15 University of British Columbia, Canada
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Name Period of stay Institution

Zhang, K. 10.05.- 15.11.15 Chinese Academy of Science, Beijing, China

Mamouri, R. 17.05. - 31.05.15 Cyprus University of Technology, Limassol, Cyprus

Wang, M. 18.05. - 07.08.15 McMaster University, Canada

Mattis, . 19.05. - 28.05.15 Deutscher Wetterdienst, Meteorologisches Observatorium,
Hohenpeissenberg, Germany

Muller, G. 19.05. - 28.05.15 Deutscher Wetterdienst, Meteorologisches Observatorium,

Hohenpeissenberg, Germany

Shrivastava, A. K.

01.06. - 30.6.15

Indian Institute of Tropical Meteorology, Delhi, India

Donahue, N. 06.06. - 13.06.15 Steinbrenner Institute for Environmental Education and
Research, Carnegie Mellon University, Pittsburgh, USA

Stammes, P. 17.06. - 29.06.15 Royal Netherlands Meteorological Institute, De Bilt, The
Netherlands

Emde, C. 21.06. - 26.06.15 Ludwig Maximilian University, Munich, Germany

Makhmudov, A.

27.06. - 11.07.15

Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Zhao, P.

10.07. - 20.08.15

Environmental Meteorological Center of Beijing, China

Sarkawt, H.

13.07.- 14.08.15

University of Leicester, Leicester, UK

Schechner, Y.

17.07. - 22.07.15

University of Haifa, Israel

Sun, X. 01.08.15 - 31.01.16 Chinese Academy of Science, Beijing, China

Zhang, Y. 01.08.15 - 31.01.16 Chinese Academy of Science, Beijing, China

Hu, M. 05.08. - 25.08.15 College of Environmental Science and Engineering, Peking
University, China

Venables, D. 15.08.15 - 31.07.16 University College Cork, Ireland

Makhmudov, A.

22.08.-29.08.15

Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Minikulov, N. 22.08.-29.08.15 Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Abdullaey, S. 22.08.-29.08.15 Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Nazarov, B. 22.08.-29.08.15 Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Saliba, M. 25.08. - 31.08.15 University of Malta, Gozo, Malta

Kohn, M. 27.08.-10.9.2015 Eidgendssische Technische Hochschule Zirich, Schweiz
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Name Period of stay Institution

Alas, H. 05.09. - 02.11.15 Manila Observatory, Diliiman, Philippines

Stammes, P. 12.09. - 12.12.15 Royal Netherlands Meteorological Institute, De Bilt, The
Netherlands

Tamayo, E. 27.09.-29.10.15 University of the Philippines, Manila, Philippines

Khedidji, S. 01.10.15 - 31.03.17 Université colonel Akli Mouhand-oulhadj de Bouira, Algeria

Munao, D. 05.10.- 19.12.15 University of Malta, Gozo, Malta

Wang, Y. 05.10.- 16.11.15 Peking University, Beijing, China

Lei, T. 05.10.- 16.11.15 Max Planck Institute for Chemistry, Mainz, Germany

Wu, Z. 05.10.-20.11.15 Peking University, Beijing, China

Levis, A. 13.10. - 18.10.15 University of Haifa, Israel

Aides, A. 13.10. - 22.10.15 University of Haifa, Israel

Makhmudoyv, A. 01.11.- 21.11.15 Academy of Sciences of the Republic of Tajikistan, Dushanbe,
Tajikistan

Kroflic, A. 01.11.15 - 31.10.16 National Institute of Chemistry Ljubljana, Slovenia

Visits of TROPOS scientists

Name

Period of stay

Institution

Wiedensohler, A.

11.01. - 21.01.14

Indian Institute of Technology Madras, Chennai, India

28.03. - 05.04.14

University of the Philippines Diliman, Quezon City,
Philippines

Engelmann, R.

19.05. - 28.05.14

National Observatory, Athens, Greece

Herrmann, H.

08.07. - 18.07.14

Shanghai-University, China
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“Clouds in a changing climate system”
Advanced Training Module (ATM), Leipzig

Meetings

Meetings Date National/ Number of
international participants

Leipzig Graduate School 11.-12.02.14 international 20
“Polarization”
Advanced Training Module (ATM), Leipzig
1. Leipziger Staubtag (i.e. “Dust Day”), Leipzig 06.03.14 national 60
Yearly SOPRAN Meeting, Leipzig 25.-26.03.14 national 60
Cloudnet Workshop, Leipzig 16.04.14 international 20
Leipzig Graduate School 01.- 02.07.14 international 20
“Indirect Aerosol Effect”
Advanced Training Module (ATM), Leipzig
ACTRIS WP3 Workshop, Leipzig 04.10.14 international 20
SOPRAN Meeting: AEOLOTRON CAMPAIGN, 06.10.14 international 15
Heidelberg
“Soot Aerosols” Measurement Methods and 08.10.14 international 50
Perspectives, Leipzig
Leipzig Graduate School 25.-26.11.14 international 20
‘Atmospheric Chemistry”
Advanced Training Module (ATM), Leipzig
Melpitz Column Planning Meeting, Leipzig 17.- 18.3.15 international 30
Yearly SOPRAN Meeting, Mainz 17.- 18.03.15 national 60
Leipzig Graduate School 22.-23.04.15 international 20
“Heterogeneous Ice Nucleation”
Advanced Training Module (ATM), Leipzig
15th ELS 2015 Electromagnetic and Light 21.-26.06.15 international 140
Scattering Conference 2015, Leipzig
2. Leipziger Staubtag (i.e. “Dust Day”), Leipzig 07.07.15 international 60
ICCE 2015 - 15th EuCheMS International 20.-25.09.15 international 500
Conference on Chemistry and the Environment,
Leipzig
Co-organisation by TROPOS, Leipzig
GUAN Workshop, Leipzig 21.-23.09.15 international 20
Leipzig Graduate School 28./29.09.15 international 20
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Meetings Date National/ Number of
international participants

