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Introduction

The Leibniz Institute for Tropospheric Research
e. V. (TROPOS) has been located in the Leipzig
Science Park/Permoserstrasse since 1992 in the
neighbourhood of the Helmholtz Centre for Environ-
mental Research, the Leibniz Institute for Surface
Modification and other institutions. Its name identi-

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

fies it as a member of the Gottfried Wilhelm Leibniz
Society.

The institute is funded by the State of Saxony
and the Federal Ministry of Education and Research
with an annual basic budget of approx. 10.6 million
euros, and approx. 13.1 million euros per year in third-
party funding.

A total of 207 people are employed at TROPOS
(including 53 student/scientific assistants, 3 appren-
tices), 159 of whom are scientists (as at 31 December
2023). TROPOS was founded to research physical
and chemical processes in the polluted troposphere.

TROPOS has developed a clear and globally
unique research profile, which today focuses on the

Fig. / Abb. 2: The new TROPOS chemistry laboratory. / Des neue
TROPOS-Chemielaborgeb&udes. (Photo: Tilo Arnhold / TROPOS)
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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 Oberflachenmodifizierung sowie
weiteren Einrichtungen. Sein Name weist es als
Mitglied der Wissenschaftsgemeinschaft Gottfried
Wilhelm Leibniz aus.

Das Institut wird vom Freistaat Sachsen und
dem Bundesministerium fir Bildung und Forschung
mit einem jéhrlichen Grundetat von ca. 10,6 Millionen
Euro geférdert, ca. 13,1 Millionen pro Jahr werden an
Drittmitteln eingeworben.

Am TROPOS sind insgesamt 207 Mitarbeitende
beschéftigt (inklusive 53 Studentische/Wissen-
schaftliche Hilfskrafte, 3 Lehrlinge), davon 159
Wissenschatftlerinnen und Wissenschatftler (Stichtag
31.12.2023). Gegrundet wurde das TROPOS zur
Erforschung physikalischer und chemischer Prozesse
in der belasteten Troposphére.

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

Das TROPOS hat ein klares und weltweit
einzigartiges Forschungsprofil herausgebildet, in
dessen Mittelpunkt heute die physikalischen und
chemischen Wechselwirkungen zwischen atmo-
sphérischen 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
dieser hochdispersen Systeme verandern und damit
sowohl direkt als auch indirekt auf den Menschen in
den Bereichen Gesundheit und Klima zurtickwirken.

Zur Klarung dieser wichtigen Beziehungen
mussen die physiko-chemischen Prozesse von
Aerosol- und Wolkenbildung und die Wirkungen auf
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Fig./ Abb. 4: The GoSouth team. From left to right / Das GoSouth-
Team. Von links nach rechts: Silvia Henning (TROPOS), Sebastian
Dising (TROPOS), Juliane Kalla (Universitédt Hannover), Julian
Hofer (TROPOS), Thomas Conrath (TROPOS), Frank Stratmann
(TROPOS), Joel Rindelaub (University of Auckland) & Guy Coulson
(NIWA). (Photo: Lana Young / NIWA)

physical and chemical interactions between atmos-
pheric small airborne particles (aerosol particles) and
cloud particles. Despite the smallest absolute quanti-
ties, these particles are essential components of the
atmosphere because they influence the energy, water
and trace substance balance of the earth system.
Human activities can change the properties of these
highly dispersed systems and thus have both a direct
and indirect impact on human health and climate.

In order to clarify these strong connections, the
physico-chemical processes of aerosol and cloud
formation and the effects on health and climate still
need to be investigated to a considerable extent.
Particular challenges here are the analysis of the
smallest quantities of substances involved and the
complex behavior of atmospheric multiphase systems,
whose individual processes in the atmosphere cannot
be clearly observed separately. In the current state of
knowledge on global climate change, this complexity
is reflected in the much greater uncertainties in
all published figures on aerosol and cloud effects
compared to the state of knowledge on the effects of
greenhouse gases.

In order to achieve a significant increase in the
understanding of tropospheric multiphase processes
and to improve their application to the prediction of
the consequences of human intervention, TROPOS
develops and carries out coordinated field, laboratory
and modelling studies to investigate aerosol particles
and clouds. The long-term measurements initiated
by TROPOS are increasingly making it possible to
record trends in regional and large-scale aerosol
distribution and their impact on climate and health.
The ACTRIS-D research infrastructure coordinated
by TROPOS, which is part of the national roadmap
and Germany’s contribution to the European ACTRIS

Gesundheit und Klima noch zu einem erheblichen
Teil erforscht werden. Besondere Herausforderungen
hierbei sind die Analyse der beteiligten kleinsten
Stoffmengen und das komplexe Verhalten atmosphé-
rischer Mehrphasensysteme, deren Einzelprozesse
in der Atmosphére nicht klar getrennt beobachtet
werden kénnen. Beim gegenwaértigen Stand des
Wissens zum globalen Klimawandel spiegelt sich
diese Komplexitat in den sehr viel groBeren Unsicher-
heiten in allen zu Aerosol- und Wolkenwirkung verof-
fentlichten Zahlen im Vergleich zum Kenntnisstand
der Auswirkungen von Treibhausgasen wider.

Um einen signifikanten Zuwachs im Prozessver-
sténdnis troposphéarischer Mehrphasenprozesse zu
erreichen und dessen Anwendung auf die Vorhersage
der Folgen menschlicher Eingriffe zu verbessern,
werden am TROPOS aufeinander abgestimmte Feld-,
Labor- und Modellstudien zur Untersuchung von Aero-
solpartikeln und Wolken entwickelt und durchgefihrt.
Die vom TROPOS mafgeblich initiierten Langzeit-
messungen erlauben immer mehr auch die Erfassung
von Trends in der regionalen und groBraumigen Aero-
solverteilung und deren Auswirkung auf Klima und
Gesundheit. Hier spielt die vom TROPOS koordinierte
Forschungsinfrastruktur ACTRIS-D, die Teil der Natio-
nalen Roadmap und Beitrag Deutschlands zum euro-
paischen Roadmap-Programm ACTRIS ist, eine zen-
trale Rolle und wird die Arbeiten am TROPOS sowie
nationale und internationale Kooperationen langfristig
und maBgeblich pragen.

Feldexperimente

Die Feldexperimente des Instituts dienen der
Aufklarung des atmosphérischen Kreislaufs der

Fig./ Abb. 5: Leipzig meteorologist Dr Martin Radenz from TROPOS
lived and worked in the Antarctic for a year and was one of the 10
people who overwintered at Neumayer Station Ill./ Der Leipziger
Meteorologe Dr. Martin Radenz vom TROPOS lebte und arbeitete
ein Jahr in der Antarktis und gehérte zu den 10 Personen, die an der
der Neumayer-Station Ill lberwinterten. (Photo: Ronny Engelmann /
TROPOS)

TROPOS Biennial Report 2022/2023



roadmap programme, plays a central role here and
will significantly shape the work at TROPOS as well
as national and international collaborations in the long
term.

Field experiments

The Institute’s field experiments serve to eluci-
date the atmospheric cycle of aerosol and cloud parti-
cles and the associated processes. The complexity of
the aerosol-cloud system is determined, among other
things, by the fact that particles and droplets occur
in the atmosphere whose diameters vary by more
than six orders of magnitude from the nanometre to
the micrometre range. The size range of a few nano-
metres, which occurs directly after the formation of
new particles, has been added to the measurement
range of aerosol size distributions at TROPOS in the
last two years. In addition, the liquid water droplet and
ice crystal forming properties of aerosols interact with
a regionally and globally changing Earth system. As
a result of the diversity of microphysical, chemical and
meteorological processes occurring, there is still a
lack of quantitative understanding of the importance
of aerosol-cloud interactions in the global climate
system.

This uncertainty begins with the particle sources,
which are also the subject of research at TROPOS.
The combustion of fossil and renewable fuels for
energy production and transport is a significant
source of aerosols. Measurements taken by the insti-
tute at many urban measuring points and continental
background stations show that the emissions of parti-
cles and their precursors are followed by a variety of
physical and chemical transformations that need to

Fig./ Abb. 6: Inauguration of the new TROPOS remote sensing station
on the roof of the Ocean Science Centre Mindelo (OSCM) with the
Presidents of Germany and Cabo Verde. / Einweihung der neuen
Fernerkundungstation des TROPOS auf dem Dach des Ocean Science
Centre Mindelo (OSCM) mit den Présidenten von Deutschland und
Cabo Verde. (Photo: Edson Silva Delgado / GEOMAR)

TROPOS Biennial Report 2022/2023
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Fig./ Abb. 7: Dr Khanneh Wadinga Fomba (TROPOS) explains the dust
measurements at Cabo Verde Atmospheric Observatory (CVAO) to
Frank-Walter Steinmeier (German Federal President) and José Maria
Neves (President of the Republic of Cabo Verde) (from left to right). / Dr.
Khanneh Wadinga Fomba (TROPOS) erklart Frank-Walter Steinmeier
(Bundesprésident) und José Maria Neves (Préasident der Republik Cabo
Verde) die Staubmessungen am Cabo Verde Atmospheric Observatory
(CVAO) (von links nach rechts). (Photo: Bundesregierung / Bergmann)

Aerosol- und Wolkenpartikel und der damit verbun-
denen Prozesse. Die Komplexitat des Aerosol-
Wolken-Systems wird dabei unter anderem dadurch
bestimmt, dass in der Atmosphére Partikel und
Tropfen auftreten, deren Durchmesser sich vom
Nano- bis zum Mikrometerbereich um mehr als
sechs GroBenordnungen unterscheiden. Dabei ist
der GroBenbereich weniger Nanometer, wie er direkt
nach einer Neubildung von Partikeln auftritt, in den
letzten zwei Jahren am TROPOS in den Messbereich
von Aerosol- GréBenverteilungen dazu gekommen.
AuBerdem stehen die Flussigwassertrépfchen- und
Eiskristall-bildenden Eigenschaften der Aerosole in
Wechselwirkung mit einem sich regional und global
andernden Erdsystem. Als Folge der Vielfalt der
auftretenden mikrophysikalischen, chemischen und
meteorologischen Prozesse mangelt es nach wie vor
an quantitativem Verstéandnis hinsichtlich der Bedeu-
tung von Aerosol-Wolken-Wechselwirkungen im
globalen Klimasystem.

Diese Unsicherheit beginnt schon bei den Parti-
kelquellen, die ebenfalls Forschungsgegenstand
am TROPOS sind. Die Verbrennung fossiler und
nachwachsender Brennstoffe zur Energieerzeugung
und im Verkehr ist eine maf3gebliche Aerosolquelle.
Messungen des Instituts an vielen urbanen Mess-
stellen und kontinentalen Hintergrundstationen
zeigen, dass den Emissionen von Partikeln und deren
Vorlaufern vielfaltige physikalische und chemische
Umwandlungen folgen, die mit hoher zeitlicher Aufl6-
sung analysiert werden mussen, um die beteiligten
Prozesse aufzuklaren.

Der Ballungsraum Leipzig mit der Hintergrund-
station Melpitz ist immer wieder im Zentrum von
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Fig./ Abb. 8: View of Mindelo (Cabo Verde) from the observatory - with (01.02.2022) and without (07.02.2022) Saharan dust. / Blick vom
Observatorium auf Mindelo (Cabo Verde) — mit (01.02.2022) und ohne (07.02.2022) Saharastaub. (Photo: Christian Nehls / Forschungszentrum

Borstel)

be analysed with high temporal resolution in order to
elucidate the processes involved.

The Leipzig conurbation with the Melpitz back-
ground station is repeatedly at the centre of studies
on air pollution with a focus on particles, which are
often integrated into national and international col-
laborations. Despite very far-reaching legal regula-
tions, air pollution still exists in Germany and Europe
with its consequences for the morbidity and mortality
of the population. The Melpitz research station is
increasingly being used for focused measurement
campaigns, also to combine physico-chemical
high-resolution in-situ characterisation on the ground
with in-situ and remote sensing measurements of the
entire column and the associated modelling.

The strongest polluted regions over North
America, Europe, Asia with priority on China, Africa,

Fig./ Abb. 9: Clouds over the Amazon. Measurements at the Amazon
Tall Tower Observatory (ATTO) in the central Amazon revealed that up
to two thirds of the soot comes from Africa./ Messungen am Amazon
Tall Tower Observatory (ATTO) im zentralen Amazonas enthdillten, dass
bis zu zwei Dritteln des RuBBes aus Afrika stammt. (Photo: Dom Jack /
Max Planck Institute for Chemistry)

Untersuchungen zur Luftverschmutzung mit dem
Schwerpunkt auf Partikeln, die oft in nationale und
internationale Kooperationen eingebunden sind.
Trotz sehr weitgehender gesetzlicher Regelungen
existiert in Deutschland und Europa immer noch Luft-
verschmutzung mit ihren Folgen fir Morbiditat und
Mortalitat der Bevélkerung. Die Forschungsstation
Melpitz wird zunehmend fir fokussierte Messkam-
pagnen genutzt, auch um die physikalisch-chemisch
hoch aufgeléste In-situ-Charakterisierung am Boden
mit In-situ- und Fernerkundungsmessungen der
gesamten Saule und auch den zugehdérigen Modellie-
rungen zu kombinieren.

Die am starksten belasteten Regionen tber
Nordamerika, Europa, Asien mit dem Schwerpunkt
China, Afrika und Uber dem indischen Subkontinent
und Stidamerika sind bei weitem noch nicht hinrei-
chend bezglich ihrer Aerosolbelastungen und den
daraus resultierenden Klimawirkungen untersucht.
Auf diese Regionen konzentrieren sich daher in
internationaler Zusammenarbeit die Feldexperimente
des TROPOQOS, u. a. in Form von Messkampagnen
und Langzeitmessungen in Asien, Slidamerika und
der Mittelmeerregion. Hier kommt auch die Untersu-
chung der zunehmenden groBen Waldbrénde eine
wachsende Bedeutung zu. Aber auch die maritime
Troposphére Uber dem sauberen sidlichen und
dem belasteten nérdlichen Atlantik wird langfristig
vermessen, um Aerosol-Wolken-Wechselwirkungen
besser zu verstehen.

Studien zum Mineralstaub und zu marinen Aero-
solpartikeln und deren Wirkungen auf den Strahlungs-
haushalt, die Wolkenbildung und die atmosphérische
Eisbildung bleiben ein Kernbestandteil der Arbeiten
am TROPQOS. Durch die Nutzung eines kommerzi-
ellen Verkehrsflugzeuges der Lufthansa werden im
Rahmen der Européischen Forschungsinfrastruktur

TROPOS Biennial Report 2022/2023
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Fig./ Abb. 10: BSOA measurements on the MyDiv area in Bad Lauchstadt in September 2022./ BSOA-Messungen auf der MyDiv-Fléche in Bad

Lauchstaddt im September 2022. (Photo: Loreen Alshaabi / TROPOS)

the Indian subcontinent, and South America are

far from being sufficiently characterized in terms

of aerosol burdens and ensuing climate effects.
TROPOS field experiments, including measurement
campaigns and long-term measurements in Asia,
South America and the Mediterranean region, are
therefore focused on these regions in international
cooperation. The investigation of the increasing
number of large forest fires is also becoming increas-
ingly important here. The maritime troposphere over
the clean southern and polluted northern Atlantic is
also being observed over the long term in order to
better understand aerosol-cloud interactions.

Studies on mineral dust and marine aerosol
particles and their effects on the radiation budget,
cloud formation and atmospheric ice formation remain
a core component of the work at TROPOS. By using
a Lufthansa commercial airliner, aerosol distributions
in the upper troposphere are also measured and
analysed on regularly flown intercontinental routes as
part of the European research infrastructure IAGOS.
TROPOS is a consortium partner in the operation of
the German research aircraft HALO and is regularly
involved in flight campaigns. The studies on mineral
dust are integrated into increasing co-operation with
countries on the African continent, such as Cape
Verde, Morocco, Nigeria and Namibia.

Various ground-based remote sensing methods
are developed and coupled at TROPOS in order to
obtain a synergetic picture of the vertical distribution
of aerosols and hydrometeors and their processing.
The institute is now a leader in the development
and application of international lidar networks for
recording the four-dimensional aerosol distribution.
The remote sensing methods developed at TROPOS
are also used in international satellite programmes of
various space agencies.

TROPOS Biennial Report 2022/2023

IAGOS auch Aerosolverteilungen in der oberen
Troposphére auf regelméaBig beflogenen interkonti-
nentalen Routen gemessen und analysiert. TROPOS
ist Konsortialpartner im Betrieb des deutschen
Forschungsflugzeugs HALO und regelmaBig an Flug-
kampagnen beteiligt. Die Untersuchungen zum Mine-
ralstaub sind eingebunden in zunehmende Koopera-
tionen mit L&ndern des afrikanischen Kontinents wie
derzeit die Kapverden, Marokko, Nigeria und Namibia.
Am TROPOS werden verschiedene bodengebun-
dene Fernerkundungsverfahren entwickelt und gekop-
pelt, um so zu einem synergetischen Bild der verti-
kalen Verteilung von Aerosolen und Hydrometeoren
sowie deren Prozessierung zu gelangen. Mittlerweile
ist das Institut federfihrend in der Entwicklung und
Anwendung internationaler Lidarnetzwerke zur Erfas-
sung der vierdimensionalen Aerosolverteilung. Die

Fig./ Abb. 11: The PyrNet devices from TROPOS measured global
radiation, temperature and humidity during the S2VSR campaign in
the fields of Oklahoma./ Die PyrNet-Geréte vom TROPOS haben bei
der Kampagne S2VSR in den Feldern Oklahomas Globalstrahlung,
Temperatur und Luftfeuchtigkeit gemessen. (Photo: Oscar Ritter /
TROPOS)
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Fig./ Abb. 12: ACTRIS campaign at the Sonnblick Observatory -
Austria‘s highest meteorological observation station./ ACTRIS-
Kampagne am Observatorium Sonnblick - Osterreichs héchstgelegene
meteorologische Beobachtungsstation. (Photo: Uwe Kéfer / TROPOS)

On smaller scales, investigations into particle
formation and interaction between aerosol particles
and clouds and the influence of turbulent mixing
processes on cloud development are carried out
using airborne measuring platforms. In addition,
mountain stations are used for process studies dedi-
cated to understanding individual processes such as
the formation of new particles, the physico-chemical
changes in aerosol particles during cloud passage
and the influence of aerosol particles on the develop-
ment and freezing of clouds.

TROPOS is significantly involved in regional,
national and European in-situ measurement networks
for the local recording of atmospheric aerosol and
cloud cover. As part of the WMQO’s Global Atmospheric
Watch (GAW) programme, the institute operates the
World Calibration Centre for Physical Aerosol Meas-
urements (WCCAP) with the aim of quality assurance
of in-situ measurements at national and international
measuring stations.

TROPOS continues to play a leading role in
the development and operation of the networked
European and national research infrastructure for
recording aerosols, clouds and trace gases (ACTRIS)
in order to investigate and understand the processes
of short-lived climate components on all relevant
scales.

Field experiments are supported and extended
by analyses based on meteorological satellite data.
In particular, satellite products are used to analyse
the spatiotemporal development of clouds and their
radiative forcing, as well as the transport paths of
aerosols.

am TROPOS entwickelten Fernerkundungsverfahren
finden auch Anwendung in internationalen Satelliten-
programmen diverser Weltraumbehdrden.

Auf kleineren Skalen werden Untersuchungen
zur Partikelbildung und Wechselwirkung zwischen
Aerosolpartikeln und Wolken und der Einfluss turbu-
lenter Mischungsprozesse auf die Wolkenentwicklung
mit Hilfe luftgestiitzter Messplattformen durchgefihrt.
Zusatzlich werden Bergstationen zu Prozessstudien
genutzt, die sich dem Versténdnis von Einzelpro-
zessen, wie der Partikelneubildung, der physiko-
chemischen Veranderung der Aerosolpartikel beim
Wolkendurchgang und dem Einfluss von Aerosolp-
artikeln auf die Entwicklung und das Gefrieren von
Wolken widmen.

TROPOS ist maBgeblich an regionalen, nati-
onalen und Européischen In-situ-Messnetzen zur
lokalen Erfassung des atmosphérischen Aerosols
und der Bewolkung beteiligt. Das Institut betreibt
im Rahmen des Global Atmospheric Watch (GAW)
Programms der WMO das Weltkalibrierzentrum fiir
physikalische Aerosolmessungen (WCCAP) mit dem
Ziel der Qualitatssicherung von In-situ-Messungen an
nationalen und internationalen Messstationen.

TROPOS ist weiterhin federflihrend an der
Entwicklung und dem Betrieb der vernetzten euro-
péaischen und nationalen Forschungsinfrastruktur zur
Erfassung von Aerosolen, Wolken und Spurengasen
(ACTRIS) beteiligt, um die Prozesse der kurzlebigen
Klimakomponenten auf allen relevanten Skalen zu
untersuchen und zu verstehen.

Feldexperimente werden durch Analysen,
basierend auf meteorologischen Satellitendaten,
unterstitzt und erweitert. Insbesondere werden mit

Fig./ Abb. 13:Tethered balloon BELUGA in Ny-Alesund on Svalbard
during the international HALO-(AC)3 research campaign to study
changes in air masses in the Arctic. | BELUGA-Fesselballon in
Ny-Alesund auf Svalbard wéhrend der Kampagne HALO-(AC)3 zur
Untersuchung von Luftmassen-Wechsel in der Arktis. (Photo: Holger
Siebert / TROPOS

TROPOS Biennial Report 2022/2023



Laboratory experiments
Measurement technology

Numerous measurement methods are being
developed in laboratory experiments that are used
for particle characterisation in ground-based and
airborne field measurement campaigns. This work
includes, for example, the further development of
aerosol size spectrometers and collection systems for
the physical and chemical characterisation of cloud
droplets and the interstitial aerosol, i.e. those aerosol
particles that are suspended in the gas phase within
clouds in addition to the cloud particles themselves.

Optical measurement methods are developed
and applied to determine the extinction coefficient of
particles. Multi-wavelength lidars, a fluorescence lidar
and a novel coupled wind and aerosol lidar are being
further developed in the laboratory and used in the
field to measure aerosol properties, aerosol fluxes
and meteorological parameters such as temperature,
humidity and wind. The proportions of biogenic and
mineral aerosol components in aerosol samples are
determined by spectral absorption measurements.

Process analyses

The activation of cloud droplets and hetero-
geneous ice formation under realistic turbulent
environmental conditions are being investigated at
the LACIS-T wind tunnel. The objectives of these
investigations are to gain a better understanding of
the process at a fundamental level, to identify critical
and controlling parameters and to develop suitable

Fig./ Abb. 14: Sampling of the surface fim by inflatable boat from

the Spanish research vessel B.1.O Hespérides (A33) 2023 during

the PolarChange campaign in the Antarctic./ Probenahme vom
Oberfldchenfim per Schlauchboot des Spanischen Forschungsschiffes
B.1.0 Hespérides (A33) 2023 wéhrend der Kampagne PolarChange in
der Antarktis. (Photo: Christina Breitenstein / TROPOS)
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Fig./ Abb. 15: Measurements of ultrafine particulate matter (UFP) in

the area around BER Airport. Following on from Berlin, TROPOS is

now also analysing UFP pollution in the around the Frankfurt Airport./
Messungen von Ultrafeinstaub (UFP) in der Ndhe des Flughafens BER.
Nach Berlin untersucht TROPOS jetzt auch die Belastung mit UFP im
Umfeld des Flughafens Frankfurt/Main. (Photo: Ulf Winkler /| TROPOS)

Satellitenprodukten die raumzeitliche Entwicklung
von Wolken und deren Strahlungsantrieb untersucht,
ebenso wie die Transportwege von Aerosolen.

Laborexperimente
Messtechnik

In Laborexperimenten werden zahlreiche Mess-
methoden entwickelt, die zur Partikelcharakterisie-
rung in boden- und luftgestltzten Feldmesskampa-
gnen eingesetzt werden. Diese Arbeiten beinhalten
z. B. die Weiterentwicklung von Aerosolgré3enspek-
trometern sowie Sammelsysteme zur physikalischen
und chemischen Charakterisierung von Wolkentropf-
chen 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
entwickelt und angewendet. Mehrwellenldngenlidare,
ein Fluoreszenzlidar und ein neuartiges gekoppeltes
Wind- und Aerosollidar werden zur Messung von
Aerosoleigenschaften, Aerosolfliissen und meteo-
rologischen Parametern wie Temperatur, Feuchte
und Wind im Labor weiterentwickelt und im Feld
eingesetzt. Die Anteile biogener und mineralischer
Aerosolkomponenten in Aerosolproben werden durch
spektrale Absorptionsmessungen bestimmt.

Prozessuntersuchungen

Am Feuchtluftwindkanal LACIS-T werden die
Aktivierung von Wolkentrépfchen und die heterogene
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Fig./ Abb. 16: Spatial distribution of soot (black carbon, BC) in the
Ddéhlen Basin, a side valley of the Dresden Elbe valley, in which the
town of Freital is located. The concentration was computed with
ICON-MUSCAT at 65-m grid spacing for 15 February 2024. In addition,
lines show the concentrations of BC actually measured with two
backpacks./ Rdumliche Verteilung von Ruf3 (Black Carbon, BC) im
Ddohlen Becken, einem Seitental des Dresdner Elbtals, in dem die
Stadt Freital liegt. Die Konzentration wurde mit ICON-MUSCAT bei
65- Gitterweite fir den 15. Februar 2024 gerechnet. Darliber hinaus
zeigen Linien die tatséchlich mit zwei Rucksdcken gemessenen
Konzentrationen von BC.

parameterisations for describing droplet and ice
formation in dynamic models.

Gas phase reactions of various radicals are
investigated in flow reactors. The interactions of trace
gases with particles and oxidative conditions are the
working topic of the ACD-C aerosol chamber. These
processes are of interest for ozone and particle
formation caused by anthropogenic or biogenic vola-
tile hydrocarbons. The particles produced are also
investigated with regard to their moisture growth and
activation behaviour.

At ACD-C, phase transfer parameters for trace
gases and radicals are systematically analysed. The
determination of phase transfer parameters and reac-
tive uptake coefficients is being extended to chemical
species and complex surfaces that have not yet been
analysed.

In the field of liquid phase mechanisms, reactions
of predominantly radical oxidants are investigated
using time-resolved optical detection techniques.
These reactions take place in the droplets of clouds,
rain and fog as well as in aqueous aerosol particles.
In order to understand the oxidation of organic trace
gases in the tropospheric multiphase system, a large
number of reactions of various radicals and reactions
of halogen-containing oxidants are investigated. The
latter species are of interest in the release of halogen
compounds from marine sea salt particles, so-called
halogen activation. One current research complex is
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Eisbildung unter realitdtsnahen turbulenten Umge-
bungsbedingungen erforscht. Ziele dieser Unter-
suchungen sind die Erlangung eines besseren
Prozessverstéandnisses auf fundamentaler Ebene, die
Identifikation kritischer und kontrollierender Parameter
und die Entwicklung geeigneter Parametrisierungen
zur Beschreibung von Tropfchen- und Eisbildung in
dynamischen Modellen.

Gasphasenreaktionen verschiedener Radikale
werden in Strémungsreaktoren untersucht. Die Wech-
selwirkungen von Spurengasen mit Partikeln und
oxidativen Bedingungen sind das Arbeitsthema der
Aerosolkammer ACD-C. Diese Prozesse sind von
Interesse fur die Ozon- und Partikelbildung, verur-
sacht durch anthropogene oder biogene fliichtige
Kohlenwasserstoffe. Die erzeugten Partikel werden
auch hinsichtlich ihres Feuchtewachstums- und Akti-
vierungsverhaltens untersucht.

An ACD-C werden systematisch Untersuchungen
bzgl. der Phasentransferparameter flir Spurengase
und Radikale durchgeftihrt. Die Bestimmung von
Phasentransferparametern und reaktiven Aufnah-
mekoeffizienten wird dabei auf bisher nicht betrach-
tete chemische Spezies und komplexe Oberflachen
ausgeweitet.

Im Bereich von Flissigphasenmechanismen
werden Reaktionen von vorwiegend radikalischen
Oxidantien mit zeitaufgelésten 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 Viel-
zahl von Reaktionen verschiedener Radikale sowie
Reaktionen von halogenhaltigen Oxidantien unter-
sucht. Letztere Spezies sind von Interesse bei der
Freisetzung von Halogenverbindungen aus maritimen
Seesalzpartikeln, der so genannten Halogenakti-
vierung. Ein aktueller Forschungskomplex ist die
Radikal- und Oxidantienbildung in der sog. Fenton-
Reaktion zwischen Fe(ll) und H,O, .

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
zunéchst in Boxmodellen und dann zunehmend auch
in héherskaligen Modellen angewendet werden. In
der analytischen Messtechnik werden in Laborex-
perimenten Verfahren zur besseren chemischen
Charakterisierung der organischen Bestandteile von
Aerosolpartikeln entwickelt und getestet. Diese Tech-
niken beruhen zumeist auf massenspektrometrischen
Verfahren, die in verschiedenen Kopplungstechniken
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the formation of radicals and oxidants in the so-called
Fenton reaction between Fe(ll) and H,O, .

The liquid-phase laser laboratory for investi-
gating tropospheric liquid-phase processes is an
important centre of this research area. The process
investigations result in improvements to chemical
mechanisms, which are used in modelling with our
own CAPRAM mechanism, initially in box models and
then increasingly in higher-scale models. In analytical
measurement technology, methods for better chemi-
cal characterisation of the organic components of
aerosol particles are developed and tested in labora-
tory experiments. These techniques are mostly based
on mass spectrometric methods, which are used in
various coupling techniques. In the area of sampling
techniques, there is also close cooperation with the
‘Atmospheric Microphysics” department for the devel-
opment of targeted separation of particles of specific
sizes and their chemical analysis, as well as for the
development of inlet systems and reactors.

Further calibration centres for quality assurance
of chemical aerosol characterisation, the analysis of
multiphase processes and cloud water (OGTAC-CC
and CCWAC) are being established as part of
ACTRIS.

Modelling

To describe the complex atmospheric processes,
modelling systems of different dimensions, complexity
and scales are developed, tested and applied, also in
combination with data from field measurements and

Introduction / Einleitung

eingesetzt werden. Im Bereich der Probenahmetech-
niken gibt es auch hier eine enge Kooperation mit der
Abteilung ,Atmosphéarische Mikrophysik® zur Entwick-
lung einer gezielten Abscheidung von Partikeln
bestimmter GréBe und deren chemischer Analyse
aber auch zur Entwicklung von Einlasssystemen und
Reaktoren.

Im Rahmen von ACTRIS entstehen weitere
Kalibrierzentren zur Qualitatssicherung chemischer
Aerosolcharakterisierung, der Analytik von Multipha-
senprozessen und Wolkenwasser (OGTAC-CC und
CCWAC)

Modellierung

Zur Beschreibung der komplexen atmosphéri-
schen Vorgédnge werden Modellsysteme verschie-
dener Dimension, Komplexitat und Skalenbereiche
entwickelt, Uberpruft und angewendet, auch in
Kombination mit Daten aus Feldmessungen und
Fernerkundung. Die Modelluntersuchungen sollen der
Beschreibung von Kreislaufen, Wechselwirkungen
und Phasenlbergéangen zwischen Aerosolpartikeln,
Gasen und Wolken, sowie der direkten und indirekten
Einflisse von Aerosolpartikeln auf den Strahlungs-
haushalt dienen.

Regionale Chemie-Transportmodellierung wird
durch das am TROPOS entwickelte 3D-Modellsystem
COSMO-MUSCAT realisiert. Seine Eignung zur Simu-
lation des Ausbreitungsverhaltens von Partikeln und
Gasen auf regionaler Skala wurde in mehreren inter-
nationalen Modellvergleichen und bei der Bearbeitung

Fig./ Abb. 17: ICON simulation of the extreme Australian wildfire event around New Year’s Eve 2019/2020. Shown here is a 3D rendering of tracer
concentrations within the triggered Pyrocumulonimbus cloud./ ICON-Simulation des extremen australischen Waldbrandereignisses um den
Jahreswechsel 2019/2020. Abgebildet ist eine 3D-Darstellung der Tracer-Konzentrationen in der durch die Feuer ausgelésten Pyrocumulonimbus-

Wolke. (Graphic: Jason Mdiller /| TROPOS)
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remote sensing. The modelling studies are intended to
describe the cycles, interactions and phase transitions
between aerosol particles, gases and clouds, as well
as the direct and indirect influences of aerosol parti-
cles on the radiation budget.

Regional chemical transport modelling is
implemented using the 3D model system COSMO-
MUSCAT developed at TROPOS. Its suitability for
simulating the dispersion behaviour of particles and
gases on a regional scale has been demonstrated
in several international model comparisons and in
the processing of air quality issues. The dynamics of
primary and secondary aerosol particles and their
interaction with radiation and clouds are being simu-
lated in several projects. An “urbanised” version of
COSMO-MUSCAT, which uses a horizontal grid reso-
lution of up to a few 100 m, has also been developed
for further applications, in particular air quality studies.
By transferring the results of the higher-resolution
model studies into the aerosol scheme of the global
aerosol climate model ECHAM-HAM or ICON-HAM,
the model parameterisation of aerosol processes
developed on high-resolution scales can be directly
taken into account in climate studies. One research
focus is the investigation of control factors and effects
of natural aerosols such as mineral dust, marine
aerosol, smoke particles from forest fires or organic
aerosol from plant emissions.

In addition, one- and two-dimensional process
models have been and are being further developed.
SPECS (SPECtral bin cloud microphysicS) is used
to describe cloud processes. It allows an explicit and
very precise calculation of the processes condensa-
tion, collision or freezing, and can be used as a box
model as well as for case studies coupled with the
regional COSMO model. One focus for the investiga-
tion of aerosol-cloud processes is the investigation of
the role of dust particles for heterogeneous ice forma-
tion processes in clouds. SPACCIM (SPectral Aerosol
Cloud Chemistry Interaction Model) is a package
model for the coupled size-resolved description of
microphysics and multiphase chemistry. Process
modelling is carried out in conjunction with field
studies and laboratory experiments, often mediated
by CAPRAM.

In addition to dynamic/microphysical/chemical
modelling, radiative transfer models are developed
and operated at TROPOS in order to design remote
sensing algorithms and to better understand the solar
and thermal radiative effect of aerosols and clouds.

von Fragen zur Luftqualitat gezeigt. In mehreren
Projekten wird die Dynamik priméarer und sekundéarer
Aerosolpartikel simuliert und deren Wechselwirkung
mit Strahlung und Wolken untersucht. Flr weitere
Anwendungsmdglichkeiten insbesondere Luftqua-
litdtsstudien wurde zusatzlich eine ,urbanisierte”
Version von COSMO-MUSCAT entwickelt, die eine
horizontale Gitterauflésung bis zu wenigen 100 m
nutzt. Durch Ubertragung der Ergebnisse der héher-
aufgeldsten Modellstudien in das Aerosolschema des
globalen Aerosol-Klimamodells ECHAM-HAM bzw.
ICON-HAM wird eine direkte Berlicksichtigung der
auf hochaufgeldsten Skalen entwickelten Modellpa-
rametrisierung von Aerosolprozessen in Klimastudien
mdglich. Ein Forschungsschwerpunkt ist die Untersu-
chung von Kontrollfaktoren und Effekten naturlicher
Aerosole wie Mineralstaub, marines Aerosol, Rauch-
partikel aus Waldbranden oder organischem Aerosol
aus Pflanzenemissionen.

Daneben wurden und werden ein- und zwei-
dimensionale Prozessmodelle weiterentwickelt.
SPECS (SPECtral bin cloud microphysicS) dient zur
Beschreibung von Wolkenprozessen. Es erlaubt eine
explizite und sehr genaue Berechnung der Prozesse
Kondensation, Kollision oder Gefrieren, und kann als
Boxmodell sowie auch fur Fallstudien gekoppelt mit
dem regionalen COSMO-Modell verwendet werden.
Ein Schwerpunkt fir die Untersuchung von Aerosol-
Wolkenprozessen ist die Untersuchung der Rolle
von Staubpartikeln fur heterogene Eisbildungspro-
zesse in Wolken. SPACCIM (SPectral Aerosol Cloud
Chemistry Interaction Model) ist ein Paketmodell zur
gekoppelten gréBenaufgeldsten Beschreibung von
Mikrophysik und Mehrphasenchemie. Prozessmodel-
lierungen werden im Zusammenspiel mit Feldstudien
sowie mit Laborexperimenten, oft vermittelt Gber
CAPRAM, durchgefuhrt.

Neben der dynamischen/mikrophyskalischen/
chemischen Modellierung werden am TROPOS auch
Strahlungstransportmodelle entwickelt und betrieben,
um Fernerkundungsalgorithmen zu entwerfen und
den solaren und thermischen Strahlungseffekt von
Aerosolen und Wolken besser zu verstehen.
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Overview of the individual contributions

This biennial report presents selected scientific
TROPOS work from 2022 to 2023 in four long and 20
short articles. As in previous years, a broad spectrum
of field, laboratory and modelling work is presented,
which investigates both fundamental and novel phys-
ical and chemical mechanisms in aerosols and their
interactions with clouds and the climate system, but
also opens up new fields such as the question of the
criteria for the existence of a cloud, the establishment
of new research infrastructures or the development of
new techniques for remote sensing of biogenic parti-
cles. The Institute’s strategy of carrying out long-term
or even permanent atmospheric observations as part
of ACTRIS and including them in modeling is increas-
ingly enabling research on trends and global patterns
of the coupled aerosol-cloud system and their influ-
ence on health and climate, such as trends in regional
ozone concentrations or the global effects of major
forest fires.

Long articles

Tropospheric ozone contributes to both air pollu-
tion and global warming. A long-term study by D. van
Pinxteren et al. of the last 20 years in the region of
Saxony together with the Saxon State Environmental
Agency (LfULG) shows that ozone concentrations
are still too high and are even increasing slightly
despite decreasing nitrogen oxide concentrations. A
multivariate analysis of the influencing factors indi-
cates that volatile organic hydrocarbons (VOCs) as
important ozone precursor compounds can explain
the stagnating trend and must therefore be integrated
into future long-term observations. Implementation
plans are being developed together with the LFULG.

Trace gases also play a fundamental role in
aerosol formation and therefore also indirectly in
cloud formation, weather and climate. This process
chain is still insufficiently understood in the southern
hemisphere, which is strongly characterised by mari-
time influences and is still subject to low levels of
anthropogenic pollution. TROPOS has carried out and
is planning a series of measurement campaigns on
this problem area, some lasting several years. Strat-
mann et al. present goSouth, a first field campaign
in southern New Zealand, which was carried out
together with New Zealand partners, in particular
on the coupling of ground-based in-situ and remote
sensing measurements and process-resolved
modelling. Here, the importance of precursor gases
and their sources for understanding aerosol prop-
erties was also emphasised. For the first time, the
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Ubersicht der Einzelbeitrage

Der vorliegende Zweijahresbericht stellt in vier
Lang- und 20 Kurzbeitrdgen ausgewahlte Arbeiten
des TROPOS im Zeitraum 2022 bis 2023 vor. Wie
auch in den Vorjahren liegt ein breites Spektrum von
Feld-, Labor-, und Modellierungsarbeiten vor, die
sowohl fundamentale und neuartige physikalische
und chemische Mechanismen im Aerosol und deren
Wechselwirkungen mit Wolken und Klimasystem
untersuchen, aber auch neue Felder erschlieBen
wie etwa die Fragestellung nach den Kriterien fur
das Vorhandensein einer Wolke, der Aufbau neuer
Forschungsinfrastrukturen oder die Entwicklung
neuer Techniken zur Fernerkundung biogener
Partikel. Die Strategie des Instituts, im Rahmen von
ACTRIS langfristig angelegte oder gar dauerhafte
Atmosphéarenbeobachtungen zu betreiben und im
Modell aufzunehmen, erméglicht zunehmend die
Erforschung von Trends und globalen Mustern des
gekoppelten Systems Aerosol-Wolke und deren
Einfluss auf Gesundheit und Klima wie etwa Trends
in der regionalen Ozonkonzentration oder globale
Effekte groBer Waldbrandereignisse

Langbeitrage

Troposphérisches Ozon tragt sowohl zur Luftbe-
lastung als auch zur Klimaerwarmung bei. Eine Lang-
zeitstudie von D. van Pinxteren et al. fiir die letzten
20 Jahre fur die Region Sachsen gemeinsam mit dem
sachsischen Landesumqweltamt (LfULG) zeigt, dass
die Ozonkonzentrationen weiterhin zu hoch sind und
trotz abnehmender Stickoxidkonzentrationen sogar
noch leicht zunehmen. Eine multivariate Analyse der
Einflussfaktoren weist darauf hin, das fliichtige orga-
nische Kohlenwasserstoffe (VOC) als wichtige Ozon-
vorlauferverbindungen den stagnierenden Verlauf
erklaren kdnnen und daher in zukiinftige Langzeitbe-
obachtungen integriert werden missen. Gemeinsam
mit dem LfULG werden hierzu Umsetzungsplane
entwickelt.

Spurengase spielen auch eine fundamentale
Rolle in der Aerosolbildung und damit mittelbar auch
fir Wolkenbildung, Wetter und Klima. In der stark
maritim gepréagten und anthropogen noch gering
belasteten Siidhemisphére ist diese Prozesskette
noch unzureichend verstanden. TROPOS hat zu
diesem Problemfeld eine Reihe von teilweise mehr-
jahrigen Messkampagnen durchgefuhrt und in
Planung. Insbesondere zur Kopplung bodengebun-
dener in-situ und Fernerkundungsmessungen und
prozessaufgeldster Modellierung stellen Insbeson-
dere zur Kopplung bodengebundener in-situ und
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observations point to the forests of the Southern Alps
as a source of aerosol precursor gases.

Both the northern and southern hemispheres
have been exposed to massive forest fires in
recent years. Using long-term measurements of
the TROPQOS polarisation Raman lidars at various
stations, Ohneiser et al. were able to analyse the
vertical dimensions and life cycles of the smoke
aerosol clouds from the forest fires in Canada in 2017,
Siberia in 2019, Australia in 2019/2020 and California
in 2020. A self-lifting mechanism into the stratosphere
due to solar heating, a depletion of stratospheric
ozone presumably due to heterogeneous chemical
processes on the smoke particles and increased
cirrus formation in the troposphere due to sedimented
smoke aerosol were identified. This means that forest
fires are becoming an increasing threat to our climate
system.

While aerosols can be found on all scales of the
atmosphere, a distinction is made between cloudy
and non-cloudy conditions in the case of hydrome-
teors, as general experience also suggests. However,
it must be borne in mind that the physical decision on
the presence of a cloud depends on the sensitivity of
the sensors used and the threshold values selected
in advance and is therefore not universal. Using a
combination of different sensitivities of the usual
sensors such as radiometers, lidar and radar, Hell-
muth et al. at least succeeded in finding a consistent
definition of the threshold values for deciding the
presence of a cloud.

Short articles

Focal points

To gain a better understanding of the atmos-
pheric state and its role in a changing Earth system,
TROPOS is conducting longer measurement
campaigns in neuralgic regions of our planet. In
addition to the northern hemispheric dust belt from
West Africa to Central Asia, the polar regions and the
regional and global effects of massive forest fires (as
described above) are playing an increasingly impor-
tant role in the campaign and modelling activities.
Increasing emphasis is being placed on long time
series and global modelling studies in order to bring
our understanding of processes to larger scales.