Melpitz Column First Data Workshop, Leipzig 16.-1711.15 international 30

ACTRIS-D Kick-off Meeting, Frankfurt am Main 20.11.15 national 25

ACTRIS WP 2 and Collocated Meetings, Leipzig 23.-2711.15 international 100

International and national field campaigns

Campaign

Project partner

ACCEPT experiment

Analysis of the Composition of Clouds with
Extended Polarization Techniques Experiment
TROPOS: Remote Sensing Dept.

Ludwig Maximilian University, Munich; Metek GmbH,
Elmshorn, Germany; University of Technology, Delft,
The Netherlands; Royal Meteorological Institute of the
Netherlands (KNMI), The Netherlands

ACRIDICON-CHUVA

18 scientific mission flights with HALO research
aircraft

TROPOS: EACMph. Dept.”

Germany (ACRIDICON Consortium), USA, Brazil

SOPRAN

Aerosol measurements in the AEOLOTRON:
SOPRAN laboratory campaign in Heidelberg
TROPOS: Chemistry Dept.

University of Heidelberg; University of Oldenburg;
Leibniz Institute for Baltic Sea Research Warnemiinde
(IOW); Max Planck Institute for Chemistry, Mainz;
Helmholtz Centre for Ozean Research Kiel
(GEOMAR), Germany; CNRS IRCELYON, Lyon,
France; University of Manchester, UK

Aerosol Measurements
on the research vessel Polarstern
TROPOS: EACMph. Dept., Chemistry Dept.

no partners

BACCHUS
TROPOS: Remote Sensing Dept.

Germany, Cyprus

CADEX
Central Asian Dust EXperiment
TROPOS: Remote Sensing Dept., Modelling Dept.

S.U. Umarov Physical-Technical Institute of Academy
of Sciences of the Republic of Tajikistan; Helmholtz
Centre Potsdam - GFZ German Research Centre for
Geosciences, Germany

CAREBeijing-North China Plain
Campaigns of Air Quality Research in Beijing
TROPOS: Chemistry Dept., EACMph. Dept.

China, France, UK, USA, Germany

Chacaltaya permanent field experiment in
Chacaltaya/Bolivia

(visit in June 2014)

TROPOS: EACMph. Dept.

Universidad Mayor de San Andrés, La Paz, Bolivia
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Campaign

Project partner

CHARADMEXxp campaign

(Characterization of Aerosol mixtures of Dust And
Marine origin)

TROPOS: Remote Sensing Dept.

ESA, National Observatory of Athens, Greece

CLOUD9
(Cosmics Leaving Outdoor Droplets)
TROPQOS: EACMph. Dept.

Switzerland, Austria, Finland, Germany, Portugal,
Russia, UK, USA, Sweden

CLOUDNET (permanent experiment)
Cloud Measurement Network
Leipzig, Germany

TROPOS: Remote Sensing Dept.

CLOUDNET Consortium

Colrawi
TROPOS: Remote Sensing Dept.

Meteorological Observatory Lindenberg of DWD
(Deutscher Wetterdienst), Germany

EARLINET (permanent experiment)
European Aerosol Research Lidar Network
Leipzig, Germany

TROPOS: Remote Sensing Dept.

EARLINET Consortium

EMEP'/ACTRIS
Winter Campaign Melpitz
TROPOS: Chemistry Dept., EACMph. Dept.

Switzerland, Czech Republic, Denmark, Spain,
Ireland, Italy, The Netherlands, Norway, UK (EMEP-
Consortium)

F-BEACh

(Fichtelgebirge Biogenic Emissions and Aerosol
Chemistry)

TROPOS: Chemistry Dept.

University of Bayreuth; Johannes Gutenberg University
Mainz, Germany

FINO2
Campaign at AIDA
TROPOS: EACMph. Dept.

Germany, ltaly, Switzerland, USA, UK, Israel

Freezing of Proteins
TROPOS: EACMph. Dept.

Lund University, Lund, Sweden; Aarhus University,
Aarhus, Denmark

GUAN
German Ultrafine Aerosol Network
TROPOS: EACMph. Dept., Chemistry Dept.

Federal Environment Agency (UBA), Langen;
German Research Center for Environmental Health,
Munich; Saxon State Ministry of the Environment
and Agriculture, Dresden; Institute of Energy and
Environmental Technology e.V. (IUTA), Duisburg;
Deutscher Wetterdienst (DWD) Hohenpeif3enberg,
Germany; ISSEP, Liege, Belgium

IAGOS-CARIBIC

Monthly intercontinental measurement flights
Civil Aircraft for Remote Sensing and In situ
measurement in Tropospheric and Lower
Stratosphere based on the Instrumentation
Container Concept

TROPOS: EACMph. Dept.