For the first time, the atmospheric column in the
Antarctic was recorded for an entire year. Radenz et
al. have successfully deployed the mobile OCEANET
observatory at the AWI's Neumayer Station Ill and
have already carried out the first aerosol cloud closure
studies. In addition, permanent aerosol layers were
discovered in the stratosphere, which make up half of
the total aerosol volume.
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Fernerkundungsmessungen und prozessaufgeldster
Modellierung stellen Stratmann et al. mit goSouth
eine erste Feldkampagne im Siiden Neuseelands
vor, die gemeinsam mit neuseeléndischen Partnern
durchgefihrt wurde. Auch hier wurde die Bedeu-
tung von Vorlaufergasen und deren Quellen fiir das
Verstandnis der Aerosoleigenschaften unterstrichen.
Die Beobachtungen weisen erstmalig auf die Wélder
der sudlichen Alpen als Quelle von Aerosolvorlaufer-
gasen hin.

Sowohl die Nord- als auch die Stidhemisphare
waren in den letzten Jahren massiven Waldbranden
ausgesetzt. Mittels Langzeitmessungen der Polarisa-
tions-Raman-Lidare des TROPOS an verschiedenen
Stationen konnten Ohneiser et al. die vertikalen
Ausmafe und Lebenszyklen der Rauchaerosol-
wolken der Waldbrénde aus Kanada 2017, Sibirien
2019, Australien 2019/2020 sowie Kalifornien 2020
analysieren. Hierbei konnte ein Selbsthebungsme-
chanismus in die Stratosphéare durch solare Heizung,
ein Abbau des stratospharischen Ozons vermut-
lich durch heterogene chemische Prozesse an den
Rauchpartikeln sowie eine erhéhte Cirrusbildung in
der Troposphére durch sedimentiertes Rauchaerosol
identifiziert werden. Damit kommt Waldbréanden eine
zunehmend bedrohliche Bedeutung fur unser Klima-
system zu.

Waéhrend Aerosole auf allen Skalen der Atmo-
sphére vorzufinden sind, unterscheidet man bei
Hydrometeoren zwischen bewdlkten und unbe-
wolkten Zusténden, wie die allgemeine Erfahrung
auch suggeriert. Dabei muss allerdings mitgedacht
werden, dass die physikalische Entscheidung tber
das Vorhandensein einer Wolke von der Empfindlich-
keit der verwendetet Sensorik und vorab gewahlten
Schwellwerten abhangt und somit nicht universell ist.
Mittels einer Kombination unterschiedlicher Empfind-
lichkeiten der Ublichen Sensoren wie Radiometer,
Lidar und Radar gelang Hellmuth et al. zumindest
eine in sich konsistente Definition der Schwellwerte
zur Entscheidungsfindung des Vorhandenseins einer
Wolke.

Kurzbeitrage

Brennpunkte

Zum besseren Verstandnis des atmosphérischen
Zustands und dessen Rolle in einem sich wandelnden
Erdsystem fihrt TROPOS langere Messkampagnen
an neuralgischen Regionen unseres Planeten durch.
Neben dem nordhemisphérischen Staubgrtel von
Westafrika bis zu nach Zentralasien spielen hierbei
die Polarregionen und die regionalen und globalen
Auswirkungen massiver Waldbrande (wie oben
bereits beschrieben) eine zunehmende Rolle in den
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Following the MOSAIC expedition, which also
lasted one year, TROPOS is also participating in trips
to the Arctic by the research vessel Polarstern. Suja
et al. present the results of the ATWAICE project, in
which very detailed in-situ aerosol characterisations
were combined with measurements of near-surface
turbulent fluxes in order to quantify the sedimentation
of soot in the polluted Arctic in particular.

In order to investigate aerosol-cloud interac-
tions, such in-situ aerosol measurements should also
be carried out in the cloud area. TROPOS uses its
BELUGA tethered balloon system for this purpose.
Wehner et al. report on two three-month measure-
ment campaigns in autumn 2021 and spring 2022 at
the research station in Ny Alesund on Spitsbergen.
The vertical aerosol profiles reveal the extent to which
locally produced aerosol or aerosol transported from
afar influences cloud formation for different weather
situations, which is also important information for
modelling.

The most drastic examples of long-range aerosol
transport with global impacts are large volcanic erup-
tions and extensive forest fires. For the aforemen-
tioned extreme forest fires of the 2019-2020 Australian
forest fire season (“Black Summer”), Senf et al. were
able to show using a global aerosol climate model
that these cause significant warming of the southern
hemispheric stratosphere and associated changes
in global circulation patterns. This means that forest
fires could play a significant role in future climate
scenarios.

Processes

Chemical reactions in the aqueous phase driven
by free radicals in aerosols and cloud droplets can
contribute significantly to the formation of secondary
organic aerosols (SOA). Schaefer et al. have
successfully determined experimentally and using
theoretical chemistry methods the reaction kinetics
and mechanisms of organic peroxyl radicals. Thereby
an important process in SOA formation was identified.

In addition to chemical reactions in particles,
heterogeneous processes on particle surfaces
play an important role, particularly in the ageing of
mineral dust aerosol. Aiyuk et al. have extended the
CAPRAM multiphase chemistry model to include a
module for the consideration of heterogeneous chemi-
stry and applied this to an atmospheric box model.
Sensitivity studies now make it possible to determine
dominant heterogeneous chemical processes for
given environmental conditions.

Four-dimensional atmospheric models cannot
explicitly resolve such complex processes, but are
able to determine the spatial transport of the aerosol.
Using a new approach to consider different emission
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Kampagnen- und Modellierungsaktivitaten. Dabei
wird verstarkt Wert auf lange Zeitreihen und globale
Modellstudien gelegt um unser Prozessverstandnis
auf gréBere Skalen zu bringen.

Erstmalig wurde fur ein gesamtes Jahr die Atmo-
spharensaule in der Antarktis erfasst. Radenz et al.
haben hierzu das mobile OCEANET-Observatorium
auf der Neumayer-Station 11l des AWI erfolgreich
eingesetzt und bereits erste Aerosol-Wolken Schlie-
Bungsstudien durchgefihrt. Darlber hinaus wurden
dauerhafte Aerosolschichten in der Stratosphére
entdeckt, die die Halfte der gesamten Aerosolmenge
ausmachen.

Auch nach der ebenfalls einjghrigen MOSAIC-
Expedition beteiligt sich TROPOS an Fahrten des
Forschungsschiffes Polarstern in die Arktis. Suja et al.
stellen Ergebnisse des ATWAICE-Projektes vor, bei
dem sehr ausfiihrliche in-situ Aerosolcharakterisie-
rungen mit Messungen der bodennahen turbulenten
Flisse kombiniert wurden, um insbesondere die
Sedimentation von Ruf3 in der belasteten Arktis zu
quantifizieren.

Zur Untersuchung von Aerosol-Wolken-Wechsel-
wirkungen sollten solche in-situ-Aerosolmessungen
auch im Wolkenbereich durchgefihrt werden. Hierzu
setzt TROPOS sein Fesselballonsystem BELUGA ein.
Wehner et al. berichten Uber zwei jeweils dreimona-
tige Messkampagnen im Herbst 2021 und Frihjahr
2022 an der Forschungsstation in Ny Alesund auf
Spitzbergen. Die vertikalen Aerosolprofile verraten,
inwieweit lokal produziertes oder aus der Ferne
antransportiertes Aerosol die Wolkenbildung fur unter-
schiedliche Wettersituationen beeinflussen, eine auch
fur Modellierung wichtige Information.

Die drastischsten Beispiele fir Ferntransport
von Aerosol mit globalen Auswirkungen sind grof3e
Vulkanausbriiche und ausgedehnte Waldbrande.

Fur die bereits erwahnten extremen Waldbrénde der
australischen Waldbrandsaison 2019-2020 (,,Black
Summer*) konnten Senf et al. mittels eines globalen
Aerosol-Klimamodells zeigen, das diese deutliche
Erwarmungen der stidhemisphéarischen Stratosphéare
und damit verbundene Anderungen der globalen
Zirkulationsmuster verursachen. Damit kbnnen Wald-
brande in zuklnftigen Klimaszenarien eine bedeu-
tende Rolle spielen.

Prozesse

Chemische Reaktionen in der wéassrigen Phase,
die durch freie Radikale in Aerosolen und Wolken-
trépfchen angetrieben werden, kdnnen signifikant
zur Bildung sekundarer organischer Aerosole (SOA)
beitragen. Schaefer et al. haben hierzu erfolgreich
die Reaktionskinetik und -mechanismen organischer
Peroxylradikale experimentell und mit Methoden der
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sources and comparing them with measurements,
Wiedenhaus et al. were able to show that domestic
heating has become increasingly important in the
distribution of primary aerosol. However, SOA esti-
mates indicate that the models still underestimate
wood and coal combustion for the formation of
precursor gases.

The spatial distribution of aerosols and clouds in
particular significantly determine the radiation budget
from the global to the process scale on a few deca-
meters. Using a sensor network of 60 pyranometers,
Deneke et al. measured the small-scale variability
of solar irradiance in a three-month field campaign in
the USA. Due to the simultaneous availability of high-
resolution geostationary satellite data, case studies
are planned that will also be possible over Europe in
the future with the Meteosat Third Generation.

The prime example of small-scale and multi-
scale processes is the omnipresent turbulence. In
particular, microphysical processes for aerosol and
cloud formation as well as aerosol-cloud interaction
are subject to turbulent environmental conditions.
Niedermeier et al. show empirically on the turbu-
lent cloud channel LACIS-T and on the example of
particle deliquescence (transition from hygroscopic
particle to solution droplet) that this is determined not
only by the mean ambient conditions, but also by their
turbulent variability; an important indication for future
parameterisations.

Compartments

It is obvious that the troposphere does not stand
alone and is in dialogue with all components of the
Earth system, but requires cooperation at many levels.
A better understanding of this interdisciplinary signifi-
cance is part of the long-term strategy of TROPOS.
Permanent observations and modelling that captures
atmospheric transport processes between land and
ocean, targeted campaigns in marine or terrestrial
source regions and method developments that iden-
tify and quantify biogenic components in the atmos-
phere, for example, all contribute to this.

TROPOS is a project partner in the DFG
research group BASS (Biogeochemical Processes
and Air-Sea exchange in the Sea Surface Microlayer)
and contributes here with several years of expertise
on the role of the sea surface film in ocean-atmos-
phere coupling. Valderrama et al. present how
TROPOS in BASS will contribute to the study of the
chemical and photochemical transformation of organic
material in the surface film.

Sea surface films are sources of marine organic
aerosol (MOA) in the troposphere, which contribute
significantly to the activation of cloud droplets
and ice formation. Leon-Marcos et al. combine a
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theoretischen Chemie ermittelt und damit einen wich-
tigen Prozess in der SOA-Bildung ausfindig gemacht.

Neben chemischen Reaktionen in Partikeln
spielen heterogene Prozesse an Partikeloberflachen
eine wichtige Rolle insbesondere in der Alterung von
Mineralstaubaerosol. Aiyuk et al. haben hierzu das
Multiphasenchemiemodell CAPRAM um ein Modul
zur Berlcksichtigung heterogener Chemie erweitert
und dieses auf ein atmosphérisches Box-Modell
angewendet. Sensitivitdtsstudien ermoglichen nun
die Ermittlung dominanter heterogener chemischer
Prozesse fiir vorgegebene Umgebungsbedingungen.

Vierdimensionale Atmospharenmodelle kébnnen
derart komplexe Prozesse nicht explizit auflésen, sind
daflir aber in der Lage, rAumliche Transporte des
Aerosols zu bestimmen. Mit einem neuen Ansatz zur
Berucksichtigung verschiedener Emissionsquellen
und dem Vergleich zu Messungen konnten Wieden-
haus et al. zeigen, dass Hausbrand eine wachsende
Bedeutung in der Verteilung des priméaren Aerosols
gewonnen hat. Allerdings weisen Abschatzungen des
SOAs darauf hin, dass die Modelle Verbrennung von
Holz und Kohle fir die Bildung von Vorlaufergasen
noch unterschatzen.

Die rAumliche Verteilung von Aerosolen und
insbesondere von Wolken bestimmen mafgeblich
den Strahlungshaushalt von der globalen bis zur
Prozess-Skala auf wenigen Dekametern. Mit einem
Sensor-Metznetz von 60 Pyranometern haben
Deneke et al. in einer dreimonatigen Feldkampagne
in den USA die kleinskalige Variabilitat der solaren
Einstrahlung vermessen. Durch die gleichzeitige
Verfugbarkeit hochaufgeldster geostationarer Satelli-
tendaten sind hiermit Fallstudien vorgesehen, die in
Zukunft auch Uber Europa mit dem Meteosat Third
Generation mdglich sein werden.

Das Paradebeispiel fur klein- bzw. mehrskalige
Prozesse ist die allgegenwartige Turbulenz. Insbeson-
dere mikrophysikalische Prozesse zu Aerosol- und
Wolkenbildung sowie Aerosol-Wolkenwechselwirkung
unterliegen den turbulenten Umgebungsbedingungen.
Niedermeier et al. zeigen empirisch am turbulenten
Wolkenkanal LACIS-T und am Beispiel der Partikel-
deliqueszenz (Ubergang vom hygroskopischen
Partikel zum L&sungstropfchen), dass diese nicht nur
von den mittleren Umgebungsbedingungen, sondern
auch von deren turbulenter Variabilitat bestimmt wird;
ein wichtiger Hinweis fir zuklnftige Parametrisie-
rungen.

Kompartimente

Das die Troposphare nicht fir sich alleine
steht, sondern im Austausch mit allen Kompo-
nenten des Erdsystems steht, ist offensichtlich,
erfordert aber Kooperationen auf vielen Ebenen.
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biogeochemical model for the calculation of MOA
precursors in seawater with a physically based model
for the emission of MOA into the atmosphere and find
good correlations with marine and atmospheric meas-
urements in the Arctic.

The primary emission of aerosol from land
surfaces also requires detailed information on the
character, the scattering and absorption behaviour
of the particles. The mineralogy of the land surface
plays an important role, especially for mineral dust
as the largest proportion of primary aerosol. Gomez
Maqueo Anaya et al. show how mineralogically
resolved dust distributions can be realised in the
model and validated with active remote sensing.
Conversely, the mineralogical fingerprint actively
remotely sensed via lidar can also be used to identify
source regions.

Active lidar remote sensing at TROPOS has
developed into a tried and tested method for charac-
terising atmospheric aerosol particles and their cloud
and ice nucleation capacity. This characterisation has
now significantly improved both the measurement
accuracy and the detection of biogenic aerosol by
using a spectral channel to measure fluorescence.
Gast et al. demonstrate the potential of the fluores-
cence channel using the example of smoke aerosol
and were thus able to detect, for example, previously
unrecognised cirrus formation from forest fire aerosol;
an important step towards understanding biosphere/
atmosphere interactions.

Research infrastructures (FIS)

As the coordinating institute of the national
roadmap project ACTRIS-D (Aerosol, Cloud and
Trace gas Research InfraStructure - Germany), a
strong partner in the European ACTRIS network and
in space-based earth observation, RIS play a central
role at TROPOS in understanding the processes of
highly variable short-lived climate components on
all scales. To this end, we develop our own RIS and
utilise others in cooperation with partner institutions,
such as the national research aircraft HALO or the
German research vessel fleet (here Polarstern,
Meteor, Sonne).

For the long-term and continuous observa-
tion and research of aerosol-cloud interactions, the
Schmiicke Cloud Observatory (SCO) in the Thurin-
gian Forest is currently being set up as a national
facility (NF) within the framework of ACTRIS. Kéfer
et al. present the concept of the observatory for
the chemical and physical characterisation of air
masses during cloud passage and the status of
its implementation. The Schmucke Observatory is
thematically linked to the ACTRIS Calibration Centre
for Cloud Water Chemistry (CCWaC) to establish
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Diese disziplinibergreifende Bedeutung besser zu
verstehen, ist Teil der langfristigen Strategie des
TROPOS. Hierzu tragen dauerhafte Beobachtungen
und Modellierungen bei, die atmosphérische Trans-
portprozesse zwischen Land und Ozean einfangen,
gezielte Kampagnen in marin oder terrestrisch
gepragten Quellregionen sowie Methodenentwick-
lungen, die z.B. biogene Anteile in der Atmosphéare
erkennen und quantifizieren.

TROPOS ist Projektpartner in der DFG-
Forschungsgruppe BASS (Biogeochemical Processes
and Air-Sea exchange in the Sea Surface Microlayer)
und tragt hier mit einer mehrjahrigen Expertise zur
Rolle des Meeresoberflachenfilms in der Ozean-
Atmosphéaren-Kopplung bei. Valderrama et al. stellen
vor, wie TROPOS in BASS zur Untersuchung der
chemischen und photochemischen Umwandlung von
organischem Material im Oberflachenfilm beitragen
werden.

Meeresoberflachenfilme sind Quellen des
marinen organischen Aerosols (MOA) in der Tropo-
sphére, welche wesentlich zur Aktivierung von
Wolkentrépfchen und zur Eisbildung beitragen. Leon-
Marcos et al. verbinden hierzu ein biogeochemi-
sches Modell zur Berechnung der MOA-Vorlaufer im
Meerwasser mit einem physikalisch basierten Modell
zur Emission des MOA in die Atmosphare und finden
gute Ubereinstimmungen mit marinen und atmosphé-
rischen Messungen in der Arktis.

Auch die primare Emission des Aerosols von
Landoberflachen benétigt detaillierte Informationen
zur Beschaffenheit und zum Streu- und Absorptions-
verhalten der Partikel. Speziell fiir Mineralstaub als
groéBter Anteil priméren Aerosols spielt die Minera-
logie der Landoberflache eine wichtige Rolle. Gémez
Maqueo Anaya et al. zeigen auf, wie man mineralo-
gisch aufgeldste Staubverteilungen im Modell reali-
sieren und mit aktiver Fernerkundung validieren kann.
Umgekehrt kann der aktiv via Lidar fernerkundete
mineralogische Fingerabdruck auch zur Identifikation
von Quellregionen genutzt werden.

Aktive Lidarfernerkundung hat sich am TROPOS
grundsétzlich zu einer bewéhrten Methode zur
Charakterisierung der atmosphérischen Aerosolpar-
tikel und ihrer Wolken- und Eiskeimféhigkeit entwi-
ckelt. Diese Charakterisierung hat nun durch den
Einsatz eines spektralen Kanals zur Messung der
Fluoreszenz sowohl die Messgenauigkeit als auch die
Erfassung biogenen Aerosols erheblich verbessert.
Gast et al. demonstrieren das Potential des Fluo-
reszenzkanals am Beispiel von Rauchaerosol und
konnten so z.B. bislang unerkannte Cirrusbildung aus
Waldbrandaerosol nachweisen; ein wichtiger Schritt
zur Erkenntnis von Biosphare/Atmosphére-Wechsel-
wirkungen.
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and harmonise the analysis of cloud water samples.
Comparison campaigns have already been carried
out here and initial guidelines have been drawn up.

The launch of the European-Japanese Earth-
CARE space mission in May 2024 is eagerly awaited,
which represents a milestone in the global recording
of aerosol-cloud radiation processes with a coupling
of active and passive remote sensing. TROPOS has
been involved in the development of the evaluation
algorithms for many years. Hunerbein et al. summa-
rise the contributions of TROPOS in obtaining aerosol
and cloud properties from the EarthCARE lidar ATLID,
the imager MSI and from a combination of both, while
always ensuring physically consistent assumptions on
the cloud microphysical properties across all sensors.

TROPOS is a consortium partner for the scien-
tific operation of HALO and is involved in the determi-
nation of ice crystal residues with the HALO-CVI inlet
system, among other things. Mertes et al. present the
results of the HALO mission CIRRUS-HL, in which the
microphysical properties of the ice particles and the
background aerosol were almost completely recorded
and provide important information on the formation of
droplets and the nucleation of ice particles in clouds.

Ground-based remote sensing networks enable
a statistically significant characterisation of global
aerosol types. With DeLiAn, Floutsi et al. present
such a data set based on the lidar network PollyNET.
Here, permanent and temporary globally distributed
measurement series of numerous lidar systems devel-
oped at TROPOS are summarised, thus creating an
elementary basis for the fundamental development of
aerosol typing.

Health

Research on (ultra)fine particulate matter in
urban and rural areas, which are exposed to various
transformations of climate change, (de)industriali-
sation, energy transition and land use changes,
is an essential component of the socially relevant
work at TROPOS. Measurement networks, focussed
campaigns, laboratory and model studies continue to
contribute equally to this.

As part of the project “Ultrafine particulate pollu-
tion from airports in Berlin (ULTRAFLEB), TROPOS
is coordinating stationary and mobile field measure-
ments of ultrafine particles (UFP) over a period of
three years. Winkler et al. were able to show that
air traffic emissions still dominate the UFP concen-
trations several kilometres downwind, especially for
the smallest particles with a diameter of 10 - 20 nm,
which are particularly harmful to health. However,
these are mainly volatile particles with a short lifetime.

An important parameter for characterising the
toxicity of aerosol particles is their oxidation potential
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Forschungsinfrastrukturen (FIS)

Als koordinierendes Institut des nationalen
Roadmap-Projektes ACTRIS-D (Aerosol, Cloud and
Trace gas Research InfraStructure - Deutschland),
starker Partner im Européaischen ACTRIS-Verbund
und in der weltraumgestutzten Erdbeobachtung
spielen FIS eine zentrale Rolle am TROPOS zum
Prozessverstéandnis der hochvariablen kurzlebigen
Klimakomponenten auf allen Skalen. Hierzu werden
sowohl eigene FIS entwickelt und andere im Verbund
mit Partnerinstitutionen genutzt wie etwa das natio-
nale Forschungsflugzeug HALO oder die deutsche
Forschungsschiffflotte (hier Polarstern, Meteor,
Sonne).

Fur die langfristige und kontinuierliche Beob-
achtung und Erforschung von Aerosol-Wolken-
Wechselwirkungen wird derzeit das Schmucke Cloud
Observatory (SCO) im Thiringer Wald als nationale
Einrichtung (NF) im Rahmen von ACTRIS aufgebaut.
Kafer et al. stellen das Konzept des Observatoriums
zur chemischen und physikalischen Charakterisie-
rung von Luftmassen beim Wolkendurchgang und
den Stand der Umsetzung vor. Thematisch gekoppelt
ist das Schmucke-Observatorium mit dem ACTRIS-
Kalibrierzentrum fiir Wolkenwasserchemie (CCWaC)
zur Etablierung und Harmonisierung der Analytik von
Wolkenwasserproben. Hier sind bereits Vergleichs-
kampagnen durchgefuhrt und erste Richtlinien erar-
beitet worden.

Mit Spannung wird der Start der europdisch-
japanischen Weltraummission EarthCARE im Mai
2024 erwartet, die mit einer Kopplung von aktiver
und passiver Fernerkundung einen Meilenstein in der
globalen Erfassung von Aerosol-Wolken-Strahlungs-
prozessen darstellt. TROPOS ist seit vielen Jahren
an der Entwicklung der Auswertungsalgorithmen
beteiligt. Hiinerbein et al. fassen die Beitrage des
TROPOS zusammen, Aerosol- und Wolkeneigen-
schaften aus dem EarthCARE-Lidar ATLID, dem
Imager MSI und aus einer Kombination beider zu
erhalten, und dabei stets (iber alle Sensoren hinweg
physikalisch konsistente Annahmen zu den wolkenmi-
krophysikalischen Eigenschaften sicherzustellen.

TROPOS ist Konsortialpartner flr den wissen-
schaftlichen Betrieb von HALO und unter anderem mit
dem Einlasssystem HALO-CVI an der Bestimmung
von Eiskristallresiduen beteiligt. Mertes et al. stellen
Ergebnisse der HALO-Mission CIRRUS-HL vor,
bei der die mikrophysikalischen Eigenschaften der
Eispartikel und des Hintergrundaerosols nahezu voll-
stéandig erfasst wurden und wichtige Hinweise auf die
Bildung von Trépfchen und die Nukleation von Eispar-
tikeln in Wolken geben.

Netzwerke bodengebundener Fernerkun-
dung ermdglichen eine statistisch signifikante
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(OP). Souza et al. report a remarkable application
of this using the example of mineral dust over Cape
Verde. As part of the DUSTRISK project of the
Leibniz Competition, the OP could be recorded in

size resolution for dust-intensive and low-dust events.

This shows that toxicity is more than 50% greater for
coarse particles and dust-intensive situations than in
low-dust periods.

Knowledge of air pollution is particularly impor-
tant in urban areas. However, stationary measure-
ment networks are not necessarily representative
of an entire city due to the complex orography and
the highly variable traffic load over space and time.
Weger and Heinold present the CAIRDIO air quality
model developed at TROPOS, which makes it
possible to simulate entire cities highly efficiently with
sufficient accuracy. Using the examples of Leipzig
and Dresden, they were able to show when building
effects or orography effects dominate the spatiotem-
poral distribution of air pollution.

Charakterisierung der globalen Aerosoltypen. Mit
DeLiAn stellen Floutsi et al. einen solchen Datensatz
auf Basis des Lidarnetzwerkes PollyNET vor. Hierbei
werden dauerhafte und temporare global verteilte
Messreihen zahlreicher am TROPOS entwickelter
Lidarsysteme zusammenfasst und damit eine elemen-
tare Grundlage fur die grundsatzliche Entwicklung
von Aerosoltypisierungen geschaffen.

Gesundheit

Die Erforschung von (Ultra-)Feinstaub in urbanen
und landlichen Rdumen, die verschiedenen Trans-
formationen von Klimawandel, (De-)Industrialisie-
rung, Energiewende und Landnutzungsénderungen
ausgesetzt sind, ist eine wesentliche Komponente der
gesellschaftsrelevanten Arbeiten am TROPOS. Mess-
netze, fokussierte Kampagnen, Labor- und Modellstu-
dien tragen weiterhin gleichermafen hierzu bei.

Im Rahmen des Projektes ,Ultrafeinstaubbelas-
tung durch Flughéafen in Berlin (ULTRAFLEB) koordi-
niert TROPOS Uber drei Jahre stationdre und mobile
Feldmessungen von Ultrafeinpartikeln (UFP). Winkler
et al. konnten zeigen, dass Luftverkehrsemissionen
noch mehrere Kilometer im Abwind die UFP-Konzen-
trationen dominieren, insbesondere bei den gesund-
heitlich besonders schadlichen kleinsten Partikeln
von 10 - 20 nm Durchmesser. Allerdings handelt es
sich hierbei hauptsachlich um flichtige Partikel mit
geringer Lebensdauer.

Eine wesentliche GréBe zur Charakterisierung
der Toxizitét von Aerosolpartikeln ist deren Oxida-
tionspotential (OP). Eine bemerkenswerte Anwen-
dung hierzu berichten Souza et al. am Beispiel des
Mineralstaubs Uber den Kapverden. Im Rahmen
des DUSTRISK-Projektes des Leibniz-Wettbewerbs
konnte das OP gréBenaufgeldst fiir staubintensive
und staubarme Ereignisse erfasst werden. Hierbei
zeigt es sich, dass die Toxizitat bei groben Partikeln
und staubintensiven Situationen um mehr als 50%
groBer ist als in staubarmen Zeiten.

Gerade in urbanen Raumen ist eine Kenntnis
der Luftbelastung von groBBer Bedeutung. Allerdings
sind stationdre Messnetze aufgrund der komplexen
Orographie und der raumzeitlich hochvariablen
Verkehrsbelastung nicht unbedingt reprasentativ fir
eine gesamte Stadt. Weger und Heinold stellen
das am TROPOS entwickelte Luftqualitdtsmodell
CAIRDIO vor, das es ermdglicht, ganze Stadte hoch-
effizient mit ausreichender Genauigkeit zu simulieren.
Am Beispiel von Leipzig und Dresden konnte gezeigt
werden, wann Gebaudeeffekte oder Orographie-
Effekte die raumzeitliche Verteilung der Luftbelastung
dominieren.
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Highlight Publications

Global organic and inorganic aerosol
hygroscopicity and its effect on radiative forcing

Pohlker, M.L., Péhlker, C., Quaas, J. et al. Global
organic and inorganic aerosol hygroscopicity and
its effect on radiative forcing. Nat Commun 14, 6139
(2023). https://doi.org/10.1038/s41467-023-41695-8

Through extensive investigations, an international
research team led by the Max Planck Institute for
Chemistry (MPIC) and the Leibniz Institute for Tropo-
spheric Research (TROPOS) was able to reduce the
relationship between the chemical composition and
water absorption of aerosol particles to a simple linear
formula. In a study published in the journal “Nature
Communications’ they showed that the hygroscopicity
is essentially determined on a global average by the
proportion of organic and inorganic substances in the
aerosol composition.

Pohlker, M.L., Péhlker, C., Quaas, J. et al. Global
organic and inorganic aerosol hygroscopicity and
its effect on radiative forcing. Nat Commun 14, 6139
(2023). https://doi.org/10.1038/s41467-023-41695-8

How the extreme 2019-2020 Australian
wildfires affected global circulation and
adjustments

Senf, F,, Heinold, B., Kubin, A., Mller, J.,
Schrédner, R., and Tegen, |., Atmos. Chem. Phys.,
23, 8939-8958, hitps://doi.org/10.5194/acp-23-8939-
2023, 2023.

Smoke from wildfires is an important source of
atmospheric particles that can absorb sunlight and
thus may significantly influence the climate system.
The change in circulation patterns due to smoke
entering the stratosphere during the massive vegeta-
tion fires in Australia in December and January 2019-
2020 was investigated in this model study. Adjustment
processes in the stratosphere slowed down the
meridional circulation, and a positive temperature
perturbation developed in both hemispheres within
the first 2 months after the event.

Daytime Atmospheric Halogen Cycling
through Aqueous-Phase Oxygen Atom Chemistry
Evan Z. Dalton, Erik H. Hoffmann, Thomas

Schaefer, Andreas Tilgner, Hartmut Herrmann, and
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Highlight-Publikationen

Globale organische und anorganische
Aerosol-Hygroskopizitit und ihr Einfluss auf den
Strahlungsantrieb

Pohlker, M.L., Péhlker, C., Quaas, J. et al. Global
organic and inorganic aerosol hygroscopicity and
its effect on radiative forcing. Nat Commun 14, 6139
(2023). https://doi.org/10.1038/s41467-023-41695-8

Durch umfangreiche Untersuchungen konnte
ein internationales Forschungsteam unter Leitung
des Max-Planck-Instituts fur Chemie (MPIC) und
des Leibniz-Instituts fiir Tropospharenforschung
(TROPOQOS) den Zusammenhang zwischen chemi-
scher Zusammensetzung und Wasseraufnahme von
Aerosolpartikeln auf eine einfache lineare Formel
reduzieren. In einer Studie, die im Fachjournal ,Nature
Communications” erschien, zeigten sie, dass die
Hygroskopizitat global gemittelt im Wesentlichen durch
den Anteil organischer und anorganischer Stoffe an
der Aerosolzusammensetzung bestimmt wird.

Wie sich die extremen australischen
Waldbrande 2019-2020 auf die globale Zirkulation
und Anpassungen auswirkten

Senf, F,, Heinold, B., Kubin, A., Miller, J.,
Schrédner, R., and Tegen, |., Atmos. Chem. Phys.,
23, 8939-8958, https://doi.org/10.5194/acp-23-8939-
2023, 2023.

Rauch von Waldbréanden ist eine wichtige
Quelle atmospharischer Partikel, die Sonnenlicht
absorbieren und somit das Klimasystem erheblich
beeinflussen kénnen. In dieser Modellstudie wurde
die Veréanderung von Zirkulationsmustern aufgrund
des Raucheintrags in die Stratosphare wahrend
der massiven Vegetationsbrande in Australien im
Dezember und Januar 2019-2020 untersucht. Anpas-
sungsprozesse in der Stratosphéare verlangsamten
die meridionale Zirkulation und eine positive Tempe-
raturstoérung entwickelte sich in beiden Hemisphéren
innerhalb der ersten zwei Monate nach dem Ereignis.

Atmosphaérischer Halogenkreislauf am
Tag durch die Chemie der Sauerstoffatome in
wéssriger Phase

Evan Z. Dalton, Erik H. Hoffmann, Thomas

Schaefer, Andreas Tilgner, Hartmut Herrmann, and
Jonathan D. Raff, Journal of the American Chemical
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Jonathan D. Raff, Journal of the American Chemical
Society 2023 145 (29), 15652-15657. https://doi.

org/10.1021/jacs.3c03112

Halogen atoms are important atmospheric
oxidants that have unidentified daytime sources from
photochemical halide oxidation in sea salt aerosols.
Here, we show that the

photolysis of nitrate in aqueous chloride solutions
generates nitryl chloride (CINO,) in addition to CI, and
HOCI. Experimental and modeling evidence suggests
that O(°P) formed in the minor photolysis channel
from nitrate oxidizes chloride to Cl, and HOCI, which
reacts with nitrite to form CINO,,. This chemistry
is different than currently accepted mechanisms
involving chloride oxidation by OH and could shift our
understanding of daytime halogen cycling in the lower
atmosphere.

Self-lofting of wildfire smoke in the
troposphere and stratosphere: simulations and
space lidar observations

Ohneiser, K., Ansmann, A., Witthuhn, J., Deneke,
H., Chudnovsky, A., Walter, G., and Senf, F., Atmos.
Chem. Phys., 23, 2901-2925, https://doi.org/10.5194/
acp-23-2901-2023, 2023

We analyzed long-term CALIOP (Cloud—Aerosol
Lidar with Orthogonal Polarization) observations of
smoke layers and plumes evolving in the UTLS (upper
troposphere and lower stratosphere) height region
over Siberia and the adjacent Arctic Ocean during the
summer season of 2019. Our results indicate that self-
lofting contributed to the vertical transport of smoke.
We hypothesize that the formation of a near-tropo-
pause aerosol layer, observed with CALIOP, was the
result of self-lofting processes. This is in line with our
self-lofting model based on ECRAD (European Centre
for Medium-Range Weather Forecasts Radiation)
scheme simulations.

Society 2023 145 (29), 15652-15657. hitps://doi.
org/10.1021/jacs.3c03112

Halogenatome sind wichtige atmosphérische
Oxidationsmittel, die tagstber aus der photoche-
mischen Halogenidoxidation in Meersalzaerosolen
stammen. Hier zeigen wir, dass die

Photolyse von Nitrat in wassrigen Chloridl6-
sungen neben CI, und HOCI auch Nitrylchlorid
(CINO,) erzeugt, zuséatzlich zu CI, und HOCI. Expe-
rimentelle und modelltechnische Beweise deuten
darauf hin, dass O(°P), das im Nebenkanal der Photo-
lyse von Nitrat gebildet wird, Chlorid zu CI, und HOCI
oxidiert, das mit Nitrit reagiert und CINO, bildet. Diese
Chemie unterscheidet sich von den derzeit akzep-
tierten Mechanismen der Chloridoxidation durch OH
und kénnte unser Verstédndnis des Halogenkreislaufs
in der unteren Atmosphére wahrend des Tages veréan-
dern.

Selbstaufwirbelung von Waldbrandrauch in
der Troposphére und Stratosphére: Simulationen
und Weltraum-Lidar-Beobachtungen

Ohneiser, K., Ansmann, A., Witthuhn, J., Deneke,
H., Chudnovsky, A., Walter, G., and Senf, F., Atmos.
Chem. Phys., 23, 2901—-2925, https://doi.org/10.5194/
acp-23-2901-2023, 2023

Wir haben langfristige CALIOP-Beobachtungen
(Cloud-Aerosol Lidar with Orthogonal Polarization)
von Rauchschichten und -fahnen analysiert, die sich
in der UTLS-H®&henregion (obere Troposphéare und
untere Stratosphare) Uber Sibirien und dem angren-
zenden Arktischen Ozean wahrend der Sommer-
saison 2019 entwickelt haben. Unsere Ergebnisse
deuten darauf hin, dass die Selbstaufwirbelung zum
vertikalen Transport von Rauch beitragt. Wir stellen
die Hypothese auf, dass die mit CALIOP beobachtete
Bildung einer Aerosolschicht nahe der Tropopause
das Ergebnis von Selbstauftriebsprozessen war. Dies
steht im Einklang mit unserem Selbstauftriebsmodell,
das auf Simulationen des ECRAD-Schemas (Euro-
pean Centre for Medium-Range Weather Forecasts
Radiation) beruht.
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Transfer in science and society —
overview

Knowledge transfer and external impact

TROPOS research for specialist audiences.

Due to the Institute’s focus on application-ori-
ented basic research, the scientific results are mainly
utilised in scientific publications and conference
papers (see list, p. 145).

Of the scientific conferences in which TROPOS
participated, the following stand out in the reporting
period:

D-A-CH 2022: The German Meteorological
Society (DMG), the Austrian Meteorological Society
(OGM) and the Swiss Meteorological Society (SGM)
organise the D-A-CH Meteorology Conference every
three years. After 1998, Leipzig was the venue for the
second time on 21-25 March 2022. TROPOS contribu-
tions reported on air pollutants, LACROS, BVOCs and
ACTRIS-D, among other topics. TROPOS was also
part of the excursion programme.

MOSAIC: At the “International MOSAIC Science
Conference/Workshop’, researchers met at the Tele-
grafenberg in Potsdam from 25 to 29 April 2022 for
the, due to the pandemic, first major conference to
evaluate the extensive data from the 2019/20 MOSAIC
expedition in the Arctic. The 2nd MOSAIC Science
Conference was held on 13-17 February 2023 at the
University of Colorado, Boulder, in the USA. TROPOS
provided important atmospheric data for MOSAIC
with its lidar and balloon measurements and is also
working closely with the Biogeochemistry department
to analyse the data.

ACTRIS-D kick-off event: From 20 to 22
June 2022 in Leipzig, around 120 stakeholders
from science and politics discussed current
research issues relating to ACTRIS-D - the German

Fig./ Abb. 1: The Rector of Leipzig University, Prof Dr Eva Inés
Obergfell, visits TROPOS. / Die Rektorin der Universitét Leipzig, Prof.
Dr. Eva Inés Obergfell, zu Besuch am TROPOS. (Photo: Tilo Arnhold,
TROPOS)

22

Transfer in Wissenschaft und
Gesellschaft — Uberblick

Wissenstransfer und AuBenwirkung

TROPOS-Forschung fiir Fachpublikum.

Auf Grund der Ausrichtung des Institutes auf
anwendungsorientierte Grundlagenforschung erfolgt
die Verwertung der wissenschatftlichen Ergebnisse
hauptséchlich in Fachpublikationen und Konferenzbei-
tragen (siehe Liste, S. 145).

Aus den wissenschaftlichen Tagungen, an
deren TROPOS beteiligt war, stechen im Berichtszeit-
raum folgende heraus:

D-A-CH 2022: Die Deutsche Meteorologische
Gesellschaft (DMG), die Osterreichische Gesellschaft
fiir Meteorologie (OGM) und die Schweizerische
Gesellschaft fir Meteorologie (SGM) richten alle drei
Jahre die D-A-CH-Meteorologie-Tagung aus. Nach
1998 war Leipzig am 21.-25.03.2022 zum zweiten
Mal Austragungsort. TROPOS-Beitrage berichteten
u.a. Uber Luftschadstoffe, LACROS, BVOCs und
ACTRIS-D. TROPOS war auch Teil des Exkursions-
programms.

MOSAIC: Bei der ,International MOSAIC Science
Conference/Workshop* trafen sich Forschende
vom 25. bis 29. April 2022 auf dem Telegrafenberg
in Potsdam pandemiebedingt zur ersten gréBeren
Tagung zur Auswertung der umfangreichen Daten
der MOSAIC-Expedition 2019/20 in der Arktis.

Die 2nd MOSAIC Science Conference wurde am
13.-17.02.23 an der University of Colorado, Boulder,
in den USA durchgefuihrt. TROPOS hat bei MOSAIC
mit den Lidar- und Ballonmessungen wichtige Daten
im Bereich Atmosphére geliefert und arbeitet bei
der Auswertung auch eng mit der Biogeochemie
zusammen.

Auftaktveranstaltung von ACTRIS-D: Rund 120
Akteure aus Wissenschaft und Politik diskutierten vom
20. bis 22. Juni 2022 in Leipzig aktuelle Forschungs-
fragen rund um ACTRIS-D — dem deutschen Beitrag
zur EU-Forschungsinfrastruktur ACTRIS, der die
Rolle kurzlebiger Bestandteile fur das Klima in der
Erdatmosphéare beobachtet. Nach zahlreichen Online-
Meetings war die Jahrestagung pandemiebedingt die
erste Gelegenheit zum persénlichen Austausch in
gréBerem Rahmen. Die Festveranstaltung am 21. Juni
bildete den offiziellen Auftakt: In ihren GruBworten
unterstrichen unter anderem Mario Brandenburg
(Parlamentarischer Staatssekretéar im Bundesminis-
terium fr Bildung und Forschung) und Sebastian
Gemkow (Staatsminister flir Wissenschaft im Sachsi-
schen Staatsministerium fir Wissenschaft, Kultur und
Tourismus) die Bedeutung fir die Gesellschaft und
sicherten ihre Unterstltzung zu.
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contribution to the EU research infrastructure ACTRIS,
which monitors the role of short-lived components for
the climate in the Earth’s atmosphere. After numerous
online meetings, the annual conference was the

first opportunity for face-to-face dialogue on a larger
scale due to the pandemic. The official kick-off event
was held on 21 June: In their welcoming addresses,
Mario Brandenburg (Parliamentary State Secretary

at the Federal Ministry of Education and Research)
and Sebastian Gemkow (Minister of State for Science
at the Saxon State Ministry of Science, Culture and
Tourism), among others, emphasised the importance
for society and pledged their support.

ICAQ’ Africa 2022: The first international confer-
ence on ‘Air Quality in Africa” took place on 11-14
October 2022. The conference took place online to
enable as many people as possible to participate
and was organised by Wadinga Fomba (TROPOS)
together with colleagues from Alioune Diop University
(Senegal) and the French CNRS.

IUGG 2023: The International Union of Geodesy
and Geophysics (IUGG) met in Berlin on 11-20 July
23 for its 28th General Assembly. TROPOS used
this major event to organise a session on “Upcoming
Southern Ocean Initiatives” on 13.07.23 and to better
network researchers on the Southern Ocean around
Antarctica.

(AC)? General Assembly: The annual meetings
of the DFG Transregio TR172 on Arctic climate ampli-
fication are now also an essential part of TROPOS
research. In 2022, the (AC)3 community met at the
Klimahaus in Bremerhaven, 2023 at the Science
Park Leipzig. Events for PhDs such as workshops on
careers, communication and publishing are regularly
organised.

Selected topics and activities for politics and
society

The research results of TROPOS also serve
as a contribution to policy advice in the environ-
mental sector. For example, practical studies on
the behaviour and future development of pollutants
in the atmosphere are carried out for the State of
Saxony and the Federal Environment Agency (UBA).
In addition, measurement data on the concentrations
of fine and ultrafine aerosol particles and on the
chemical composition of particles in the atmosphere
are collected, scientifically analysed and made avail-
able for further use as part of contract projects for the
Federal Environmental Agency (UBA) and the Saxon
State Office for Environment and Geology (LfULG).

Examples of this in 2022/23 are: The investiga-
tion of trends, causes and effects of ozone pollution
in Saxony (LfULG), determination of characteristic
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Fig./ Abb. 2: ACTRIS-D Annual Meeting 2022 at KUBUS Leipzig. /
ACTRIS-D-Jahrestagung 2022 im KUBUS Leipzig. (Photo: Dr.
Andreas Pohlmann)

ICAQ* Africa 2022: Am 11.-14.10.2022 fand die
erste internationale Konferenz ,Luftqualitat in Afrika“

statt. Die Konferenz fand online statt, um
mdglichst vielen die Teilnahme zu ermdglichen, und
wurde von Wadinga Fomba (TROPOS) zusammen
mit Kolleg:innen der Alioune Diop University
(Senegal) und dem franzésischen CNRS organisiert.