CARIBIC Consortium
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Campaign

Project partner

INUIT-LACIS-Campaign
Ice Nuclei Research Unit - LACIS
TROPOS: EACMph. Dept.

Max Planck Institute for Chemistry, Mainz; Goethe
University Frankfurt am Main; TU Darmstadt,
Germany; Swiss Federal Institute of Technology
Zurich, Switzerland

LfULG Aerosol
TROPOS: Chemistry Dept., EACMph. Dept.

Saxon State Ministry of the Environment and
Agriculture, Dresden, Germany

LINC

Leipzig Ice Nucleation Counter Comparison
Campaign

TROPOS: EACMph. Dept.

Swiss Federal Institute of Technology Zurich,
Switzerland

Melpitz Column 2015

Charaterization of aerosol particles and their
properties in the column above the research
station Melpitz

TROPOS: all departments

TU Braunschweig; University of Tlbingen; Saxon State
Ministry of the Environment and Agriculture, Dresden;
University of Bayreuth; Hochschule Dusseldorf; TU
Darmstadt; Deutscher Wetterdienst (DWD), Offenbach,
Germany; Paul Scherrer Institute, Villigen, Switzerland

Meteor-M117

Analysis of aerosol particles and the sea surface
microlayer in upwelling regions of the Baltic Sea
TROPOS: Chemistry Dept.

University of Oldenburg; Leibniz Institute for Baltic Sea
Research Warnemiinde (IOW); University of Hamburg,
Germany

ML-CIRRUS
12 scientific mission flights with HALO
TROPOS: EACMph. Dept.

Germany (ML-CIRRUS Consortium)

Mobile Research Station on Polarstern
Research Vessel

Transect PS83 ( ANT-XXIX/10)

TROPOS: EACMph. Dept., Chemistry Dept.

Helmholtz Centre for Ozean Research Kiel
(GEOMAR); Alfred Wegener Institute for Polar and
Marine Research (AWI), Bremerhaven; Leipzig
Institute for Meteorology (LIM), Leipzig University; Max
Planck Institue for Meteorology, Hamburg; University of
Hamburg, Germany

Mobile Research Station on Polarstern
Research Vessel

Transect PS95

TROPOS: Remote Sensing Dept.,EACMph. Dept.,
Chemistry Dept.

Helmholtz Centre for Ozean Research Kiel
(GEOMAR); Alfred Wegener Institute for Polar and
Marine Research (AWI), Bremerhaven; Leipzig
Institute for Meteorology (LIM), Leipzig University; Max
Planck Institue for Meteorology, Hamburg; University of
Hamburg, Germany

PollyNet (permanent experiment)
Network of institutions with a PollyXT
TROPOS: Remote Sensing Dept.

PollyNet Consortium

INUIT-LACIS-Campaign
Ice Nuclei Research Unit - LACIS
TROPOS: EACMph. Dept.

Max Planck Institute for Chemistry, Mainz; Goethe
University Frankfurt am Main; TU Darmstadt, Germany

IOPRAO 2014

Pyranometer Intensive Measurement Campaign
Lindenberg Falkenberg

TROPOS: Remote Sensing Dept.

Meteorological Observatory Lindenberg of DWD
(Deutscher Wetterdienst), Germany
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Appendices: International and national field campaigns / Memberships

Campaign

Project partner

SALTRACE

Saharan Aerosol Long-range Transport and
Aerosol-Cloud-Interaction Experiment Barbados
TROPOS: all departments

Germany, Barbados, Spain, France, USA

SPIN comparison

TROPOS: EACMph. Dept.

Massachusetts Institute of Technology, USA

TROPOSDach (replacing Seiffen II) Aerosol d.o.o./ Slovenia
TROPQOS: Chemistry Dept.

UAS Melpitz 2014

Unmanned aerial systems (UAS):
Boundary layer measurements in Melpitz

TU Braunschweig; University of Tibingen, Germany

EMEP station Waldhof

during an international CEN-fieldcampaign at UBA-

Low Emission Zone Leipzig Saxon State Ministry of the Environment and
TROPOS: EACMph. Dept. Agriculture, Dresden, Germany
Scientific and technical support Federal Environment Agency (UBA), Germany

Yangtze River Campaign 2015 Fudan University, Shanghai, China
International field campaign in China
TROPOS: Chemistry Dept.

* Experimental Aerosol and Cloud Microphysics Department
" EMEP: Co-operative Programme for Monitoring and Evaluation of the Long-Range Transmission of Air Pollutants in Europe

Memberships

Name Board

Althausen, D. Commission on Air Pollution Prevention of VDI and DIN - Standards Committee
KRdL, NA 134-02-01-22 UA “Ground-based remote sensing of meteorological
parameters” Department || Environmental Meteorology

Hellmuth, O. Membership in the International Association for the Properties of Water and Steam
(IAPWS), Working Group Thermophysical Properties of Water and Steam (TPWS)

Hermann, M. Scientific Steering Committee (WLA) HALO

Member of the “Stratospheric Sulfur and its Role in Climate” (SSiRC) SPARC
initiative planning committee

Herrmann, H.