IUGG 2023: Die Internationale Union flr
Geodasie und Geophysik (IUGG) traf sich am
11.-20.07.23 in Berlin zur 28. Generalversammlung.
Diese GroBveranstaltung nutzte TROPOS, um am
13.07.23 eine Session zu "Upcoming Southern Ocean
Initiatives” zu organisieren und Forschende zum
Sudlichen Ozean rund um die Antarktis besser zu
vernetzen.

(AC)?® General Assembly: Essentieller Bestand-
teil der TROPOS-Forschung sind inzwischen auch
die Jahrestagungen des DFG-Transregios TR172 zur
arktischen Klimaverstérkung. 2022 traf sich die (AC)3-
Community im Klimahaus in Bremerhaven. 2023 im
Wissenschaftspark Leipzig. Veranstaltungen fur PhDs
wie Workshops zu Karriere, Kommunikation oder
Publizieren gehéren regelméBig dazu.

Ausgewéhlte Themen und Aktivitaten fir Poli-
tik und Gesellschaft

Die Forschungsergebnisse des TROPOS dienen
auch als ein Beitrag zur Politikberatung im Umwelt-
bereich. So werden u.a. fir das Land Sachsen
oder das Umweltbundesamt (UBA) praxisrelevante
Untersuchungen zum Verhalten und zur kinftigen
Entwicklung von Schadstoffen in der Atmosphére
durchgefiihrt. AuBerdem werden im Rahmen von
Auftragsprojekten fur das UBA und das Sé&chsische
Landesamt fiir Umwelt und Geologie (LfULG) Uber
langere Zeitrdume Messdaten zu den Konzentrati-
onen feiner und ultrafeiner Aerosolpartikel sowie zur

23



Transfer in science and society — overview /
Transfer in Wissenschaft und Gesellschaft — Uberblick

exposure conditions for radon at indoor workplaces
(Federal Office for Radiation Protection), conducting
experimental studies on the atmospheric degradation
of siloxanes (Wacker Chemie GmbH), integration of
ammonia immission measurements into the Saxon air
quality monitoring network (LfULG) or the investigation
of ultrafine particles in indoor and ambient air (UBA).

The project “Ultrafine particulate pollution from
airports in Berlin” (ULTRAFLEB) is investigating
ultrafine particulate matter as a potential health
hazard until the end of 2024 on behalf of the Federal
Environment Agency. This involves stationary and
mobile field measurements of ultrafine particles
(UFP) in the vicinity of Berlin Brandenburg Airport
BER using the TROPOS aerosol container as well
as model calculations. In April 2023, the first of two
central projects to assess the exposure of the Frank-
furt/Main region to ultrafine particles (UFP) and their
effects on health was launched with the “UFP Expo-
sure Study” The contracting authority of the consor-
tium led by TROPOS is the Environmental and Neigh-
bourhood House (UNH), which acts as the office of
the Forum Airport and Region (FFR) and is 100%
funded by the state of Hesse.

EDIAQI, a major EU project, was launched in
2022: a Europe-wide consortium of 19 universities,
research institutions and companies will investigate
indoor air pollution for four years. TROPOS is the only
partner in Germany and will develop innovative tools
for monitoring indoor air quality.

TROPOS is also involved in projects with
partners from the medical field. Since 2021, the
DUSTRISK project has been investigating the
health effects of mineral dust, which can cause or
exacerbate respiratory diseases such as asthma or

Fig./ Abb. 3: Festive event to mark 30 years of Leibniz in Saxony on
14 September 2022 in Dresden: Group photo of the directors with
the Minister of Science, Minister President and Leibniz President. /
Festveranstaltung zu 30 Jahre Leibniz in Sachsen am 14.09.2022
in Dresden: Gruppenfoto der Direktorinnen und Direktoren mit
Wissenschaftsminister, Ministerpradsident und Leibniz-Présidentin
(Photo: Michael Schmidt)
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chemischen Partikelzusammensetzung in der Atmo-
sphére erhoben, wissenschaftlich ausgewertet und
zur weiteren Nutzung zur Verfligung gestellt.

Beispiele in den Jahren 2022/23 hierflr sind:

Die Untersuchung von Tendenzen, Verursachern
und Auswirkungen der Ozonbelastung in Sachsen
(LfFULG), Ermittlung von charakteristischen Exposi-
tionsbedingungen bei Radon an Arbeitsplatzen in
Innenrdumen (Bundesamt fur Strahlenschutz), Durch-
fuhrung experimenteller Untersuchungen zum atmo-
spharischen Abbau von Siloxanen (Wacker Chemie
GmbH), Integration von Ammoniak-Immissionsmes-
sungen ins séchsische Luftgitemessnetz (LfULG)
oder die Untersuchung ultrafeiner Partikel im Innen-
raum und in der Umgebungsluft (UBA).

Ultrafeinstaub als potenzielle Gesundheitsge-
fahr untersucht das Projekt ,Ultrafeinstaubbelastung
durch Flughéfen in Berlin“ (ULTRAFLEB) bis Ende
2024 im Auftrag des Umweltbundesamtes. Dazu
finden stationére und mobile Feldmessungen von
ultrafeinen Partikeln (UFP) im Umfeld des Flughafens
Berlin Brandenburg BER mit dem Aerosolcontainer
des TROPOS sowie Modellrechnungen statt. Im April
2023 startete mit der ,UFP-Belastungsstudie” das
erste von zwei zentralen Vorhaben zur Beurteilung der
Belastung der Region Frankfurt/Main mit ultrafeinen
Partikeln (UFP) und deren gesundheitlicher Auswir-
kungen. Auftraggeber des von TROPOS geleiteten
Konsortium ist das Umwelt- und Nachbarschaftshaus
(UNH), das als Geschaftsstelle des Forums Flughafen
und Region (FFR) fungiert und zu 100% durch das
Land Hessen finanziert wird.

Mit EDIAQI startete 2022 ein groBes EU-Projekt:
Ein europaweites Konsortium aus 19 Universitaten,
Forschungseinrichtungen und Unternehmen wird vier
Jahre lang die Schadstoffbelastung in Innenrdumen
untersuchen. TROPOS ist der einzige Partner in
Deutschland und wird dabei innovative Werkzeuge
zur Uberwachung der Luftqualitét in Innenrdumen
entwickeln.

TROPOS ist auch in Projekte mit Partnern aus
dem medizinischen Bereich involviert. Das Projekt
DUSTRISK untersucht seit 2021 die Gesundheitsaus-
wirkungen von Mineralstaub, der Atemwegserkran-
kungen wie Asthma oder Lungenentziindung verursa-
chen oder verschlimmern kann. Im interdisziplinédren
Projekt werden diese Aspekte in Kombination mit
anhaftenden Mikroben untersucht. Feldstudien, Labor-
untersuchungen sowie Modellierungsstudien werden
in Zusammenarbeit mit Partnern der Leibniz-Institute
DSMZ, FZB, IUF und TROPOS sowie der Kapverden
durchgefiihrt, darunter Krankenhauser, Universitaten
und 6ffentliche Gesundheitsinstitute. DUSTRISK wird
durch den Leibniz-Wettbewerb ,Kooperative Exzel-
lenz“ gefdrdert.
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pneumonia. The interdisciplinary project is investi-
gating these aspects in combination with adhering
microbes. Field studies, laboratory tests and model-
ling studies are being carried out in collaboration
with partners from the Leibniz Institutes DSMZ, FZB,
IUF and TROPOS as well as Cape Verde, including
hospitals, universities and public health institutes.
DUSTRISK is funded by the Leibniz competition
“Cooperative Excellence’

In a project in collaboration with atmosfair and
SaferRwanda, TROPOS backpack measurements
documented the difference in emissions between
new efficient and conventional cookstoves. The data
collected was incorporated into a health study.

The EngageMINT project aims to make envi-
ronmental research tangible for young people. As
part of the project, the participants are developing
a digital transfer tool that communicates the results
and processes of current research at TROPOS on
environmental and climate issues. This tool is aimed
at environmentally aware young people and aims to
promote interest and skills in STEM subjects, taking
into account their interest profiles and using suitable
feedback systems. The partners are Leibniz University
Hannover (LUH) and the Leibniz Institute for Science
and Mathematics Education (IPN).

TROPOS research for the general public.
TROPOS maintains a dialogue with the public - via
print media, radio and television. 36 press releases
were issued in 2022/23. This resulted in over 161
media publications in 2022 (as far as known). In 2023,
there were 144 publications (as far as known).

Topics to which TROPOS researchers were able
to contribute to the media were air quality (such as
weekend effects from barbecues or positive effects
from the corona lockdown), the warming of the Arctic
and influences on the weather in Germany, smoke
aerosol and the formation of an ozone hole over
the Arctic. In 2023, the topic Antarctica was also
added through Martin Radenz’s one-year work at the
Neumayer Station. Clouds in the north-south contrast
were a topic in 2022 in the light of the GoSouth
campaign in New Zealand. Clouds in general
continued to fascinate media professionals in a wide
variety of formats in 2023. The thematic focus shows
that TROPOS research findings and activities can
be successfully communicated to the public through
press releases.

In the print sector, TROPOS is represented
particularly frequently in the Sachsische Zeitung
regional newspaper with 15 articles in the reporting
period, alongside the Leipziger Volkszeitung and
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Fig./ Abb. 4: Launch of the BMBF joint project EngageMINT
(knowledge transfer for environmentally aware young people to
raise awareness of STEM subjects). / Projektstart des BMBF-
Verbundprojekts EngageMINT (Wissenstransfer fir umweltbewusste
Jugendliche zur Sensibilisierung fir MINT). (Photo: Jan Uhing / IPN)

In einem Projekt in Zusammenarbeit mit atmos-
fair und SaferRwanda dokumentierten TROPOS-
Rucksack-Messungen den Unterschied der Emissi-
onen zwischen neuen effizienten und herkdbmmlichen
Koch-Ofen. Die erhobenen Daten flossen in eine
Gesundheitsstudie ein.

Das Projekt EngageMINT soll Umweltforschung
far Jugendliche greifbar machen. Im Rahmen des
Projekts entwickeln die Beteiligten ein digitales Trans-
ferinstrument, das Ergebnisse und Prozesse der aktu-
ellen Forschung am TROPOS zu Umwelt- und Klima-
themen vermittelt. Gerichtet ist dieses Instrument an
umweltbewusste Jugendliche und hat zum Ziel, unter
Berucksichtigung ihrer Interessensprofile und unter
Einsatz geeigneter Feedback-Systeme, Interesse an
und Kompetenzen in den MINT-Fachern zu férdern.
Partner sind die Leibniz Universitat Hannover (LUH)
sowie das Leibniz-Institut fir PA4dagogik der Naturwis-
senschaften und Mathematik (IPN).

TROPOS-Forschung fiir die breite Offent-
lichkeit. TROPOS steht im Dialog mit der Offent-
lichkeit — u.a. auch uber Printmedien sowie H6ér- und
Fernsehfunk. 2022/23 wurden 36 Pressemitteilungen
herausgegeben. Daraus resultierten im Jahr 2022
Uber 161 Medienverdffentlichungen (soweit bekannt).
Im Jahr 2023 waren es 144 Veréffentlichungen (soweit
bekannt).

Themen zu denen TROPOS-Forschende medial
beitragen konnte waren Luftqualitat (wie z.B. Wochen-
endeffekte durch Grillen oder positive Effekte durch
den Corona-Lockdown), die Erwédrmung der Arktis
und Einflisse auf das Wetter in Deutschland, Rauch-
aerosol und die Bildung eines Ozonlochs Uber der
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Fig./ Abb. 5: Science cinema on 16.03.23 at the ZGF Leipzig:
“Expedition Arctic” - panel discussion with Leipzig participants of
the MOSAIC expedition and moderator Grit Krdmer from MDR. /
Wissenschaftskino am 16.03.23 im ZGF Leipzig: ,,Expedition Arktis“ -
Diskussionsrunde mit Leipziger Teilnehmern der MOSAIC-Expedition
und Moderatorin Grit Krdmer vom MDR. (Photo: Tilo Arnhold /
TROPOS)

BILD. Mira Péhlker presented her research in a
two-page interview in the German-language ZEIT
magazine. The Southland Times reported on the
GoSOuth campaign in New Zealand; the Austrian
Standard on ACTRIS. ACTRIS was officially founded
as a European Research Infrastructure Consortium
(ERIC) on 25 April 2023.

TROPOS researchers were also present on the
radio: regionally on Sachsenradio or MDR aktuell,
nationwide on Deutschlandfunk and DLF-Nova on
smoke aerosol or dust topics and on Deutschlan-
dradio Kultur on climate change on the Cape Verde
Islands or the climate impact of smoke.

Radio 1 from RBB and Bayern 2 from BR picked
up on the press release on biogenic aerosols and
interviewed Hartmut Herrmann.

In 2022, 11 TV programmes were produced on a
wide range of topics, including regional programmes
on MDR, WDR and SWR, as well as the ARD
programme “Wetter vor Acht” and the arte documen-
tary “The wind — motor of climate change] in which
researchers from the Remote Sensing department
took part. A TV highlight was the 5-minute appear-
ance of TROPOS researcher Martin Radenz in the
ORF documentary “Universum Spezial” with the title
“Climate changes wilderness - Between adaptation
and extinction of species” in 2023. He spent a year
at the Neumayer Station researching the Antarctic
atmosphere and climate change.

TROPOS doctoral student Gladiola Malollari from
the Agricultural University of Tirana was a sought-after
interviewee on Albanian television when the green
lidar beam of the TROPOS PollyXT shone over Tirana
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Arktis. 2023 kam auch das Thema Antarktis durch

die einjahrige Tatigkeit von Martin Radenz auf der
Neumayer-Station dazu. Wolken im Nord-Sid-Kont-
rast waren 2022 ein Thema vor dem Hintergrund der
GoSouth-Kampagne in Neuseeland. Wolken im Allge-
meinen faszinierten Medienschaffende auch 2023 in
den verschiedensten Formaten. Die Themenausrich-
tung zeigt, dass es gelingt, die TROPOS-Forschungs-
ergebnisse und -tatigkeiten durch Pressenmitteilungen
in die Offentlichkeit zu transportieren.

Im Print-Bereich ist TROPOS besonders haufig
mit 15 Artikeln im Berichtszeitraum in der Sachsi-
schen Zeitung regional vertreten, neben der Leipziger
Volkszeitung und BILD. In der ZEIT als deutsch-
landweite Zeitschrift stellte Mira Pdhlker in einem
zweiseitigen Interview ihre Forschung vor. Die South-
land Times berichtete in Neuseeland zur GoSOuth-
Kampagne; der 6sterreichische Standard zu ACTRIS.
ACTRIS wurde am 25. April 2023 offiziell als europa-
isches Forschungsinfrastruktur-Konsortium (ERIC)
gegrundet.

TROPOS-Forschende waren auch im Hérfunk
prasent: regional im Sachsenradio oder MDR aktuell,
deutschlandweit im Deutschlandfunk und DLF-Nova
zu Rauchaerosol- oder Staubthemen und im Deutsch-
landradio Kultur zum Klimawandel auf den Kapverden
oder der Klimawirkung von Rauch.

Radio 1 vom RBB und Bayern 2 vom BR griffen
die Pressemitteilung zu Biogenen Aerosolen auf und
interviewten Hartmut Herrmann.

2022 sind 11 Fernsehbeitrdge zu den verschie-
densten Themen entstanden, im regionalen Bereich
in MDR, WDR und SWR, aber auch im Ersten
(ARD) bei ,Wetter vor Acht”“ oder bei arte die Doku-
mentation ,Der Wind - Motor des Klimawandels
in der Forschende der Abteilung Fernerkundung
mitwirkten. Ein TV-Highlight war der 5-mindtige Auftritt
von TROPOS-Forscher Martin Radenz in der ORF-
Dokumentation ,,Universum Spezial. Klima wandelt
Wildnis - Zwischen Anpassung und Artensterben®in
2028. Er verbrachte ein Jahr an der Neumayer-Station
und erforschte die Atmosphére der Antarktis und die
Veranderungen des Klimas.

TROPOS-Doktorandin Gladiola Malollari von
der Landwirtschaftlichen Universitat Tirana war
eine gefragte Gesprachspartnerin im Albanischen
Fernsehen als zum ersten Mal der grliine Lidarstrahl
des TROPOS-PollyXT Uber Tirana leuchtete - so im
Beitrag von KLAN-TV und im Studio von SCAN-TV.

An neuen Formaten sind 2023 verstérkt Podcasts
mit TROPOS-Forschenden in Erscheinung getreten.
So zum Beispiel Oscar Ritter fiir den Podcast der
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for the first time - as featured on KLAN-TV and in the
SCAN-TV studio.

In 2023, more podcasts featuring TROPOS
researchers appeared in new formats. For example,
Oscar Ritter for the Leibniz Association podcast with
the topic “How was the summer?’; Heike Wex for
podcast.de on “Planetary boundaries. Aerosols and
air pollution” or Mira Pdhlker for the podcast of welt-
derphysik.de on the topic of “Clouds”

For the first time, a TROPOS researcher was
able to take part in a cinema film. In “Checker Tobi
and the Journey to the Flying Rivers’, Mira Péhlker
played herself as a researcher at the ATTO measuring
tower in the Brazilian Amazon.

The website www.tropos.de is aimed not only
at researchers but also at the general public. The
“Discover” section therefore aims to explain research
in an easily understandable way. For example, the
website “Climate change continues - What we know
about the climate today” provides information about
climate change.

After measurement campaigns were cancelled
due to the pandemic and therefore also the reports in
the campaign blog, insights into the field research on
the website could be made up for in 2023: Christina
Breitenstein (ACD) reported on the PolarChange2023
ship campaign in the Antarctic & amino acids. Martin
Radenz (RSD) also reported from the Antarctic on
his year during the COALA campaign at Neumayer
[1l. Jonas Witthuhn and Oscar Ritter described the
construction and dismantling of the TROPOS pyra-
nometer network PyrNet at the ARM observatory
Southern Great Plains as part of the S2VSR 2023
campaign in the USA.

With the X-channels “@ TROPOS_de” & “@
TROPOS_eu’ the Institute is also active on social
media in German and English. The German-lan-
guage channel is primarily aimed at the general
public in Germany; the English-language channel
is also used for networking within the scientific
community. Approximately 1120 and 1,072 people
and institutions respectively have subscribed to the
channel (“followers”). This means that the number has
increased further compared to the previous period.
The development of this microblogging service is
being critically monitored by TROPOS and other
Leibniz institutes. Despite all the criticism levelled at
X, no alternative with a comparable reach has yet
been able to establish itself.

Events
A total of 37 public events were realised in

2022/2023. The formats were diverse. Well-known
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Leibniz-Gemeinschaft mit dem Thema ,Wie war der
Sommer?; Heike Wex flr podcast.de zu ,Planetare
Grenzen. Aerosole und Luftverschmutzung® oder Mira
Péhlker fur den Podcast von weltderphysik.de zum
Thema ,Wolken

Erstmalig konnte eine TROPOS-Forscherin in
einem Kinofilm mitwirken. In ,Checker Tobi und die
Reise zu den fliegenden Flissen” spielte Mira Péhlker
sich selbst als Forscherin am ATTO-Messturm im
brasilianischen Amazonasgebiet.

Das Internetangebot www.tropos.de richtet sich
neben Forschenden zugleich an die breite Offent-
lichkeit. Die Rubrik ,Entdecken” hat daher zum Ziel,
die Forschung leicht versténdlich zu erldutern. So
informiert z.B. die Webseite ,Der Klimawandel geht
weiter - Was wir heute Ubers Klima wissen“ Uber den
Klimawandel.

Nachdem bedingt durch die Pandemie Mess-
kampagnen und damit auch die Berichte im Kampa-
gnen-Blog ausfielen, konnten 2023 Einblicke in die
Feldforschung auf der Webseite nachgeholt werden:
Uber die Schiffskampagne PolarChange2023 in der
Antarktis & Aminosauren berichtete Christina Brei-
tenstein (ACD). Uber sein Jahr wahrend der COALA-
Kampagne an Neumayer Il berichtete ebenfalls aus
der Antarktis Martin Radenz (RSD). Den Auf- und
Abbau des TROPOS-Pyranometer-Netzwerks PyrNet
am ARM-Observatorium Southern Great Plains im
Rahmen der Kampagne S2VSR 2023 in den USA
beschrieben Jonas Witthuhn und Oscar Ritter.

Mit den X-Kanélen ,@ TROPOS_de“ & ,@
TROPOS_eu“ ist das Institut auch in den sozi-
alen Medien auf deutsch bzw. englisch aktiv. Der
deutschsprachige Kanal richtet sich primér an die

Fig. / Abb. 6: Backpack measurements on behalf of the LFULG
analysed summer barbecue fires in Dresden and Leipzig. /
Rucksackmessungen im Auftrag des LfULG untersuchten
sommerliche Grillfeuer in Dresden und Leipzig. (Photo: Susanne
Bastian / LfULG)
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formats such as group visits and lectures were of
course not missing, but more unusual formats such as
the online discussions at “Book a Scientist] the chat
format “I'm a Scientist” or film discussions were also
represented. The Swiss documentary film “Expedition
Arctic” (SRF) was shown at the “Science Cinema”

in the Leipzig Forum of Contemporary History. After-
wards, the audience was able to ask questions to
Andreas Macke and the MOSAIC expedition partici-
pants Julian Hofer, Christian Pilz, Dietrich Althausen
and Hannes Griesche in the packed 200-seat audito-
rium.

At the “Silbersalz” media festival in Halle, schools
were also offered a film screening and discussion in
the Leopoldina on the film “Children of the climate
crisis - 4 girls, 3 continents, one mission” Afterwards,
Ajit Ahlawat answered the students’ questions about
the air quality section of the film.

TROPOS was represented with a programme at
the annual Girls' Day and the Long Night of Science
2023. Nine different groups visited TROPOS, five of
which were students from schools or universities.

TROPOS scientists gave 8 lectures - for example
at the City History Museum for the exhibition “Snow
of Yesterday” or at the Annaberg Climate Days.

These also focused on the Arctic and the MOSAIC
expedition. The second event in the Leipzig Science
Network’s new “LSN Science Club” series on 17
October 2022 took place at the IOM & TROPOS.
Director Andreas Macke presented the EU research
infrastructure ACTRIS-D.

“Thick air in the classroom” was the title of an
event at the Karl Schubert School in Leipzig with a
presentation and discussion on air hygiene measures
and prevention in educational institutions and daycare

Fig./ Abb. 7: The TROPOS exhibition stand with exhibits as part of the
launch event“SPIN2030 - Agenda for Science”in February 2023 in the
Congress Hall at Leipzig Zoo. / Der TROPOS-Stand mit Exponaten

im Rahmen der Auftaktveranstaltung ,,SPIN2030 - Agenda fir die
Wissenschaft“im Februar 2023 in der Kongresshalle am Zoo Leipzig.
(Photo: Tilo Arnhold / TROPOS)
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breite Offentlichkeit in Deutschland; der englisch-
sprachige dient auch der Vernetzung innerhalb
der wissenschaftlichen Community. Ca. 1120 bzw.
1.072 Personen und Institutionen haben den Kanal
abonniert (,Follower®). Damit konnte die Anzahl im
Vergleich zum vorigen Zeitraum weiter gesteigert
werden. Die Entwicklung dieses Mikroblogging-
Dienstes wird von TROPOS und anderen Leibniz-
Instituten kritisch beobachtet. Trotz aller Kritik an X
konnte sich aber bisher noch keine Alternative etab-
lieren, die eine vergleichbare Reichweite hat.

Veranstaltungen

2022/2023 konnten insgesamt 37 6ffentliche
Veranstaltungen realisiert werden. Die Formate
waren dabei vielféltig. Bekannte Formate wie Grup-
penbesuche und Vortrége fehlten nattrlich nicht,
aber auch auBergewdhnlicheres, wie die Online-
Gesprache bei ,Book a Scientist; das Chat-Format
»I'm a Scientist“ oder Filmgesprache waren vertreten.
Beim ,Wissenschaftskino“ im Zeitgeschichtlichen
Forum Leipzig wurde der Schweizer Dokumentarfilm
~Expedition Arktis“ (SRF) gezeigt. Danach konnte
das Publikum im vollbesetzten Saal mit 200 Platzen
Fragen an Andreas Macke und die MOSAIC-Expedi-
tionsteilnehmer Julian Hofer, Christian Pilz, Dietrich
Althausen und Hannes Griesche stellen.

Auch beim ,Silbersalz“ Medienfestival in Halle
wurde Schulen eine Filmvorfihrung und Diskussion
in der Leopoldina zum Film ,Kinder der Klimakrise —
4 Madchen, 3 Kontinente, eine Mission® angeboten.
AnschlieBend beantwortete Ajit Ahlawat die Fragen
der Schdler:innen zum Themenpart Luftqualitat im
Film.

Beim jahrlich stattfindenden Girls* Day sowie bei
der ,Langen Nacht der Wissenschaften 2023“ war
TROPOS mit Programm vertreten. Neun verschie-
dene Gruppen waren am TROPOS zu Besuch,
darunter finfmal Lernende aus Schulen oder Univer-
sitaten.

TROPOS-Wissenschatftler:innen hielten 8
Vortrége - zum Beispiel im Stadtgeschichtlichen
Museum zur Ausstellung ,Schnee von gestern®
oder den Annaberger Klimatagen. Hier ging es auch
um das Thema Arktis und die MOSAIC-Expedition.
Die zweite Veranstaltung der neuen Reihe ,LSN
Science Club”“ des Leipzig Science Networks am 17.
Oktober 2022 fuhrte an das IOM & TROPOS. Direktor
Andreas Macke stellte die EU-Forschungsinfrastruktur
ACTRIS-D vor.

,Dicke Luft im Klassenzimmer” nannte sich eine
Veranstaltung in der Karl-Schubert-Schule in Leipzig
mit Vortrag und Diskussion zu Lufthygienemaf-
nahmen und Pravention in Bildungseinrichtungen und
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centres. Hartmut Herrmann represented TROPOS
here with his expertise.

TROPOS was active in direct policy advice
as part of the “Leibniz in the Bundestag” format.

Two talks on wood heating systems were held with
members of the Bundestag in 2022 and one on indoor
air quality and infection control in 2023.

The following events with a political focus should
be emphasised for the reporting period:

The Leibniz Institutes in Saxony celebrated their
30th anniversary with a ceremony on 14 September
2022 at the International Congress Centre Dresden.
In addition to the Minister President and the Minister
of Science, other well-known representatives from
the federal and state governments also took part. The
Saxon science campaign SPIN2030 to showcase
the achievements of Saxony as a science location
was launched on 3 February with an opening event
attended by the Minister President and Science
Minister, at which TROPOS was represented with an
information stand.

Pedro Ivo Ferraz da Silva, Head of the Depart-
ment of Science, Technology & Innovation and Coop-
eration of the Brazilian Embassy in Berlin, visited the
cloud laboratory on 6 April 2023 and spoke with Mira
Péhlker about the measurements at the ATTO rain-
forest station in Brazil.

TROPOS is also actively involved in the publicity
campaigns of the German Climate Consortium (DKK),
the Climate Navigator and the Leibniz Association. In
20283, the Leibniz Association’s Press Working Group
met in Leipzig, organised by the Leibniz Institutes in
Leipzig.

Equal opportunities and promotion of young
talent

Gender equality is implemented as a guiding
principle at TROPOS. The institute therefore fulfils
the equality standards of the Leibniz Association.

A key instrument in this is the equality plan, the
implementation of which is intended to promote and
sustainably ensure equal opportunities for people of
all genders at TROPOS. It focuses on measures to
ensure absolutely non-discriminatory collaboration at
the institute, from the recruitment process to further
increasing the proportion of women in post-doctoral
positions, permanent positions, scientific manage-
ment positions and committees. The plan drawn up
in August 2022 is valid for 4 years and is part of the
newly implemented personnel development plan

at TROPOS. TROPOS'’s targets for increasing the
proportion of women are based on the Leibniz Asso-
ciation’s cascade model, whereby a step-by-step
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Fig./ Abb. 8: SILBERSALZ School Cinema on 21 June 2023 in the
large hall of the LEOPOLDINA in Halle/Saale./ SILBERSALZ Schulkino
am 21.06.2023 im groBen Saal der LEOPOLDINA in Halle/Saale.
(Photo: Agnes Fischer / Silbersalz)

Kita. Hartmut Herrmann vertrat hier mit seiner Exper-
tise das TROPOS.

In der direkten Politikberatung war TROPOS im
Rahmen des Formates ,Leibniz im Bundestag” aktiv.
Zwei Gesprache zum Thema Holzheizungen wurden
2022 und ein Gesprach zu Luftqualitét in Innen-
rdumen und Infektionsschutz 2023 mit Bundestagsab-
geordneten gefihrt.

Als weitere Veranstaltungen mit politischem
Bezug sind fur den Berichtszeitraum folgende hervor-
zuheben:

Die Leibniz-Institute in Sachsen feierten das
runde 30-jéhrige Jubilaum mit einem Festakt am 14.
September 2022 im Internationalen Kongresszentrum
Dresden. Daran nahmen neben dem Ministerprasi-
denten und dem Wissenschaftsminister auch weiteren
namhafte Vertretern von Bund und Land teil. Die séch-
sische Wissenschaftskampagne SPIN2030 zur Darstel-
lung der Leistungen des Wissenschaftsstandortes
Sachsen wurde am 3. Februar mit einer Eréffnungs-
veranstaltung unter Anwesenheit des Ministerprasi-
denten und Wissenschaftsministers gestartet, auf der
TROPOS mit einem Informationsstand vertreten war.

Pedro Ivo Ferraz da Silva, Leiter der Abteilung fur
Wissenschatft, Technologie & Innovation und Zusam-
menarbeit der brasilianischen Botschaft in Berlin,
besuchte am 6. April 2023 das Wolkenlabor und
sprach mit Mira Péhlker Uber die Messungen an der
Regenwald-Station ATTO in Brasilien.

Am 5. Oktober legte Bundesprasident Stein-
meier, gemeinsam mit dem Prasidenten der
Kapverden den Grundstein fir ein neues Laborge-
baude am Cabo-Verde-Atmospharen-Observatorium
(CVAO) und besuchte anschlieBend das Ocean
Science Centre Mindelo (OSCM) und hier auch die
Fernerkundungs-Messstation des TROPOS.
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Fig./ Abb. 9: Martin Radenz from TROPOS (2nd from right) was one
of 10 nominees for the Leibniz Association’s doctoral prize in 2022. /
Martin Radenz vom TROPOS (2. v r.) war unter den 10 Nominierten
flir den Promotionspreis der Leibniz-Gemeinschaft im Jahr 2022.
(Photo: Andreas Macke / TROPOS)

model adapted to the current position situation at the
institute has been defined.

To promote the scientific careers of women, the
workshop “Career Promotion” was offered at TROPOS
in June 2023, and the regular FEM Café provides a
platform for exchange, for example on applying for
third-party funding and balancing work and career.

On 10.12.2020, the “berufundfamilie” audit certif-
icate was confirmed following a successful dialogue
process. This gives the certificate, which is regarded
as a seal of quality for a strategically designed family
and life-phase-conscious personnel policy, its perma-
nent character. The 2023-2026 action programme
was drawn up on Dialogue Day 2023.

Promoting young talent. TROPOS actively
promotes young scientists in Bachelor’s and Master’s
programmes, during doctoral projects and beyond.
The institute is closely involved in the development
and implementation of the new Bachelor’s and
Master’s degree programmes at Leipzig University
and is responsible for 12 modules.

Highly qualified employees participate in teaching
at Leipzig University as joint appointments. In addition
to students of meteorology, chemistry and physics
students are also trained at TROPOS (see list, p.
168).

The institute offers young scientists individually
tailored and supervised realisation of their doctorates
within the framework of structured doctoral training.
TROPOQOS staff hold courses at universities, interna-
tional summer schools, training courses and networks
(see list, p. 165).

The Leibniz Graduate School on “Clouds,
Aerosols and Radiation] founded in July 2012, has
established a solid foundation for doctoral training at
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AuBerdem ist TROPOS an den Offentlichkeitsak-
tionen des Deutschen Klimakonsortiums (DKK), des
Klimanavigators und der Leibniz-Gemeinschaft aktiv
beteiligt. 2023 traf sich der Arbeitskreis Presse der
Leibniz-Gemeinschatft in Leipzig, organisiert von den
Leipziger Leibniz-Instituten.

Chancengleichheit und Nachwuchsférderung

Gleichstellung ist am TROPOS als Leitprinzip
implementiert. Das Institut erfiillt damit die Gleich-
stellungsstandards der Leibniz-Gemeinschaft. Ein
wesentliches Instrument dabei ist der Gleichstellungs-
plan, dessen Umsetzung die Chancengleichheit fur
Menschen aller Geschlechter am TROPOS férdern
und nachhaltig sichern soll. Er enthélt schwerpunkt-
maBig MaBnahmen zur absolut diskriminierungsfreien
Zusammenarbeit am Institut vom Einstellungsver-
fahren bis zur weiteren Erhéhung des Anteils von
Frauen im Post-Doc-Bereich, in Festanstellungen,
wissenschaftlichen Flhrungspositionen und Gremien.
Der im August 2022 aufgestellte Plan gilt fir 4 Jahre
und ist Teil des am TROPOS neu implementierten
Personalentwicklungsplanes. TROPOS orientiert sich
in den Zielvorgaben fur die Erhéhung des Frauenan-
teils am Kaskadenmodell der Leibniz-Gemeinschaft,
wobei ein an die momentane institutsspezifische
Stellensituation angepasstes Stufenmodell definiert
wurde.

Zur Férderung der wissenschaftlichen Karrieren
von Frauen wurde im Juni 2023 der Workshop ,Karri-
ereférderung“ am TROPOS angeboten, das regel-
maBig stattfindende FEM-Café bietet eine Austausch-
plattform, zum Beispiel zur Beantragung von Drittmit-
teln und der Vereinbarkeit von Beruf und Karriere.

Zum 10.12.2020 wurde das Zertifikat zum Audit
berufundfamilie nach erfolgreich durchlaufenem
Dialogverfahren bestatigt. Damit erhalt das Zertifikat,
das als Qualitatssiegel fir eine strategisch angelegte
familien- und lebensphasenbewusste Personalpolitik
gilt, seinen dauerhaften Charakter. Am Dialogtag 2023
wurde das Handlungsprogramm 2023-2026 ausgear-
beitet.

Nachwuchsférderung. TROPOS férdert aktiv
den wissenschaftlichen Nachwuchs in der Bachelor-
und Masterausbildung, wahrend der Promotions-
vorhaben und darlUber hinaus. Das Institut ist eng in
die Entwicklung und in die Durchfihrung der neuen
Bachelor- und Masterstudiengénge an der Universitét
Leipzig eingebunden und ist fir 12 Module verant-
wortlich.

Hochqualifizierte Mitarbeiterinnen und Mitarbeiter
beteiligen sich als gemeinsame Berufungen an der
Lehre der Universitat Leipzig. Neben Studierenden der
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TROPOS together with the University of Leipzig and
pools the joint expertise in the coupled areas of “aero-
sols-clouds-radiation” With currently 50 members, it is
part of the Graduate Academy Leipzig (GA).
Promoting young talent contributes to the
successful scientific function of the Institute and to
securing its future. The Institute has also drawn up
a personnel development plan for this purpose. This
represents a framework in which specific measures
and agreements are integrated and labelled accord-
ingly (strategic instruments, personnel planning
according to research strategy, measures and objec-
tives for the selection and induction of personnel,
health management, dual careers and teaming as
well as support for transitions).

Creating the future. TROPOS supports the path
to studying natural sciences by showing career pros-
pects in the field of atmospheric research. Pupils learn
about research work in a fun way and get to talk to
researchers from the STEM field. As part of the STEM
initiative, which aims to get young people interested
in a career in maths, IT, science and technology,
TROPOS also takes part in Girls’ Day, the day of the
future. On this day in 2022, interested schoolgirls
were able to find out about research work and training
opportunities in an interactive online programme and
again directly at the institute in 2023. Two internships
for school pupils and five internships to accompany
their studies were realised in 2022/23.

TROPOS will continue to finance at least one
apprenticeship training position from budget funds in
the coming years.

Significant collaborations and networking in
research

Numerous established networks within the
Leibniz Association, with universities, with Max Planck
Institutes, with institutes of the Helmholtz Association
and at international level demonstrate the current
status of TROPOS networking in interdisciplinary
aerosol and cloud research. TROPOS is similarly
networked at European and global level and is
actively developing research programmes here (see
list, p. 183).

Technological developments at TROPOS lead to
international standards in the experimental direct and
indirect detection of aerosols and hydrometeors from
the ground to the high atmosphere as well as in the
modelling of the complex multiphase system.

Cooperation opportunities within the Leibniz
Association and beyond are being expanded as part
of the Leibniz Association’s competition fund. The
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Meteorologie werden am TROPOS auch Chemie- und
Physikstudierende ausgebildet (siehe Liste, S. 168).

Das Institut bietet jungen Wissenschaftlerinnen
und Wissenschaftlern individuell abgestimmte und
von einem Betreuungsteam begleitete Realisierung
ihrer Promotionen im Rahmen der strukturierten
Promovendenausbildung. Mitarbeitende des TROPOS
halten Kurse an Universitaten, bei internationalen
Sommerschulen, Ausbildungskursen und -netzwerken
(siehe Liste, S. 165).

Die im Juli 2012 gegrindete Leibniz-Graduierten-
schule zu ,Wolken, Aerosolen und Strahlung® hat die
Promovendenausbildung am TROPOS gemeinsam
mit der Universitat Leipzig auf eine solide Grundlage
gestellt und bindelt die gemeinsame Expertise in den
gekoppelten Bereichen ,Aerosole-Wolken-Strahlung*
Sie ist mit aktuell 50 Mitgliedern in der ,Graduate
Academy Leipzig“ (GA) verortet.

Nachwuchsférderung trégt zu einer erfolgreichen
wissenschaftlichen Funktion des Instituts und deren
Sicherung fur die Zukunft bei. Das Institut hat auch
hierfur einen Personalentwicklungsplan erstell. Dieser
stellt einen Rahmen dar, in den konkrete Ma3nahmen
und Vereinbarungen eingebunden und entspre-
chend gekennzeichnet sind (strategische Instru-
mente, Personalplanung nach Forschungsstrategie,
MaBnahmen und Ziele zur Auswahl und Einarbeitung
von Personal, Gesundheitsmanagement, Dual Career
und Teaming sowie Begleitung von Ubergéngen).

Zukunft schaffen. TROPOS unterstltzt den
Weg zum naturwissenschaftlichen Studium, indem
berufliche Perspektiven im Bereich der Atmosphé-
renforschung aufgezeigt werden. Schilerinnen und
Schdler lernen die Forschungsarbeit auf spielerische
Art kennen und kommen mit Forschenden aus dem

Fig./ Abb. 10: Launch of a weather balloon at the “Langen Nacht
der Wissenschaften 2023”in Leipzig. / Start eines Wetterballons bei
der ,Langen Nacht der Wissenschaften 2023“in Leipzig. (Photo: Tilo
Arnhold / TROPOS)

31



Transfer in science and society — overview /
Transfer in Wissenschaft und Gesellschaft — Uberblick

Institute is linked to numerous international organi-
sations through cooperation agreements (see list, p.
183).

TROPOS continues to participate in the
research network Integrated Earth System Research
(IESF), which aims to gain action-relevant knowl-
edge for society about people in the Earth system.
In particular, the ecological carrying capacity of the
Earth system is to be determined and sustainable
development paths derived from this.

TROPOS continues to be involved in the Leibniz
research network “Infections’21’ as well as in the
research network “Crisén” (Environmental Crisis
- Crisis Environments), which emerged from the
research network “Crises in a Globalised World”

TROPOS plays a leading role in the European
research infrastructure network ACTRIS (Aerosols,
Clouds, and Trace Gases Research InfraStructure
Network) and coordinates the German contribution
ACTRIS-D as part of the National Roadmap of the
Federal Ministry of Education and Research. More
than 120 institutions in over 20 countries are already
involved at European level. In June 2022, TROPOS
organised the official ACTRIS-D kick-off event with
partners from politics and science. ACTRIS was offi-
cially established as a European Research Infrastruc-
ture Consortium (ERIC) on 25 April 2023 and has
thus become a mature and sustainable research infra-
structure in 17 countries. The ACTRIS facilities form
the world’s largest multi-site infrastructure for atmos-
pheric research, providing its users with free access

Fig./ Abb. 11: Film premiere on 01.10.2023 in Munich: Tobi Krell
(‘Checker Tobi’), cave expert Xuan-An Amy Truong, Marina M. Blanke
(‘Tobi’s Best Friend’), cloud researcher Mira Péhlker and director
Johannes Honsell, who died in 2023 (from left to right). / Filmpremiere
am 01.10.2023 in Minchen: Tobi Krell (,Checker Tobi*), Hdhlenexpertin
Xuan-An Amy Truong, Marina M. Blanke (,Tobis beste Freundin®),
Wolkenforscherin Mira Péhlker und der 2023 verstorbene Regisseur
Johannes Honsell (v.l.n.r.). (Photo: Christopher Poehlker /| MPIC)
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MINT-Bereich ins Gesprach. Im Rahmen der MINT-
Initiative, die zum Ziel hat, Jugendliche fir einen
Beruf in den Fachern Mathematik, Informatik, Natur-
wissenschaften und Technik zu begeistern, beteiligt
sich TROPOS auch am Girls* Day, dem Zukunftstag.
2022 konnten sich an diesem Tag interessierte Schu-
lerinnen bei einem Online-Programm interaktiv Gber
die Forschungsarbeit und Ausbildungsméglichkeiten
informieren und 2023 wieder am Institut direkt. Zwei
Praktika fir Schuler:innen und funf studienbeglei-
tende Praktika konnten 2022/23 realisiert werden.

TROPOS wird auch in den néachsten 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
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.
183).

Technologische Entwicklungen am TROPOS
fihren zu internationalen Standards in der expe-
rimentellen direkten und indirekten Erfassung von
Aerosolen und Hydrometeoren vom Boden bis zur
hohen Atmosphére sowie in der Modellierung des
komplexen Multiphasensystems.

Im Rahmen des Wettbewerbsfonds der Leibniz-
Gemeinschaft werden die Kooperationsmaoglichkeiten
innerhalb der Leibniz-Gemeinschaft und dartber
hinaus ausgebaut. Durch Kooperationsvereinba-
rungen ist das Institut mit zahlreichen internationalen
Einrichtungen verbunden (siehe Liste, S. 183).

TROPOS beteiligt sich weiterhin am Forschungs-
netzwerk Integrierte Erdsystemforschung (iESF), das
fur die Gesellschaft handlungsrelevante Erkennt-
nisse uber die Menschen im Erdsystem gewinnen
will. Vor allem die 6kologischen Tragféhigkeiten des
Erdsystems sollen bestimmt und daraus nachhaltige
Entwicklungspfade abgeleitet werden.

Am Leibniz-Forschungsverbund ,Infections21“ ist
TROPOS weiterhin beteiligt; ebenso am Forschungs-
netzwerk ,CrisEn” (Environmental Crisis - Crisis Envi-
ronments), dass aus dem Forschungsverbund ,Krisen
einer globalisierten Welt“ entstanden ist.

TROPOS spielt eine fihrende Rolle im Netz-
werk der europdischen Forschungsinfrastruktur
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to instruments, expertise, training opportunities and
data management services.

TROPOS is also still involved in the European
and national roadmap project IAGOS (In-service
Aircraft for a Global Observing System) and, together
with its national partners, has successfully completed
the set-up phase and commenced operations in
December 2022.