Chairman of the working group ‘Atmospheric Chemistry” in the GDCh-division
“Environmental Chemistry and Ecotoxicology (AKAC)”

DECHEMA/GDCh/Bunsen Society, Gemeinschaftsausschuss ,Chemie der
Atmosphére*
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Name

Board

Herrmann, H.

DECHEMA/GDCh/KRdL Division “Particulate Matter” - Member of the Steering
Committee

IUPAC Task Group on Atmospheric Chemical Kinetic Data Evaluation

Advisory Board Member of ProcessNet-Fachgemeinschaft SUPER

Fellow of International Union of Pure and Applied Chemistry

linuma, Y. Chair der Working Group “Aerosol Chemistry within the EAA (European Aerosol
Assembly)”
Editorial Board Member ‘Atmospheric Measurement Techniques”
Macke, A. Member od the Scientific Advisory Board of ,Meteorologische Zeitschrift*
Member of the Scientific Advisory Board of the German Meteorological Service
Member of the International Radiation Comission
Member od the Scientific Advisory Board of the research program “KLIWAS”
Member of the HALO Science Steering Comitee
Member of the HALO Board of Trusties
Member of the DFG Senate Commission Oceanography
Member of the EU Steering Committee of the Leibniz Association
Member of the DFG Topical Board 313 ‘Atmosphere and Ocean Research”
Deputy chairman of Section E of the Leibniz Society
Member of the Steering Committee of the Leibniz-Research Network “Crisis in a
globalized World”
Member of the Steering Committee of the BMBF Research Network HD(CP)2
Mdiller, K. VDI and DIN - Standards Committee KRdL, member of the working group

“Measurement of aerosol particles in the outdoor air”

Member of the KRdL working group ,.Spiegelgremium zu CEN/TC 264/WG 35 EC/
OC in PM*

Schepanski, K.

Member of Executive Commitee Leibniz Research Alliance INFECTIONS21

Member of Steering Commitee Leibniz Research Alliance INFECTIONS‘21

Stratmann, F.

Work Package (WP) Leader EU-Projekt EUROCHAMP 2
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Name

Board

Stratmann, F.

Member of the EUROCHAMP 2 User Selection Panel (USP)

Board-Member of the International Comission on Clouds and Precipitation (ICCP)

Tegen, I.

SDS-WAS (WMO Sand and Dust Storm Warning Advisory and Assessment System),
Member of Steering Committee

HAMMOZ Steering Comittee Member

Member of Science Europe Committee for Life, Environmental and Geo Sciences

Wandinger, U.

Member of the ESA-JAXA EarthCARE Joint Mission Advisory Group

Member of the EARLINET Council

Member Scientific Steering Committee and Work Package Leader EU Project
ACTRIS

Member Scientific Steering Committee and Work Package Leader EU Project
ACTRIS-2

Wehner, B.

Member of the Leipzig Branche of DMG (German Meteorological Society)

Chair of the Working Group “Atmospheric Aerosols” within the EAA (European
Aerosol Assembly)

Speaker of the Working Group Chairs within the EAA (European Aerosol Assembly)

Chair of the Working Group ‘“Atmospheric Aerosols” within the EAA (European
Aerosol Assembly)

Wiedensohler, A.

“Scientific Advisory Group” for aerosols within the “Global Atmosphere Watch”
program of the Meteorological Organization

VDI-Commission “Particle Counting in the Atmosphere”

Member Scientific Steering Committee (SSC) and Work Package (WP) Leader within
the EU Project ACTRIS

Guest Professor at “Peking University; Department of Environmental Science, China

Head of the World Calibration Center WMO-GAW

Head of the European Center for Aerosol Calibration
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Appendices: Editorships / Reviews

Editorships

Name Journal
Birmili, W. Editorial Board Member ‘Atmospheric Chemistry and Physics”
Herrmann, H. Editorial Board Member ‘Atmospheric Measurement Techniques”

Editorial Board Member ‘Atmospheric Pollution Research”

linuma, Y. Editorial Board Member ‘Atmospheric Measurement Techniques

Macke, A. Editorial Board Member ‘Atmospheric Measurement Techniques

Member of the Editorial Committee “promet”

Schepanski, K. Associate Editor, Aeolian Research

Tegen, I. Associate Editor, Journal of Geophysical Research, Atmospheres
Wandinger, U. Editorial Board Member ‘Atmospheric Measurement Techniques”
Wiedensohler, A. Editorial Board Member ‘Atmospheric Chemistry and Physics”

Editorial Board Member ‘Atmospheric Measurement Techniques

Chief Editor Atmospheric Environment

Reviews
Reviews Number
2014 2015
Journals 142 148
Projects 15 12
Others 6 25
Total 163 185
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International cooperations

Appendices: Cooperations

Research project

Cooperation partners

ACCEPT
Analysis of the Composition of Clouds with
Extended Polarization Techniques

Ludwig Maximilian University, Munich; Metek GmbH,
Elmshorn, Germany; University of Technology, Delft;
Royal Meteorological Institute of the Netherlands
(KNMI), The Netherlands

ACRIDICON-CHUVA

Aerosol, Cloud, Precipitation, and Radiation
Interactions and Dynamics of Convective Cloud
System - Cloud processes of the main precipitation
systems in Brazil

Germany, USA, Brazil

ACTOS

Airborne Cloud Turbulence Observation System
- Interaction between turbulent mixing processes
and cloud micro-physical characteristics in
stratiform boundary layer clouds

Michigan Technological University, Department of
Physics, Houghton, USA

ACTRIS
Aerosols, Clouds, and Trace gases Research
InfraStructure Network

>50 partners

AERONET
Aerosol Robotic Network

National Aeronautics and Space Administration
(NASA), USA

AIE
Atmospheric Environmental Impacts of Aerosol in
East Asia

30 partners

AMIS / IRSES
(Fate and Impact of Atmospheric Pollutants /
International research staff exchange scheme)

China, Denmark, Germany, France, Spain

Anthropogenic influence of Asian aerosol on
tropical cirrus clouds

National Center for Atmospheric Research (NCAR),
Boulder, Colorado, USA

APRIL
Atmospheric Products from Imager and Lidar

Royal Netherlands Meteorological Institute (KNMI),
The Netherlands; Institute for Space Science, Freie
Universitat Berlin (FUB), Germany

AQMEII
Air Quality Model Evaluation International Initiative

Austria, Australia, Belgium, Canada, Switzerland,
Cyprus, Germany, Denmark, Finland, France, Greece,
Italy, Luxembourg, Malta, The Netherlands, Norway,
Poland, Portugal, Sweden, UK, USA

Atmospheric Nucleation

Universities of Helsinki and Kuopio, Finland

ATTO
(Amazonian Tall Tower Observatory)

Instituto Nacional de Pesquisas da Amazonia INPA,
Manaus; Universidade do Estado de Amazonas,
Manaus, Brazil; Max Planck Institute for Chemistry,
Mainz, Germany
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Research project

Cooperation partners

BACCHUS

Impact of Biogenic versus Anthropogenic
emissions on Clouds and Climate: towards a
Holistic UnderStanding

20 partners from Switzerland, Finland, Germany, UK,
Norway, Greece, ltaly, Ireland, Bulgaria, Israel, France,
Cyprus

CADEX
Central Asian Dust Experiment

S.U. Umarov Physical-Technical Institute, Dushanbe,
Republic of Tajikistan

CAREBeijing-North China Plain
Air Quality Research in Beijing

China, France, UK, USA, Germany

CARIBIC/IAGOS

Civil Aircraft for Remote Sensing and In situ
measurement in Tropospheric and Lower
Stratosphere based on the Instrumentation
Container Concept

Germany, UK, France, The Netherlands, Switzerland,
Sweden

CARRIBA

Cloud, Aerosol, Radiation, and tuRbulence in the

trade wind regime over Barbados

Caribbean Institute for Meteorology and Hydrology,
Barbados; Meteo France, France; Max Planck Institute
for Meteorology; Leipzig Institute for Meteorology
(LIM), Leipzig University, Germany

Central European Air Quality Cooperation -

Harmonization of aerosol sampling and

measurement; exchange of measurement data;

comparison of PM transport models

Poland, Czech Republic

ChArMEx / ADRIMED

Chemistry-Aerosol Mediterranean Experiment /
Aerosol Direct Radiative Impact on the regional

climate in the Mediterranean region

France, ltaly, Germany

CLOUD
Cosmics Leaving OUtdoor Droplets

Germany, Switzerland, Finland, Austria, Portugal,
Russia, UK, USA

CLOUD -ITN

Cosmics leaving OUtdoor Droplets - International

Training Network

Germany, Switzerland, Finland, Austria, UK

CLOUD - train

Cosmics leaving OUtdoor Droplets - International

Training Network

Germany, Switzerland, Finland, Austria, UK

COMPoOSE

Characterization of phase-partitioning in mixed-

phase clouds

Brookhaven National Laboratory (BNL), Upton, NY,
USA; McGill University, Montréal, QC, Canada

Cooperation partners involved in research projects

at the TROPOS Research Station Melpitz

Norway, UK, Italy, Switzerland, Czech Republic,
Hungary, Ireland, Finland, Austria, Sweden, Bulgaria,
Belgium, France, Greece, The Netherlands, Spain,
Denmark, Latvia, Poland, Portugal

COST
Chemistry transport model intercomparison

Germany, Denmark, Finland, France, Bulgaria,
Estonia, Italy, Malta, Spain, The Netherlands, Norway,
Poland, Switzerland, UK, Greece, Israel
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Research project

Cooperation partners

Development and evaluation of methods for the
quantification of trace compounds produced by
biomass burning

Academy of Science of Taipei, Taiwan

EARLINET
European Aerosol Research Network

Germany, ltaly, Spain, Greece, Switzerland, Sweden,
Portugal, Poland, Belarus, France, Bulgaria, Romania,
Norway, The Netherlands, Finland, Ireland, Cyprus

ESA-ADM
European Space Agency, Atmospheric Dynamics
Mission

European Space Research and Technology Center
(ESTEC), The Netherlands

ESA-EarthCARE
European Space Agency, Earth Clouds, Aerosol
and Radiation Explorer