In July 2022, the defence of the application
for a new large-scale research centre for climate
adaptation in Leipzig (CLAIRE) took place, to which
TROPOS had contributed research ideas in the field
of air quality and urban health. The decision was
made in favour of the German Centre for Astrophysics
(DZA) and the Centre for the Transformation of Chem-
istry (CTC).

To ensure that the close collaboration with the
Physics and Technology Institute “S. U. Umarov” of the
Academy of Sciences of the Republic of Tajikistan can
continue in the long term, a Memorandum of Under-
standing between the two institutes on joint activities
in the field of atmospheric dust research was signed
in August 2022.

As part of the cooperation agreement with the
German Weather Service (DWD), a joint meeting
was held in December 2022 at which joint research
in the five areas of boundary layer processes, remote
measurement systems, satellite data validation, data
provision and model development was specified. The
next meeting is scheduled for summer 2024 and will
also deal with the topic of air quality.

TROPOS is significantly involved in the devel-
opment of the cluster project “Breathing Nature”
(Breathing Nature: Interactions between Biodiversity,
Climate and Human Behaviour), with which Leipzig
University is entering the current round of the Excel-
lence Strategy of the German federal and state
governments.

The excellent cooperation with the Alfred
Wegener Institute for Polar and Marine Research
continued with workshops on Polarstern cruise plan-
ning, joint flight campaigns and participation in a
wintering at the Neumayer Il station with extensive
measuring equipment from TROPOS.

TROPOS has also expanded its cooperation with
the Max Planck Institute for Chemistry (MPIC) and is
involved in the measurements and scientific publica-
tion of data from the Amazon Tall Tower Observatory
(ATTO) in the tropical rainforest as part of the joint
collaboration. Together with the University of Miami
and the MPIC, TROPOS is responsible for measuring
the physical parameters of aerosols at the Barbados
Atmospheric Chemistry Observatory (BACO).

TROPOS plays a central role in the development
and use of satellite-based earth observation and
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Fig./ Abb. 12: Presentation of the 3 research projects with which
Leipzig University is applying for the Excellence Strategy of the federal
and state governments. Two of which, including “Breathing Nature’,
have reached the final round. / Vorstellung der 3 Forschungsvorhaben,
mit denen sich die Universitét Leipzig in der Exzellenzstrategie des
Bundes und der Lander bewirbt. Zwei davon, darunter ,,Breathing
Naturef sind in die Endrunde gelangt. (Photo: Tilo Arnhold / TROPOS)

ACTRIS (Aerosols, Clouds, and Trace Gases
Research InfraStructure Network) und koordiniert
den deutschen Beitrag ACTRIS-D im Rahmen der
Nationalen Roadmap des Bundesministeriums fir
Bildung und Forschung. Auf européischer Ebene

sind bereits mehr als 120 Institutionen in Uber 20
Landern beteiligt. Im Juni 2022 fuhrte TROPOS die
offizielle Auftaktveranstaltung von ACTRIS-D mit
Partnern aus Politik und Wissenschaft durch. ACTRIS
wurde am 25. April 2023 offiziell als europaisches
Forschungsinfrastruktur-Konsortium (ERIC) gegriindet
und ist damit zu einer ausgereiften und nachhaltigen
Forschungsinfrastruktur in 17 Landern geworden. Die
ACTRIS-Einrichtungen bilden die weltweit groBte,
standortUbergreifende Infrastruktur fir die Atmosphé-
renforschung und bieten ihren Nutzern freien Zugang
zu Instrumenten, Fachwissen, Schulungsméglich-
keiten und Datenverwaltungsdiensten.

Auch im européischen und nationalen Roadmap-
Projekt IAGOS (In-service Aircraft for a Global Obser-
ving System) ist TROPOS weiterhin beteiligt und hat
gemeinsam mit den nationalen Partnern die Aufbau-
phase erfolgreich abgeschlossen und im Dezember
2022 den operationellen Betrieb aufgenommen.

Im Juli 2022 fand die Verteidigung des Antrags
fir ein neues GroBforschungszentrum zur Klimaan-
passung in Leipzig (CLAIRE) statt, zu dem TROPOS
Forschungsideen im Bereich Luftqualitat und urbane
Gesundheit beigesteuert hatte. Die Entscheidung
fiel auf das Deutsche Zentrum fir Astrophysik (DZA)
und das ,,Center for the Transformation of Chemistry*“
(CTC).

Damit die enge Zusammenarbeit mit dem
Physikalisch-Technischen Institut ,,S. U. Umarov*
der Akademie der Wissenschaften der Republik
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JBLICA DE CABO VERDE  BU
LANCAMENTO
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BORATORIO DE ANALISE DE PARTICULAS 8
'bAz "AEROSSOIS TROPOS DO OBSERVATORIO
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Fig./ Abb. 13: Laying of the foundation stone for the new laboratory
building at the international Cape Verde Atmospheric Observatory
(CVAO) with Federal President Frank-Walter Steinmeier and the
President of the Republic of Cabo Verde José Maria Neves. (from
left to right) / Grundsteinlegung fir das neue Laborgebdude am
internationalen Cabo-Verde-Atmosphéaren-Observatorium (CVAO) mit
Bundesprésident Frank-Walter Steinmeier und dem Préasident der
Republik Cabo Verde José Maria Neves (v.l.n.r.). (Photo: Edson Silva
Delgado, GEOMAR)

is involved in the international consortia of the first
wind lidar AEOLUS of the European Space Agency
ESA and the upcoming energy balance system
EarthCARE. TROPOS contributed significantly to the
great success of the AEOLUS mission by providing
continuous global reference measurements for the
validation of wind and aerosol/cloud products from the
beginning to the end of the mission.

TROPOS continues to be involved in developing
the ERATOSTHENES Remote Sensing Centre of
Excellence (ECoE) in Cyprus into a leading digital
innovation hub (DIH) for Earth observation and
geodata. In June 2022, the representatives of all
EXCELSIOR partner organisations met for the 2nd
review meeting. In early February 2023, the TROPOS
remote sensing team visited its Cypriot partners
from the EXCELSIOR project to commission a new
Doppler wind lidar as part of the CARO (Cyprus
Atmospheric Remote Sensing Observatory) facility.

TROPOS participates in the National Initiative
for Earth System Modelling (NatESM). This initiative
aims to promote and efficiently utilise the use of future
supercomputers for components of simulation-based
climate research in Germany.

The Collaborative Research Centre/Transregio
(CRC/TRR) 172 ‘Arctic Amplification: Climate-relevant
Atmospheric and Surface Processes and Feedback
Mechanisms (AC)?” will enter its third funding phase
after a successful evaluation in June 2023 with the
Universities of Leipzig (spokesperson), Bremen and
Cologne as well as the AWI and TROPOS. The over-
arching goal is to achieve fundamental and ground-
breaking progress in our understanding of Arctic
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Tadschikistan langfristig weitergefihrt werden kann,
wurde im August 2022 ein Memorandum of Under-
standing zwischen den beiden Instituten zu gemein-
samen Aktivitdten auf dem Gebiet der atmosphéri-
schen Staubforschung unterzeichnet.

Im Rahmen der Kooperationsvereinbarung
mit dem Deutschen Wetterdienst (DWD) fand im
Dezember 2022 ein gemeinsames Treffen statt, auf
dem gemeinsame Forschung in den finf Bereichen
Grenzschichtprozesse, Fernmesssysteme, Satelliten-
datenvalidierung, Datenbereitstellung, und Modellent-
wicklung konkretisiert wurde. Das néchste Treffen ist
fir Sommer 2024 angesetzt und soll zusatzlich das
Thema Luftqualitéat behandeln.

TROPOS ist maBgeblich an der Entwicklung des
Clustervorhabens ,Breathing Nature (Atmende Natur:
Wechselwirkungen zwischen Biodiversitat, Klima
und menschlichem Verhalten) beteiligt, mit dem die
Universitat Leipzig in die aktuelle Runde der Exzel-
lenzstrategie des Bundes und der Lander geht.

Die exzellente Kooperation mit dem Alfred-
Wegener-Institut fir Polar- und Meeresforschung
wurde im Rahmen von Workshops zur Polarstern-
Fahrtplanung, gemeinsamen Flugkampagnen und der
Beteiligung an einer Uberwinterung an der Neumayer
[lI-Station mit umfangreicher Messausstattung des
TROPOS fortgefuhrt.

Zudem hat TROPOS seine Kooperationen zu
dem Max-Planck-Institut fir Chemie (MPIC) ausge-
baut und beteiligt sich im Rahmen der gemein-
samen Zusammenarbeit an den Messungen und der
wissenschaftlichen Veréffentlichung der Daten vom
Amazon Tall Tower Observatory (ATTO) im tropischen
Regenwald. Zusammen mit der Universitat Miami und
dem MPIC ist TROPOS fiir die Messung der physika-
lischen Parameter der Aerosole am Barbados Atmos-
pheric Chemistry Observatory (BACO) verantwortlich.

TROPOS spielt eine zentrale Rolle in der
Entwicklung und Nutzung der satellitengetragenen
Erdbeobachtung und ist hier an den internationalen
Konsortien des ersten Windlidars AEOLUS der
Europaischen Weltraumorganisation ESA und des
kommenden Energiebilanzsystems EarthCARE betei-
ligt. TROPOS trug maBgeblich zum gro3en Erfolg der
AEOLUS-Mission bei, indem es von Beginn bis zum
Ende der Mission weltweit kontinuierliche Referenz-
messungen zur Validierung der Wind- und Aerosol-/
Wolkenprodukte lieferte.

TROPOS ist weiterhin am Aufbau des Ferner-
kundungszentrums ERATOSTHENES Centre of
Excellence (ECoE) in Zypern zu einem fihrenden
digitalen Innovationszentrum (DIH) fur Erdbeobach-
tung und Geodaten beteiligt. Im Juni 2022 trafen sich
die Vertreter aller EXCELSIOR-Partnerorganisati-
onen zum 2. Review-Meeting. Anfang Februar 2023
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amplification and to improve the reliability of models
for predicting dramatic warming in the Arctic.

Together with TROPOS and other partners,
Leipzig University is applying for a DFG Collabora-
tive Research Centre on Biodiversity and Climate
(CRC “Biodiversity buffers Climate Extremes”). This
application was positively reviewed on 6 December
2022 and invited to submit a full proposal. TROPOS is
also participating in the new DFG Research Training
Group Economics of Connected Natural Commons
(ECO-N) at Leipzig University, which is researching
the sustainable use of natural commons.

The President of the Republic of Cabo Verde
José Maria Neves and German President Frank-
Walter Steinmeier laid the foundation stone for a new
laboratory building at the Cape Verde Atmospheric
Observatory (CVAO) on 5 October 2013 and inau-
gurated the new TROPOS remote sensing station at
the Ocean Science Center Mindelo (OSCM) of the
GEOMAR Research Centre. CVAO is operated by a
consortium of the Cape Verdean Institute of Meteor-
ology and Geophysics (INMG), the Leibniz Institute
for Tropospheric Research (TROPOS) in Leipzig, the
Max Planck Institute for Biogeochemistry in Jena
(MPI-BGC) and the University of York in the UK.

The Chacaltaya Observatory (CHC) in the
Bolivian Andes has officially been one of the most
important climate stations in the world since 11
October 2013. It is the second station in South
America to become part of the “Global Atmospheric
Watch” programme of the World Meteorological
Organisation (WMO). The observatory has been
continuously collecting data on the composition of the
atmosphere for 12 years, in particular on aerosols,
reactive gases and greenhouse gases. The station at
an altitude of 5240 metres is the highest observatory
of its kind in the world and is operated by an interna-
tional consortium. TROPOS has contributed its exper-
tise in measuring aerosols.

In the last two years, TROPOS has intensified
its activities with the German research aircraft HALO
(High Altitude and Long-Range Research Aircraft)
and has been involved in two campaigns on particle
formation in the upper troposphere. In addition, a
campaign to investigate particle formation processes
and their interaction with clouds in the Southern
Ocean is planned for 2025 under the leadership of
TROPOS.

Significant collaborations also exist with impor-
tant research institutes in China, with which joint
studies are often carried out, particularly on air quality
and ocean-atmosphere interactions. The most impor-
tant partners here are Fudan University in Shanghai
and Shandong University with the School of Environ-
mental Science and Engineering in Qingdao.
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besuchte das TROPOS-Fernerkundungsteam seine
zypriotischen Partner aus dem EXCELSIOR-Projekt,
um ein neues Doppler-Wind-Lidar als Teil der CARO
(Cyprus Atmospheric Remote Sensing Observatory)
Anlage in Betrieb zu nehmen.

TROPOS beteiligt sich an der Nationalen Initi-
ative fur Erdsystemmodellierung (NatESM). Diese
Initiative strebt an, den Einsatz zukiinftiger Super-
computer fir Komponenten der simulationsbasierten
Klimaforschung in Deutschland voranzutreiben und
effizient zu nutzen.

Der Sonderforschungsbereich/Transregio (SFB/
TRR) 172 ,Arktische Verstarkung: Klimarelevante
Atmosphéren- und Oberflachenprozesse und Ruick-
kopplungsmechanismen (AC)3 geht nach erfolgrei-
cher Evaluierung im Juni 2023 mit den Universitaten
Leipzig (Sprecher), Bremen und Kéln sowie dem AWI
und TROPOS in die dritte Férderphase. Ubergeord-
netes Ziel ist es, grundlegende und wegweisende
Fortschritte in unserem Verstandnis der arktischen
Verstarkung zu erzielen und die Verl&sslichkeit von
Modellen zur Vorhersage der dramatischen Erwar-
mung in der Arktis zu verbessern.

Die Universitat Leipzig bewirbt sich zusammen
mit TROPOS und anderen Partnern um einen DFG-
Sonderforschungsbereich zu Biodiversitat und Klima
(CRC ,Biodiversity buffers Climate Extremes®). Dieser
Antrag wurde am 06.12.2022 positiv begutachtet und
zum Vollantrag aufgefordert. TROPOS beteiligt sich
ebenfalls am neuen DFG-Graduiertenkolleg Eco-
nomics of Connected Natural Commons (ECO-N) der
Universitat Leipzig, welches die nachhaltige Nutzung
naturlicher Gemeinschaftsgter erforscht.

Der Prasident der Republik Cabo Verde José
Maria Neves und Bundesprasident Frank-Walter
Steinmeier legten am 5.10.23 den Grundstein fir ein
neues Laborgebdude am Cape Verde Atmospheric

Fig./ Abb. 14: Brazilian delegation visits the TROPOS cloud lab on 6
April 2023. / Brasilianische Delegation zu Besuch im Wolkenturm des
TROPOS am 06.04.2023. (Photo: Ina Burkert / TROPOS)
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Fig./ Abb. 15: In November 2022, the green beam of a Polly lidar

was seen over Tirana for the first time. The measurements are the first
of their kind in Albania./ Im November 2022 war erstmals der grine
Strahl eines Polly-Lidars tber Tirana zu sehen. Die Messungen sind die
ersten ihrer Art in Albanien. (Photo: Dietrich Althausen, TROPOS)

Collaboration in research and teaching was
agreed with the Federal University Oye, Ekiti in
Nigeria with a MoU, which resulted from a very
successful research stay at TROPOS by a member of
this university.

Observatory (CVAO) und weihten die neue Ferner-
kundungsstation des TROPOS am Ocean Science
Center Mindelo (OSCM) des GEOMAR Forschungs-
zentrums ein. CVAO wird von einem Konsortium aus
dem kapverdischen Institut fir Meteorologie und
Geophysik (INMG), dem Leibniz-Institut fir Tropo-
sphéarenforschung (TROPOS) in Leipzig, dem Max-
Planck-Institut fir Biogeochemie in Jena (MPI-BGC)
und der Universitéat York in GroBbritannien betrieben.
Das Chacaltaya Observatory (CHC) in den Boli-
vianischen Anden ist seit dem 11.10.23 offiziell eine
der wichtigsten Klimastationen der Welt. Als zweite
Station in Sidamerika wurde sie Teil des Programmes
»Global Atmospheric Watch® der Weltmeteorologieor-
ganisation WMO. Das Observatorium sammelt seit 12
Jahre lang kontinuierlich Daten Uber die Zusammen-
setzung der Atmosphére, insbesondere Uber Aero-
sole, reaktive Gase und Treibhausgase. Die Station
auf 5240 m Héhe ist das hdochste Observatorium
seiner Art weltweit und wird von einem internationalen
Konsortium betrieben. TROPOS hat dabei seine
Expertise beim Messen von Aerosolen eingebracht.
In den letzten zwei Jahren hat TROPOS seine
Aktivitaten mit dem deutschen Forschungsflugzeug
HALO (High Altitude and Long Range Research
Aircraft) verstarkt und war an zwei Kampagnen
zur Partikelneubildung in der oberen Troposphére
beteiligt. AuBerdem ist fir 2025 eine Kampagne zur
Untersuchung von Partikelneubildungsprozessen
und deren Wechselwirkung mit Wolken im stidlichen
Ozean unter der Leitung von TROPOS geplant.
Bedeutende Kooperationen bestehen auch zu
wichtigen Forschungsinstituten in China, mit denen oft
gemeinsame Untersuchungen insbesondere zur Luft-
qualitat und zur Ozean-Atmosphéarenwechselwirkung
durchgefihrt werden. Die wichtigsten Partner hier
sind die Fudan. Universitat in Shanghai und die Shan-
dong-Universitat mit der School of Environmental
Science and Engineering in Qingdao.

Mit der Federal University Oye, Ekiti in Nigeria
wurde eine Zusammenarbeit in Forschung und Lehre
mit einem MoU vereinbart, die sich aus einen sehr
erfolgreichen Forschungsaufenthalt eines Mitglieds
dieser Universitat am TROPOS ergab.
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A €

2022 /2023 21 Mio €
166 / 64 female 7 / 4 Budget in total

Employees Doctoral theses

42 %

83 / 21 female 6 / 12

Scientists Master of Science
29 %

36 / 18 female 2 / 8

Doctoral candidates Bachelor of Sciences

() Federal Ministry of Education and Research
The Free State of Saxony
External Funding

m @ i

2022 / 2023 2022 / 2023 2022 / 2023 2022 / 2023
102 /90 8/6 37 17 /1 20
Publications National National Public events
(peer-reviewed) campaigns cooperations
204/ 315
21/18 49 17 /19
Reviews
International International Press releases
campaigns cooperations

6/9 4/4 140/ 161

Scientific events Long-term Media publications
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Ozone and its precursors in Saxony -
Trends, impacts, and drivers

Dominik van Pinxteren, Yaru Wang, Vanessa Engelhardt, Max Hell, Bernd Heinold, Ralf Wolke, Hartmut Herrmann

Die mittleren Ozonkonzentrationen in Sachsen, Deutschland und Europa bewegen sich seit etwa 20
Jahren auf hohem Niveau und die chronische Belastung fiir Mensch und Vegetation ist immer noch
zu hoch. In einem umfassenden Projekt fiir das sédchsische Umweltlandesamt (LfULG) untersuchte
TROPOS Konzentrationstrends, Auswirkungen auf die Vegetation und wichtige Einflussfaktoren
beziiglich Ozon in Sachsen. Es ergaben sich eine Reihe von Befunden, die in den ersten Teilen
dieses Beitrags beschrieben sind. Ein wichtiger Einflussfaktor, der mangels verfiigbarer experimen-
teller Daten nicht untersucht werden konnte, sind die Konzentrationen fllichtiger organischer
Kohlenwasserstoffe (VOC) als wichtige Ozonvorlauferverbindungen. Um diese Liicke zu schlieBen,
pruft TROPOS in einem weiteren aktuellen Projekt die Eignung kommerzieller Online-GC-Instru-
mente fiir die Integration in Uberwachungsnetze. Erste Ergebnisse und Bewertungen hierzu sind im
letzten Teil des vorliegenden Beitrages wiedergegeben.

Introduction

Ozone is a trace gas acting both as an air pol-
lutant and a short-lived climate forcer (SLCF). It has
a strong impact on human health, vegetation includ-
ing forests and agricultural crops, as well as on the
Earth’s climate.

Processes, sources, sinks and effects involving
ozone have been studied for many decades [Clifton et
al., 2020; Cooper et al., 2014; Monks et al., 2015] and,
for long, have been central in atmospheric chemi-
stry research as a whole. Ozone is exclusively formed
through secondary reactions in the atmosphere. Pri-
marily emitted nitrogen oxides and volatile organic
hydrocarbons (VOCs) as the most important ozone
precursor compounds are linked in a complex chemi-
cal reaction system that contributes to the formation
of tropospheric ozone depending on the prevailing
chemical regime [Seinfeld und Pandis, 1998].

The understanding of these complex funda-
mental relationships led to a reduction in peak ozone
levels, particularly in the 1990s, due to targeted re-
ductions in emissions of precursor compounds which
had often been guided by the respective atmospheric
chemistry research. Since about the year 2000, how-
ever, average ozone concentrations in Germany and
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Saxony have not shown any significant changes any-
more and remain at chronically high levels.

Concerningly, target values for ozone for the pro-
tection of health and vegetation have not been met in
recent years at several air quality monitoring stations
[LFULG, 2019]. The Saxon State Office for the Envi-
ronment, Agriculture and Geology (LfULG) therefore
funded various projects where trends, effects and
influencing factors of ozone in Saxony were compre-
hensively investigated and VOCs as important pre-
cursor substances were measured in a time-resolved
manner using various devices. Selected results of
these projects are presented in the following.

Trends of ozone in Saxony

First of all, and not surprisingly, Ozone in Saxony
shows a clear concentration gradient across the dif-
ferent types of monitoring stations. As can be seen in
Fig. 1, the 5-year average values in 2016 - 2020 are
40 - 45 pg m*® near traffic, 45 - 55 pg m= in the urban
background, around 50 - 60 ug m? in the rural back-
ground and around 70 - 75 ug m* on the Erzgebirge
ridge. Forest stations, for which measured values are
only available during the vegetation period from April
to September, show ozone concentrations that are in
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Fig. 1: Yearly mean values of ozone in Saxony (dots), their 5-year average (square) and min — max range (error bars) for 2026 to 2020.
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Fig. 2: Smoothed trends of yearly mean ozone concentrations for A) all stations from 1997 on, and B) the single station with a longer time series,
starting in 1974 (Radebeul-Wahnsdorf)
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Fig. 3: Ozone trend values at 4 different station types and in 3 different periods (all years since 1997 2006 — 2020, and 2011 — 2020). Solid dots
indicate statistically significant values (p < 0.05), light dots represent non-significant values, the box-plot summarizes the individual station values

and the black square gives the mean value across all stations of one type.

the range of urban and rural background concentra-
tions for identical comparison periods.

The range of about a factor of 2 results from the
locally different influencing factors such as ozone
depletion due to freshly emitted NO from traffic,
increased formation in the rural background from
anthropogenic and biogenic precursors, as well as
increased vertical mixing from higher atmospheric
layers at higher stations.

Depending on the period under consideration,
ozone concentrations in Saxony have changed to a
greater or lesser extent over the past decades. The
most significant changes occurred between 1974 and
the early 2000s, when ozone at the Radebeul-Wahns-
dorf station almost doubled from around 30 to almost
60 pyg m? as an annual average (Fig. 2). Since then,
the concentrations at this and many other stations
show some variation, but usually much less pro-
nounced changes.

To determine trend values of ozone, the
Theil-Sen method was used as a robust and non-
parametric linear trend estimator. Because the exact
value of a linear trend per year often depends on the
exact period under consideration, trends were esti-
mated for the entire period of available data as well as
for the recent 15 and 10 years.

A significant increase of 0.65 yg m2a'is
observed at the DD-Nord traffic station between 1997
and 2020, which is even more pronounced for shorter
observation periods and amounts to 1.2 yg m? a!
for the most recent decade from 2011 - 2020. This
pattern of more pronounced concentration changes
in more recent years is also observed at the other
station types. In the urban and rural background,
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ozone increases from 2011 - 2020 at an average of
around 0.5 pg m® a’' across all stations, whereby
significantly lower, often stagnating and at one station
even slightly decreasing trends are calculated for

all available measurement data since 1997 At the
mountain sites of the Erzgebirge, concentrations have
essentially stagnated in the more recent decade; only
at the Fichtelberg have they decreased significantly at
-0.8 ug m= a’'. For the overall period since 1997, the
decrease was less strong.

Broken down by season, the highest ozone
increasing trends in recent years are observed
particularly in summer, whereas over longer periods
of time, the most significant changes in concentration
often occur in winter (not shown). This shift could be
related to the increasing effects of climate change,
which is increasingly leading to hot and dry summers
in which ozone concentrations can rise sharply.

The trends in mean ozone result from trends
in its concentration ranges, which vary significantly
depending on the type of station. At the traffic station,
mean concentrations increase most sharply around
the 50" percentile, in the urban and rural background
the highest increasing trend values are in the lower
concentration range around the 10™ - 25" percentile
and on the Ore Mountain ridge the lowest concentra-
tions increase most sharply around the 15t percentile
(not shown). At the upper end, the highest concentra-
tions decrease from around the 99" percentile in the
urban and rural background and from around the 75"
percentile in the Ore Mountains.

On the one hand, these different patterns illus-
trate the success of air pollution control measures in
recent years and decades, which have led to a sig-
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nificant drop in peak ozone levels in some cases, but
on the other hand they also show that the persistent
total ozone pollution will probably remain high for
some years to come due to increasing lower, medium
and sometimes even high concentration levels.

An important reason for increasing ozone at
many stations is the significant reduction in NO,
concentrations that have been observed at several
stations, particularly through emission reductions in
the transport sector. This reduces the significance
of local ozone depletion by NO at the monitoring
stations, although the total O, as the sum of NO,
and O, remains constant. This is also reflected in the
studied O, trends, which have essentially stagnated,
particularly in the more recent decade, and have only
decreased slightly over longer periods. The reductions
in emissions of NO, ozone precursors achieved to
date have obviously not led to significantly lower O
concentrations in the long term. A possible reason
is the chemical interplay with VOCs as the second
important precursor group. Continuous precursor VOC
concentrations are, however, not available in Saxony
and hardly available in Germany, which is the main
motivation of the VOC project described below.
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Impacts of ozone on vegetation

Various metrics including concentration-based
ones such as AOT40 or flux-based ones such as the
phytotoxic ozone dose (POD) exist for the assess-
ment of prevailing ozone concentrations with respect
to vegetation risk and damage. Flux-based metrics
are considered advantageous as they better describe
the actual physiologically relevant dose than purely
exposure-based metrics [Denman et al., 2007; Grlin-
hage et al., 2018].

In the project, the flux-based POD values were
calculated for 4 species [VDI, 2020] and at all stations
in the rural background and in the Ore Mountains.
POD time series from 2000 to 2020 were generated
and compared with critical load values and target val-
ues for the receptor species beech, spruce, grassland
and winter wheat. These receptors are considered to
be particularly sensitive to ozone and therefore serve
as representative species for other types of vegeta-
tion.

As can be seen in Fig. 4, phytotoxic ozone doses
were above the critical load values defined in the rel-
evant guidelines for all receptors at all stations and in
almost all years. The POD values at the stations in the
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Ore Mountains are generally higher than in the rural
background. There are only few exceptions, especially
for winter wheat at 1 - 2 rural background stations,
where POD values were below the critical load value
in recent years, but the target value is still clearly ex-
ceeded.

Overall, the flux-based risk assessment showed
that there is a high risk of vegetation damage in Sax-
ony for all species investigated. This leads to losses
in the biomass production of forests and grassland, in
the grain yield of cereals and in the formation of flow-
ers in grassland, which were quantitatively estimated
in the project in relation to reference values. In com-
parison to the critical load value, losses of 2 to almost
20 % resulted, depending on the protection target and
measurement station, which on the one hand mean
significant economic damage and on the other hand
also have an impact on CO, sequestration from the
atmosphere and thus establish a stronger feedback to
climate change.

Drivers of ozone revealed by statistical mod-
elling

In order to investigate other factors influencing
ozone, flexible tree-based machine learning models
(gradient boosting machines) were fit to the data sets
from various stations and the statistical dependencies
of ozone on various predictor variables as resolved by
the models were investigated.

In a base model, local meteorological measure-
ments and temporal proxy variables were used as
predictors, of which relative humidity, temperature,
day of the year, wind direction and wind speed proved
to be the most important for the model. Their influ-
ences were described in partial dependence plots
(PDPs), which statistically describe the quantitative
effects of a variable on mean ozone, adjusted for the
influences of the other variables.

As can be seen in Fig. 5, the influences on mean
ozone determined in the base model were retained in
a similar form for some variables in an extended mod-
el that was supplemented by additional predictor varia-
bles, but also disappeared almost completely for other
variables if one of the newly added variables was able
to better describe the statistical influence on ozone.

In the extended model, the water vapour pres-
sure deficit, the local concentrations of NO, and NO,
the relative humidity, the day of the year, the radiation
along the air mass trajectory and the temperature
were the most important influencing variables for the
Radebeul-Wahnsdorf station and are briefly summa-
rized below. For the base model, it was shown that
very similar statistical dependencies arise at other
station types.
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The water vapor pressure deficit regulates the
opening width of plant stomata and thus has a deci-
sive influence on the sink strength of stomatal deposi-
tion [Lin et al., 2019]. When the water vapor pressure
deficit is high, i.e. the air is warm and dry, plants
increasingly close their stomata in order to avoid
excessive water loss. As a result, average ozone con-
centrations — when adjusted for the other influencing
variables - rise by up to 30 ug m= as the water vapor
pressure deficit increases.

Nitrogen oxides affect ozone in different ways.
On the one hand, NO, is an important precursor com-
pound in the chemical reaction system of ozone for-
mation; on the other hand, however, together with NO
it reduces locally measured ozone concentrations by
shifting the photostationary equilibrium towards NO,
during the day [Clapp und Jenkin, 2001] and reacting
directly with O, at night [Seinfeld und Pandlis, 1998].
Therefore, the local mean ozone concentrations in
the statistical model decrease by up to 50 pg m= at
higher NO,_ concentrations after adjustment for other
effects.

Relative humidity in the base model serves as a
measure of the sink strength of stomatal and non-sto-
matal deposition. While stomatal deposition in the
extended model is statistically better described by the
water vapor pressure deficit, the still high significance
of relative humidity for the extended model corrobo-
rates a strong influence of non-stomatal deposition
on plant or other moist surfaces [Clifton et al., 2020].
The mean ozone concentrations decrease by up to
15 pg m with increasing humidity.

In the statistical model, the day of the year de-
scribes the annual pattern of other influences that are
not sufficiently represented by the other predictor var-
iables. Compared to the measured values and also to
the annual cycle in the base model, it is flatter in the
extended model and only shows a spring maximum.
Such a maximum is usually observed at remote back-
ground stations and presumably describes the strong-
est vertical ozone interference from the stratosphere
in spring [Cooper et al., 2014]. The summer maximum
observed in the measurement data in Saxony, as well
as the typical November minimum, is determined by
the interaction of other influencing variables included
in the model, such as water vapor pressure deficit,
temperature and nitrogen oxides, and is therefore no
longer included in the annual cycle of the extended
model adjusted for these other influences.

The global radiation along the 4-day backward
trajectory of the sampled air mass is a measure of the
photochemical activity in the history of the air mass.
Since a large proportion of locally measured ozone
is always transported to the site, the mean ozone
concentrations in the statistical model increase by up
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to 10 ug m with increasing mean radiation intensity
along the trajectory.

Temperature is one of the most important influ-
encing variables in the base model, but in the extend-
ed model it no longer has a pronounced influence on
mean ozone concentrations. In reality, temperature is
well-known to impact ozone through increased organ-
ic reactivity at high temperatures due to faster chemi-
cal conversions [Pusede et al., 2015] and in particular
through higher concentrations of biogenic precursor
compounds at higher temperatures [Fuentes et al.,
2000; Guenther et al., 2006]. These relationships are
possibly described sufficiently well by the water vapor
pressure deficit in the extended model, which is highly
correlated with temperature with r = 0.8. At tempera-
tures below 0°C, slightly increasing mean ozone con-
centrations are observed, which could be related to

increased precursor concentrations of anthropogenic
VOCs from traffic (cold start) or wood combustion.

The other predictor variables of the extended
model had significantly less impact on ozone, but
most of them still showed interesting and plausible
patterns. In addition, globally less important variables
can still be important for the ozone concentration dur-
ing certain times or shorter episodes.

Therefore, the influences of individual predictor
variables adjusted for the effects of other variables
were calculated for each model value using SHAP
values [Lundberg und Lee, 2017] and discussed for
selected variables over the course of their annual
mean values. This clearly showed, for example, the in-
fluence of the hot and dry summers of 2003 and 2018
- 2020, which were characterized by a very high water
vapour pressure deficit and very low soil moisture.
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model.
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These influences are depicted in the statistical model
and are reflected in the above-average SHAP values
of these variables in these years. These observations
also indicate a slight increase in ozone in Saxony due
to rising concentrations of methane in the continental
background.

Overall, the statistical modelling and the meth-
ods used to explain the model values allowed for a
number of interesting insights into the dependencies
of ozone on various influencing variables. However,
as these are of statistical nature, they are not neces-
sarily causal and need to be interpreted with caution.
Validation with process-oriented modelling would be
beneficial for a deeper understanding.

Time-resolved measurements of VOC as im-
portant ozone precursors

In addition to nitrogen oxides, VOCs are impor-
tant substances from which ground-level ozone can
form in complex reaction chains. In contrast to ozone
and nitrogen oxides, however, VOCs are only very
rarely recorded in air quality monitoring networks in
Germany and Europe, as there are few regulatory
requirements for this. In particular, there are generally
no requirements for recording VOC concentrations
with good temporal resolution beyond a few point
measurements per week.

In order to achieve a better understanding of
ozone formation in the future, particularly with regard
to anthropogenic and biogenic VOCs, the continuous
determination of hourly VOC concentrations with de-
vices from various manufacturers is therefore being
tested in a current project. The aim is to assess the
suitability of commercial systems for integration into
monitoring networks and to assess the quality and
usefulness of the obtained data.

To this purpose, two online GC systems listed
in guideline VDI 2100/5 [2020] and developed for
monitoring network operation by the manufacturers
AMA Instruments (Ulm, Germany) and SynSpec
(Groningen, Netherlands) were installed in the meas-
urement container of the State Operating Company
for Environment and Agriculture (BfUL) in Borna and
operated in parallel for approx. 1.5 years. In addition,
a similar system from Chromatotec (Orleans, France)
was installed only in December 2023, but its data has
still to be evaluated. The systems enable the contin-
uous determination of approx. 60 C2-C12 VOCs in a
wide range of boiling points by automated trapping
on sorbents, transfer to 2 gas chromatographs (for
low- and high-boiling VOCs) by thermal desorption,
separation on suitable chromatographic columns, and
detection by flame ionization or photoionization detec-
tors (FID or PID).
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Unfortunately, operation of both systems failed
several times due to various software or hardware
errors, but over a full year an availability of hourly
or half-hourly measured values of around 70 - 80 %
could still be achieved. Of the approximately 60 cal-
ibrated VOCs, around 20 were determined regularly
with both systems, while the remaining VOCs only
rarely or never showed concentrations above the de-
tection limit. In addition to anthropogenic aliphatic and
aromatic compounds, the most important biogenic
isoprene precursor isoprene is also among the fre-
quently determined VOCs.

The evaluation and peak assignment of the chro-
matograms is automated by the respective device
software. However, significant shortcomings were
found in both systems. Due to fluctuations in tempera-
ture or other external influences, the retention times
of various VOCs sometimes shift and their peaks
are then either assigned to the wrong substance by
the evaluation algorithm or not assigned at all. As a
result, the raw data from both devices often contain
concentration values for some VOCs that do not cor-
respond to the actual concentration, up to zero val-
ues, even though the VOC was present in a measura-
ble concentration. The comparability of the VOC con-
centrations based on the raw data generated by the
devices was therefore often unsatisfactory. In order to
improve comparability, complex and time-consuming
manual checks and corrections of the chromatograms
were necessary to eliminate at least a large part of
the misclassifications. After these corrections, a sig-
nificantly better correlation with coefficients of deter-
mination of approx. 0.7 - 0.8 resulted for many VOCs,
although individual substances still correlated signifi-
cantly worse between the two devices even after the
data correction. In addition to the temporal variability,
the level of the concentration values between the
devices is only partially consistent. For many VOCs,
the AMA system often shows concentration ions that
are on average 1.5 - 3 times higher than the Synspec
system.

The partly large deviations in the concentra-
tions determined between the two devices can have
various causes. Although the design and measuring
principle of both devices are very similar, they do
differ in some details. For example, different sorbents
and sampling volumes are used and it is unclear to
what extent breakthroughs of the analytes are possi-
ble during sampling. It is also unclear to what extent
losses of analytes could occur during drying of the
sampled air masses. Further conclusions about pos-
sible reasons for the deviations are to be drawn from
comparisons with the third device (Chromatotec), with
separately conducted cartridge sampling and offline
analysis, as well as from laboratory tests at the end
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Fig. 6: Temporal profies of A) toluene and B) isoprene obtained over 1 year with the AMA online GC system.

of the measurement campaign. These measurements

are still ongoing.

Even though the comparability between the
devices has not always been convincing, a large

data set of time-resolved VOC concentrations has

been obtained with both systems, which would not
be achievable with manual methods. Figure 6 shows
various temporal profiles for toluene and isoprene as

examples.

For toluene as a marker for petrol emissions, a
peak can be seen in the daily cycle with the morning
rush hour and a drop in concentration by midday. In
the weekly cycle, the concentrations are higher on
working days than on weekends, which is due to the
lower rush-hour traffic on Saturdays and Sundays.
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As a typical marker of biogenic VOC emissions,
a clear diurnal cycle can also be seen for isoprene. At
sunrise, the isoprene concentration rises sharply in
the morning, only to fall again at night after reaching
a peak in the late afternoon. Due to the lack of light,
plants do not emit isoprene at night, so that it can only
react away or be deposited. The annual cycle shows
a strong increase during the vegetation period in the
summer months. From the fall months onwards, the
isoprene concentration drops significantly again.

In general, these initial and preliminary results
show that the data set promises interesting insights
into the temporal progression of various VOCs at
the Borna station, which can also be used in future
studies for a better understanding of local ozone
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sources, in particular through more precise model-
ling of ozone formation chemistry. However, further
quality assurance studies measures are required to
better ensure the reliability of the concentration values
obtained with the various devices.

Summary

Average ozone concentrations in Saxony,
Germany and Europe have remained at high levels
for the past about 20 years and chronic exposure to
humans and vegetation is still too high. In a compre-
hensive project on ozone in Saxony, stagnant or even
increasing trends up to 1.2 yg m= a* were derived
for the station of the Saxonian air quality monitoring
network. Phytotoxic ozone doses were calculated
to lie in a “high risk” range at basically all rural and
mountain sites, causing economic losses in the range
of a few up to 20 %, depending on the species and
protection target. Statistical modelling using machine
learning techniques revealed a number of important
factors driving annual and interannual ozone varia-
tions. The most important ones included the water
vapour pressure deficit, the local concentrations of
NO, and NO, the relative humidity, the day of the
year, the radiation along the air mass trajectory
and the temperature. The non-linear ways in which
ozone depends on these drivers was visualized
from the model output and found to be in general
agreement with current theoretical understanding.
Even factors which do not strongly influence average
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Model assisted vertical in-situ investigation
of aerosols, and aerosol-cloud-turbulence
interactions in the Southern Hemisphere
marine boundary layer: Indications for

new particle formation from terrestrial
precursors

Frank Stratmann’, Guy Coulson?, Silvia Henning', Baseerat Romshoo', Roland Schrédner’, Thomas Conrath’, Sebastian Dising', Julian Hofer’,
Juliane Kalla?, Daniel Morrish?, Sally Gray?, Tony Bromley?, Khanneh Wadinga Fomba', Holger Siebert', Birgit Wehner', Heike Wex', Sarah Grawe',
Stephan Mertes’, Mira Péhlker', Hartmut Herrmann', Ina Tegen', Richard Querel?, Gustavo Olivares?, Gunther Seckmeyer®, and Andreas Macke'

' Leibniz Institute for Tropospheric Research (TROPOS)
2 National Institute of Water and Atmospheric Research (NIWA)
3 Institute of Meteorology and Climatology (IMUK)

Modellierte Wolken liber dem Siidlichen Ozean (SO) lassen zu viel Sonnenlicht bis an die Meereso-
berfliche dringen. Dies fiihrt, im Vergleich zu Beobachtungen, zu einer Uberschitzung der Meereso-
berflachentemperatur, und damit verbunden einer unterschéatzten Meereisausdehnung, einer falschen
Lage der Ozeanzirkulationsgiirtel sowie einer Verlagerung der Sturmwege nach Siiden. Ein wichtiger Teil
dieses Problems ist unser immer noch unvollstédndiges Wissen liber die mikrophysikalischen Eigenschaf-
ten von SO-Wolken, sowie hinsichtlich der kombinierten Einfliisse von Aerosolpartikeln, Thermodynamik,
Grenzschichtdynamik und atmosphérischen und Wolkenturbulenzen auf die Wolkeneigenschaften.

Zur Verbesserung unseres Verstédndnisses bzgl. der Eigenschaften und des Verhaltens siidhemi-
sphéarischer Wolken, wurde im Rahmen des BMBF-geférderten goSouth-Projekts, in enger Zusamme-
narbeit zwischen dem Institut fiir Troposphéarenforschung (TROPOS), Leipzig, dem Institut fiir Meteorol-
ogie und Klimatologie (IMUK), Hannover, und dem National Institute of Water and Atmospheric Research
(NIWA), Neuseeland, eine modellbegleitete mehrwéchige Messkampagne durchgefiihrt. Die Kampagne
fand im Siiden Neuseelands an einem Kiistenstandort in der Ndhe von Pahia statt und umfasste boden-
und ballongestiitzte meteorologische und physikochemische Messungen von Aerosolpartikeln, sowie
bodengestiitzte Fernerkundung und regionale Modellierung.

Auf Grundlage der gewonnenen experimentellen Daten stellen wir zum jetzigen Zeitpunkt die Hy-
pothese auf, dass die beobachteten Partikelneubildung auf Vorldufergase aus terrestrischen Quellen in
Neuseeland zuriickgefiihrt werden kénnen. Eine tiefgreifende Datenauswertung ist im Gange, um diese
Hypothese zu uberprifen.

Die gewonnenen Ergebnisse und Erkenntnisse werden dazu beitragen, unser quantitatives Verstand-
nis und die Modellierung von Aerosol-Wolken-Turbulenz-Wechselwirkungen in der siidlichen Hemisphére
zu verbessern und damit die Einfliisse von Wolken auf Wetter und Klima in der Region des siidlichen
Ozeans zukiinftig besser zu quantifizieren.
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Data $I0, NOAA, US. Navy, NGA, GEBCO.
Image Landsat / Copernicus.

Fig. 1: Measurement location (left), site (middle), and NIWA, IMUK and TROPOS researches (right) at the measurement site near Pahia, NZ.

Introduction

Southern-Ocean (SO) clouds are routinely
misrepresented in the present generation of climate
models that informed the 5th Assessment Report
of IPCC. The modeled SO clouds allow too much
sunlight to penetrate to the ocean surface, causing
a warm sea-surface temperature bias and associ-
ated consequences such as underestimated sea ice
extent, incorrect locations of the ocean circulation
belts, and a southward displacement of the storm
track [Flato et al., 2013]. Also, for the latest generation
of climate models, such misrepresentations of cloud
properties reduce the ability of climate models to
correctly reproduce such important climate properties
such as climate sensitivity [Zelinka et al., 2020].

A major part of this problem is our still incom-
plete knowledge concerning the microphysical prop-
erties [e.g. droplet size distribution and phase state
(liquid or frozen), Choi et al., 2010; Kanitz et al., 2011;
Vergara-Temprado et al., 2018; Villanueva et al., 2020]
of SO clouds, including the combined influences of
aerosol particles, boundary layer dynamics, atmos-
pheric and cloud turbulence, and thermodynamics on
these properties. Respective investigations have been
carried out in the Northern [e.g., Siebert and Shaw,
2017; Ditas et al., 2012], but to our knowledge not in
the Southern Hemisphere.

Some - certainly not enough - data concerning
aerosol particles, CCN, and INP at ground-/sea-levels
in the SO region do exist [e.g., Schmale et al., 2019;
Tatzelt et al., 2022; Quinn et al., 2017; McCluskey et
al., 2018], however the sources of CCN and INP in
the Southern Hemisphere are still unclear. Data from
collocated vertically resolved measurements of particle
properties and the vertical energy and mass transport
(including the exchange between the marine boundary
layer and the free troposphere, i.e., entrainment), to
our knowledge, do not exist in the SO region.

To contribute to closing this significant gap of
knowledge, the Leibniz Institute for Tropospheric
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Research (TROPOS), Germany, the National
Institute of Water and Atmospheric Research (NIWA),
New Zealand, and the Institute for Meteorology
and Climatology (IMUK), Germany, carried out a
model-assisted vertical in-situ investigation of aero-
sols, clouds and aerosol-cloud-turbulence interac-
tions in a Southern Hemisphere marine boundary
layer. The respective project was named goSouth,
and supported by the German Federal Ministry

of Education and Research and the New Zealand
Ministry of Business, Innovation & Employment.

Goals

goSouth had two main purposes, a) the char-
acterization of climate-relevant aerosol processes in
the turbulent boundary layer in the Southern Ocean
region, and b) proof of concept for collaboration
between Germany and NZ with a view to a larger ship
and air-borne program to follow.

To meet these goals, a measurement campaign
was carried out in November 2022 at a site over-
looking Te Waewae Bay near Pahia (46.31°S,
167.71°W, 10 m a.s.l.), about 50 km west of
Invercargill (Fig. 1). Five researchers from TROPOS
and one researcher from IMUK joined the NZ contin-
gent for three weeks of aerosol and turbulence meas-
urements from ground level to 1 km.

The measurement activities were accompanied
by modelling efforts using a convection-permitting
regional configuration of the Met Office Unified Model
(UM) and the aerosol chemistry transport model
ICON-MUSCAT providing local weather predictions,
regional aerosol and gas phase chemistry informa-
tion, and derived CCN and INP concentrations.

Methods
The goSouth project comprised both joined

experimental and modeling activities. Ground-based
and balloon-borne measurements of aerosol physi-
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cochemical properties, as well as meteorological
parameters, including turbulence, were carried out.
At ground level, measured properties were aerosol
particle total number concentration (Condensation
Particle Counter) , aerosol particle number size distri-
bution (Mobility Particle Size Spectrometer), cloud
condensation nuclei number concentration (Cloud
Condensation Nucleus Counter), particle chemical
composition (offline analysis of filter samples) and the
cloud cover (Hemispherical-Sky-Imager). Vertically
measured were the ice nucleating particle concen-
tration (offline analysis of low volume samples and
air-borne filter samples taken with HALFBAC), the full
suite of meteorological parameters, turbulence, and
number concentration of aerosol particles with a diam-
eter between 160 nm and 2.5 pm (Handix POPS).
The partner project LOSTECCA [Lidar
Observations of SpatioTEmporal Contrasts in
Clouds and Aerosols , Hofer et al., 2023] contributed
continuous observations of the vertical distribution
of aerosol, clouds and atmospheric dynamics from
multi-wavelength Raman polarization lidar and
Doppler lidar, as well as integrated measurements of

atmospheric water vapor, liquid water, and aerosol
optical thickness from microwave radiometer and
sun-photometer.

The modeling activities comprised simu-
lations with regional chemistry transport model
ICON-MUSCAT and the meteorological model UM.
The UM was applied in a tailored version for New
Zealand (NZCSM). The model simulations were
already utilized during the campaign for forecasts.
Both, the UM and ICON-MUSCAT are performed in
a nested approach. The outermost domain covers
the Australian deserts and the Southern Ocean
upwind of New Zealand with a horizontal resolution
of ~12 km. The smallest domain is centered around
the campaign measurement site and allows for a
more explicit treatment of many of the atmospheric
processes of interest to this project.

Results
Exemplary results from the goSouth project are

presented in the following, together with initial scien-
tific interpretations and conclusions.
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Fig. 2: From top to bottom, time series (time in UTC) of particle number size distribution and geometric mean diameter (GMD, right axis), CCN
number concentration at different supersaturation SS, wind speed and direction, temperature and relative humidity. Red arrows indicate Helikite

launches (cf. Fig. 5).
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Fig. 3: 3-day back trajectories for the period from 27" to 29" of November 2022.

Ground-based measurements

Data collected during the ground-based meas-
urements, which are representative of the scenarios
for which new particle formation (NPF) was observed,
are shown in Fig. 2. Depicted are, from top to bottom,
time series (time in UTC) of particle number size
distribution and geometric mean diameter (GMD, right
axis), CCN number concentration at different super-
saturation SS, wind speed and direction, temperature
and relative humidity.

Figure 3 depicts 3-day back-trajectories as
calculated with the hybrid single-particle Lagrangian
integrated trajectory (HYSPLIT) model for the time
period from the 18" to the 29" of November 2022.
Red squares indicate time periods during which NPF
was observed.

Based on our analysis (cf. Fig. 2 and 3) we have
identified two distinct NPF events, characterized

by elevated number concentrations (yellowish and/
or reddish colors appearing in the size range below
50 nm). The two events show clearly different
behavior. The late 27" / early 28™ (midday local time)
of November, near ground features air masses form
the Southern Ocean region, however with some
influence from the Southern Alps at higher altitudes,
together with slightly increased number concen-
trations of small particles. The late 28" / early 29"

of November features air masses with significant
influences from the Southern Alps at all altitudes,
and compared to the late 27" / early 28", significantly
higher concentrations in the size range below 50 nm.
It is noteworthy that no NPF was observed earlier on
November 27", when pristine air masses with low
particle number concentrations from the Southern
Ocean region were present, which did not pass over
the Southern Alps. It should be mentioned that the
wind directions measured at the site do not coincide

Fig. 4: Helikite carrying a radio sonde of NIWA and the two TROPOS sondes.
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with back trajectories most of the time. This is
presumably due to local orographic influences (nearby
hill and bay) on wind direction and speed.

In summary, during the goSouth campaign we
have found clear indications for NPF presumably
from terrestrial (Southern Alps) precursors taking
place. However, the in total four observed events (two
presented herein) feature different characteristics
concerning both the formation of new particles and
their growth to CCN size.

Balloon-borne activities

The balloon-borne activities aimed at character-
izing the stratification of meteorological and aerosol
particle properties in- and above the atmospheric
boundary layer at the measurement site. The meas-
urements were carried out using a TROPOS-owned
Helikite (Fig. 4, left) and were accompanied by regular
radio sonde launches by NIWA. From the data we

expect indications concerning momentum, heat, water
vapor and aerosol fluxes from and into the boundary
layer. This information is important in context of iden-
tifying where (free troposphere, boundary layer) NPF
and growth to CCN size took place. Worth mentioning
is that partially strong and fast changing wind condi-
tions at the site made the balloon-borne activities
difficult and lead to a lower than anticipated number of
successful flights.

A total of 7 Helikite flights were conducted.
Figure 5 shows Helikite observations of wind velocity
(hot-wire anemometer; left panel), potential tempera-
ture (thermocouple; middle panel), and relative
humidity (slow response, right panel) as measured
on November 28", 2022 starting at 02:05 UTC
(upper panel) and 23:03 UTC (lower panel) with the
TROPOS turbulence probe.

On early November 28", 2022 (launch at 02:05
UTC, upper panel of Fig. 5) the investigated air
masses were approaching from the south, i.e., from
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Fig. 5: Helikite observations of wind velocity (hot-wire anemometer; left panel), potential temperature (thermocouple; middle panel), and relative
humidity (slow response, right panel) as measured on November 28th, 2022 starting at 02:05 UTC (upper panel) and 23:03 UTC (lower panel).
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the Southern Ocean (see red back trajectory in

Fig. 3, middle panel). A well-mixed surface layer with
a depth of about 200 m had developed. Significant
temperature fluctuations at the top of the surface layer
are indicative for effective mixing probably caused by
wind shear (gradually decreasing wind velocity from
about 7 ms at 200 m to 4 ms" at 350 m altitude).
Within the well-mixed surface layer an increase of
relative humidity with height is observed with about
65% at ground level.

About 20 hours later (lower panels in Fig. 5), the
situation has changed. According to the back trajec-
tories (Fig. 3, right panel), the flow has turned to a
northerly direction, i.e., the investigated air masses
have now passed over the mountains of the Southern
Alps. Compared to the air masses approaching from
the South, the vertical profiles now exhibit a general
cooling of the column with an increased relative
humidity, but also a stabilization of the atmosphere
near the ground. The observed temperature and
velocity fluctuations are dampened and vertical
mixing can be considered as minor.

The aerosol chemical composition of particles
collected during the Helikite flight on November 28™"
and on the ground, using a PM10 impactor sampling
system, showed organic carbon concentrations of up
to 16 pgm= with organic alkane compounds such as
heneicosane (3.1 ngm3), docosane (3.8 ngm=) and
pentacosane (4.4 ngm=3) being observed. These are
compounds that can originate from various organic
materials, including plant waxes, algae, and other
biological sources [Ramasamy and Gopalakrishnan,
2013]. During the flight on November 29™, nona-
cosane (5.4 ngm=3) and tetracosane (4.4 ngm=)
compounds were also observed. The presence of

these organic compounds as well as the elevated
carbon preference index (> 3) observed, highlight
the contribution of biological and terrestrial emis-
sions [Deabji et al., 2021] to the PM composition on
November 28" and 29"

From these observations, we hypothesize, that
the newly formed particles observed on the late 28" /
early 29" of November result either from a local
event, or stem from an upstream near Southern Alps
event and are advected to the measurement site. A
further indication for the latter hypothesis could be
the elevated particle concentrations observed on
late 27" / early 28™ of November, which may as well
result from NPF near the Southern Alps, together
with advection at higher levels and downward mixing.
However, further investigations are needed to verify or
falsify this hypothesis.

Modeling activities

The coupled chemistry transport model ICON-
MUSCAT was set up for a domain covering most of
Australia and New Zealand and finer domains inside.
Simulations were conducted for the time period 15 -
30 November. ICON-MUSCAT model simulations
are driven by reanalysis data of the global ICON
forecast of German Weather Service (DWD) and the
CAMS aerosol and trace gas reanalysis. The emis-
sions of natural aerosol and trace gases (sea salt,
mineral dust, biogenic VOCs) are described in an
online manner, whereas anthropogenic emissions
are prescribed using the global emission inventory
EDGAR. MUSCAT is a mass-based model, i.e., it
directly simulates aerosol mass, but not number. For
sea salt and mineral dust, however, a size-resolved

mineral dust [ug m-3]

1072 1071 100 10! 102
lugm=3]

Sea salt [ug m-3]

1072 1071t 10° 10! 102
[ugm=3]

Fig. 6: Modeled temporal mean mass concentrations of mineral dust (left) and sea salt (right) during 27-30 November 2022.
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Fig. 7: Modeled time series of CCN concentration at the measurement site for supersaturations as presented in Figure 2 (left). Modeled temporal
mean CCN concentration at 0.2 % supersaturation during 27-29 November 2022 (right).

treatment with fixed size bins is used. For all aerosol
constituents other than mineral dust and sea salt,
aerosol number concentrations are inferred by
assuming typical size distributions for these. From
these number concentrations and the already size
resolved aerosol components, CCN concentrations
can be estimated.

The online emission schemes of mineral dust
and sea salt perform reasonably well (Fig. 6 ). Both
mass and number concentration are in the expected
concentration range. Sea salt thereby provides ubiqui-
tous spatially and temporally rather constant back-
ground CCN, however on a low level of only a few up
to 50 cm3. This is offset by anthropogenic contribu-
tions in the model from organic carbon and occasional
mineral dust from Australia. In total at the measure-
ment site for 1 % supersaturation, CCN concentration
of a few 100 cm can be reached in the model (Fig. 7,
left). The modeled CCN concentration generally
match the observations (see Fig. 2), however, the
large CCN number concentrations measured during
the two nucleation events are not seen in the model.
This can be explained by missing NPF, which is not
available in ICON-MUSCAT at present. This process
caused a large increase of the observed CCN for
high supersaturations (0.5 and 1.0 %) during these
events. Due to the lack of very small aerosol particles
in the model during the two NPF events, the CCN
number concentration for low supersaturations (0.1 -
0.2 %) still roughly fits to the observed concentrations
(despite its temporal uncertainty), but are underesti-
mated dramatically for higher supersaturations. Wet
deposition seems to be too efficient in the model as
sudden decreases to very low CCN concentrations
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(such as modeled during the November 29 around
0 UTC and November 27" in the afternoon) were not
seen in the observations (compare to Fig. 2).

Remote sensing activities

In connection with the goSouth-campaign,
remote sensing activities were carried out by the
partner project LOSTECCA. Exemplary Doppler wind
lidar measurements of the vertical wind velocity
during the period of interest from 27-29"" November
2022 are presented Fig. 8.

All these periods are characterized by alternating
up- (yellow and red colors) and downdrafts (green and
blue colors). Periods of persisting up- and downdrafts
are largest on 27", followed by 28™, and lowest on
29" November (00:00 UTC+3 h, respectively). Also,
the magnitudes, apart from those related to clouds
above about 1 km (strong downdrafts), are lower on
29" November.

The elevated particle concentrations, mentioned
above, observed on late 27" / early 28" November
might be related to these changing up- and downdraft
patterns. However, at the Pahia measurement site, the
likelihood of strong upward motion due to orographic
mountain waves might be generally pronounced
due to Pahia Hill (227 m a.s.l.), a landmark in direct
vicinity of the measurement site. Besides the obser-
vations of the Doppler wind lidar, including vertically
resolved information on the horizontal wind velocity,
further investigations in this direction will comprise the
full suite of available remote sensing observations in
combination with above mentioned in-situ observa-
tions and modelling outputs.

57



F. Stratmann et al.: In-situ investigation of aerosols, and aerosol-cloud-turbulence interactions in the Southern Hemisphere marine boundary layer

2000

a)
1750 =

15004
12504

1000 o
750

500

Height [m]

2504 ““

b

i

*l

-HM
|

Mﬂ

Vertical wind velocity [m s™']

0
21:00
26 Nov 2023

2000

00:00
27 Nov 2023
Time [UTC]

2.0
15
1.0
0.5
0.0
-0.5
-1.0
-15
™ -2.0
03:00

27 Nov 2023

17504

1500«

1250

Height [m]
=
(=3
o
o

~
u
o

“ u ‘f..‘w\

|
o
w

Vertical wind velocity [m s]

U
—
=}

|
-
S

2.0
1.5

|
1.0
0.5
’ 0.0
r .

T
00:00
28 Nov 2023
Time [UTC]
2

1250

1000

Height [m]

750

5004

2504

|
N
=}

03:0
28 Nov 2023

Vertical wind velocity [m s™']

0
21:00
28 Nov 2023

T
00:00
29 Nov 2023
Time [UTC]

03400
29 Nov 2023

Fig. 8: Temporal development of vertical wind velocity measured by Doppler wind lidar for +3 h hours around 00:00 UTC on 27" November (a), 28"

November (b), and 29" November 2023 (c).

Conclusions and Outlook

In the framework of the goSouth project, bringing
together existing experimental and modeling systems
from TROPOS, NIWA, and IMUK, a joint model-ac-
companied measurement campaign was conducted
in southern New Zealand at a shore site near Pahia,
NZ.The campaign comprised ground-based and
airborne meteorological and aerosol particle physico-
chemical measurements, as well as regional mode-
ling.

From the gained experimental data, at this stage,
we hypothesize new particle formation from gaseous
precursors emitted from New Zealand terrestrial
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sources. Thorough data evaluation is ongoing to verify
or falsify this hypothesis.

Concerning modeling, ICON-MUSCAT in its
present form is not able to resolve the effect of the
short passage of the air mass over land that presum-
ably led to or favored the observed new particle
formation and growth events. Further refinements in
terms of precursor gas emission and oxidation as well
as nucleation mechanisms making use of precursor
gas mixtures from different sources (marine and
terrestrial VOC, DMS, amines) are planned. Moreover,
INP measurements are still scarce, despite the many
campaigns in the Southern Ocean region in the
recent years. Such data is needed to increase the

TROPOS Biennial Report 2022/2023



F. Stratmann et al.: In-situ investigation of aerosols, and aerosol-cloud-turbulence interactions in the Southern Hemisphere marine boundary layer

knowledge on spatial and temporal variability of INP
and to utilize such comprehensive data sets for model
evaluation and development.

Despite the new and very interesting findings
concerning new particle formation in Southern New
Zealand, future related investigations should be
carried out at a less locally influenced site to obtain
information for marine conditions. Longer measure-
ment periods are favored as challenging conditions
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UTLS wildfire smoke —

a synopsis of Polly

observations in Europe, the Arctic, and
southern South America (2017-2021)
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Klamt, Fabian Senf, Annett Skupin, Philipp Sobek, Audrey Teisseire, Gregor Walter, Ulla Wandinger, Jonas Witthuhn, and Andreas Macke

Enorme Mengen an Waldbrandrauch von auBerordentlich starken Waldbrédnden in Kanada (2017),
Sibirien (2019), Australien (2019-2020) und Kalifornien (2020) gelangten in den letzten Jahren in die
obere Troposphére und untere Stratosphéare (UTLS: Upper Troposphere and Lower Stratosphere).
Die Auswirkungen des Rauchs auf das Klimasystem der Erde wurden am TROPOS in den vergan-
genen Jahren intensiv untersucht. Mithilfe von Polarisations-Raman-Lidarmessungen (Polly:
POrtabLe Lidar sYtem) wurden die optischen Eigenschaften des Rauchs vermessen und einige
Aspekte der Auswirkungen auf das Klimasystem untersucht, insb. der Einfluss des Rauchs auf die
stratosphéarische Ozonschicht sowie auf die heterogene Eisbildung in Zirruswolken.

Introduction

Record-breaking wildfires were raging in the
past years in many parts of the world. Extreme exam-
ples were happening in Canada 2017, Siberia 2019,
Australia 2019-2020, and California 2020. Enormous
amounts of wildfire smoke were injected into the
upper troposphere and lower stratosphere (UTLS)
which resulted in a stratospheric aerosol perturbation
never observed before in the case of forest fire events.

The strong wildfires in British Columbia during
the summer of 2017 were coupled with rather
favorable weather conditions on 12 August 2017 that
triggered the evolution of five major thunderstorms
over western Canada in the afternoon of this day.
Exceptionally strong and well-organized pyrocumu-
lonimbus (pyroCb) clusters developed over the fire
areas and lofted enormous amounts of fire smoke into
the UTLS [Haarig et al., 2018; Ansmann et al., 2018;
Baars et al., 2019].

In the summer of 2019, extreme and long-lasting
wildfires in central and eastern Siberia developed
and were responsible for the UTLS smoke layer that
was observed during the MOSAIC (Multidisciplinary
drifting Observatory for the Study of Arctic Climate)
campaign in the central Arctic between Autumn 2019
and Spring 2020 [Engelmann et al. 2021; Ohneiser et
al., 2021]. The main burning phase lasted from 19 July
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to 14 August 2019. The most intense fires occurred
between 55 and 70°N in close proximity to the Arctic
region. In the absence of strong pyroCb activity, self-
lofting processes were responsible for the vertical
transport of smoke up to the tropopause [Ohneiser et
al., 2021, 2023].

The strongest fires, ever observed in the
Southern Hemisphere, developed in southeastern
Australia in the second half of 2020 [Ohneiser et
al., 2020, 2022; Ansmann et al., 2021]. In combina-
tion with extraordinarily strong pyrocumulonimbus
(pyroCb) activity during the last days of December
2019 and the first days of January 2020, a rather
strong perturbation of the stratospheric aerosol condi-
tions was observed from ground and space.

In 2020, the strongest and longest wildfire
season, ever monitored in California, occurred. A
large amount of smoke was injected into the free
troposphere. The biomass-burning-aerosol (BBA)
layers were partly transported from the US west coast
toward central Europe within 3 — 4 days [Baars et al.,
2020].

Wildfire smoke particles, mainly consisting of
brown carbon with a few percent of black carbon,
considerably absorb solar radiation and can perturb
shortwave and longwave radiative fluxes and thus
dynamical processes. Several Australian smoke
plumes were found to significantly alter the dynamic
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circulation in the lower stratosphere. The potential
of smoke to ascend over several months by heating
the air due to strong light absorption is an important
aspect that significantly prolongs the residence time
of wildfire smoke in the stratosphere. Record-breaking
stratospheric ozone holes formed partly (Arctic, 2020)
and fully (Antarctica, 2020 and 2021) in smoke-pol-
luted air [Ohneiser et al., 2021, 2022]. Clear indica-
tions for an impact of smoke on ozone hole formation
(most pronounced over Antarctica) was found for the
first time [Ansmann et al., 2022]. Evidence was also
found that wildfire smoke particles can initiate cirrus
formation in the tropopause region at —-47 to -53°C
[Ansmann et al., 2023; Mamouri et al., 2023].
Long-term observations of Canadian smoke over
Europe, Siberian smoke over the Arctic, Australian
smoke over South America, and Californian smoke
over Cyprus using a powerful multiwavelength polari-
zation Raman lidar [Engelmann et al., 2016] provided
valuable information on the decay behavior of the
stratospheric perturbation in terms of optical and
microphysical smoke properties. These unique meas-
urements with TROPOS lidars are presented in more
detail in this report.

Results

Canadian fire smoke observed with PollyNET
over Europe in 2017-2018

The smoke of the Canadian forest fires was
transported towards Europe within a week and was
observable with PollyNET (the network of Polly lidar
instruments built by TROPOS; Polly stands for POrt-
abLe Lidar sYstem) in the stratosphere for almost
half a year. For the first time, the large advantage of
a continent-wide network of continuously measuring
lidars [Baars et al., 2016] to monitor the spread of
UTLS aerosol particles and the decay of the strato-
spheric perturbation could be demonstrated in detail.

The Polly observations in Fig. 1a were performed
at Evora (Portugal), the central European stations
of Hohenpeissenberg (Germany), KoSetice (Czech
Republic), and Warsaw (Poland) and in the eastern
Mediterranean (Finokalia on the Greek island of
Crete, Limassol in Cyprus, and Haifa, Israel) show
that the layer top frequently exceeded 20 km (up to
around 23 km) from mid-September 2017 until the end
of the year (Fig. 1a). The main smoke layer extended
from 15 to 20 km. The smoke was frequently detected
over southwestern and central Europe in the begin-
ning of the smoke period (August—September 2017)
and then mostly over the eastern Mediterranean
(October 2017 to January 2018). The data analysis
was stopped at the end of January 2018 because
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no significant smoke layer was found anymore over
Finokalia, Limassol, and Haifa during the following
months. As shown in Fig. 1b, the stratospheric aerosol
optical thickness (AOT) at 532 nm decreased rapidly
from values > 0.2 in August 2017 to values between
0.005 and 0.03 in the beginning of September 2017,
and afterwards the AOT ranged from 0.002 (almost
stratospheric background conditions) to 0.008

with most values between 0.003 and 0.004 (over
Finokalia, Limassol, and Haifa; mid-September to
December 2017).

The AOT fluctuations are partly caused by the
relatively strong impact of signal noise on the retrieval
results. However, atmospheric variability also contrib-
uted to the observed AQOT fluctuations and varying
vertically averaged 532 nm extinction coefficients
shown in Fig. 1c. We observed vertical mean particle
extinction coefficients for the smoke layers from 10
to 200 Mm-" in August 2017, from 2 to 50 Mm~" until
5 September 2017, from 1 to 10 Mm-~" until the end
of September, and from 0.5 to 5 Mm-' (accumulating
around 1 Mm-~") until the end of January 2018. Based
on 731 clear-sky EARLINET nighttime lidar observa-
tions at Leipzig from January 2000 to June 2008, we
conclude that the minimum (or background) strato-
spheric AOT is on the order of 0.001 to 0.002 for the
layer from 1 km above the tropopause to the top of
the identified aerosol structures (< 30 km in height).
When using a typical extinction-to-backscatter ratio of
50 sr (for non-soot particles), the particle extinction
coefficients for stratospheric background conditions
are in the range of 0.1-0.2 Mm~' at 532 nm. More
details are given by Ansmann et al. [2018], Haarig et
al. [2018] and Baars et al. [2019].

The rotating, ascending Australian smoke
disk: A unique atmospheric observation

A new atmospheric phenomenon, never
observed before, was detected in January—March
2020 with the Polly at Punta Arenas, Chile, and the
fleet of spaceborne instrumentation. It coupled smoke
occurrence, aerosol-radiation interaction, and dynam-
ical processes. A striking discovery was the obser-
vation of several rotating stratospheric smoke disks
with diameters of up to 1000 km and vertical extents
of up to 5 km. These disk-like aerosol layers self-or-
ganized themselves as so-called quasi-ellipsoidal
anticyclonic vortices, persisted over weeks to months,
and traveled around the globe. The smoke disks
partly ascended from 15-20 km to up to 35 km height
as a result of self-lofting processes (absorption of
solar radiation by the smoke particles, heating of the
smoke-containing air layers, and subsequent lofting
of these heated layers in the colder environment).
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Wildfire smoke, at such great heights, was never
observed before. The upward moving smoke disks
started to rotate. The heating of the air resulted in an
anticyclonic (i.e., counterclockwise) circulation, with
winds rotating around the plume at about 15 m s='.

This is the first evidence of smoke causing
changes to winds in the stratosphere. This unique
observation opened up a whole new vein of scientific
research. This highly stable vortex persisted in the
stratosphere for over 13 weeks, crossed the Pacific
(from New Zealand to Chile) within 2 weeks, and
hovered above the tip of South America for more than
a week. It then followed a 10-week westbound round-
the-world journey that could be tracked over 66 000
km until the beginning of April 2020. Rotation was
essential in maintaining (stabilizing) the structure of
the vortex for such a long time. All available satellite
observations were analyzed and summarized in the
bachelor thesis of Gregor Walter [2021].

The rotating smoke field drifted with the prevailing
westerly air flow towards South America and stayed
close to the southernmost tip of South America (see
Fig. 2) for 10-12 days, until the beginning of February
2020, and ascended by about 500 m per day. The

center of the vortex was closest to Punta Arenas on
29-30 January 2020. Figure 2a shows the disk-like
structure southwest of two lidar stations at Punta
Arenas (TROPOS Polly) and Rio Grande (lidar of
DLR, Oberpfaffenhofen). The Sentinel-5 UV aerosol
index from 340 and 388 nm is shown for 26 January
2020. Bright blue colors indicate the presence of
absorbing aerosol. The smoke plume was well
detected by the spaceborne CALIOP (Cloud Aerosol
Lidar with Orthogonal Polarization) instrument on 25
January 2020, as shown in Fig. 2b (dashed curve in
Fig. 2a shows the CALIOP track). The smoke vortex
was detected between 19 and 26 km height at lati-
tudes from 52 to 65°S. According to the Punta Arenas
lidar observations in Fig. 2c, parts of the rotating
smoke field covered southern Chile from 24-31
January 2020. The flat base of the dome-like plume
structure (see Fig. 2b) ascended from 19 km on 24
January to 22 km on 30 January and thus with a
speed of about 500 m per day over the Polly lidar site.
During the steady and monotonic ascent, the smoke
reached heights above 22-25 km, at which east-
erly winds dominated, and started to move towards
southern Africa in the following weeks.
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Fig. 1: (a) Overview of lidar observations with seven PollyNET instruments at sites in central Europe, in Portugal, and in the eastern Mediterranean
(see legend in c) of the stratospheric smoke layer [from base to top as colored vertical lines, Baars et al., 2019]. For each station, one nighttime
observation per day is considered. (b) Corresponding smoke layer AOT at 532 nm and estimated column-integrated smoke particle mass
concentration and (c) vertically averaged smoke particle extinction coefficient and corresponding mean particle mass concentration.
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Fig. 2: (a) Sentinel-5 aerosol index (340-380 nm), showing the location of the rotating and ascending smoke vortex southwest of the southernmost
tip of South America on 26 January 2020 from 00:00 to 20:00 UTC. Indicated are two ground-based lidar stations at Punta Arenas and Rio Grande
(white triangles). The white dashed line indicates the CALIOP overpass. (b) CALIOP observation along the overpass track on 25 January 2020
between 05:50 and 06:02 UTC, showing smoke plumes above 20 km and the smoke-filled vortex at latitudes south of 52.5°S in terms of the 532
nm attenuated backscatter coefficient. The thin vertical line at 52.3°S indicates the shortest distance to the two ground-based lidars (triangles in
panel a). (c) The rotating and ascending smoke vortex, as observed with ground-based lidar at Punta Arenas from 24-31 January 2020. Shown is
the range-corrected signal at 1064 nm wavelength in arbitrary units in a logarithmic color scale. The tropopause is indicated by the white dashed
line. Tropospheric clouds and day and night signal background changes caused the many interruptions in the high-quality observations of the
stratospheric smoke. The figures are shown and discussed in detail in Ohneiser et al. [2022].

Comparison of the Canadian (2017), Siberian region towards the midlatitudes in the late spring and

(2019-2020) and Australian (2020-2021) smoke summer of 2020. The Australian fires were by far the

events: Geometrical properties, AOT, and decay strongest and produced a 10—-15 km thick layer over

behavior Punta Arenas (and the entire southern part of the
Southern Hemisphere according to the literature).

In Fig. 3, the three major stratospheric smoke These smoke layers were clearly detectable even 2
events (PNE, Pacific Northwest Event, Canada; years after injection [Ohneiser et al., 2022]. The layer
ANYSO, Australian New Year Super Outbreak; base height of the ANYSO and SILBE smoke layers
SILBE, Slberian Lake Baikal Event) are compared was always close to or slightly below the tropopause
regarding their geometrical and optical properties. (mostly at 8—10 km height). In contrast, the base
As can be seen, the vertical extent of the Canadian height of the PNE smoke layer was typically several
smoke layers was of the order of 1-4 km, and these kilometers above the tropopause. The top height was
smoke layers were clearly observable over Europe mostly around 20 (PNE), 18 (SILBE), and 23-24 km
with lidar up to 150 days after injection only. The Sibe-  (ANYSO). The different top heights had a sensitive
rian smoke formed a 7—-10 km thick layer and was impact on the decay of the stratospheric perturbation
monitored from day 80 up to about 300 days after described in terms of e-folding decay times.
injection over the central Arctic during the MOSAIC In Fig. 3b, the AOT data sets of the three wild-
expedition 2019-2020. From December 2019 to May fire events are compared, and the decay behavior
2020, the smoke was trapped around the North Pole of the different stratospheric perturbations is shown.
under the influence of a rather strong polar vortex. As expected, the PNE AOTs were, on average, 3
The stratospheric perturbation could be observed to 4 times lower than the ANYSO AQTs. In order to
until the strong polar vortex collapsed in May 2020 see a clear reduction in the AOT with time, the PNE
so that the smoke became dispersed over a larger and ANYSO AOTs were computed from the smoke
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extinction coefficients between 13 and 30 km height
and thus for a height range several kilometers above
the tropopause. The decay behavior is indicated

by straight lines in Fig. 3b. In addition, the e-folding
decay times are given as numbers. They were
computed by using the AOT time series from day 40
to 160 (PNE) and from day 60 to 560 (ANYSO). The
first 40—-60 days (after smoke injection) were excluded
because they showed a rather strong AOT variability
and no clear trend. The MOSAIC expedition started

in October 2019 (2-3 months after the strong Sibe-
rian fires) so that all measured AOT values could be
considered in the decay time computation in the case
of the Siberian smoke (SILBE data, in blue in Fig. 3).
In terms of AOT, the ANYSO and SILBE smoke events
were similar. However, strong differences in the decay
behavior of the stratospheric perturbation in the
Northern and Southern Hemispheres were found.

A very large value of the e-folding decay time of 19
months was obtained from the ANYSO AOT data set
and a quite short decay time of 8 months in the case
of PNE (2017). Several processes influence the decay
time.

Besides the sedimentation of particles and self-
lofting of the absorbing smoke particle, horizontal
(meridional) dispersion, and even the growth of the
smoke particles by water uptake and condensation
of gases on the particles have to be considered.
Larger particles produce larger optical effects and

thus lead to an increase in AOT. The top height of the
smoke layer plays an important role as well. The main
ANYSO smoke layer reached to around 24 km height.
And this comparably large top height in combination
with particle sedimentation was responsible for the
e-folding decay time of 19 months. The PNE smoke
was mostly confined between 14 and 20 km height
and thus could be removed relatively quickly (from
the stratosphere above 13 km). Furthermore, complex
horizontal dispersion features in the Northern Hemi-
sphere have been reported in the case of the Cana-
dian smoke event. The smoke became efficiently
distributed towards the tropics and towards the North
Pole within a few weeks. The short decay time for the
High Arctic smoke (SILBE, 2019—2020) of 5 months
is related to the specific polar meteorological condi-
tions (impact of the strong polar vortex) and specific
vertical air mass exchange mechanisms (related to
the Brewer—Dobson circulation) and also to the fact
that the top of the aerosol layer was clearly below 20
km height.

Impact of wildfire smoke on stratospheric
ozone depletion

Figure 4 shows the deviation in the ozone
partial pressure (from the 2000—2019 mean value)
over the Neumayer research station of the Alfred
Wegener Institute (70.6°S, 8.3°W). The daily smoke
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Fig. 3: Comparison of geometrical and optical properties of three stratospheric fire smoke events measured with different Polly instruments
[Ohneiser et al., 2022]. Day 0 is the 12 August 2017 (PNE), 23 July 2019 (SILBE), and 31 December 2019 (ANYSO). Canadian (PNE), Siberian
(SILBE), and Australian (ANYSO) fire smoke data are taken from Baars et al. [2019], Ohneiser et al. [2021], and Ohneiser et al. [2022], respectively.
(a) Overview of Polly observations of UTLS smoke layers (colored bars from layer base to top) in the days after smoke injection into the UTLS
height regime. (b) The 532 nm AOT times series for the different wildfire events; straight lines indicate the decay of the perturbations according to

the given e-folding decay times in months (M).
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Fig. 4: Deviation of each individual ozone profile measured at the Neumayer Station from the respective long-term (2000-2019) monthly mean
ozone profile [Ohneiser et al., 2022]. The base (gray dots) and top heights (black dots) of the Australian smoke layer measured with Polly at Punta

Arenas indicate the smoke-polluted height range.

layer base and top heights, as measured over Punta
Arenas (53.2°S, 70.9°W), are indicated by gray

and black circles, respectively. We assume that the
general structures of the smoke layers as measured
over Punta Arenas were similar to the ones over the
Neumayer station (about 1900 km further south).
Large positive ozone deviations from the long-term
mean were observed in November and December
2019 before the long-lasting decrease in the ozone
partial pressure over about 10 months started. From
October 2020 to January 2021, the largest negative
ozone deviations were found between 12 and 25 km,
well within the Australian smoke layer [Ohneiser

et al., 2022; Ansmann et al., 2022]. As in the case

of the strong ozone depletion over the High Arctic
[Ohneiser et al., 2021], the polar vortex was unusually
strong over Antarctica in July and August 2020. The
large-scale warming of the southern hemispheric
stratosphere as a result of strong absorption of solar
radiation by smoke in January to April 2020 may
have contributed to the development of a strong
vortex over Antarctica in the July—September 2020 by
suppressing large-scale wave activity.

We observed a clear coincidence between the
layer with strongest ozone reduction over the ozone-
sonde stations (14—25 km height range) and the layer
showing an enhanced particle surface area concen-
tration over Punta Arenas (10-24 km height range)
and the height range in which CALIOP detected PSCs
(mostly over Antarctica at heights from 13—-26 km,
Ohneiser et al., 2022; Ansmann et al., 2022].

We assume that, in the PSC height range from
13-26 km, all background particles and most of the
H2S04/H20-coated smoke particles grew due to
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HNOS3 condensation during PSC events. Compared
to PSC-free conditions, the particle surface area con-
centration and thus the potential for halogen activa-
tion strongly increased within the PSCs. The total par-
ticle number concentration is typically a factor of 1.3—2
higher than the number concentration of particles
larger than 50 nm. High numbers of smoke particle
concentrations were found in the PSC height region
during the southern hemispheric winter and spring
months in 2020 and were probably involved in PSC
formation, strong halogen activation, and the result-
ing record-breaking ozone depletion. The findings in
Ohneiser et al. 2021 were highlighted in the Science
magazine by Voosen [2021]. More details are also
given in Ansmann et al. [2022]. Recently, Dinneen
[2023] highlighted our findings regarding Arctic and
Antarctic ozone loss caused by wildfire smoke in the
New Scientist magazine.

Impact of wildfire smoke on ice nucleation in
the upper troposphere

Strong ice nucleation and virga evolution were
observed over Limassol, Cyprus, over many hours
in the evening of 30 October 2020 [Mamouiri et al.,
2023]. The top height of the virga zone always coin-
cided with the lower part of the smoke layer as shown
in Fig. 5. The measurements were performed with a
TROPOS Polly instrument as part of CARO (Cyprus
Atmospheric Remote Sensing Observatory) of the
Eratosthenes Centre of Excellence, Limassol. The
smoke originated from strong Californian wildfires.
The pronounced virga structures point to a relatively
small number of comparably large ice crystals that
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Fig.5: The height-time displays of the range-corrected 1064 nm backscatter signal (equivalent to the 1064 nm attenuated backscatter coefficient),
measured with the TROPOS Polly, shows Californian wildfire smoke layers at 10-11 km height [Mamouri et al., 2023]. Ice nucleation started at the

top of the ice virga zone (white features, at about -50°C). The virga tops coincided with the lower part of the smoke layers.

grew fast and formed these well-organized virga
signatures. A broad crystal size spectrum (causing a
respectively broad spectrum of sedimentation veloc-
ities) would probably not be able to produce such
coherent virga structures over many hours.

Patchy and incoherent cirrus structures would be
more likely. The smoke layer sufficiently overlapped
with the humid region in the uppermost troposphere
and thus was able to influence the development
of cirrus clouds and virga significantly. All this is
discussed in detail in Mamouri et al. [2023]. Based on
lidar observations at Limassol, Cyprus, in the eastern
Mediterranean we found clear evidence for the impact
of wildfire smoke on cirrus formation in the tropo-
pause region. The study of Mamouri et al. [2023] was
selected by the Nature journal as research highlight
[Liverpool, 2023].

Self-lofting of smoke in the free troposphere

Optically thick wildfire smoke layers absorb a
sufficient amount of solar radiation, so that they heat
up and start to ascend as a result of so-called self-
lofting processes. Such a behavior was frequently
observed in the stratosphere but only rarely in the
troposphere.

Figure 6 shows ECRAD (European Centre
for Medium-Range Weather Forecasts Radiation
scheme) model simulations [for details see Ohneiser
et al., 2023] of the ascent of a 2.5.km thick smoke
layer from the lower troposphere to the stratosphere
as a function of AOT. The initial layer center was
at 3 km height (at day 0). The profiles were scaled
to an AOT of 1, 2, and 3, as shown in the legend.
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Three different BC fractions are considered. Again,
daily average heating rates are used, and respec-
tive daily average lofting rates are calculated. In
reality, the smoke layers diverge with time so that the
AQOT decreases. In the scenarios in Fig. 6, the AOT
decreases by 15 % from day to day. On each next day,
the new smoke layer center in terms of extinction is
calculated from the layer center height of the last day
plus the 24 hour mean lofting rate. The layer thickness
is always 2.5 km, and the AOT is 15 % less compared
to the day before. All curves in Fig. 6 indicate
ascending layers that accelerate in the higher tropo-
sphere, although AOT decreases by 15 % per day. At
the tropopause all aerosol layers ascend slowly. The
higher the BC fraction, the higher the finally reached
altitude. After 14 days of lofting, a smoke layer with a
2.5 % BC content would typically be found 1-3 km
below the height of an aerosol layer with a 3.5 %

BC content. A higher BC fraction is directly related

to a larger ascent rate; however, there are too many
free parameters that influence the ascent rate, which
makes it hard to determine the BC fraction from
model simulations when comparing to an observed
lofting rate.

Our simulations show that it is in principle
possible to loft an aerosol layer to the tropopause in
the absence of any pyroCb convection. As the lofting
process is quite efficient in the upper troposphere,
even in the case of moderate pyroCb development
with cloud tops reaching 8—-10 km height only, smoke
layers can easily be lofted higher up into the strato-
sphere.

The self-lofting rate was found to sensitively
depend on the AQT, layer thickness, layer height,
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Fig. 6: Change in the center height of a 2.5 km thick aerosol layer, initially at 3 km height (day 0), during 14 d of continuous lofting (black, blue,
orange, Ohneiser et al., 2023). In the ECRAD simulation, the AOT continuously decreases by 15 % from day to day. Different scenarios with different
initial AOT of 1, 2, and 3 (indicated by index ini) and BC fraction of 2.5 %, 3.5 %, and 15 % are simulated. The dashed gray line represents a typical

tropopause height in the mid-latitudes.

black-carbon-to-organic-carbon ratio, cloudiness,
relative humidity, potential temperature gradient, and
longevity of the smoke layers. The modelling results
showed that smoke can ascend from the lower free
troposphere to the tropopause within 3-7 days by
these self-lofting processes in stable and stagnant
weather conditions.

Summary

Lidar observations of the geometrical, optical,
and microphysical properties of stratospheric smoke
layers originating from four major wildfire events,
occurring in the years 2017-2021, were presented and
the decay of the smoke-related major stratospheric
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Ungeachtet der evidenten Bedeutung von Wolken fiir die Energiebilanz der Erde und ihren hydro-
logischen Zyklus sowie der Tatsache, dass praktisch jedermann in der Lage ist eine Wolke intuitiv bzw.
phanomenologisch zu beschreiben, ist das Problem der metrologischen Wolkendefinition nach wie
vor ungeklart. Eine Ursache hierfiir sind die Unterschiede in den Wolkendefinitionen, wie sie durch die
AMS und die WMO festgelegt sind. Wahrend die AMS-Definition auf der Wolkeneigenschaft der Sicht-
barkeit ("visibility") basiert, ist in der WMO-Definiton die Wahrnehmbarkeit ("perceivability") der Wolke
das bestimmende Kriterium. Auf der Grundlage einer Analyse des Paradoxons der subvisiblen Wolken
haben Spankuch et al. (2022) zur Wolkendefinition tageszeitabhéngige Schwellenwerte der wolkenop-
tischen Dicke unter Verwendung der Koschmiederschen Theorie der meteorologischen Sichtbarkeit
abgeleitet. Um die mit einem einparametrigen Definitionskriterium einhergende Umbestimmtheit der
Wolke zu umgehen, ist in einer weiterfiihrenden Analyse unter Verwendung theoretischer Beziehungen
und semiempirischer Korrelationen ein Kalkulus zur Bestimmung des volumetrischen Extinktionsko-
effizienten, der Radarreflektivitét, des effektiven Wolkentropfenradius, der Wolkentropfenkonzentration
und des Formparameters der zugrundgelegten Wolkentropfenverteilung als Funktion des Wolkenfliis-
sigwassergehaltes entwickelt worden. Die Bestimmung des wolkendefinierenden Fliissigwasserge-
haltes als SchlieBungsbedingung erfolgt auf der Grundlage des thermodynamischen und hydro-
statischen Konzeptes der "Archimedischen Wolke" unter Beriicksichtigung empirischer Befunde zur
Turbulenz an den Wolkenrandern ("twilight zone"). Anhand eines Vergleiches mit mikrophysikalischen
Observablen stratiformer Wolken werden die Méglichkeiten und Grenzen des entwickelten Ansatzes
diskutiert sowie Ansatzpunkte fiir weitere Verbesserungen identifiziert.