European Space Research and Technology Center
(ESTEC), The Netherlands; Japan Aerospace
Exploration Agency, Japan

HCCT 2010
Hill Cap Cloud Thuringia 2010

Germany, UK, France, USA, Switzerland

Heterogeneous ice and salt crystallisation in
aqueous electrolyte and polymeric solutions

State University St. Petersburg, Russia; University

of Rostock; Leibnitz Institute for Baltic Sea
Research Warnemuinde (IOW), Germany; Institute of
Thermomechanics AS, Czech Republic; University
of Odessa, Ukraine; Kharkov Institute of Technology,
Ukraine

IAGOS
Integration of routine Aircraft measurements into a
Global Observing System

Germany, UK, France

ICON-HAMMOZ development
Model development

Max Planck Institute for Meteorologie, Hamburg,
Germany; ETH Zurich; Institute for Atmospheric and
Climate Science, Zurich, Switzerland

IGAS
IAGOS for the GMES Atmospheric Service, EU
project

Germany, UK, France, The Netherlands, Hungary,
Switzerland (WMO)

Intercomparison of Satellite Derived Wind
Observations

EUMETSAT, Darmstadt, Germany

ITARS - ITN
Initial Training for Atmospheric Remote Sensing -
Marie Curie Initial Training Network

Germany, Spain, Italy, UK, The Netherlands, Romania,
France

Laboratory investigations in the field of liquid phase
chemistry

National Institute of Chemistry Ljubljana, Slovenia;
Université de Lyon; Université de Marseilles, France;
Semenov Institute of Chemical Physics, Moscow,
Russia

LACCT
Leipzig Aerosol Cloud Turbulence Tunnel

limenau University of Technology, Germany; Michigan
Technological University, Houghton, USA

LACIS
Leipzig Aerosol Cloud Interaction Simulator

USA, UK, Denmark, Germany, Finland, Austria,
Switzerland
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Research project

Cooperation partners

Lagrangian turbulence in clouds

Max Planck Institute for Dynamics and Self-

Organization, Géttingen; limenau University of
Technology, Germany; Michigan Technological
University, USA; University of Warsaw, Poland

LEAK
Leipziger Aerosolkammer

University of British Columbia, Dept. of Chemistry,
Canada; University College Cork, Ireland; Slovenia,
Institute of Chemistry, Slovenia

LIVAS
Lidar Climatology of Vertical Aerosol Structure for
Space-Based Lidar Simulation Studies

Institute for Space Applications and Remote Sensing,
National Observatory of Athens, Greece; Institute

of Methodologies for Environmental Analysis of the
National Research Council of Italy (IMAA-CNR),
Potenza, Italy

MACE
Manila Aerosol Characterization Experiment

De La Salle University, Manila, Philippines

Melpitz Column 2015:

Charaterization of aerosol particles and their
properties in the column above the research station
Melpitz

Germany, Switzerland, Greece

Mobile Landstation
Determining aerosol and cloud microphysical
processes at distinct land-based sites

Meteorological Observatory Lindenberg of DWD
(Deutscher Wetterdienst); University of Cologne,
Germany; Delft University of Technology, Delft, The
Netherlands

Mobile Seestation

Autonomous measurement plattform for the
determination of energy and matertial exchange
between ocean and atmosphere

Helmholtz Centre for Ozean Research Kiel
(GEOMAR); Alfred Wegener Institute for Polar and
Marine Research (AWI), Bremerhaven; Leipzig
Institute for Meteorology, University Leipzig (LIM); Max
Planck Institute for Meteorology, Hamburg; University
of Hamburg, Germany; Nationales Observatorium
Athen, Greece

Ocean Science Center Mindelo (OSCM)

Instituto Nacional de Desenvolvimento das Pescas
(INDP), Mindelo, S. Vicente, Republic of Cape
Verde; Helmholtz Centre for Ozean Research Kiel
(GEOMAR), Germany

PAREST
PArtikel-REduktions-STrategien

Germany, The Netherlands

PEGASOS
Pan-European Gas-AeroSOLlIs-climate interaction
Study

>20 partners

Pollynet
Collaboration in the development and application of
Polly systems

Finnish Meteorological Institute (FMI), Kuopio, Finland;
Department of Applied Environmental Science (ITM),
Stockholm University, Sweden; Institute of Geophysics,
University of Warsaw, Poland; Universidade de Evora,
Centro de Geofisica de Evora, Portugal; National
Institute of Environmental Research, Air Quality
Research Division, Korea; National Observatory of
Athens, Greece
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Research project

Cooperation partners

PRADACS
Puerto Rico African Dust And Cloud Study

Germany, Puerto Rico, USA, Switzerland, Mexico,
Brazil

Relations between directly emitted wood burning
emissions and ambient particle concentration in
the Melbourne region

Commonwealth Scientific and Industrial Research
Organization (CSIRO), Melbourne, Australia

SOPRAN
Surface Ocean Processes in the Anthropocene
Cape Verde

Instituto Nacional de Desenvolvimento das Pescas
(INDP); National Institute for Meteorology and
Geophysics (INMG), Mindelo, S. Vicente, Republic of
Cape Verde; University of York, UK; Hebrew University
of Jerusalem, Israel