Introduction

With a global annual mean cover of =~ 66%
clouds are omnipresent in the Earth atmosphere.
They strongly affect the radiation budget of the Earth
both in the solar and thermal spectral ranges, thus
having a significant impact on weather, hydrology,
climate, air chemistry, and several practical implica-
tions with respect to atmospheric aviation hazards
and solar energy use. The definition of a cloud in
terms of metrology is much more complicated than
suggested by its phenomenological perception
through an observer at the ground. In studies on
regulation and harmonization of terminology in cloud
physics Mazin and Minervin [1993] and Mazin et al.
[2000] emphasized that the concept of “cloud” has
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no clear quantitative definition. In order to eliminate
the existing ambiguity of terminology the authors
demanded precise definitions of principal terms.
Despite extensive studies for decades, Hirsch et al.
[2014] concluded that there is no clear definition of
a cloud. A driving motive for a unique cloud defini-
tion is the dependence of cloud detectability on the
employed instrumentation and the corresponding
measurands by which clouds are characterized.

Cloud definition by the American Meterologi-
cal Society (AMS) and the World Meteorological
Organization (WMO). According to the AMS [2020b]
a “cloud” is defined as (i) a visible aggregate of minute
water droplets and/or ice particles in the atmosphere
above the Earth’s surface. (ii) A cloud differs from fog
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only in that the latter is, by definition, close (a few
meters) to the Earth’s surface. Clouds form in the
free atmosphere as a result of condensation of water
vapor in rising currents of air, or by the evaporation
of the lowest stratum of fog. For condensation to
occur at a low degree of supersaturation, there must
be an abundance of cloud condensation nuclei for
water clouds, or ice nuclei for ice-crystal clouds, at
temperatures substantially above —40°C. The size of
cloud drops varies from one cloud type to another,
and within any given cloud there always exists a finite
range of sizes. Generally, cloud drops (droplets) range
from 1 to 100 pm in diameter, and hence are very
much smaller than raindrops. (iii) Any collection of
particulate matter in the atmosphere dense enough
to be perceptible to the eye, as a dust cloud or smoke
cloud. According to the AMS standing orders “fog” is
defined as water droplets suspended in the atmos-
phere in the vicinity the Earth’s surface that affect
visibility. According to international definition, fog
reduces visibility below 1 km. Fog differs from cloud
only in that the base of fog is at the Earth’s surface
while clouds are above the surface [AMS, 2020c].
According to the WMO [2018, p. 487] a cloud is
defined as an aggregate of very small water droplets,
ice crystals, or a mixture of both, with its base above
the Earth’s surface, which is perceivable from the
observation location.

While the AMS defines a cloud in terms of visi-
bility, i.e., by the eye of an human observer, the WMO
defines it in terms of perceivability, i.e., the perception
can be realized both by a human observer or by an
appropriate instrument. Both definitions are based on
observations or measurements and rely on more or
less arbitrarily defined thresholds of the optical thick-
ness.

Definition obstacles. The main difficulty of
a precise and unambiguous cloud definition is the
variety of cloud metrics across the atmospheric
science community. For example, emphasizing the
dependence of cloud detection on the employed
instrumentation, Mazin et al. [2000] argued that e.qg.
the statistics of the occurrence frequency of cirrus
clouds derived from lidar instrumentation will differ
dramatically from measurements conducted during
aircraft field experiments or based on radar obser-
vations. The traditional classification of clouds into
genera, classes, subclasses, special forms, etc.,
is strongly based on cloud phenomenology and its
perception by a skilled observer. This includes the
visual estimation of cloud height and shape, morpho-
logical and textural features, etc., which are condi-
tioned by the atmospheric layer stability, thermally
and mechanically induced turbulence, the aggregation
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state of water, the evolution stage of the cloud, the
multiscale driving forces such as circulation pattern,
orography, land use. Such phenomenological cloud
classification relies on the primary, empirically scaled
visual observation of atmospheric water condensates.
In contrast to a phenomenological approach to cloud
classification, the treatment of clouds in atmospheric
modeling requires “sharp” metrics that (i) do not

rely on phenomenological features, (ii) are free from
subjective impressions and observational biases,
and (iii) do not require deduction from the notions

of cloud morphology. Instead, cloud description is
usually based on the numerical (and empirically
constrained) evaluation of the conservation laws for
energy (first law), momentum (Navier—Stokes equa-
tion), and mass (mass-continuity equations of humid
air and water in all thermodynamic phases). The inte-
gration of these equations delivers spatiotemporally
evolving cloud variables such as cloud temperature
and pressure together with the mass mixing ratio
and number concentration of water in different ther-
modynamic states of aggregation and hydrometeoric
agglomeration. Cloud formation and dissipation are
controlled by highly nonlinear and interlinked micro-
physical processes, which also set constraints on
cloud definition. From the point of view of modeling,
Spénkuch et al. [2022] tentatively defined a cloud

as a hydrothermodynamic nonequilibrium system of
the coexisting macrophases of water in a turbulent
humid-air atmosphere including (i) the metastable
states of water (supersaturated water vapor, under-
cooled water), (ii) the different hydrometeoric forms
of water condensates, and (iii) primarily emitted and
secondarily formed atmospheric soles (aerosol,
hydrosol) and plasmosols, which are involved in the
phase transitions of atmospheric water by triggering
the removal of metastable states of water into stable
ones by heterogeneous nucleation. This perception
of a cloud is close to those of Schmau3[1919] [cited
in Jaenicke, 2020], who considered a cloudy state of
the atmosphere as a metastable mix moving towards
a stable condition, resembling e.g. a colloidal solution,
which could be constantly changing for years, but
which is not predictable about the time the change
occurs. Comparing colloid chemistry and meteorology,
Schmauf considered e.g. dust as a colloidal solution
of water in air. Considering the notion hydrosol for a
solution of colloids in water and alkosols for a solu-
tion of colloids in alcohol, dust should be classified
as aerosol [Schmau3 1920, 1922, Jaenicke 2020].
Furthermore, aerosol and clouds should be consid-
ered as an entity, the atmospheric aerosol. With
respect to aerosols there the same discrepancy in the
definitions as for clouds [for details see AMS 2020a
and discussion in Spénkuch et al. 2022].
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The requirement for a general cloud definition
arises from the need for harmonizing notions between
atmospheric modeling and observation as well as for
standardizing cloud observations within the frame-
work of the international meteorological observation
network. For a comprehensive review and discus-
sion of the multifaceted aspects of cloud definition
the reader is referred to Spdnkuch et al. [2022].
Depending on the object of investigation and the
observation system, the criteria for the definition of a
cloud might differ [see Spénkuch et al. 2022, Table 1].
For example, cloud physicists define clouds by their
particle concentration or their water and ice content.
Modelers define clouds by their relative humidity and/
or water and ice water content. Radiation experts
define clouds by their optical thickness, and remote
sensing specialists by their reflectance, backscatter,
and/or cloud brightness temperature. Thus, observ-
able cloud characteristics are quite different from the
variables that are used in models to characterize
clouds [Pincus et al. 2012]. The multitude of available
metrics for cloud characterization, however, cannot be
strictly classified according to special application; i.e.,
the one and the same metric can be meaningful for
different applications.

Cloud definition based on the optical concept
of meteorological visibility

Owing to its paramount importance for the mete-
orological practice Spédnkuch et al. [2022] proposed
a new cloud definition on the base of meteorological
visibility as an integral metric that considers both radi-
ative as well as microphysical observables. Starting
point is the paradox of subvisible clouds (SVCs)
[Spénkuch 2018]. Against the background of the AMS
visibility criterion for cloud definition the author raised
the question: Are SVCs clouds or not? Evaluating the
visibility theory of Koschmieder [1924], Spénkuch et
al. [2022, Appendix E] thought about a new visibil-
ity-based criterion for such objects. Brightness is a
basic notion in the visibility theory to scale the subjec-
tive perception of the luminance of a visual target. Let
us consider a black target (subscript ¢) at a distance x
from an observer (setting x = 0 at the target) in front of
a background (subscript ») that is homogeneously illu-
minated with monochromatic light in the visible range
of the electromagnetic spectrum. The atmospheric
reflectance »(x) between an observer and the target is
defined by the ratio of the luminance of the target E, to
the background luminance E (W) [Koschmieder 1924,
Eq. (30):

E¢ 1

Ep(¥)  1+e

£ = Ep(W)-E¢ )
Et

(1)

r(x) =

’
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Here, ¢ denotes the contrast between the target
and the background at the location x. Assuming a
horizontal tangential plane touching the Earth surface
at the location of a groundbased observer, the angle
W denotes the azimuth between two horizontal lines
defined in this plane. The first line connects the
point of the observer with the nadir of the sun in the
tangential plane, and the second line connects the
point of the observer with the nadir of the target in
this plane. At W = 0 the nadirs of the target and the
sun are identical, and at W = = the target is placed
opposite to the sun (target illuminated by the sun). If
the atmosphere between the target and the observer
completely reflects the background light, i.e., r(x) =1,
then the brightness of the target is indistinguishable
from that of the background, £, = E (%), and the
target remains “invisible” to the observer. Vice versa,
if the atmospheric reflectance between the observer
and the target is zero, r(x) = 0, the target must be
completely dark, E (¥) = 0 corresponding to ¢ — 0. To
ensure energy conservation, the reflectance r(x) and
the transmittance #(x) of the atmosphere must fulfil the
following constraint:
rx)+tx)=1. (2)

The atmospheric transmittance depends on
the optical thickness =, which in turn is a function
of light extinction (absorption plus scattering) along
the airmass pathway between the observer and the
target:
t(x) = exp[-T(x)], T(x) = Byex . )

The quantity B, , is the volumetric extinction (or
attenuation) coefficient of the atmosphere (in units of
m™). By virtue of Eq. (1) the luminance contrast C, is
defined by the following relation:

|AE| _
Ep(¥)

C(x) = tx) = exp[_ﬁv,ex]

_ £

1+&(x)

~ g(x) for e(x) K1, AE = E,(¥) —E; . (4)
Defining the contrast in Eq. (4) by taking the
absolute amount of AE, we ensure a positive definite
contrast C,(x) = ¢ > 0 also for the case that the target
is brighter than the background, E, > E,(¥). Setting a
certain minimum contrast threshold ¢ = ¢, one can

immediately determine the visibility of the target
x =x,,_from Eq. (4) [Koschmieder 1924]:

vis ™ Bve £o - Bve €0

_ 1
- Tyis = .Bv,exvis_ In (g) .
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The contrast ratio between two different
distances x, and x, reads:

CLx2)
CpL(x1)

t(xy, %) = = exp[—1(x;, x;)]

» (g, %) = ,Bv,e(xz —x,) . (6)

— £(x2) 1+£(x1)] ~ £(x2)
£(x1) L1+e(xz) £(x1)

The quantities ©(x, x,) and #(x , x,) denote the
optical depth and the transmittance of the airmass
between x, and x,. The transmittance is a product of
three contributions [Spédnkuch 2018]:

t(xy, x7) = tg(xy, x5) te (g, x7) ta(xy, x3) . (7)

Here, ¢, denotes the transmittance of a dry
Rayleigh atmosphere, 7. the transmittance of a
greenhouse gas atmosphere (with absorber gases
H,0, O,, etc.), and ¢, the transmittance of an aerosol
atmosphere. For the wavelength L = 550 nm, at which
the daytime sensitivity of the human eye exceeds
its maximum, Spédnkuch [2018, see references
therein] conducted a monochromatic first-guess
approximation of ¢, ¢ , and ¢, for an atmosphere with
infinite geometrical thickness. With reference to Baur
[1970, p. 525, Table 73], Spédnkuch [2018] assumed
£,(550 nm) = 0.9066. For the greenhouse gas and
aerosol transmittances the author arrived at first
guesses of 7. = 1 and ¢, = 0.65 (for the U.S. Standard
Atmosphere with rural aerosol at a visibility of 25 km),
which yields ¢ = 0.59. This value refers to the whole
atmosphere at vanishing zenith distance and repre-
sents the upper limit of the atmospheric transmittance.

The recognition of a cloud either by a human
observer or an automatic device at the ground (at
distance x,) requires a certain (minimum) contrast.
Investigating a dark target against a bright back-
ground, AE > 0, Koschmieder [1924, 47—48] adopted
g,(x,) = 0.02. In the present case, however, we consider
a bright cloud against a darker (blue) clear-sky back-
ground, AE < 0. By virtue of the definition given by Eq.
(4), we adopt ¢ (x,) = C,(x,) = 0.02 with the constraint
AE <0, which delivers an estimate of the contrast
between the cloud and the clear-sky background in
the vicinity of the cloud (i.e., at a distance x, <x,):

_ CLlx) -
C,(x) = rromp &o(x;) = 0.034 . (8)
As a consequence, the detection of a cloud
against the clear sky requires the cloud luminance
(target) at distance x, to be

|Ep—E¢(x1)| _  &o(x1)
Ep 1+&0(x1)

= g(x) = 34% 9)

higher than that of the clear-sky background.
These values can be interpreted as a required
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increment in cloud reflectance (subscript
c) of Ar, =r(x)) - r (x)=0.034 above a
certain reference state (indicated by subscript
0). By virtue of # (x) = 1 — r(x,) the corre-
sponding increment in cloud transmittance is
At (x) =1 (x)— 1 (x)=-Ar(x)=-0.034. Taking
into account ¢, = exp(-t ) with T, denoting the
cloud optical thickness, the corresponding
increment in cloud optical thickness is given
by At (x) =T (x) -7 (x)=~-At(x) /1 (x) Asa
reference state we define a completely trans-
parent (i.e., in fact not existent) cloud, defined by
7)) =0,¢ (x) =1 and t_(x )= 0. Therewith, one
has r(x,) = 0.034 and 7 (x,) = 1 — 0.034 = 0.966, allowing
the determination of the minimum (threshold) value
of the cloud optical thickness < (x,) at which a cloud
becomes visible against its clear-sky background
for a contrast threshold value at the location of the
observer of g (x,)) = 0:
7.(x;) = —Int.(x;) = 0.035 . (10)
Interestingly, such a threshold cloud with a
transmittance of # (x,) = 0.966, which just ensures
visibility at A = 550 nm, has a higher trans-
mittance than the Rayleigh atmosphere with
1,(550 nm) = 0.9066. The relative enhancement in
transmittance is (¢ -1,)/t, = 9.9 %. The AMS identifies
an aggregate of minute water droplets and/or ice
particles in the atmosphere above the Earth’s surface
as a cloud as soon as it becomes visible [AMS
2020b]. Therewith the reverse conclusion suggests
that aggregates of minute water droplets and/or ice
particles, which are invisible, i.e. with 0 <7 (x ) < 0.034,
0.966 <t (x) <1, and 0 <t (x,) <0.35 are not clouds.
However, if they are not a cloud in terms of visibility,
what they are? They are “subvisible clouds’ a paradox
in terms of the AMS definition [Spénkuch 2018].
On the base of these considerations, Spénkuch
et al. [2022] proposed the following cloud definition: A
meteorological cloud is an aggregate of minute partic-
ulate matter (solid, liquid, or mixed) in the atmosphere
above ground that becomes visible from ground at a
line-of-sight optical depth of at least about T=0.03 at
day and t = 0.05 at night.

Figure 1 displays the integral liquid water path
(LWP) together with the corresponding liquid water
content for a cloud thickness of Az= 100 m as a func-
tion of the effective cloud drop radius R, for the two
cloud-defining threshold values of the optical thick-
ness, i.e., T=0.03 for daytime and t = 0.05 for night-
time. The graphs are calculated according to Hu and
Stamnes [1993]. Analogously, in Fig. 2 the integral
ice water path (IWP) together with the corresponding
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ice water content for a cloud thickness of Az= 100 m
as function of the effective width of the ice crystals

D, is shown. These curves are based on Fu and Liou
[1993]. Fixing the cloud optical thickness allows the
definition of either a warm cloud along the discrimina-
tion line LWP = LWP(R ) or of a cold cloud along the
discrimination line IWP = IWP(D); i.e., the cloud is
defined except for one degree of freedom.

Additional microphysical and optical
constraints defining a warm cloud

Owing to the dependence of T on both the volu-
metric extinction coefficient p,  and the cloud geomet-
rical thickness Az, a t-based cloud definition criterion
implies a certain microphysical and geometrical
indeterminancy of the cloud. To remove this indeter-
minancy, Hellmuth et al. [2024a] made an attempt to
extend the t-based cloud definition of Spédnkuch et
al. [2022] by consideration of further cloud-defining
criteria. The idea of this extension goes back to Mazin
and Minervin [1993], who introduced the notion
“demarcation microstructure diagram” (DMD), and
to Mazin et al. [2000] who defined clouds by means
of the dependence of the cloud drop concentration
N on the effective cloud drop radius R, with either
radar reflectivity Z, volume extinction coefficient 8 ,
or liquid water content (LWC) p_serving as a free
parameter. In a double-logarithmic plot the graphs
N vs. R, appear as straight lines named demarca-
tion lines, the slope and offset of which depend on
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instrument-specific threshold values of Z,p_, or LWC,

respectively. Each line separates the paranieter pair

(&, R) into two regions. In one region, clouds remain

undetected, in the other region (to the right of the

line) clouds are detectable. Thus, the DMD allows an
instrument-specific definition of a cloud at the edges
of detectability upon prescription of threshold values

for instrument-specific measurands together with R,

of the underlying cloud drop population. Based on a

generalization of the DMD concept, Hellmuth et al.

[20243a] proposed a calculus, which is based on five

microphysical and optical constraints to describe (i)

clouds detected by airborne microphysical instru-

ments (AMCs), defined by p, (ii) LIDAR visible clouds

(LVCs), defined by B, , and (iii) RADAR visible clouds

(RVCs), defined by Z.

These five constraints are described below:

1) The AMC-defining LWC is described by the rela-
tionp, = p, (T, P, p, N, R)) derived from the under-
lying theoretical cloud drop size distribution. The
quantity p denotes the shape parameter of the
assumed drop size distribution, and 7 and P are
the temperature and pressure.

2) The LVC-defining volumetric extinction coefficient,
B, is described by two alternative semi-empir-
ical expressions. The first relation is given by
a functional dependence g, = B, (p,), which is
derived by Kunkel [1984] from of measurements
of fog droplet spectra data in several advection
fogs. The second relation is given by a functional
dependence g, = B, .(p,,N), which is obtained

LWP / (gm™)

7=0.03

Invisible range 7 < 0.05

Invisible range 7 < 0.03

LWC(Az=100m) / (1072gm™)

5 10 15 20

30 35 40 45 50 55 60

Effective radius of water droplets R,/um

Fig. 1: Integral liquid water path (LWP) and corresponding liquid water content (LWC) for a water-cloud thickness Az=100 m near zenith as function
of the effective cloud drop radius R, for two different cloud-defining threshold values of the optical thickness: 1=0.03 for daytime and t=0.05 for
nighttime. The areas below the two isolines (T = const.) represent cloud invisibility. The ordinate values are valid for both the LWP in units of g m~
and the LWC in units of 10 g m=. Thus, this cloud will be visible when R, = 12 um at night and 20 um during day (taken from Spénkuch et al. 2022,

Fig. 1].
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Fig. 2: Integral ice water path (IWP) and corresponding ice water content (IWC) for an ice-cloud thickness Az=100 m at zenith as function of the
effective width of the ice crystal De for two different cloud-defining threshold values of the optical thickness: 1=0.03 for daytime and 1=0.05 for
nighttime. The areas below the two isolines (T = const.) represent cloud invisibility. The ordinate values are valid for both the IWP in units of g m~2
and the IWC in units of 10 g m=. An ice cloud at zenith consisting of crystals with D, = 60 um will be visible when IWP is greater than 0.6 g m~ at
day and greater than 0.9 g m-2 during night [taken from Spénkuch et al. 2022, Fig. 2].

from a combination of Koschmieder’s formula
for the meteorological visibility x . = x (B, .)
[Stoelinga and Warner 1999], with a semilempir-
ical relation x . = x . (p,,N) proposed by Gultepe
et al. [2006].

The third relation is a regression function for the
effective radius R, = R(p, B,,), Which is derived
from a parameterization proposed by Hu and
Stamnes [1993] on the base of Mie-theory calcu-
lations.

The fourth relation is the RVC-defining radar
reflectivity Z = Z(p, N, R)) derived from the under-
lying theoretical cloud drop size distribution.
Finally, the fifth relation is given by a semi-empir-
ical power-law dependence of the RVC-defining
radar reflectivity Z = Z(p ) proposed by Plank
[1991] and Pujol et al. [2007].

These relations constitute a simple diagnostic
cloud-defining model (CDM) for the determination of
the parameter set{N, R, p, B, , Z} as a function of p,_
under steady-state condition, i.e. the LWC serves as a
free parameter.

Closure condition: thermodynamic and aero-
dynamic constraints defining a warm cloud

The determination of the cloud-defining LWC

requires a closure condition. The conditio sine qua
non for cloud being — regardless of being visible or
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perceivable — is thermodynamic buoyancy, i.e. “floata-
bility of wet air in a sea of humid air” This requirement
sets a constraint on the LWC, which depends on the
thermo-humid conditions of the ambient air in the
near-cloud environment (the twilight zone). Based

on this requirement Hellmuth et al. [2024b] formulat-
ed constraints for a diagnostic determination of the
cloud-defining value of p_for a quasi-steady state
warm cloud. Such cloud can be approximated by a
wet-air parcel, defined as a composite of humid air
and liquid water. Humid air is described as a non-ideal
mixture of dry air and water vapor. The wet-air parcel
is subject of two restrictive conditions: (i) The humid
air in wet air and the liquid water in wet air are in ther-
modynamic equilibrium, and (ii) the wet-air parcel is
in hydrostatic equilibrium with its ambient humid air.
Such cloud is called ‘Archimedean cloud’ Evaluat-

ing the criterion of cloud floatability by means of the
advanced international seawater standard TEOS-10
[McDougall et al. 2010, Feistel et al. 2010a,b, 2016,
2018, Wright et al. 2010, /IOC, SCOR, and IAPSO
2010, Lovell-Smith et al. 2016], Hellmuth et al. [2024b]
arrived at a governing equation for the LWC threshold
value, p_, = p,.((RH),,,(T),(P)), which ensures the float-
ability of the cloud in ambient air (denoted by angle
brackets) with relative humidity (RH) , temperature (),
and pressure (P). The definition of a cloud at the edg-
es of its detection requires the consideration of small-
scale fluctuations in the determination of the thresh-
old relative humidity (RH),, in the cloud environment.
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This requires an additional closure condition in form
of a metric of cloud fluctuability. With consideration of
disposable phenomenological findings on cloud-wa-
ter statistics, a rather heuristic approach to the de-
termination of a cloud-defining LWC, p_, has been
used. The constraintp_, = p, ((RH), = 0,(7),(P)) =0
implies the requirement of subsaturation of the en-
vironmental air, i.e. (RH), < 1, for cloud-water con-
densation, p_> 0, and cloud floatability. The threshold
value (RH), is tentatively determined employing the
aerodynamic concept of cloud fluctuability in terms
of the turbulence-induced standard deviation of the
relative humidity o, , at the cloud boundaries. The ad
hoc assumption (RH), = 1- o, with o, > 0 ensures
subsaturation of the ambient humid air [Kulmala et
al. 1997] and p_, = p ((RH),,, (T),(P)) > 0, i.e. cloud
floatability. Based on a comprehensive survey of em-
pirical data from the literature, for the present purpose
Oy, = 0.001 (= 0.1 %rh) is used as observed by Ditas et
al. [2012] in the calm region at the cloud base of ma-
rine stratocumulus.

First results

The combination of (i) Koschmieder’s theory of
meteorological visibility to describe VVCs, with (ii) the
generalized Mazin-Minervin approach to describe
AMCs, LVCs, and RVCs, and (iii) the thermodynamic
concept of cloud floatability in conjunction with the
aerodynamic concept of cloud fluctuability allows a
self-consistent diagnostic definition of a cloud at the
edges of its detection in terms of the parameter set
{t.N,R,p,B,, Z p_} The solution of the system of
equations strongly depends on the special choice of
the empirical correlation functions entering the CDM
equations and revealed the existence multiple math-
ematical solutions. A comparison of the calculated
values of {N, R , p_} as functions of p_
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Ground-based remote sensing of aerosol,
clouds, dynamics, and precipitation in
Antarctica - First results from the one-year
COALA campaign at Neumayer Ill Station in

2023

Martin Radenz, Ronny Engelmann, Cristofer Jimenez, Silvia Henning, Holger Schmithiisen, Holger Baars, Markus M. Frey, Rolf Weller, Johannes
Buhl, Johanna Roschke, Lukas Ole Muser, Nellie Wullenweber, Sebastian Zeppenfeld, Hannes Griesche, Ulla Wandinger, Patric Seifert

Die mobile OCEANET-Atmosphere Fernerkundungsstation wurde wahrend des gesamten Jahres
2023 an der deutschen Antarktisstation Neumayer Ill (70.67°S, 8.27°W) betrieben. Der entstandene
ACTRIS-Datensatz mit hohenaufgeldosten Aerosol- und Wolkeneigenschaften ist der erste seiner Art
in diesem Bereich der Antarktis. Bereits jetzt konnten drei wissenschaftliche Hohepunkte aus dem
Herbst und Winter identifiziert werden: 1. Haufig auftretende, langlebige Mischphasenwolken in
Schichten marinen Aerosols; neuartige kombinierte Auswertealgorithmen erlauben fiir diese Wolken
eine SchlieBung zwischen Aerosol- und Wolkeneigenschaften; 2. AuBergewdhnliche Warmluftein-
briche, die starken Schneefall beziehungsweise extrem warme Temperaturen und unterkiihlten
Nieselregen verursachten; 3. Allgegenwértige Aerosolschichten in der Stratosphére, die bis zu 50%
zur gesamten aerosoloptischen Dicke von rund 0.06 bei 500 nm Wellenldnge beigetragen haben.
Tiefgreifendere Auswertungen werden folgen, wie zum Beispiel die Analyse der am Spurenstoffob-
servatorium gesammelten Filterproben auf Eisaktivitat im Kontext der Fernerkundungsbeobach-

tungen.

Introduction

The OCEANET-Atmosphere observatory of
TROPOS was deployed at the Neumayer Il station
[70.67°S, 8.27°W, 42 m a.s.l.; Wesche et al. 2016]
from January to December 2023 (Fig. 1) in the frame-
work of the DFG-funded project Continuous Obser-
vations of Aerosol-cLoud interaction over Antarctica
(COALA). The station is located at the northern
edge of the Ekstrdm Ice Shelf in the Dronning Maud
Land (DML) of the Atlantic Sector of Antarctica. The
coastal area of the DML is often subject to advec-
tion of air masses from lower latitudes triggered by
cyclones over the Weddell Sea. These warm and
moist air masses usually also bring marine and, to
a lesser extent, terrestrial aerosol into the otherwise
pristine environment. Such advection events, which
occur mainly in winter, are usually accompanied by
heavy snowfall. Neumayer lll is the only station on a
floating ice shelf that is manned throughout the year,

TROPOS Biennial Report 2022/2023

providing excellent conditions for studying atmos-
pheric effects on the ice shelf.

For this deployment, the standard OCEANET-At-
mosphere instrumentation (PollyXT Raman polari-
zation Lidar, HATPRO microwave radiometer, Cimel
sun and lunar photometer, and radiation sensors) was
complemented by a Mira-35 cloud radar, a LITRA-S
scanning Doppler lidar, and a Parsivel? optical
disdrometer. Together, these instruments brought
the full ACTRIS aerosol and cloud profiling capabil-
ities to a region where sophisticated ground-based
observations were not available. The synergy of the
different instruments allows for detailed retrievals
of aerosol and cloud properties. The retrieval of ice
crystal number concentrations and sizes is one of the
major challenges. Recently, the variational retrieval
CAPTIVATE [Mason et al. 2017, 2018, 2023] has
been adapted for the ground-based sensors of the
TROPOS lidar-radar remote-sensing stations.
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Fig. 1: OCEANET-Atmosphere container as set up during COALA
400 m south of Neumayer lll station.

Closure study in a shallow mixed-phase cloud

The radiative properties of a shallow mixed-
phase cloud are mainly controlled by the amount of
liquid water that can be maintained despite ice forma-
tion. A detailed understanding of the mechanisms that
form and maintain such clouds requires constraints on
the number concentrations of cloud-relevant aerosol

particles (cloud condensation nuclei, CCN, and
ice-nucleating particles, INP) as well as the number
and size of supercooled droplets and ice crystals. A
typical shallow supercooled cloud was observed on
18 June 2023. A liquid layer with cloud-top temper-
atures between -23 and -26°C was observed for
several hours, as shown in Fig. 2. Ice was continu-
ously precipitating from this liquid layer. Lidar obser-
vations of the clear atmosphere surrounding the
cloud revealed the presence of aerosol up to 3.2 km
height. Using the retrievals of Mamouri and Ansmann
[2016], Ansmann et al. [2019], Bdhl et al. [2019], and
Jimenez et al. [2020], the aerosol optical properties
were converted into microphysical properties. The
concentrations of CCN and INP were in the order of
10 to 50 cm~2 and 10 to 100 m-3, respectively. Cloud
droplet number concentrations derived from the lidar
dual-field-of-view channels were in the range of 20
to 50 cm-3 with effective radii of 7-10 ym. The amount
of ice sedimenting from the liquid layer was about
1.0x10-° kgm~ with a median number concentration
of 150 m~2 and a mean diameter of 260 um. Hence,
the concentrations of cloud-relevant aerosol particles
matched the concentrations of cloud droplets and ice
crystals, respectively, demonstrating that the cloud
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Fig. 2: Mixed-phase cloud developing in a layer of marine aerosol on 18 June 2023. (a) Time series of integrated water vapor (IWV), liquid water
path (LWP), and cloud droplet number concentration (CDNC) 75 m above cloud base. (b) Time series of longwave radiation (LW) and temperature
at the surface. (c) Time-height cross-section of lidar attenuated backscatter coefficient at 1064 nm with temperature from ECMWF's IFS analysis.
(d) Relative humidity derived from the Raman water vapor channel and the temperature fields from ECMWEF’s IFS analysis. (e) Lidar volume linear
depolarization ratio at 532 nm. (f) Time-height cross-section of retrieved ice water content (IWC). (g) Time-height cross-section of retrieved ice
crystal number concentration (ICNC). The dashed boxes in (c) and (e) indicate the plume of strong hygroscopic growth.
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formed in an aerosol-limited regime. In response

to the longwave radiative forcing of the cloud, the
temperature at the surface increased by almost 7 K
within three hours.

Future Work

An overview on the COALA campaign setup
and initial highlights are currently under review for
the Bulletin of the American Meteorological Society
(BAMS). Additionally to the closure between aerosol
and cloud microphysics presented above, two more
scientific highlights during austral fall and winter have
been identified: (1) Two extraordinary warm air intru-
sions, one with intense snowfall produced the equiv-
alent of 10% of the yearly snow accumulation and a
second one accompanied by record high tempera-
tures and heavy icing due to supercooled drizzle; (2)
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Measurements of Aerosol Particles in the
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Der Klimawandel in der Arktis vollzieht sich immer schneller und die Erwdarmung hat sich seit Mitte
der 1960er-Jahre mehr als doppelt so schnell beschleunigt wie im globalen Durchschnitt. Aerosol-
partikel in der Atmosphére spielen eine wesentliche Rolle fiir den arktischen Klimawandel. Aller-
dings gibt es nur wenige Messungen von Aerosolpartikeln in dieser Region. Ziel des ATWAICE-
Projekts ist es, die RuBkonzentration im luftgetragenen Zustand und die Deposition von RuB3 zu
verstehen, ebenso wie den Beitrag der lokalen Partikelemission aus dem Ozean zum gesamten
Haushalt der Aerosolkonzentrationen in der arktischen Meeresgrenzschicht. Weiterhin werden die
steuernden Faktoren fiir turbulente Partikelstréme und die Variabilitédt tiber verschiedenen Oberfla-
chen untersucht, sowie Hauptquellen fiir Partikel in der arktischen Meeresgrenzschicht, die zur

Eisnukleation beitragen.

Introduction

Atmospheric aerosol particles are considered as
important contributors to climate change in the Arctic
climate system. Therefore, it is important to identify
and quantify the aerosol particle sources and sinks,
including vertical transport, and to characterize their
optical properties as well as their impact on cloud
formation. But there are very limited in-situ observa-
tions of aerosol particles over the Arctic Ocean. With
this in mind, we have conducted aerosol measure-
ments using aerosol particle measuring instruments
installed aboard the German ice breaker research
vessel Polarstern (PS-131) during the ATWAICE
(Atlantic Water pathways to the ice in the Nansen
Basin and Fram Strait) cruise. The major objectives of
this study are to understand: (i) What are the contribu-
tions of local particle emission from the ocean and of
new particle formation (NPF) to the entire budget of
Arctic marine boundary layer (MBL) aerosol concen-
trations, and what are the controlling factors of these
processes? (ii) How are refractory black carbon (rBC)
concentrations in the airborne state linked to those
of ocean surface water? (iii) What are the magnitude
and sign of turbulent particle fluxes, and how do they
vary for different surfaces and MBL conditions? (iv)
What are the major sources for ice nucleating parti-
cles (INPs) in the Arctic MBL, and particularly to what

80

extent does the ocean contribute INPs to the Arctic
atmosphere?

Method

The atmospheric aerosol particle measurements
were carried out from 29" June to 12" August 2022.
This includes continuous aerosol particle sampling
using various measurement techniques, and particle
flux and INP measurements during selected periods
where calm conditions allowed us to set up instru-
ments at the frontal outrigger and the crane (Fig. 1).
For continuous measurements of physical, chemical
and optical aerosol parameters, a laboratory container
equipped with aerosol instrumentation was placed on
the top deck of the ship. Continuous aerosol container
measurements included particle number size distri-
butions from 10 nm to 10 pm using a combination of
SMPS (Scanning Mobility Particle Sizer) and APS
(Aerodynamic Particle Sizer), and optical properties,
such as absorption and scattering coefficients, which
were continuously measured by MAAP (Multiangle
Absorption Photometer), aethalometer (AE33), and
nephelometer. Near real-time measurements of the
mixing state and size distribution of airborne BC-con-
taining particles were carried out using the Single
Particle Soot Photometer (SP2). In addition, a high-
volume filter sampler was installed on the roof of the
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container to collect aerosol particles (PM, ) with a
sampling time of 24 h during the cruise to provide
information on the total particle mass concentration
and the chemical composition of the aerosol particles.
Sea water samples were taken regularly throughout
the cruise from the onboard sea water pipeline in
addition to sea ice samples from the ice floe stations.
Frequent occurrence of fog events was observed
during the campaign period. During these events,
fog and cloud water samples were collected with a
sampler placed on top of the aerosol container.
Further, we installed two systems at the bow
crane of the ship for measuring vertical particle fluxes
above different surfaces using the Eddy covariance
and gradient method. For estimating particle fluxes
using Eddy covariance, one temperature-stabilized
box (box 1) equipped with an ultrasonic anemom-
eter and a fast mixing-type condensation particle
counter (MCPC) was installed at the frontal end of
the bow crane’s outrigger. The data acquisition rate
was 20 Hertz. These measurements were carried out
under favourable meteorological conditions and ship
movements. Measurements were avoided when the
ship was breaking the ice due to the heavy shaking
of the bow’s crane. A second box equipped with
an ultrasonic distance sensor and an MCPC was
used to measure the vertical profiles using a winch
installed at a custom-built aluminium rack mounted
at the end of the crane to move them up and down.
These measurements were conducted at specific field
stations under favourable meteorological conditions.
Each profile measurement took 30 minutes with six
measurements of five minutes intervals at different
heights starting from 50 cm to 12 m above the ice/
ocean surface. In addition, filter samples for INPs
were collected using the system installed at the frontal
outrigger. The filter sampler was operated simulta-
neously with the particle flux measurement systems.
Sea water samples were also collected from the

onboard sea water pipeline for INP analysis during
the beginning and end of each filter sample collection
at the frontal outrigger. These samples were later
analysed for INPs using LINA (Leipzig Ice Nucleation
Array) and INDA (Ice Nucleation Droplet Array) [Wex
et al., 2019; Sze et al., 2023] at TROPOS.

Results and Outlook

The aerosol particle size distribution measured
during the cruise is shown in Figure-2. A dominance
of aerosol particles below 100 nm can be seen, espe-
cially in the central Arctic region. Few new particle
formation (NPF) events and subsequent growth were
observed during the cruise. We observed the highest
values of BC concentrations and light scattering
coefficients during the initial phase of the cruise up
to 70°N. These higher values were driven by the rela-
tively higher contributions from the nearby continental
region with higher anthropogenic emission sources.
In addition to this, the observed higher light scat-
tering coefficient during this period was found to be
modulated by emissions from the open ocean sectors.
Further, the measurement period from 16"-19" July
was influenced by a warm airmass intrusion [Kanzow
et al., 2023] when the ship was in the northern part
of marginal ice zone. During this period, we observed
significant enhancement in the light scattering and
absorption properties. Specifically, the values of the
rBC mass concentration enhanced nearly 8-fold
compared to the previous period. The observed mass
median diameters (MMD) of rBC cores were found
to be lowest during 29" June -06" July (~155 nm)
whereas the highest MMD were observed during
the warm airmass intrusion period (>250 nm). The
highest values of MMD during the warm airmass
intrusion period indicates the atmospheric processing
of BC during long-range airmass transport associated
with biomass burning sources. The average MMD

Fig. 1: lllustration of the two installed systems: a) One at the end of the bow crane's outrigger (red), the second underneath the crane at different
heights (yellow). b) ultrasonic wind anemometer with the integrated inlet of box 1 above the ice.
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Fig. 2: Size distribution of aerosol particles (10-800nm) measured during ATWAICE cruise

in the central Arctic during the campaign period is ~
220nm. This is comparable to earlier observations in
the Arctic region [Zanatta et al., 2018; Taketani et al.,
2016]. In addition, lower values of MMD were found
to be comparable to smaller BC cores reported from
urban areas [Laborde et al., 2013]. Differences in
BC properties connected to various emission source
could be the reason for this spatial systematic size
difference. Long-range transport could additionally
alter the BC mass mode, either by coagulation or by
preferential wet removal of larger BC cores. Compa-
rably high INP concentrations of highly ice active
INPs were often found during the cruise. These highly
ice active INPs were destroyed by heating to 90°C
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Mit dem Fesselballonsystem BELUGA wurden Profile vertikaler Aerosolanzahlkonzentration, Aero-
solgrdBenverteilung, Absorption sowie meteorologischer Parameter im arktischen Friihling und
Herbst gemessen. Vertikalprofile sind von entscheidender Bedeutung fiir das Verstandnis von
Aerosol- und Aerosol-Wolken-Interaktionsprozessen und kénnen als Grundlage fiir Modellierungs-
prozesse wie Strahlungstransferrechnungen dienen. Dank der umfassenden Forschungsinfra-
struktur am Messort kénnen bodengebundene Messungen als Ergédnzung und zu Vergleichszwe-
cken hinzugezogen werden. Anhand einer Fallstudie im Mérz 2022 werden diese Ergebnisse
beispielhaft prasentiert. Dieser Tag ist durch starke Verschmutzung durch Partikeltransport aus
Sibirien gepragt und zeichnet sich durch hohe Anzahlkonzentrationen, sowie einen starken Absorp-
tionskoeffizienten aus.

Introduction

Particle dynamics and stratification contribute
to the direct radiative effect through the scattering
and absorption of radiation. Additionally, particles
indirectly influence radiative cooling or warming
through cloud formation processes, serving as cloud
condensation nuclei or ice nucleating particles. This
is particularly relevant under Arctic conditions, as the
system is sensitive to changes in radiative properties
through feedback mechanisms, resulting in faster
warming compared to the rest of the globe. Vertically
resolved profiles of aerosol particles play a crucial
role in understanding aerosol processes in the Arctic
troposphere.

Balloon-borne measurements can bridge the

gap between remote sensing data available from

higher altitudes and ground measurements, providing Fig. 1: Tethered balloon system BELUGA instrument deployment (a)

a Comprehensive prof"e of the lower troposphere in and the Cubic Aerosol Measurement Platform with instrument labelling
terms of aerosol and meteorological parameters. (b.0).

Methods the western coast of Svalbard using the tethered
balloon BELUGA (Balloon-born moduLar Utility for
In fall 2021 (Sep - Nov) and spring 2022 (Mar — profilinG the lower Atmosphere) (Fig. 1) [Egerer et
May) a total of 60 flights up to an altitude of 1500 m al., 2019].The system was equipped with the Cubic
were conducted south of the village Ny-Alesund on Aerosol Measurement Platform (CAMP)[Pilz et al.,
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Fig.2: Overview of the measured aerosol profiles. Different days are separated by black vertical lines. Starting times are denoted. Every flight
consists of ascent and descent depicted touching. Aerosol number concentrations between 12-150 nm in cm-3 are colored on a logarithmic
colorscale. The presence of clouds is marked by the gray background and the that of precipitation by a blue background.

2022] housing two CPCs, measuring particle number
concentration above 8 nm (N,) and 12 nm (N_,), a
Portable Optical Particle Spectrometer providing
particle number concentration from 150 to 2500 nm
(N,,.,5,) @nd a Single Tricolor Absorption Photometer
(absorption coefficient) as depicted in Fig. 1 b, c. The

quantity N is derived by subtracting N from

12-150 150-2500
N

12"
Equivalent black carbon was derived from the

absorption coefficient using a MAC (mass absorp-
tion cross section) of 13.1 m2 g=' [Pilz et al., 2022]. A
Standard Meteo sonde provided temperature, pres-
sure, humidity and wind measurements. The close-by
Zeppelin Observatory, situated at 472 m altitude and
Gruvebadet Laboratory at the ground provide with
long term measurements of aerosol properties.

Results

Flights Overview. An overview of all flights is
shown in Fig. 2. Concentrations of particles between
12 and 150 nm (N,, ) are depicted according to a
logarithmic colormap. The presence of clouds was
derived from ceilometer cloud base height and radar
data. Presence of precipitation was concluded by
agreement of radar data and flight reports. In the fall
of 2021, the frequent occurrence of low-level clouds
was accompanied partly by precipitation and resulted
from multiple low-pressure systems, stemming from
the Icelandic region. Precipitation- and in-cloud-scav-
enging lead often to pristine conditions with the
exception of the 3™ October, where concentrations
increased steadily towards and inside the cloudy
layer. Elevated concentrations above clouds were
observed for three cases, where Beluga surpassed
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cloud top, namely: 27" Oct., 30™ Oct. and 8™ Nov..

On several occasions, highly polluted layers have
been observed close to the ground, which may origi-
nate from local sources or be trapped under a stable
atmosphere. The influence of atmospheric stratifica-
tion is e.g. visible on the 9" Oct., where an inversion
at ~1300 m suppressed mixing of the aerosol-rich
layers near ground. In this case new-particle forma-
tion is a contributor, if not the main source, of the
elevated concentrations. During spring 2022 on the
other hand, mainly high pressure and clear sky condi-
tions dominated the measurement period, leading to
more homogeneous profiles. Exceptions are the 24th
March, with sharp layers of extreme concentrations
trapped under an inversion just below 1000 m, and
the 30" April, with denser aerosol towards a higher ice
cloud between 3 and 6 km.

Case study Arctic Haze. As shown in Fig. 3,
the profiles from 28" March 2022 reveal enhanced
aerosol number concentration of 500 to 650 cm-2 for
N,, 5, @nd 350 to 475 cm=2for N, ... This case fits
typically into the Arctic Haze season, that is charac-
terised by events of high particle number concen-
tration in the late winter and spring Arctic. Backward
trajectory analysis with Hysplit indicates that these
particles were transported from northern Siberia to
the measurement site and are most likely a product
of anthropogenic pollution from high industrial activ-
ities in this area [Kirdyanov et al., 2020]. A layer with
constant aerosol concentration indicates a well-mixed
boundary layer, thus the particles from long range
transport in higher altitudes got mixed to the ground.
Equivalent black carbon shows values of 0.23 pg m-2
to 0.3 pg m=3, which highly exceeds the background
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Fig.3: Vertical profiles of a) potential temperature and relative humidity, b) aerosol number concentration 12-150 nm , c) aerosol number
concentration 150-2500 nm , d) equivalent black carbon and e) wind direction and speed measured on March 28, 2022..

value from 2009 to 2015 of 0.025 pyg m-3[Matsui et al.,
2022].

Values of aerosol extinction coefficient of
45.2 Mm-" for 532 nm from mie modelling with PyMi-
eScatt [Sumlin, Heinson, and Chakrabarty, 2018]
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Articles

Global adjustments to stratospheric smoke
injection from the extreme 2019-2020

Australian wildfires

Fabian Senf, Bernd Heinold, Anne Kubin, Jason Miiller, Roland Schrédner, and Ina Tegen

Waldbrande sind eine bedeutende Quelle fiir absorbierende Aerosole in der Atmosphére. Insbeson-
dere extreme Brande, wie sie in der australischen Waldbrandsaison 2019-2020 (Black-Summer-
Brande) auftraten, kbnnen erhebliche groBraumige Auswirkungen haben unter anderem aufgrund
des Rauchaerosols, das bis zu einer Hohe von 17 km freigesetzt wurde. Mit Hilfe von Simulationen
mit einem globalen Aerosol-Klimamodell kbnnen wir zeigen, dass die Absorption der Sonnenstrah-
lung durch den im emittierten Rauch enthaltenen schwarzen Kohlenstoff zu einem kurzwelligen
Strahlungsantrieb von mehr als +5 W m2 in den siidlichen mittleren Breiten der unteren Strato-
sphére fiihrt. Nachfolgende Anpassungsprozesse in der Stratosphére verlangsamten die diabatisch
angetriebene meridionale Zirkulation, wodurch die Stérung auf globaler Ebene umverteilt wurde.
Infolge dieser stratospharischen Anpassungen entwickelte sich in beiden Hemispharen eine
positive Temperaturstérung, die eine zusatzliche langwellige Ausstrahlung verursachte. Die langwel-
ligen Anpassungen fiihrten zu einer Kompensation der anfénglich positiven Strahlungsantriebs. Die
simulierten Veranderungen in der unteren Stratosphéare wirkten sich durch dynamische Kopplung
auch auf die Wolkeneigenschaften der oberen Troposphére aus. Dies unterstreicht, dass kiinftige
Veranderungen von extremen Waldbranden in die Klimaprojektionen des Aerosol-Strahlungsan-

triebs einbezogen werden miissen.

Introduction

Atmospheric aerosol particles from both anthropo-
genic and natural sources are important climate factors.
The magnitudes of the different aerosol effects remain,
however, highly uncertain [see Forster et al., 2021].
While the overall average effect of aerosol particles on
the radiation balance and surface temperatures is nega-
tive leading to reduction of surface temperatures [Forster
et al., 2021; Thornhill et al., 2021], certain aerosol types,
such as black carbon or soot particles, which originate
from incomplete combustion processes and strongly
absorb light in the spectral range of incident solar radia-
tion, cause a positive radiative effect that counteracts the
cooling caused by the non-absorbing aerosol types. This
absorption of radiation results in heating rate changes
within the aerosol-containing atmospheric layers. In turn,
this heating causes rapid atmospheric adjustments to the
instantaneous aerosol forcing [Sherwood et al., 2015],
and has the potential to alter atmospheric dynamics and
circulation. Such atmospheric adjustments are complex
and include the effects of changes in heating rates on
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boundary layer stability or cloud cover as summarized by
Koch and Del Genio [2010].

Exceptionally strong vegetation fires occurred
in southeastern Australia in December and January
2019-2020 during Australia’s so-called Black Summer.
Several intense pyroconvective events injected massive
smoke amounts into the lower stratosphere [Kablick
et al., 2020; Khaykin et al., 2020]. The resulting smoke
was transported across the southern hemisphere and
was detected in the stratosphere for as long as 2 years
after the event [Ohneiser et al., 2022a]. It had significant
effects on the radiation budget and its instantaneous
positive radiative forcing in the Southern Hemisphere
was estimated to be as high as +0.5W m=2 by Heinold
et al. [2022]. The actual radiative effect by the smoke
aerosol is however lower due to longwave adjustments
in the stratosphere [Yu et al., 2021; Liu et al., 2022]. For
various reasons, a large spread of values for radiative
forcing (RF) by Australian smoke can be found in the
current literature, ranging from around 0.8 Wm-= [cloud
case in Sellitto et al., 2022] to —1.0 Wm=2 [Hirsch and
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Koren, 2021]. To shed more light on the Australian smoke
effects and to extend the work of Heinold et al. [2022],
our recent study [Senf et al., 2023] comprehensively
quantifies the impact of fire aerosol on global circulation
and adjustments using the global simulations with an
aerosol—climate model.

Methods

Global simulations with ECHAM6.3-HAM2.3 were
initialized on 1 October 2019 and integrated forward
until 31 March 2020, i.e., 6 months ahead. Two type
model simulations are performed: nudged runs and
freely running ensemble simulations. For nudging, addi-
tional tendencies are introduced into the momentum
equations such that the horizontal winds simulated by
ECHAM are relaxed towards ERA5 winds. This strategy
is applied to keep the model as close as possible to the
observed meteorology. For the freely running simula-
tions, an ensemble with 36 members was set up with
slightly perturbed mixing in the upper model layers. As
in Heinold et al. [2022], the chosen global model setup
applies prescribed wildfire emissions from the Global
Fire Assimilation System. To realistically represent pyro-
convection, the smoke aerosol is directly introduced
in the model layer above the tropopause with emitted
aerosol masses of 0.6 and 0.2Tg for the two event
periods.

Results and Summary
Shortwave heating by the extreme Australian

smoke event triggers local and non-local temperature
increases in the stratosphere. As part of the stratospheric

adjustments, a positive temperature perturbation
emerges (see Fig. 1). Initially the temperature perturba-
tion develops in the southern mid-latitudes in both the
nudged and the ensemble simulations and subsequently
spreads towards north and south in the following weeks.
While the expansion of the positive temperature pertur-
bation towards the south, i.e., in the poleward direction,
can mainly be attributed to the transport of smoke
aerosol and is therefore much more pronounced in the
nudged runs, the expansion towards the tropics is related
to the changes in the stratospheric circulation (Fig. 2). In
the southern tropics at around 10°S, upward motion lofts
air towards the tropopause region. Between 100 and 200
hPa, the mean flow divides into a northward- and south-
ward-directed branch of the global atmospheric circula-
tion. The northward-directed branch reaches high into
the stratosphere and is known as the Brewer—-Dobson
circulation [Butchart, 2014]. Nudged and ensemble
simulations agree with confidence that due to the effects
of absorbing wildfire smoke, a positive anomaly of the
residual streamfunction develops in southern mid-lat-
itudes and in the tropics. This leads to a reduction in

the strength of the poleward circulation in the Southern
Hemisphere and to an increase in the circulation strength
in the upper northern hemispheric branch. In addition,
Senf et al. [2023] discusses impact of the Australian
smoke onto the troposphere. The amount of cirrus clouds
appeared to be reduced which was caused by a reduc-
tion in relative humidity in the upper troposphere. The
resulting tropospheric adjustments impacted the hydro-
logical cycle, with subsequently reduced amounts of ice
water path, surface precipitation, and evaporation. Due to
energetic constraints, tropospheric circulation was also
affected, with a link between precipitation changes and
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Fig. 1: Temporal evolution of the potential temperature perturbation for the Australian fire case with respect to a no-fire case. Shown is the 1K
contour of the average potential temperature perturbation for the (a) nudged simulations and (b) ensemble simulation that is color coded by time
(see legend). Each second day is presented as beginning with 1 January 2020. Note that the pressure at the vertical axes ranges between 300

and 10hPa [from Senf et al., 2023].
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tropical upward motion, leading to changes in adiabatic
cooling in the tropics.

In summary, we showed in Senf et al. [2023] that
high-reaching smoke plumes from pyroconvection can
cause modifications in the stratospheric circulation. The
consequences of such large-scale circulation changes
due to stratospheric smoke and potential impacts on
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Articles

Peroxyl radicals in the atmospheric

aqueous phase

Thomas Schaefer, Yimu Zhang, Hartmut Herrmann

In der Atmosphére haben sekundare organische Aerosole (SOA) einen erheblichen Einfluss auf die

Luftqualitat. Die Reaktionen in der wéassrigen Phase, die durch freie Radikale in Aerosolen und Wolken-
trépfchen angetrieben werden, kdnnen erheblich zu den Bildungsprozessen von SOA beitragen. Diese
Radikalreaktionen sind komplex und werden von vielen Faktoren beeinflusst, wie zum Beispiel der
Struktur der organischen Spezies, dem pH-Wert und der Temperatur der wéssrigen Phase, welche in der
Atmosphiére einer Anderung unterliegen. Als wichtige Produkte radikal-initiierender Reaktionen spielen
organische Peroxylradikale (RO,’) bei der SOA-Bildung eine wichtige Rolle. Ziel der vorliegenden Studie
ist es, die Reaktionskinetik und -mechanismen von RO, -Radikalen in der wéssrigen Phase sowohl
experimentell als auch mittels der Methoden der theoretischen Chemie zu untersuchen. Hierfiir wurden
die Energiebarrieren fiir die Bildungs-reaktionen der Peroxylradikalspezies berechnet als auch die
Konzentrations-Zeit-Verlaufe in wassriger L6sung bestimmt. Mit diesen Berechnungen und den Absorp-
tionsmessungen in der Laserphotolyse-Langwegabsorptionsapparatur wurden die Spektren der Hydro-

xymethyl-, Hydroxyethyl- und 2-Propanoylperoxylradikale wassriger L6sung ermittelt.

Introduction

In the atmosphere, secondary organic aerosols
(SOA) have a significant impact on air quality vari-
ability [Shiraiwa et al., 2017]. The reactions in the
aqueous phase driven by radicals in atmospheric
aerosols and cloud droplets can contribute signifi-
cantly to the formation processes of SOA. Free radical
reactions are complex and are influenced by many
factors, such as the structure of the organic species,
the pH and the temperature of the aqueous phase,
all of which change frequently in the real atmosphere.
[Herrmann et al., 2015] As important products of radi-
cal-initiating reactions, organic peroxyl radicals (RO,’)
play an important role in SOA formation. These RO,
radicals behave differently depending on their struc-
ture, either by unimolecular decomposition or by a
recombination reaction. [Herrmann et al., 2015].
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The aim of the present study is to investigate the
reaction kinetics and mechanisms of RO, radicals
in the aqueous phase both experimentally and using
theoretical chemistry.

Methods

Spectroscopic studies. The RO, radicals
were formed by the reaction of the organic precursor
compound with OH radicals, which originated from
the photolysis of hydrogen peroxide (H,0,). The alkyl
radical is then formed by a hydrogen atom abstraction
followed by an O, addition reaction resulting in RO,
formation. The experimental studies of the peroxyl
radicals and their properties were performed by the
laser photolysis - long path absorption (LP-LPA)
setup. Briefly, this setup includes a cuboid reaction
flow cell (3.5 cm long, 4 cm wide, 2 cm high), an
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Fig. 1: The energy barriers for the 2-propanoyl peroxyl radical formation are shown on the left side (A) of the figure. On the right side (B) the
modelled concentration-time profiles of the different radical species in the aqueous phase are depicted.

excimer laser as photolysis light source at A = 248
nm, a light source, a White cell mirror configuration in
order to increase the absorption path length, and a
detector. In case of the spectroscopic studies a deute-
rium lamp was used in combination with an intensified
charge-coupled device (ICCD) camera. The concen-
tration of O, in the aqueous solution was measured
after the flow cell using a Clark electrode.

Theoretical studies. A COmplex PAthway Simu-
lator (COPASI) model was used to calculate peroxy
radical concentration-time profiles based on kinetic
data.

Density-functional theory (DFT) calculations
were carried out to determine reaction energy barriers
using the Gaussian 16 package. The geometrical
optimizations of reactants, transition states, and
products were performed at the level of M06 2X
and 6-311++G(d,p) basis set. In order to obtain
more accurate energies, single point energies were
calculated using a more flexible level of M06-2X/6-
311++G(3df,2p) based on an optimized structure.

Results and Discussion

The reaction energy barriers for the formation of
the following peroxyl radical species were determined:
Hydroxymethyl peroxyl radical, hydroxyethyl peroxyl
radical and 2-propanoyl peroxyl radical. Fig. 1a shows
the different energy barriers of 2-propanoyl peroxyl
radical formation via the transition states (TS) and
the corresponding alkyl radicals with subsequent
barrier-less oxygen addition. The following trend of
the reaction barriers of the hydrogen atom abstraction
reaction at the position -CH < -CH, < -OH with the
corresponding transition states TS1 < TS2 < TS3 was
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Fig. 2: Peroxyl radical spectra of this study, measured with the (LP-LPA)
setup at the concentration maximum.

calculated, which reflects the formation of the different
alkyl radical species.

Figure 1b shows the modelled concentration-time
profiles of the different radical species for the reaction
of 2-propanol with OH radicals in the (LP-LPA) setup
obtained from the kinetic modelling. Using these
approaches and the yielding data in combination with
the absorption measurements in the (LP-LPA) setup
the following spectra were derived (Fig. 2).

Figure 2 shows the molar extinction coefficient of
the OH radical, the HO, radical (the simplest peroxy
radical) and the organic peroxyl radicals resulting from
the oxidation of methanol, ethanol and 2-propanol in
the aqueous phase. These measurements form the
foundation for further experiments on the kinetics of
the decay of peroxyl radicals and their reactions with
inorganic sulphur(lV) compounds such as SO,*/HSO,
species.

91




T. Schaefer et al.: Peroxyl radicals in the atmospheric aqueous phase

References

Shiraiwa, M., Li, Y., Tsimpidi, A. P,, Karydis, V. A., Berkemeier, T., Herrmann, H., Schaefer, T., Tilgner, A., Styler, S. A., Weller, C., Teich,
Pandis, S. N., Lelieveld, J., Koop, T., and Pdschl, U.: Global M., and Otto, T.: Tropospheric aqueous-phase chemistry: kinetics,
distribution of particle phase state in atmospheric secondary mechanisms, and its coupling to a changing gas phase, Chemical
organic aerosols, Nat. Commun., 2017, 8, 15002, doi: https://doi. Reviews, 2015, 115, 4259-4334, doi: https://doi.org/10.1021/
org/10.1038/ncomms15002. cr500447k.
Funding

CSC research project: Kinetic and model simulation studies of aqueous phase peroxyl radical reactions in
the formation of secondary organic aerosol (SOA) in the atmosphere (grant number 202206220053)
funded by the CSC (China Scholarship Council).

92 TROPOS Biennial Report 2022/2023



Articles

Modelling of heterogeneous chemistry on

dust aerosol particles

Marvel B. E. Aiyuk, Erik H. Hoffmann, Andreas Tilgner, Hartmut Herrmann

Der Multiphasenchemiemechanismus MCM-CAPRAM wurde um ein Modul zur Beschreibung
heterogener Reaktionen auf atmosphéarischem Mineralstaubpartikeln erweitert. AnschlieBend
wurden verschiedene Simulationen mit dem Boxmodell SPACCIM fiir den urbanen Hintergrund mit
und ohne heterogene Reaktionen an Mineralstaubpartikeln durchgefiihrt. Unter Modellbedingungen
mit niedrigen Staubkonzentrationen werden nur sehr geringe Anderungen in der Konzentration von
Gasen simuliert. Anders verhélt es sich unter Modellbedingungen mit einer hohen Konzentration an
Mineralstaubpartikeln. Die Simulationen zeigen eine starke Abnahme an NO_ (= 30%) und signifi-
kante Anderungen fiir Carbonylverbindungen. Durchgefiihrte Sensitivititsstudien zeigen, dass die
modellierten NO, Effekte hauptséchlich auf die Reaktion von N,O, an der Oberflache der Mineral-

staubpartikel zuriickzufiihren sind.

Introduction

Dust aerosols make up an important fraction of
the particulate matter in the atmosphere [Huneeus et
al., 2011; Textor et al., 2006]. They play an important
role in atmospheric chemistry by providing an active
surface for heterogeneous reactions. Heterogeneous
reactions affect the composition of the troposphere,
by the creation of new sources and sinks of various
important trace gases and modifying the chemical
and physical properties of aerosol particles [Bian
and Zender, 2003; Krueger et al., 2004]. Several
laboratory and modelling studies have demonstrated
the importance of heterogeneous reactions, but
some uncertainties still persist. For example, more
detailed model-based investigations are needed to
better understand the role of dust-related heteroge-
neous chemistry in the atmosphere. The multiphase
MCM-CAPRAM mechanism allows a very detailed
implementation, due to its large number of processes
and inclusion of several key processes.

Methods

Mechanism development. For a better under-
standing on the impact of heterogeneous reactions
of dust on tropospheric chemistry, a modelling study
was performed using the existing Master Chemical
Mechanism (MCM) mechanism (MCMv3.3.1) together
with a new developed Chemical Aqueous Phase
Radical mechanism (CAPRAM) module describing
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heterogeneous chemistry at aerosol surfaces
(CAPRAM-het). The developed CAPRAM-het contains
10 heterogeneous reactions based on recommended
kinetic data from the International Union of Pure and
Applied Chemistry (IUPAC) database [Crowley et al.,
2010]. Heterogenous conversions of inorganic trace
gas species are considered in CAPRAM-het.

Model simulations. Several simulations were
performed for an urban scenario and different dust
aerosol surface area conditions. Here, only the
model runs with a specific surface area of 1.2 x 10°®,
which corresponds to very high dust conditions,
are presented (dust simulation case, VHD). The
overall simulation time was three days with a rela-
tive humidity set at 70%, implying that the water on
dust surfaces does not affect the surface reactions
or induce bulk reactions. The model results were
compared with a control simulation where no hetero-
geneous chemistry (ND) was simulated.

Results and Discussion

The performed model runs showed that heter-
ogenous reactions on dust lead to a concentration
decrease for most of the compounds. The most
significant losses modelled were in HNO, and N,O,
(Fig. 1a), by 99% and 88% on average, respectively.
Both compounds have a high uptake coefficient
compared to the other compounds and relatively few
gas-phase reactions. Thus, the main sink is the dust
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uptake, contributing almost 100% to the total loss. For
N,O,, the heterogenous uptake on dust reduced the
concentrations during the night, with the gas-phase
reactions of N,O acting only as sources, while the
dust reaction is the only sink. This effective uptake
leads to an increased transfer of gaseous N,O, onto
the dust (Figure 1b and c). Other trace gases in

which the dust uptake is the main sink include H,0O,
(74%) and SO, (82%). For the other compounds,

the changes are mostly caused by the loss of N,O,,
which affects the NO, cycling. Under very high dust
conditions, NO, NO, and NO, decrease by 27%, 28%
and 79% on average, respectively. The changes in the
HO, are smaller, with OH and HO, decreasing by 7%
and 4% on average, respectively.

The VOCs are also modelled to change, with the
most significant changes modelled in the carbonyl
compounds and in peroxyacetyl nitrate (PAN). Acet-
aldehyde and acetone decrease by 32% and 48%,
respectively. The loss of acetaldehyde and NO results
in a decrease in PAN by 25%. An increase in alkenes
is also modelled, and this is due to the concentration
decrease in oxidants such as OH and NO,. Accord-
ingly, concentrations of emitted compounds such
as ethene and propene increase by 5% and 13%,
respectively.
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In addition to the main simulations, a number of
sensitivity studies were also performed. In the first
sensitivity study, only one reaction was implemented.
The results show that the uptake of only N,O, results
in even lower concentration in the NO_species, with
a concentration loss of 37% and 32% for NO and
NO,, respectively. However, the concentration of
oxidants, such HO, and H,0,, increases by 8% and
18%, respectively. This indicates that the uptake of
only N,O, can predict the dust effects on NO,_ well
but is inadequate for HOxyy. In subsequent sensitivity
studies, the effect of the variation of the uptake coef-
ficient was investigated, revealing that the higher
uptake of O, acts as an indirect source of HONO,
which increases by 183%. This is due to a reduction
of the main NO sink, resulting in an increase in NO
concentration by 140%.

Despite these important findings, there are still
some limitations and more detailed processes like
surface photocatalytic processes are being imple-
mented in future CAPRAM-het modules for a better
understanding of heterogeneous aerosol chemistry
processes.
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Articles

Sources of particulate matter identified by
labelled species in a chemical transport
model and a complementary measurement

campaign

Hanna Wiedenhaus, Roland Schrodner, Ralf Wolke, Shubhi Arora, Laurent Poulain, Hartmut Herrmann

Umfangreiche Messungen und Modellsimulationen mit COSMO-MUSCAT wurden durchgefiihrt, um
ein besseres Verstandnis der Feinstaubquellen und Transportprozesse in Mitteleuropa im Winter zu
gewinnen. Ein neuer Ansatz zur Bestimmung der Anteile der verschiedenen Emissionsquellen
wurde in einem Modell implementiert, um die Herkunft der primaren Aerosole zu bestimmen. Diese
Ergebnisse zeigen einen hohen Beitrag von Hausbrand, insbesondere in der Tschechischen
Republik. Wahrend das Modell die Konzentrationen von organischem Material an zwei der drei
Messstationen gut wiedergibt, werden die gemessenen Konzentrationen an der Station in der Nahe
von Prag stark unterschatzt. Da die modellierten priméaren Aerosole an allen Stationen gut mit den

Messdaten libereinstimmen, vermuten wir eine Unterschiatzung des sekundéaren organischen
Aerosols (SOA) an dieser Station im Modell. Zu geringe Emissionen von fliichtigen organischen
Verbindungen aus der Verbrennung von Holz und Kohle als Vorlaufergase fiir die Bildung von SOA

kénnten hierfiir einen Erklarungsansatz bieten.

Introduction

Much effort has been devoted to the reduction
of mass concentrations of particulate matter (PM) in
ambient air for the protection of human health. More
detailed information on aerosol sources and trans-
port processes is needed to effectively target the
remaining air pollution with further mitigation strate-
gies.

However, the complex system of multiple sources
and dispersion of atmospheric aerosols is still not
fully understood. Central Europe is characterised by
a strong air pollution gradient with higher levels in the
east. Transboundary transport during the inflow of
eastern air masses can lead to a shift of these more
polluted air masses. Previous studies in Germany
have identified combustion processes as a major
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contributor to regional background concentrations
during periods with long-range transport from eastern
Europe [van Pinxteren et al., 2016] [van Pinxteren et
al., 2019].

This work is part of the TRACE project: Trans-
port and transformation of atmospheric aerosol over
Central Europe with emphasis on anthropogenic
sources. Synergistic measurement methods and
state-of-the-art modelling tools are combined to
obtain a comprehensive picture of the contribution of
transported anthropogenic aerosol compared to local
emissions.

Method

A source attribution module has been devel-
oped within the multiscale modelling system
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Fig. 1: Left: comparison of measured and modelled organic matter (OM) mass concentrations for the three sites. The modelled data are split into
anthropogenic and biogenic secondary organic aerosols (SOA), primary OM concentration originating outside the outermost domain (i.e., driving
boundary data) and originating within the study domain. Right: comparison of measured equivalent black carbon and modelled elemental carbon

mass concentration.

COSMO-MUSCAT (COSMO: Consortium for Small-
scale Modelling [Schaettler et al., 2018]; MUSCAT:
MultiScale Chemistry Aerosol Transport [Wolke et
al., 2012]). The emitted species can be labelled
and tracked during the model simulation. Transport
processes (advection, diffusion, sedimentation) and
removal processes (dry and wet deposition) are
applied to the labelled tracers. However, gas phase
chemistry and aerosol chemistry are not considered,
limiting the approach to primary particles at present.
Focusing on winter combustion processes, this
study tracks anthropogenic elemental carbon (EC)
and organic matter (OM) emissions labelled by emis-
sion sector and country of origin. The domains for the
simulations were chosen to cover the TRACE meas-
urement sites in Germany and the Czech Republic.
To reduce computational costs, the model is nested
twice starting from an outermost domain covering
most of Europe. The innermost domain covers 317 x
204 grid cells with a horizontal resolution of ~2 km.
Observational data are available from 05.02.2021
to 24.03.2021 for three sites: the two ACTRIS stations
Melpitz (MPZ, DE) and KoSetice (NAOK, CZ) and a
third station in Frydlant (FRY, CZ). The stations were
chosen to represent the important transition area
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between highly polluted and less polluted regions in
Central Europe.

Highly time-resolved measurements of the
concentrations of non-refractory PM1 (NR-PM1)
aerosol species (organics, sulphate, nitrate, ammo-
nium and chloride) were obtained using aerosol mass
spectrometry. Continuous on-line measurement of
equivalent black carbon (eBC) mass concentrations
was performed using a multi-wavelength aethalom-
eter (AE33). All measurements were conducted by
our Czech collaborator and the Department of Atmos-
pheric Chemistry, respectively.

Results and Discussion

In early February, an air mass boundary between
cold air in the north and warm air in the south moved
southward, bringing cold air to Central Europe. Clear
nights with freezing temperatures and heavy snowfall
occurred in the study region. During this period our
model underestimates PM mass concentrations in all
size classes.

From about 11 February, the weather pattern
changed to a stationary, high-pressure system,
leading to an increase in temperature. From then on,
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Elemental Carbon (< PM2.5)
Melpitz 34.6% 10.1% 14.4% 33.3%
Kosetice 73.1% 3.1% 19.1%
Frydlant 76.4% 4.6% 13.6%
Organic Matter (< PM2.5)
Melpitz 31.0% 3.6% 15.4%  4.1%5.1% 33.5%
Kosetice 69.8% 4.8% 19.9%
Frydlant 72.7% 3.6% 15.2%
public power traffic: gasoline traffic: non-exhaust agriculture
Industry traffic: diesel off road other
other combustion Fugitives livestock Boundary

Fig. 2: Relative contribution of different source sectors to the total of EC (top) and OM (bottom) in PM2.5. ‘Boundary’ refers to all emissions from the
outer domains into the inner domain (i.e., transport through the innermost domain boundary) that are not separated into different sectors.

the model reproduces the measured OM and EC
concentrations well, with the exception of the KoSetice
station near Prague (Fig. 1).

The results of the labelling approach for primary
EC and OM are shown in Fig. 2. The ,other combus-
tion* sector is the largest single source sector within
the model domain, which comprises stationary
combustion processes in households (mainly
domestic heating), small businesses, agriculture,
forestry and fisheries. This sector accounts for more
than half of the primary EC and OM in KoSetice and
Frydlant.

As we can reproduce the elemental carbon
concentrations at all stations reasonably well (Fig. 1,
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right), we are confident that we are capturing the
primary aerosols correctly. This leads to the conclu-
sion that our model is not capturing the secondary
organic aerosol (SOA) concentrations in KoSetice. We
assume an underestimation of anthropogenic volatile
organic compound (AVOC) emissions from residential
wood and coal burning, leading to an underestima-
tion of SOA. Chamber studies analysing emissions
from residential wood combustion have shown that at
least 50% of the observed SOA is caused by non-tra-
ditional VOCs, which are not considered in models
[Bruns et al., 2016]. This suggests that AVOC precur-
sors could be a significant contributor to our SOA
budget, which will be the subject of further work.
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Results
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' Leibniz Institute for Tropospheric Research, Leipzig, Germany
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Ein am TROPOS entwickeltes Sensornetzwerk aus 60 autonomen Pyranometer-Stationen wurde im
Sommer 2023 fiir einen Zeitraum von 12 Wochen am ARM (Atmospheric Radiation Measurement
Program) Southern Great Plains (SGP) Observatorium in Oklahoma (USA) aufgestellt und betrieben.
Die S2VSR-Kampagne (Small-Scale Variability of Solar Radiation) profitierte dabei von den Erfah-
rungen aus friiheren Feldkampagnen, den spezifischen meteorologischen Bedingungen und der
umfangreichen Instrumentierung des dortigen Observatoriums. Das Ergebnis ist ein einzigartiger
Datensatz liber die kleinskalige raumzeitliche Variabilitat der globalen Sonnenstrahlung, die durch
Wolken verursacht wird. In diesem Text wird ein Uberblick iiber die Kampagne einschlieBlich ihrer

Motivation und erster Ergebnisse gegeben.

A unique sensor network consisting of 60
autonomous pyranometer stations designed by
TROPOS was deployed and operated for a 12-week
period at the ARM (Atmospheric Radiation Measure-
ment Program) Southern Great Plains (SGP) obser-
vatory in Oklahoma(US) in summer 2023. Benefiting
from the experience gained during previous field
campaigns, the specific meteorological conditions,
and the extensive instrumentation at the observa-
tory, the Small-Scale Variability of Solar Radiation
(S2VSR) campaign offers an unprecedented data set
on the small-scale spatiotemporal variability of global
solar radiation as introduced by clouds. An overview
of the campaign including its motivation and a look at
some preliminary results is given here.

Motivation

Clouds introduce significant variability in solar
radiation in particular for shallow cumulus and other
convective cloud types. Variability at small spatio-tem-
poral scales (e.g. below 1-min and 1-km) is however
not sufficiently resolved by current satellite observa-
tions nor atmospheric models. Additionally, 3D photon
transport is commonly neglected and causes signifi-
cant deviations in 1D radiative transfer simulations at
such small scales.
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A specific challenge is to account for the point-
like nature of traditional surface radiation measure-
ments in comparison to spatially averaged quantities
such as satellite pixels or model grid-boxes. The
pyranometer network (PyrNet) was initially designed
and built at TROPOS for the HDCP(2) project to help
better characterize and understand this small-scale
variability [Madhavan et al., 2016; Macke et al., 2017].

While several campaigns have been previously
conducted with this network, the S2VSR campaign
was planned specifically to benefit from past expe-
rience, the specific meteorological conditions in the
Southern Great Plains featuring frequent shallow
cumulus, and the availability of complementary
instruments. Specifically, high-quality reference obser-
vations of global radiation are readily available for
calibration, a camera network offers a 4D stereo-pho-
togrammetric reconstruction of shallow cumulus, the
so-called Clouds Optically Gridded by Stereo [COGS,
Romps et al., 2018], and the GOES-R satellite can
serve as proxy for the capabilities of the upcoming
European Meteosat Third Generation.

Methods and Logistic Aspects
60 autonomous pyranometer stations were

deployed and operated for a 12-week period at
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Fig. 1: (left) Map of the S2VSR station layout. Transmittance measured by PyrNet stations (dots) is shown by the tone of the circles marking the
station positions. The COGS 3D cloud mask is displayed as white transparent layer, and the associated cloud shadows by a black layer. (right) The

same cloud field as viewed by the Copernicus Sentinel-2 satellite.

the ARM Southern Great Plains site in Oklahoma
distributed across a 6x6 km? domain centred on the
Central Facility. Each station recorded global radiation
together with air temperature and relative humidity at
a sampling frequency of 1-Hz. In addition, 26 stations
also recorded tilted solar irradiance using a second
pyranometer. A map of the station layout is show in
Fig. 1. Prior to the field deployment, all stations were
setup on the ARM radiation platform in close vicinity
to a reference measurement of global radiation to
enable their in-field calibration.

The great support by ARM and the close co-
operation with the school of Meteorology at the
University of Oklahoma (OU) were essential for the

success of the campaign. In particular, OU students
carried out the time-consuming weekly maintenance
of stations, including visual inspection, cleaning, data
download and replacement of batteries. While three
stations were damaged — likely by agricultural activ-
ities — overall data quality and availability has been
found to be excellent.

First Results and Perspective

Data quality has been closely monitored
throughout the campaign by a student assistant at
TROPOS. As part of the post-campaign activities and
data analysis, a review and update of the established

1.02

normalized
transmittance (-)

-50 0 50 100
distance relative to flow (m)

150 200 250 300

Fig. 2: Cloud shadow transition signatures of the measured transmittance, normalized and aligned to the time of the transmittance maximum, and
aggregated for two case days (2023-06-13&2023-06-18). The mean signature is drawn as blue dashed line. The distance relative to the maximum is
used as abszissa, and is calculated from the cloud motion estimated from the COGS product.
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quality control procedures and the data format of
PyrNet has been carried out and is nearing comple-
tion. This update will be used as basis for an open
access publication of the S2VSR measurements. It
also planned to reprocess and republish observa-
tions from prior campaigns both to benefit from the
improved quality control and for consistency.

The published data will also be used as basis
for several ongoing and planned science activities.
Currently, further efforts are directed to the auto-
matic identification of clear-sky periods in the global
radiation time series based on the method of Reno
et al. [2015]. These periods will be used to quantify
the measurement uncertainty by comparing different
stations, and to identify mis-aligned stations and other
station anomalies. A further goal is to establish and
demonstrate a method to infer the alignment of the
tilted pyranometers using the difference of horizontal
and tilted observations during sunshine, including an
assessment of its uncertainty. As practical application,
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Particle deliquescence in a turbulent
humidity field
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Die turbulente Atmosphére ist mit Aerosolpartikeln gefiillt, von denen ein Teil hygroskopischer
Natur ist. Diese Partikel allein haben bereits direkte und indirekte Auswirkungen auf das Wetter und
Klima. Dariiber hinaus ist Turbulenz allgegenwiértig, die u.a. zu starken Schwankungen der Tempe-
ratur, des Wasserdampfgehalts und damit der relativen Feuchte fiihrt. Diese Schwankungen
wiederum beeinflussen méglicherweise den Phaseniibergang hygroskopischer Partikel von einem
festen Partikel zu einem Lésungstropfchen, bekannt als Partikeldeliqueszenz. Dieser Prozess tritt
bei einer bestimmten relativen Feuchte auf, der sogenannten Deliqueszenzfeuchte, welche
wiederum von der Partikelsubstanz abhéngt. In dieser Studie wurde der Einfluss von turbulenten
Feuchteschwankungen auf das Deliqueszenzverhalten von Natriumchloridpartikeln und insbeson-
dere auf die Anzahl der deliqueszierten Partikel untersucht. Dafilir wurde der turbulente Feuchtluft-
Windkanal LACIS-T (Turbulent Leipzig Aerosol Cloud Interaction Simulator) verwendet. Wir fanden
heraus, dass die Turbulenz die Anzahl der deliqueszierten Partikel beeinflusst und dass diese
Anzahl von einer Kombination aus mittlerer relativer Feuchte, Starke der Feuchteschwankungen
sowie Verweilzeit der Partikel im turbulenten Feuchtefeld abhéngt. Eine Schlussfolgerung dieser
Studie ist, dass die mittlere relative Feuchte allein nicht ausreicht, um den Phasenzustand einer
deliqueszierenden Partikelspezies in der Atmosphére bestimmen zu kénnen. Sowohl die Feuchte-

schwankungen als auch die Geschichte der Partikel miissen ebenfalls beriicksichtigt werden.

Introduction

The atmospheric aerosol contains hygroscopic
particles of different sizes and in different phase
states. The size of a particle has a strong effect on its
ability to act as a cloud condensation nucleus (CCN)
and on its likelihood to function as a Giant CCN.

The phase state of particles affects their radiative
properties, as wet particles have different angular
scattering properties and refractive indices than the
corresponding dry particles [Titos et al., 2016]. The
presence of water also allows for multiphase chemi-
cal reactions, such as solution-phase reactions with
atmospheric pollutants [Bahadur and Russell, 2008].

One process of interest in this sense is particle
deliqguescence, which is the phase transition from a
soluble solid particle to a solution droplet. It occurs
at a specific relative humidity (RH), called the deli-
quescence RH (DRH). DRH is specific for each

particle substance and depends on e.g., temperature.
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However, the recrystallization or particle efflores-
cence does not occur at the DRH but at a lower RH,
called efflorescence RH (ERH). The curve describing
the deliquescent aerosol state is a hysteresis loop.
Deliquescence itself is a well-studied process, both
theoretically and experimentally [e.g., Shchekin et al.,
2013, Peng et al., 2022]. Most of experimental inves-
tigations have focused on the process itself using
various techniques [Tang et al., 2019], with few experi-
ments being performed under laminar flow conditions
[e.g., Wex et al., 2007]. However, the atmosphere

is turbulent. Turbulent mixing, for example, leads to
strong fluctuations in temperature, water vapour, and
consequently RH [Bodenschatz et al., 2010], which
could affect the phase state of deliquescent particles.
The behaviour of deliquescence in turbulent humidity
fields, however, has not been investigated so far. The
question is whether and how turbulent RH fluctuations
affect the number of deliquesced particles in such a
turbulent field and whether or not a time dependence
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of the number of deliquesced particles is present due
to the hysteresis effect.

With the turbulent moist-air wind tunnel LACIS-T
(Turbulent Leipzig Aerosol Cloud Interaction Simu-
lator, Niedermeier et al. [2020]), we want to address
these fundamental questions. To do so, we adjust
precisely controlled turbulent water vapour fields,
so as to achieve conditions that allow for a detailed
investigation of particle deliquescence—turbulence
interaction. We use sodium chloride, as its DRH has
a weak temperature dependence. The DRH is about
75.5% at 15°C [Seinfield and Pandis, 2006], the
temperature used for our investigations.

Experimental setup

The left part of Figure 1 shows the layout of
LACIS-T. The tunnel is designed as a closed loop,
in which the air circulates continuously. A total flow
rate of 9.000 I/min is used in this study. The actual
measurement section of LACIS-T is 2 m long, 80 cm
wide and 20 cm deep. Two particle-free airflows,
conditioned to the same temperature (by means of
heat exchangers) but with different RH values, are
turbulently mixed inside the measurement section.
The turbulence hereby is generated by two passive
planar grids in the air streams (4.500 I/min each).
The amount of water vapour and consequently the
RH in each air stream is set by means of a humidifi-
cation system. For the different experiments, specific
mean RH values are established in the mixing zone
with different RH fluctuation strengths. Size-se-
lected, monodisperse NaCl particles with a mobility
diameter of 400 nm and a number concentration of

approx. 1.500 #/cm? are introduced at a flow rate of
1.5 I/min into the mixing zone of the measurement
section.

In the measurement section, the characterization
of the respective fluid and thermodynamic states, as
well as the microphysical properties is carried out.
For the investigations presented here, we placed a
welas 2300 optical system (from Palas GmbH) inside
the measurement section to obtain the particle size
distributions as shown on the right-hand side of Fig. 1.
The position of the welas 2300 sensor was variable
to study the effect of residence time on the number of
deliquesced particles.

Results

Figure 1b shows the obtained size distributions
for three different experiments. In all cases, the inlet
of welas 2300 was placed 30 cm below the aerosol
inlet of LACIS-T. In the first set, the mean RH was
RH_ ... = 72.5% and the strength of the RH fluctu-
ations in terms of a standard deviation is o, = 6%.
Solid NaCl particles were fed into the measurement
section and a bimodal size distribution is obtained
(solid brown curve). The left mode reflects solid,
non-deliquesced NaCl particles while the right mode
originates from deliquesced particles as is proven
through the other two experiments looking on the
size distribution of solid NaCl particles (red curve)
and fully deliquesced NaCl particles (green curve)
independently. By fitting both modes (dashed black
curve), we could determine both the solid and the
deliquesced particles fractions. This kind of experi-
ment had been performed for various combinations

" 0.3
SRR =% | —— solid NaCl @ RH,..,, = 20%
e . €Y £} === deliq. NaCl @ RH,__, = 72.5%
Humidification system ————» § Diffusor .25 == solid and delia. NaCl @ RH,,,,= 72.5% ]
Ultrasonic flow meter — —Fit
3¢FLR .
,,,,,, o w— /008, . Sl
Valve 0.2l |
Particle filter Heat exchanger B
Radial blower —7 L Z
= p—— Grid position % 0.15¢ T
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Fig 1: Left part: Schematic of LACIS-T.The red arrows indicate the flow direction; Right part: Normalized particle size distributions for three different

conditions: (1) solid NaCl particles @ RH

mean

note that the particles were already deliquesced before entering LACIS-T), (3) solid and deliquesced NaCl particles @ RH.

=20%, 0,,= 0% (red curve), (2) deliquesced NaCl particles @ RH,

=72.5%, 0y, = 6% (green curve,
=72.5%, 0,,=6%

mean

mean

(brown curve, solid particles were fed into LACIS-T). The dashed black line represents a bimodal fit to determine the solid and deliquesced particle

fractions.
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Fig 2: Left part: Deliquesced particle fraction f

del

was set to 72.5% and standard deviation o, was varied.

of RH__.. and o, as well as for different positions of
welas 2300, i.e., different particle residence times.

The obtained deliquesced particle fractions 7|
are presented in Fig. 2. In the first set of experiments
(left part of the figure), the position of the welas 2300
sensor was again fixed to 30 cm below the aerosol
inlet leading to a fixed residence time of the particles
of approx. 0.22 s. For four different RH___ values,
the strength of the turbulent RH fluctuations was
varied. It can be observed that humidity fluctuations
influence the fraction of deliquesced particles, for
example, leading to particle deliquescence although
RH__., < DRH.We detect an increase of the deli-
quesced particle fraction with increasing o, as long
as RH__ < DRH. In this case, an increasing o,
increases the probability that solid NaCl particles are
in a RH field with RH-values higher than DRH. The
slope of 7 flattens for RH___getting close to DRH
and becomes negative for RH__ > DRH as now the
increasing a,,,, increases the probability that solid
NaCl particles are in a RH field with RH-values lower
than DRH and therefore do not deliquesce.

In the second set of experiments (shown in the
right part of Fig. 2), the position of the welas 2300
sensor was varied leading to different residence times
t . of the particles in the measurement section. RH____
was set to 72.5% and the strength of the turbulent RH
fluctuations was varied. As can be seen, the fraction
of deliquesced particles increases with increasing t__
for all three cases investigated, in other words, a clear
time dependence of the deliquesced particle fraction
is visible. The reason for this observation is that parti-
cles, once deliquesced, would not become solid again

(i.e., effloresce) at DRH but at the ERH which is at
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as a function of the standard deviation o, of the RH fluctuations. RH
welas 2300, and with that the residence time was fixed. Right part: Deliquesced particle fraction f  as a function of particle residence time t . RH,

was varied, the position of

mean

mean

about ERH = 45% for 400 nm NaCl particles [Gao et
al., 2007]. In our experiments, we did not reach this
ERH.

Summary and Implication

We investigated the deliquescence behaviour
of size-selected, monodisperse NaCl particles in a
turbulent humidity field with LACIS-T. The mean RH,
the strength of RH fluctuations and the residence
time of the particles in the turbulent humidity field
were varied. In general, we found that turbulence
affects the number of deliquesced particles in a
particle population and that this number depends on
the combination of all three of these varied variables
mentioned above. In particular, RH fluctuations can
lead to particle deliquescence even though the mean
RH is lower than the deliquescence RH. Furthermore,
a solid NaCl particle population introduced into a
fluctuating RH field, where the RH is always greater
than the efflorescence RH, will deliquesce completely.
The time scale to reach this fully deliquesced state
depends on the mean RH (not shown here) and the
strength of the fluctuations.