Submicrometer particle size distribution processes
across the European continent

National Centre for Atmospheric Science, University

of Birmingham, UK; Institut de Ciéncies del Mar,
Barcelona, Spain; Department of Physics, University of
Helsinki, Finland

Theory of Ice and Salt Crystallization in Aqueous
Electrolyte and Polymeric Solutions

Georgia Institute of Technology, Atlanta, Georgia;
SUNY at Buffalo, Buffalo, NY, USA; IAWPS
International Association for the Properties of Water
and Steam; Institute for Thermal Physics, Ekaterinburg;
Joint Institute for Nuclear Research Dubna; St.
Petersburg State University, Saint Petersburg, Russia

Twinning Partnership with GAW-Stations

Korean Meteorological Service; Global Atmosphere
Watch (GAW), Anmyeon, Republic of Korea; Malaysian
Meteorological Service, Danum Valley, Malaysia;
Bulgarian Academy of Sciences, BEO-Moussala,
Bulgaria

UFIREG - ultrafine particles & health

Germany, Czech Republic, Slovenia, Ukraine

Ultraschwarz - ultrafine particle exposure

Germany, Czech Republic

National cooperations

Research project

cooperation partners

Absorption efficiency of Black Carbon: determining
representative atmospheric values and implications
for radiative transfer

Max Planck Institute for Chemistry, Mainz

ACRIDICON

Aerosol, Cloud, Precipitation, and Radiation
Interactions and Dynamics of Convective Cloud
System

11 partners

ACTRIS-D
Aerosols, Clouds, and Trace gases Research
InfraStructure Network

13 partners
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Research project

cooperation partners

AirShield (BMBF joint project)
Airborne remote sensing for hazard inspection by
network enabled lightweight drones

8 partners

ALADINA

Investigating the Small-Scale Vertical and
Horizontal Variability of the Atmospheric Boundary
Layer Aerosol using Unmanned Aerial Vehicles

TU Braunschweig;
University of Tubingen

CARIBIC-AMS

(An Automated Aerosol Mass Spectrometer for

the Regular Chemical Characterization of Aerosol
Particles in the Upper Troposphere and Lowermost
Stratosphere, DFG)

Max Planck Institute for Chemistry, Mainz

CLOUD-12 (BMBF-Project)

Goethe University Frankfurt am Main

Colrawi
Combined Observations with Lidar RAdar and
WiInd profiler

Deutscher Wetterdienst (DWD), Lindenberg

DFG-SPP HALO
Conception and development of a HALO data base

World Data Center for Climate; Max Planck Institute
for Meteorology, Hamburg; German Aerospace Center
(DLR), Oberpfaffenhofen

DWD-Raman-Lidar

Deutscher Wetterdienst (DWD), Offenbach;
Meteorological Observatory Lindenberg of DWD
(Deutscher Wetterdienst); Loritus GmbH, Munich

Experimental verification of the charging of aerosol
particles by X-ray radiation

Institute for Polymer Materials and Processes (PMP),
University of Paderborn

Experimental characterization of agriculture dust
emissions

Leibniz Centre for Agricultural Landscape Research
(ZALF), Institute of Soil Landscape Research,
Mincheberg; TU Braunschweig, Section of
Climatology and Environmental Meteorology

F-Beach
(Fichtelgebirge — Biogenic
Emission and Aerosol Chemistry)

University of Bayreuth; Johannes Gutenberg University
Mainz

GUAN
German Ultrafine Aerosol Network

Federal Environment Agency (UBA), Dessau-RoB3lau,
Langen, Garmisch-Partenkirchen, Hofsgrund;
Deutscher Wetterdienst (DWD), Hohenpei3enberg;
IUTA Duisburg e. V.; Helmholtz Zentrum Miinchen -
German Research Center for Environmental Health

Hans Ertel Zentrum for Weather Research

Deutscher Wetterdienst (DWD), Offenbach;
University of Bonn

HD(CP)2 (BMBF)
High definition clouds and precipitation for
advancing climate prediction

16 partners
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Research project

cooperation partners

High-resolution modelling of clouds and gravity
wavelengths: scale analysis, numerics, validation
(Leibniz competition project)

Leibniz Institute of Atmospheric Physics, Rostock;
Potsdam Institute for Climate Impact Research (PIK),
Potsdam

IAGOS-D
(In-situ Aircraft for a Global Observing System)

Forschungszentrum Julich; Karlsruhe Institute of
Technology (KIT); Max Planck Institutes for Chemistry
and Biogeochemistry, Jena; German Aerospace
Center (DLR); University of Heidelberg

ICOS

(Integrating Cloud Observations from Ground
and Space — a Way to Combine Time and Space
Information)

University of Cologne; Freie Universitat Berlin

INFECTIONS 21 (Leibniz)
Transmission Control of Infections in the 21st
Century

14 partners

INUIT (DFG Research Unit)
Ice Nuclei Research Unit

Max Planck Institute for Chemistry, Mainz; Goethe
University Frankfurt am Main; TU Darmstadt;
Johannes Gutenberg University Mainz; University
Bielefeld; Karlsruhe Institute of Technology (KIT)

lon particle interactions during particle formation
and growth above coniferous forest in Middle
Europe

University of Bayreuth, BayCEER, Atmospheric
Chemistry

Influence of domestic wood stoves on particulate
concentrations in rural areas of Saxony

Saxon State Ministry of the Environment and
Agriculture, Dresden

KLENOS

Influence of a change of energy policy and climate
on air quality as well as consequences for the
compliance with limit values and examining further
emissions

Federal Environment Agency (UBA), Dessau-RoB3lau;
TU Dresden, Institute of Hydrology and Meteorology

Leibniz Network “Mathematical Modeling and
Simulation (MMS)”

24 partners

MARGA

Physico-chemical characterization of the dynamic
behaviour of ammonium salt in particulate matter
aerosol particles - testing a new high-resolutions
measurement method at EMEP-Level 3-Station
Melpitz

Federal Environment Agency (UBA), Dessau-RoB3lau

ML-CIRRUS
Mid-Latitude Cirrus

10 partners

PalMod (BMBF)
From the Last Interglacial to the Anthropocene:
Modeling a Complete Glacial Cycle

17 partners
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Research project

cooperation partners

Parallel coupling framework and modern time
integration methods for detailed cloud processes in
atmospheric models

TU Dresden, Centre for Information Services and
High Performance Computing (ZIH); Martin Luther
University Halle-Wittenberg

Pollynet

Deutscher Wetterdienst (DWD), Hohenpeil3enberg

Photocatalytic facades in cooperation with LWB
(Leipzig housing cooperative)

MFPA Leipzig GmbH; Leipzig Institute for Materials
Research and Testing; funded by the Leipziger
Wohnungs- und Baugesellschaft (LWB)

Influence of soot on air quality and climate (pilot
study)

Saxon State Agency for Environment, Agriculture and
Geology (LfULG)

SALTRACE
Saharan Aerosol Long-range Transport and
Aerosol-Cloud-Interaction Experiment

German Aerospace Center (DLR) Oberpfaffenhofen;
Ludwig Maximilian University, Munich; TU Darmstadt

SOPRAN (BMBF)
Surface Ocean Processes in the Anthropocene

8 partners

Statistical modelling of aerosol particle size
distribution in urban and rural environment

TU Braunschweig, Institute of Geoecology, Dept. of
Climatology and Environmental Meteorology

Theory of ice and salt crystallisation in aqueous
electrolyte and polymeric solutions

Polymer Physics, University of Rostock; Leibnitz
Institute for Baltic Sea Research Warnemiinde (IOW)

Deep analysis to verify the effectiveness of the
Leipzig Low Emission Zone

Saxon State Agency for Environment, Agriculture and
Geology (LfULG)

Improvement of data quality for the measurement
of ultrafine particles in the outdoor air

Saxon State Agency for Environment, Agriculture and
Geology (LfULG)
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Appendices: Boards

Name

Institution

RORIin C. Liebner

Saxon State Ministery for Science and the Arts

RDin Dr. G. Helbig

Federal Ministry of Education and Research

Prof. Dr. S. Borrmann

Max Planck Institute for Chemistry (Otto Hahn Institute);
Johannes Gutenberg University Mainz

Scientific advisory board

Name

Institution

Prof. Dr. A. Wahner
(Chairman)

Forschungszentrum Jilich GmbH; Institute for Energy and Climate
Research, |IEK-8: Troposphere

PD Mag. Dr. F. H. Berger

Deutscher Wetterdienst (DWD), Lindenberg Meteorological Observatory -
Richard ABmann Observatory

Prof. Dr. A. Bott

University of Bonn, Meteorological Institute

Dr. G. Ehret

German Aerospace Center (DLR), Institute of Atmospheric Physics, Lidar

Dr. C. George

IRCELYON - Institut de Recherches sur la Catalyse et I'Environnement de
Lyon, University Claud Bernard

Prof. Dr. M. Kulmala

University of Helsinki, Department of Physics

Prof. Dr. J. Orphal

Karlsruhe Institute of Technology (KIT), Institute for Meteorology and
Climate Research (IMK)

Prof. Dr. K. H. Schlliinzen

University of Hamburg, Institute for Meteorology, KlimaCampus

Prof. Dr. R. Shaw

Michigan Technological University, Department of Physics

Prof. Dr. M. Wendisch

Leipzig University, Leipzig Institute for Meteorology (LIM)
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Members of the TROPOS association

Name

Institution

Prof. Dr. C. Jacobi
(Chairman)

Leipzig University, Leipzig Institute for Meteorology (LIM)

Frau RORin C. Liebner

Saxon State Ministery for Science and the Arts

Frau RDin Dr. G. Helbig

Federal Ministry of Education and Research

Prof. Dr. P. Warneck

Professor emeritus

Prof. Dr. B. Brimmer

University of Hamburg, Institute for Meteorology

Prof. Dr. J. Quaas

Leipzig University, Leipzig Institute for Meteorology (LIM)

Dr. H.-H. Richnow

Helmholtz Centre for Environmental Research (UFZ)

Prof. Dr. B. Abel

Leipzig University, Wilhelm Ostwald Institute for Physical and Theoretical
Chemistry

Prof. Dr. C. Simmer
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