One implication of this study is that the mean
RH alone is not sufficient to determine the phase
state and size of a deliquescent particle species.
RH variations must be taken into account, and with
them the history of the deliquescent particles. This is
particularly important as the optical properties of solid
and deliquesced particles differ, which needs to be
carefully considered, for example, in radiative transfer
schemes in global atmospheric models [Haarig et al.,
2017].
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BASS project: field campaigns

Olenka Jibaja Valderrama, Thomas Schaefer, Manuela van Pinxteren, Hartmut Herrmann

Die Vereinten Nationen haben die Jahre 2021 bis 2030 zum Jahrzehnt der Meeresforschung fiir
nachhaltige Entwicklung erklart. Ziel dieser Initiative ist es, das wissenschaftliche Verstandnis
unserer Ozeane zu verbessern und engere Verbindungen zwischen der Menschheit und den
Ozeanen herzustellen. Es steht im Einklang mit dem SDG 14 der UN-Agenda 2030 fir nachhaltige
Entwicklung, das sich der Erhaltung und nachhaltigen Nutzung von Ozeanen, Meeren und Meeres-
ressourcen widmet. In diesem Zusammenhang leistet TROPOS derzeit im Rahmen des BASS-
Projekts einen Beitrag zur interdisziplindren Untersuchung des marinen Oberflachenfilms (Sea-
Surface Microlayer: SML), einem entscheidenden Bestandteil der ozeanischen Dynamik und der
Kopplung der Ozeane mit der Atmosphare. Dieser Artikel stellt eine Einfiihrung in das Gesamtpro-
jekt und die Beteiligung von TROPOS an den Feldkampagnen vor.

Introduction

The SML is the boundary interface between
the atmosphere and the ocean. It is a phenomenon
of global relevance, as it covers 70% of the Earth’'s
surface [Wurl et al., 2011; Engel et al., 2017]. The
SML has different physical, chemical and biological
properties compared to the sub-surface water, with
an enrichment of organic matter that includes UV
absorbing humic substances, fatty acids and many
others [Ciuraru et al., 2015]. Being rich in organic
material and because of its exposure to strong UV
radiation, the SML is expected to be photochemi-
cally active. Understanding such photochemical
processes will strongly improve our ability to describe
atmospheric chemistry in the marine environment
because the SML will influence many ocean-atmos-
phere exchanges in both directions. SML chemistry is
complex and the quantitative description of its chemi-
cal conversions is still in its infancy.

TROPOS ACD is actively involved in the inter-
disciplinary study of this research topic by taking part
in the DFG research group BASS (Biogeochemical
processes and Air-sea exchange in the Sea-Surface
microlayer), which seeks to make conclusive state-
ments regarding the role of the SML in climate-rele-
vant processes, and to increase awareness of the
importance of the SML in climate science.
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BASS project

The BASS project aims to use an interdiscipli-
nary approach to establish conclusive statements
regarding the impact of the SML on climate-related
processes globally. In comparison to the underlying
bulk water, the SML exhibits higher concentrations
of reactants. Furthermore, the SML is exposed to
direct and strong UV solar radiation and is affected by
oxidizing species from the atmosphere, such as the
hydroxyl radical and ozone. Nevertheless, the extent
to which SML-specific reactions contribute to overall
organic matter transformation or the emission of vola-
tile organic compounds into the atmosphere remains
insufficiently understood, so does their integration into
air-sea interaction models.

Field campaigns: Helgoland Island and Meso-
cosm study at the SURF facility

The BASS project seeks to gain a comprehen-
sive understanding of the SML, and to quantify the
processes regarding its reactivity, functional diver-
sity, air-sea interaction, and dynamics. In order to
accomplish these goals, a main field campaign in the
Helgoland Island (North Sea) will be conducted in the
summer of 2024, between July 9" and August 1.

This above central joint field campaign will be
complemented by mesocosm experiments that took
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Fig 1: Concentration of carbonyl compounds present in an ambient sample collected during the mesocosm field study at the SURF facility.

place in 2023, from May 16™ to June 16", at the
Sea-sURface Facility (SURF), located at ICBM in
Wilhelmshaven. This facility provided controlled ex-
perimental conditions that allowed us to comprehend
and measure SML processes under well-defined
conditions such as wind, turbulent patterns, and
biological productivity. SURF, situated in the outdoor
area of the ICBM, is a one-meter-deep pool that can

be filled with fresh seawater using a pumping system.

For these reasons, SURF offers diverse possibilities
for conducting scientific experiments concerning the
sea surface.

Contribution of TROPOS in the field
campaigns

The participation of TROPOS in the BASS
project lies within SP1.4 — “Chemical and photo-
chemical transformation of organic matter” During
the BASS field campaigns, the primary goal is to
investigate the molecular details of abiotic SML-spe-
cific photochemical reactions, heterogeneous
oxidation, and radical-driven reactions in ambient
samples from the North Sea. In this context, carbonyl
compounds are of special interest as they are prod-
ucts of photochemical reactions in the surface of
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the ocean [Zhou and Mopper, 1997] and conse-
quently, they may be involved in abiotic reactions

and air-sea exchange. Fig. 1 shows the concentration
of carbonyl compounds of an ambient bulk water
sample collected during our field campaign at SURF.
The analytical method developed and optimized at
TROPOS was capable of identifying and quantifying
a high variety of aldehydes and ketones. Future
experiments will consist in the irradiation of bulk water
and SML samples collected during the joint field
campaigns with a light source mimicking the actinic
radiation, and the investigation of the gas and bulk
phase products making use of the established analyti-
cal technique for carbonyl compound speciation.

Our final goal is to provide a quantitative descrip-
tion of the formation of interfacial products and to
better understand the differences in chemical conver-
sion turnover and selectivity between the underlying
bulk water and SML. To achieve this, we will combine
advanced techniques such as photochemistry, laser-
based kinetics, spectroscopy, and analytical methods.
By integrating these approaches, we aim to increase
our understanding of these processes at the molecu-
lar level within the complex marine SML reaction envi-
ronment.
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Modeling the emission of marine
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Marine organisches Aerosol (MOA) tragt wesentlich zur Wolkenbildung liber unberiihrten offenen
Ozean- und Kustenregionen bei und hat daher einen wichtigen Einfluss auf das Klimasystem. Die in
dieser Arbeit vorgestellte modellierte MOA-Emission folgt einem physikalisch basierten Schema,
das ein detailliertes biogeochemisches Modell als Eingabedaten erfordert. Die berechnete Konzent-
ration von MOA-Vorlaufern im Meerwasser und der MOA-Massenanteil stimmen gut mit der Beob-
achtungen Uberein. In der Arktis sind der sommerliche Meereisverlust und der schnelle Eisriick-
gang entscheidende Faktoren, die seit 1990 den Massenanteil von MOA und ihren

Vorlaufersubstanzen im Meerwasser erhdht haben.

Introduction and Methodology

Air bubbles trapped in the water column in
breaking waves burst at the water surface and
release sea spray aerosols as a mixture of sea salt
and marine organic aerosols (MOA) [Gantt and
Meskhidze, 2013]. The nature of organics in marine
aerosols reflects the abundance of their precursors in
the topmost ocean surface layer [van Pinxteren et al.,
2023].

Burrows et al. [2014] introduced a novel
approach to represent the organic fraction in nascent
aerosols (OCEANFILMS) based on a competitive
Langmuir adsorption model on the bubble film.
OCEANFILMS apportions the organic material in
seawater into three to five classes of macromolecule
groups with differing physicochemical characteristics.
The surface ocean concentration of the biomole-
cules is one of these variables and is estimated from
FESOM-REcoM (sea-ice Finite VolumE Sea-ice
Ocean Model (FESOM) and Regulated Ecosystem
Model (REcoM)) model output [Girses et al., 2023].
The biogeochemical model data covers about 30
years (1990-2019) and the native model mesh is
interpolated to a regular grid of approximately 28 km
grid length.
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To represent the organics in seawater, we
focus on the modeled freshly produced dissolved
organic carbon exuded by phytoplankton (DOC_exc)
assuming that it is mostly formed by three groups:
polar lipids (PL) dissolved combined amino acids
(DCAA) and acidic polysaccharides (PCHO).
Whereas PCHO is an additional tracer in the FESOM-
REcoM model included by Zeising et al. [2023]
(submitted to JGR), PL is considered to be a fraction
of the DOC_exc and DCAA a fraction of PCHO.

Results

The surface concentration of PL, DCAA, and
PCHO was compared against seawater samples (not
shown) and, was in good agreement with the obser-
vations. After the evaluation, the macromolecular
quantities served as input data for OCEANFILMS.
The computed aerosol organic mass fraction (OMF)
for the Arctic region (Fig. 1) presents a higher contri-
bution of MOA during the seasonal phytoplankton
blooms periods (with a maximum during spring and
early summer) as a consequence of high produc-
tivity in daylight conditions and sea ice summer time
loss. Among the macromolecules, PL contributes
the majority of the organic aerosol (not shown) in
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Fig. 1: Multiannual total mean of aerosol organic mass fraction from OCEANFILMS for the Arctic summer and winter.

this high-productivity region. This is due to the high
surface affinity of lipids which facilitates their transfer
to the atmosphere.

For a comprehensive overview of the intercon-
nection between sea ice loss, marine productivity,
and OMF over time, Fig. 2, shows the multiannual
time series of sea ice, surface ocean concentration
of biomolecules, and OMF for Arctic summer. Ocean
surface concentration of the macromolecules and
OMF peaked during a minimum of sea ice coverage

over the years. The negative trend in sea ice concen-
tration during summer has conditioned a significant
increase of marine biogenic aerosol precursors in
Arctic Sea waters since 1990.

The positive trend in OMF has been enhanced
in the last decade as a result of sea ice retreat. This
indicates that marine local sources could predomi-
nate during summer over transported aerosol into the
Arctic, potentially contributing to cloud formation.

Multiannual time series for summer (Arctic)
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Fig. 2: Multiannual time series of sea ice area (blue), normalized OMF (green), and total surface ocean concentration of aerosol precursors over the
Arctic (average over 60 to 90 degrees north) during the summer. Blue and red dashed lines show the trends of marine macromolecule concentration

and sea ice area respectively.
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Eine mineralogische Datenbank wurde zur Simulation des atmosphérischen Lebenszyklus von
Mineralstaub zum Chemie- und Transportmodell COSMO5.05-MUSCAT hinzugefiigt. Ein Vergleich
mit Messergebnissen verdeutlicht den aktuellen Stand der mineralogischen Staubverteilung, der
durch die Simulationen erzielt werden kann. Dieser weist auf Verbesserungspotenziale hin,
einschlieBlich der Méglichkeit der Validierung durch Fernerkundungsmethoden. Durch die Simula-
tion mineralogischer Informationen ist eine prazisere Untersuchung der Wechselwirkungen von
Mineralstaub mit der Atmosphéare méglich, ebenso wie die Identifizierung méglicher Staubquelliregi-

onen.

Introduction

The majority of atmospheric models consider
mineral dust as homogeneous regarding their compo-
sition, disregarding regional variations in mineralogy
[Formenti et al., 2011, 2014]. Differences in mineralogy
alter the interaction between dust and other aerosols,
and the atmospheric radiation budget since distinct
minerals interact with different parts of the radiation
spectrum [DiBiagio et al., 2017, 2019]. In Gémez
Maqueo Anaya et al. [2024] we describe the imple-
mentation of mineralogy to the mineral dust emission
code contained in the regional chemistry and trans-
port model COSMO-MUSCAT (COSMO: COnsor-
tium for Small-scale Modelling; MUSCAT: MultiScale
Chemistry Aerosol Transport Model). This implemen-
tation enables comparisons with mineral mass dust
aerosol in-situ measurements and showcases both
the ability of the model of representing mineralogy
and areas of improvement.

Method
GMINER3O0 is a worldwide mineralogical data-
base focusing on the fractions of eight minerals

(quartz, feldspar, calcite, gypsum, illite, kaolinite,
smectite and hematite) present in the silt and clay
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soil size classes. Mineral fractions are exclusively
reported for these sizes due to their higher likelihood
of becoming aerosols [Nickovic et al., 2012]. This
database serves as an input for COSMO-MUSCAT’s
simulation of the mineral dust atmospheric life cycle,
i.e., emission, transport, and deposition. The mineral
fractions for each grid box of soil are directly consid-
ered in the dust aerosol description. For instance, if a
grid box contains a fraction of 0.5 of quartz in its silt
class size portion, the emitted mineral dust for that
size class (i.e., 2 to 50 pym) will have a fraction of 0.5
of quartz content.

Simulation results are obtained from a model
configuration specifically targeting the Sahara Desert
region and are compared with in-situ measurements.
This region is chosen due to its prominent role in
mineral dust aerosol production and the availability of
in-situ measurements related to dust aerosol miner-
alogy. Due to the scarcity of mineral-specific meas-
urements, former in-situ aerosol mineral mass meas-
urements were chosen for the comparison based on
meteorological conditions. For instances where in-situ
measurements represent one or two dust events, the
meteorological conditions for these specific events
were investigated through both archived meteorolog-
ical data and satellite retrievals. Subsequently, dust
aerosol transport conditions similar to the simulation
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Fig. 1: Scatter plots of mineral mass fractions simulated by COSMO-MUSCAT vs measured. Dashed lines represent the ratios of 2:1 and 1:2 while
the solid line represents the 1:1 comparison. The error bars are present when reported in the measurements.

period were selected for the comparison. For cases
where in-situ measurements correspond to more
than two dust events, the average results of the
entire simulation period were used for comparison.
The selected in-situ measurements can be found in
Appendix A1 of Gomez Maqueo Anaya et al. [2024].

Results and implications

Figure 1 illustrates the results of the comparisons
between in-situ dust aerosol mineral mass meas-
urements and the COSMO-MUSCAT simulation. For
some minerals, the comparison shows an overall
good agreement with values being mostly inside
the range of the 2:1 and 1:2 ratios. This is the case
of illite, calcite and hematite. The comparisons for
other minerals showcase an overrepresentation in
the model simulation. This is the case for quartz; an
underrepresentation in the model simulation is evident
for kaolinite. Feldspar represents a special case,
although not an uncommon one, in which the in-situ
measurements represent different types of the same
mineral (e.g., K-feldspar or other feldspar [Formenti et
al., 2008; Jeong and Achterberg, 2014]).

The results are encouraging and highlight areas
of opportunity. Similar model performances were
achieved in previous works [Perlwitz et al., 2015a,b],
specifically, the underrepresentation of ‘clay-only’
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minerals (as defined in GMINERS30) such as kaolinite
and the overrepresentation of quartz have been
characteristics in the earlier studies. They suggest to
consider fractions of the ‘clay-only’ minerals into silt
sizes and to calculate the size distribution changes
for each mineral due to the emission process. These
modifications result into increasing kaolinite mineral
mass percentages while the quartz mineral mass
percentages diminish. From the current state of the
model, we consider that a similar approach would
result in a more accurate mineralogical representa-
tion.

The implications of obtaining mineral specific
mass fractions are the following: (1) the mineralogical
aerosol content found in one place can be a finger-
print that points to certain dust source regions. This
information is crucial to the investigation of which
other biological and non-biological constituents could
be travelling alongside dust from those regions. (2)
The identification of distinct mineralogy due to their
distinct responses to radiation opens up the possi-
bility of remotely sensing minerals e.g., the hematite
mineral absorbs in the UV part of the spectra. If it is
possible to identify differences in mineral dust compo-
sition through remote sensing techniques, this would
allow for both a further model validation approach and
another way for monitoring dust transport pathways.
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Articles

Fluorescence lidar at TROPOS - the new

MARTHA

Benedikt Gast, Cristofer Jimenez, Moritz Haarig, Albert Ansmann, Ronny Engelmann, Holger Baars, Ulla Wandinger

Im Jahr 2022 wurde ein neuer Detektionskanal zur Messung der Fluoreszenz atmosphérischer Aero-
solpartikel in das Lidarsystem MARTHA eingebaut, der die eindeutige Identifikation von Waldbrand-
aerosol ermdglicht. Bisherige Beobachtungen deuten darauf hin, dass Fluoreszenzmessungen die
Detektion diinner Aerosolschichten verbessern. Eine grundlegende Modernisierung des MARTHA-
Systems mit neuem Laser und Spektrometer soll Langzeitbeobachtungen troposphérischen und
stratosphérischen Aerosols mit einem besonderen Fokus auf Rauch ermdglichen.

Introduction

Climate change is increasing the number and
intensity of wildfires [Xu et al., 2020]. Large amounts
of biomass-burning aerosol are released into the
troposphere and can even reach the stratosphere,
influencing the Earth’s radiation budget and cloud
cover over long periods and large areas [Ansmann
et al., 2022]. To fully understand and quantify aerosol
effects on climate, an accurate aerosol typing is
crucial. Multiwavelength polarization lidars are
powerful tools to detect and classify aerosol based
on intensive quantities such as the lidar ratio, depo-
larization ratio and Angstrém exponent [Floutsi et al.,
2023; Gro3 et al., 2013; Burton et al., 2012]. However,
important limitations remain. In particular, it is difficult
to distinguish between stratospheric smoke that has
been transported into the stratosphere via a slow
self-lofting pathway and volcanic sulfate aerosol, or to
separate tropospheric smoke from urban pollution.

In recent years, a new lidar technique has
emerged. Measuring the fluorescence of atmos-
pheric aerosol particles induced by a UV laser opens
a new door in aerosol characterization with lidar
by exploiting the direct link between fluorescence
and biogenic compounds in aerosol particles. Initial
measurement reports suggest that the fluorescence
backscattering coefficient, measured either spectrally
resolved [Reichardt et al., 2018] or via a broad-
band discrete detection channel [Veselovskii et al.,
2020], reliably indicates the presence of fluorescing
aerosol — even inside clouds — while being about four
orders of magnitude lower than its elastic counter-
parts. With the fluorescence capacity [Reichardt et al.,
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2018], defined as the ratio of fluorescence to elastic
backscattering coefficients, a new intensive aerosol
property was derived. When this property is combined
with the particle depolarization ratio, the separation
between smoke and volcanic sulfate or between
smoke and urban pollution appears to be a straight-
forward task [Veselovskii et al., 2022].

Method

Motivated by these results, a discrete fluores-
cence channel was implemented in the Multiwave-
length Atmospheric Raman Lidar for Temperature,
Humidity and Aerosol Profiling (MARTHA) at TROPOS
in 2022. A 44 nm broadband interference filter selects
a portion of the aerosol fluorescence spectrum that
is induced by excitation at the UV laser wavelength
of 355 nm. Similarly, as proposed by Veselovskii et
al. (2020), the particle fluorescence backscattering
coefficient (B,,,.) was derived by using the ratio of the
fluorescence to the nitrogen Raman signal, which
introduces a small effect of the transmission uncer-
tainties into the retrieved information, similar to the
traditional Raman method [Ansmann et al., 1992]. To
obtain the fluorescence capacity (G,), B, is divided
by the elastic backscattering coefficient at 532 nm.

The observations were performed manually and
were only possible during the night, as the scattering
of solar radiation during the day causes too much
noise in the broadband fluorescence channel. Since
the implementation of the new channel in 2022, about
50 measurements have been made, providing more
than 250 hours of atmospheric aerosol fluorescence
observations.
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Results and discussion

Observations of Canadian wildfire smoke in
2023. In the spring and summer of 2023, huge wild-
fires raged across Canada, with unusual intensity in
the provinces of Alberta and British Columbia. The
prevailing westerly winds transported large amounts
of wildfire aerosol towards Europe. From mid-May
to mid-July, wildfire smoke layers were regularly
observed with MARTHA over Leipzig. A total of 20
measurements allowed the analysis of the fluores-
cence of several smoke layers. For this aerosol type,
G, ranged from 1-15 x 10, with values of 2-6.5 x 10"
being observed most frequently, in agreement with
the results of Hu et al. (2022). The particle depolari-
zation ratio at 532 nm was rather low (below 7 %) for
most (95 %) of the investigated smoke layers.

Detection of thin aerosol layers. In addition
to its clear potential to improve aerosol typing, other
advantages of the new fluorescence technique have
already become apparent. Several observations
suggest that fluorescence measurements can improve
the detection of thin aerosol layers. In particular, when
optically thin, at high altitudes or present above cirrus
clouds, smoke layers were sometimes missed by the
elastic channels, but were clearly visible in the fluo-
rescence signal. Figure 1 shows the height-time distri-
butions of the range-corrected lidar signal at 1064 nm
and the fluorescence backscattering coefficient for the
night of 21-22 September 2022. Based on the elastic
backscatter signal in panel (a), the upper troposphere

appears rather clean. However, an enhanced 8,
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in panel (b) clearly shows two thin layers of wildfire
smoke at about 9 and 9.75 km altitude. These layers
became barely noticeable in the vertical profiles of
the elastic backscattering coefficients after choosing
a suitable averaging period. It can therefore be
assumed that they would not have been detected
without the new fluorescence channel.

A similar situation was observed during the
night of 29-30 May 2023. Although there is no sign
of aerosol presence in the elastic channels, a smoke
layer at 10.5 to 12 km height was detected in the fluo-
rescence backscattering, as shown in Fig. 2b). These
thin layers may not have a relevant radiative effect,
but their possible influence on cloud formation, espe-
cially in the case of cirrus clouds, is an aspect worth
investigating. Indeed, a cirrus cloud formed directly
below the smoke layer. At the beginning of the meas-
urement, part of the cirrus cloud was even embedded
in this layer. This suggests that smoke particles may
have triggered the formation of cirrus by acting as
ice-nucleating particles. Such data will enable the
study of possible smoke-cirrus interactions in the
upper troposphere and lower stratosphere (UTLS)
region in the future.

Outlook — the new MARTHA

To perform such investigations at high altitudes
up to the stratosphere, a high-performance lidar
system is required. For this reason, the MARTHA
system is currently undergoing a major upgrade. A
new and powerful diode-pumped laser has been
installed in December 2023. With a maximum energy
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Fig. 1: Height-time distribution of (a) range-corrected lidar signal at 1064
nm and (b) fluorescence backscattering coefficient measured at Leipzig
on 21 September 2022.
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Fig. 2: Height-time distribution of (a) range-corrected lidar signal at 1064
nm and (b) fluorescence backscattering coefficient measured at Leipzig
on 29 May 2023.
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of about 1 J and a repetition rate of 100 Hz, the
laser’'s power has doubled compared to its prede-
cessor. Currently, the mounting of the near-range
telescope and a new spectrometer telescope are
under construction. The spectrometer will allow
spectrally resolved measurements of aerosol fluores-
cence, which may help to better characterize aerosol
mixtures and distinguish possible source regions. It is
also planned to automate MARTHA to allow continu-
ous measurements.
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Articles

The Schmiicke Cloud Observatory (SCO)
and the Center for Cloud Water Chemistry
(CCwaC)

Uwe Kafer, Dominik van Pinxteren, Silvia Henning, Mira PShlker, Hartmut Herrmann

Fiir die langfristige und kontinuierliche Beobachtung und Erforschung von Aerosol-Wolken-Wech-
selwirkungen baut das TROPOS derzeit das Schmiicke Cloud Observatory (SCO) im Thiiringer Wald
als nationale Einrichtung (NF) im Rahmen von ACTRIS auf. Das Observatorium wird aus insgesamt

drei Stationen mit einem Messturm auf dem Gipfel der Schmiicke und zwei zusétzlichen Mess-
stellen in den Télern bei Goldlauter und Gehlberg bestehen. Zur umfassenden chemischen und
physikalischen Charakterisierung der Luftmassen vor, wéahrend und nach dem Wolkendurchgang
werden die drei Stationen mit modernster Instrumentierung zur Gas-, Partikel- und Wolken Analytik
ausgestattet. Die konzeptionellen und vorbereitenden Arbeiten zum Bau des Observatoriums sind
weitgehend abgeschlossen und der Start der ersten BaumaBnahmen wird fiir 2024 erwartet.

In enger Verbindung zum SCO wurde das Zentrum fiir Wolkenwasserchemie (CCWaC) gegriindet,
das als zentrale ACTRIS TC Einrichtung hauptséchlich an der Etablierung und Harmonisierung von
Methoden fiir die Beprobung von Wolkenwasser und nachfolgender chemischer Analyse arbeitet.
Seit 2022 wurden in diesem Kontext erste Vergleichskampagnen fiir Wolkenwassersammler durch-

gefiihrt und Richtlinien erarbeitet.

Introduction

The interactions between aerosols and clouds
play a key role in atmospheric chemistry and micro-
physics and remain one of the largest uncertainties
for our ability to understand and predict climate and
air quality. Ground-based, Lagrangian-type cloud ex-
periments in the past [Herrmann et al., 2005; Tilgner
et al., 2014] showed great potential for detailed stud-
ies of these multiphase processes and provided im-
portant field data on e.g. aqueous phase processing,
alteration of CCN activity and modification of particle
size distribution. Therefore, a permanent observation-
al site, the Schmicke Cloud Observatory (SCO) was
proposed and is now being implemented as a national
facility within the Aerosol, Cloud and Trace Gases
Research Infrastructure (ACTRIS), for long-term, con-
tinuous, and all-season investigation of aerosol-cloud

interactions.

Concept

The concept of the SCO follows decade-long
developments at TROPOS ACD which included the
very successful and strongly impactful combined
field measurement and modelling studies FEBUKO
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(2001/2) and HCCT-2010 (2010). The SCO features

a setup unique for permanently operated field sites,
consisting of three measurement sites often under
connected air-flow conditions, distributed across a
mountain ridge in the Thuringian Forest along the
main wind direction path. The main site is located on
the top of Mt. Schmicke (937 m asl), where ground-
based clouds develop frequently (at about 200 days
per year), providing ideal conditions for stationary
in-cloud measurements. At the site will be a 20-meter-
tall measurement tower with air-conditioned laboratory
boxes to host state-of-the-art analytical instrumenta-
tion: Aerosol chemical speciation monitors (ACSMs),
a proton-transfer-reaction mass spectrometer (PTR-
MS), mobility particle size spectrometers (MPSSs),
aethalometers, trace gas monitors, filter samplers, and
more will be installed at gas-, interstitial and whole-air
inlets while cloud water collectors will be mounted on
the accessible rooftop for a comprehensive charac-
terization of gas-, particle- and cloud phase.

The mountain site will be supplemented by two
container-based valley stations with similar instru-
mentation in Goldlauter (upwind-site) and Gehlberg
(downwind-site). This setup enables the characteri-
zation of air-masses before, during, and after cloud
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Fig. 1: Schematic representation of the concept and setup of the Schmticke Cloud Observatory (SCO) with three measurement sites.

passage to study chemical and physical differences,
influenced by aerosol-cloud interactions. In addition to
their role as permanent monitoring stations, all sites
of the SCO are planned and dimensioned to host
additional equipment and provide access for guest
researchers for intensive measurement campaigns.
The infrastructure for the SCO field sites is
currently being set up. Legal agreements with local
authorities and station designs are in the final stages
and the start of the construction works and delivery
of the measurement containers is expected for
summer 2024. Most of the analytical instrumentation
is purchased, prepared and ready for the installation
at their respective field sites. The SCO is expected
to be fully operational in early 2026 and labeling is
planned for cloud-in-situ and aerosol-in-situ ACTRIS
components.

The Center for Cloud Water Chemistry
As an in-cloud observatory, the measurement

tower of the SCO mountain station will also be an
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important field site for the Center for Cloud Water
Chemistry (CCWaC), a unit of the Cloud-in-situ
topical center. Within the ACTRIS framework, the
chemical composition of cloud water will be regularly
analyzed at several observatories distributed over
Europe. To ensure comparability and high data quality
across the different facilities, CCWaC is currently
developing guidelines and methods for the collec-
tion and offline chemical analysis of cloud water
samples. In 2022 and 2023, first field campaigns were
conducted for the characterization and intercom-
parison of commonly applied cloud water collectors in
addition to laboratory experiments to test appropriate
sample preparation protocols. After its full implemen-
tation in 2026, CCWaC will continue with operational
support of ACTRIS national facilities for cloud water
chemical composition variables and organize regular
interlaboratory comparisons as well as collector inter-
comparisons at the SCO.
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Articles

Algorithm development work for

EarthCARE

Anja Hinerbein, Moritz Haarig, Ulla Wandinger, Sebastian Bley, Athena Augusta Floutsi

Die gemeinsame Wolken-, Aerosol- und Strahlungsmission EarthCARE der ESA und der japani-
schen Weltraumagentur JAXA wird 2024 gestartet. EarthCARE wird von einer einzigen Satelliten-
plattform aus aktive und passive Messungen erméglichen. Diese Kombination erlaubt, die aus den
aktiven Beobachtungen entlang des Tracks gewonnenen Produkte mittels aktiver/passiver Sensor-
synergie in den Schwad auszudehnen, um die Wolken- und Aerosoleigenschaften zur Strahlungs-
schlieBung dreidimensional darzustellen. Das spektral hochaufldsende Lidar (ATLID) und das
Wolkenradar (CPR) werden vertikale Profile von Wolken- und Aerosolparametern mit hoher verti-
kaler Auflésung liefern. Ergédnzend zu diesen aktiven Messungen liefert das abbildende Spektro-
meter (MSI) Messungen im Schwad auf einer Breite von 150 km und einer PixelgréBe von 500 m.
Das Breitbandradiometer (BBR) misst die Strahlungsflussdichte am Oberrand der Atmosphére
[Abb. 1, Wehr et al., 2023]. TROPOS tréagt zur Entwicklung der EarthCARE Level 2-Algorithmen
maBgeblich bei und hat unter anderem drei wissenschaftliche Prozessoren entwickelt, um Wolkenei-
genschaften aus MSI [Hiinerbein et al., 2023, Hiinerbein et al., 2024], Aerosol- und Wolkenschich-
tung aus ATLID [Wandinger et al., 2023a] sowie synergetische Wolken- und Aerosolprodukte von
MSI und ATLID [Haarig et al., 2023] abzuleiten. Dariiber hinaus dienen die Produkte als Input fiir
synergistische Algorithmen, die Daten von ATLID und MSI nutzen. Ein wichtiger Punkt besteht
darin, die Annahmen fiir Wolken- und Aerosoleigenschaften tiber die verschiedenen Instrumente
hinweg konsistent zu halten. Zu diesem Zweck wurde ein Aerosolklassifizierungsmodell (HETEAC)
als Grundlage fir die Aerosoltypisierung entwickelt [Wandinger et al., 2023b]. Das Modell bietet eine
konsistente End-to-End-Beschreibung der mikrophysikalischen, optischen und radiativen Eigen-

schaften der Aerosolpartikel.

Introduction

The joint ESA-JAXA cloud, aerosol, and radi-
ation mission EarthCARE will be launched in 2024.
EarthCARE will provide active profiling and passive
imaging measurements from a single satellite plat-
form. This combination will make it possible to extend
the products obtained from the combined active/
passive observations along the ground track into the
swath by means of active/passive sensor synergy, to
estimate the 3D fields of clouds and aerosol and to
assess radiative closure. The high-spectral-resolu-
tion atmospheric lidar (ATLID) and the cloud profiling
radar (CPR) provide vertical profiles of cloud and
aerosol parameters with high vertical resolution.
Complementing these active measurements, the
passive multi-spectral imager (MSI) delivers visible
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and infrared images for a swath width of 150 km and
a pixel size of 500 m, and the broadband radiometer
(BBR) measures the solar and thermal radiances
[Fig. 1, Wehr et al., 2023]. TROPOS contributes to
the development of the EarthCARE Level 2 algo-
rithms and has developed three scientific processors
to retrieve cloud properties from MSI [H(inerbein

et al., 2023a, Hlinerbein et al., 2024], aerosol and
cloud layering from ATLID [Wandinger et al., 2023a],
and synergistic cloud and aerosol products from

MSI and ATLID [Haarig et al., 2023]. The MSI cloud
processor combines visible to infrared MSI channels
to determine cloud microphysical and macrophysical
properties, which include cloud mask, cloud types,
cloud phase, cloud optical thickness, cloud effective
radius, and cloud top height. The ATLID layer product
processor generates the upper cloud boundaries, the
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Fig. 1: Artist’s impression of the EarthCARE satellite with the location of the four science instruments [ESA/ATG medialab, the Netherlands, Wehr et

a.2023].

cloud top height product, and aerosol layer descriptor
products designed to continue the legacy of aerosol
layer information available from the Cloud—Aerosol
Lidar and Infrared Pathfinder Satellite Observations
[CALIPSO, Vaughan et al., 2009]. The products are
also used as input for synergistic algorithms.

An important issue is to keep the assumptions
made for aerosol properties consistent across the
range of different instruments. For this purpose, an
aerosol classification model (HETEAC) has been
developed as a basis for aerosol typing [Wandinger
et al., 2023b]. The model provides a consistent
end-to-end description of particle microphysical,
optical, and radiative properties.

Results of the combination of active and pas-
sive remote sensing

EarthCARE offers the great opportunity to
combine active and passive measurements. Figure 2
illustrates the combined view of ATLID and MSI
using a synthetic EarthCARE scene with different
cloud types. The vertical information from the ATLID
Mie co-polar signal is shown along the track, with
strong signals (white) indicating optically thick clouds;
weaker signals (red to yellow) indicate optically
thinner clouds or aerosol layers. The information
across the track comes from the MSI brightness
temperature at 10.8 pm. The high clouds in the center
of the scene have low brightness temperature (blue)
and the low broken clouds are visible in yellow. The
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cloud top height retrieved from MSI is an infrared
effective radiant height (M-CTH) located somewhere
inside the cloud. The ATLID cloud top height (A-CTH)
describes the physical boundaries of the clouds along
the track and will be used to investigate the relation-
ship between the effective and geometric cloud top
heights. Figure 3 shows the A-CTH and M-CTH cloud
top heights together with the cloud top height differ-
ence (AM-CTH) for the synthetic EarthCARE scene
shown in Figure 2. The cloud top height difference is
small for the scattered clouds in the south (<32°N)
and for the optically thick cirrus cloud at 36—39°N.
However, the multi-layer cloud scenario in the center
(39-47°N) leads to large differences. MSI is sensitive
to the optically thick liquid clouds at 5-7 km height,
and ATLID detects the upper boundary of the thin
cirrus cloud at 11 km height as cloud top height.
Further north (>50°N), nighttime conditions limit the
ability of MSI to detect the cloud top height and lead
to a larger scatter. Nevertheless, the agreement is
mostly within 2km, except for the high clouds north of
65°N. The differences in the cloud top height obtained
with ATLID and MSI along the track are systematically
investigated and classified as part of the ATLID-MSI
column product processor [Haarig et al., 2023]. A
scene classification scheme is developed to extrapo-
late the cloud top height difference to the MSI swath.
This combination is an important step in the syner-
gistic approach of EarthCARE, especially with respect
to estimating the cloud top height of optically thin
clouds for the entire scene [Haarig et al., 2023].
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Height

EarthCARE
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Fig. 1: Combined view of ATLID (curtain) and MSI (carpet) on the simulated so-called Halifax scene. A strong ATLID Mie co-polar signal (white)
indicates optically thick clouds; weaker signals (red to yellow) indicate optically thinner clouds or aerosol layers. The high clouds in the center of the
scene are detected by MSI on the basis of their low brightness temperature (BT; blue). The high brightness temperatures (red) on the MSI swath
result from the surface return where the low broken clouds are visible in yellow.

Outlook

We are looking forward to the launch of Earth-
CARE, scheduled for May 2024. The satellite will fly
in a sun-synchronous polar orbit with a descending
node at 14:00 MLST (mean local solar time) at the
equator. To date, algorithm verification has been
based on synthetic test scenes and data from other
satellite platforms. During the post-launch valida-
tion phase of EarthCARE, dedicated campaigns
will be carried out using ground-based and airborne

instruments, providing the opportunity for a more
comprehensive validation of the EarthCARE prod-
ucts. Geostationary satellites will also be used for the
validation of MSI cloud products to support the selec-
tion of appropriate validation datasets and to provide
complementary reference datasets on a global scale.
Meteosat Third Generation (MTG) was launched into
a geostationary orbit in 2022 [Holmlund et al., 2021].
Its Flexible Combined Imager (FCI) with 16 spectral
channels and a spatial sampling of up to 500 m offers
excellent opportunities for the validation of and syn-

16..I....l....l....|....

Halifax scene
—_12 ] = A-CTH (ATLID)
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Fig. 3: Cloud top difference along the ATLID track derived from ATLID (A-CTH, blue dots) and MSI (M-CTH, orange dots). The AM-CTH algorithm
calculates the difference (black dots) to transfer it to the MSI swath [Haarig et al., 2023].
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ergies with the MSI products. The ground-based lidar
network PollyNET [Baars et al., 2016], developed and
managed by TROPQOS, provides several sites from
Cabo Verde to Leipzig and Dushanbe, Tajikistan, to
validate the ATLID-derived aerosol and cloud prod-
ucts. Further ground-based devices complemented by
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airborne remote sensing observations will contribute
to a successful validation of the developed algorithms.
Further improvements of EarthCARE products are
expected when real observations become available,
due to the flexible algorithm design.
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Articles

Aerosol properties of cloud particle
residuals measured during CIRRUS-HL

Stephan Mertes, Bruno Wetzel, Sarah Grawe, Jonas Schaefer, Frank Stratmann

Im Rahmen der HALO Mission CIRRUS-HL wurden liber den HALO-CVI Einlass des TROPOS die
Eispartikelresiduen verschiedener Wolkentypen in der oberen Troposphare in mittleren und hohen
Breiten untersucht. Im Vorfeld der Mission konnte die Anbauposition des HALO-CVI an die fiir die
Anstromung wesentlich gilinstigere Rumpfunterseite von HALO realisiert werden. Aus dem Vergleich
zur gemessenen Eispartikelkonzentration und zum Eiswassergehalt konnte nachgewiesen werden,
dass Wolkenpartikel quantitativ gesammelt wurden. Die Form der ResiduengréBenverteilungen
zeigen trotz unterschiedlicher Entstehungsprozesse der Wolken (liquid-origin, in-situ) keine gravie-
renden Unterschiede und fallen aber ab 300 nm wesentlich flacher ab, als die GroBenverteilungen
der umgebenden Aerosolpartikel. Dies deutet auf den Beitrag eisnukleierender Partikel an der
Zirrenbildung hin. In allen Wolkentypen konnte die Massenkonzentration von schwarzem Kohlen-
stoff detektiert werden, mit den héchsten Beitrdgen pro Residuum in liquid-origin Zirren in mittleren
und hohen Breiten. Die Auswertung der Residueneigenschaften der durchflogenen Eiswolken ist
nicht abgeschlossen und wird in Zusammenarbeit mit anderen Projektpartnern mit der chemischen
Zusammensetzung der Residuen zusammengebracht.

Introduction ice particles are impacted into a particle-free and dry
sample flow, so that the ice water content (IWC) is
The microphysical parameters of upper tropo- completely driven into the gas phase, whereby the
spheric (UT) clouds are mainly determined by the ice IPR are released for analysis. This includes the meas-
formation process (heterogeneous vs. homogeneous urement of the number concentration, number size
ice nucleation) and by the cloud formation pathway distribution (NSD), absorption coefficient, ice nucle-
(in-situ vs. liquid-origin) [Krdmer et al., 2016]. These ating particle (INP) concentration, and IWC.

classifications imply the participation of aerosol parti-
cles in the UT ice cloud formation. One approach to
increase the knowledge of particles that are poten-
tially involved in cloud formation is to measure the
properties of ice particle residuals (IPR).

Therefore, a counterflow virtual impactor
(HALO-CVI) was deployed aboard the research
aircraft HALO during CIRRUS-HL in June/July 2021
for an IPR investigation.

Experimental setup of the HALO-CVI system

At the HALO-CVI inlet tip a controlled counter- Fig. 1: The German research aircraft HALO with inlets and wing probes
flow is blown Out’ which allows on'y ice part|c|es with in the CIRRUS-HL configuration. The position of the HALO-CVI as the
. only inlet at the lower fuselage is marked by the red circle and its
a diameter Iarggr than 5 ym [Mertes et al., 2005] to construction shown in the enlargement,
enter the sampling system [Ogren et al., 1985]. The
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Fig. 2: Exemplary comparison of HALO-CVI (blue) measurements and the NIXE cloud probe (red). a) Ice particle (red) and IPR (blue) number
concentration measured during research flight 10. b) In-situ measured (red) and sampled (blue) ice water content measured during research flight
05. NIXE data in courtesy of A. Afchine and M. Krdmer (Research Centre Jdlich).

Aerosol properties of ice particle residuals in
the upper troposphere

Confirmation of a quantitative cloud particle
sampling

Since CIRRUS-HL, the mounting position of the
HALO-CVI inlet is optimized to the lower fuselage of
HALOQO in order to sample cloud hydrometeors more
quantitatively (Fig. 1). This could be confirmed by the
comparison to in-situ measured ice particle concen-
tration and IWC (Fig. 2). The good agreement with
IPR concentration and sampled IWC illustrates the
quantitative cloud particle sampling of the HALO-CVI.

Different cloud types have been encountered
in the UT. Liquid-origin and in-situ cirrus could be
studied in mid and high latitudes (ML and HL, sepa-
ration at 60° N) according to De La Torre Castro et
al. [2023], but high convective clouds, cumulonimbus
(CB) outflow and contrails only in mid latitudes. Mean
IPR NSDs are presented in Fig. 3a together with the
mean NSD of cloud droplet residuals sampled in low

1
o
IS
3
o
[a)]
=]
Ke)
=]
=
=z
©
1
— o =
£ 10 o
=
g —— low clouds
~ 10'1 4 — ML in-situ cirrus
=) —— ML liquid-origin cirrus
=2 —— HL in-situ cirrus
o -2 | —— HL liquid-origin cirrus
T 10 —— contrails
% —— high convective clouds
E CB outflow
10° T
6 7 8 9 2
100

3 4 5 6 7 8

particle diameter (nm)

Fig. 3: a) Mean number size distributions of CDR (low clouds, black) and IPR from ML in-situ and liquid-origin cirrus (dark and light green), from HL
in-situ and liquid-origin cirrus (dark and light blue), contrails (red), high convective clouds (ochre), and CB outflow (yellow). b) same as before, but
the number size distributions are normalized by their respective number concentration. Contrail periods were gratefully provided by V. Hahn (DLR).
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clouds as reference. The latter shows the presence
of cloud condensation nuclei by the pronounced
accumulation mode, while the IPR NSDs decrease
only slightly from smaller to larger sizes. In general,
these NSD shapes represent those of the UT aerosol
particles up to 300 nm. For larger diameters the IPR
NSDs fall off significantly flatter implying that INPs
are involved in the UT ice cloud formation. Apart from
the low level clouds, the corresponding median IPR
number concentrations (Fig. 4a) indicate highest
concentrations with more than 1 cm? for contrails
followed by the convective clouds and CB outflow with
several hundred L. Several tens L' were observed
for in-situ and liquid-origin cirrus with slightly higher
numbers in mid latitudes. In-situ cirrus has higher

concentrations than liquid-origin cirrus in both regions.

In order to look for differences in the shape of
the NSDs they were normalized by their underlying
IPR concentration (Fig. 3b). Only small differences
are observed, which is reflected by the narrow range
of the median mean diameter (Fig.4b). However,
systematic features are obvious. First, in-situ and
liquid-origin cirrus in ML have larger mean diameters
than in HL. Second, contrails possess the smallest
mean diameters, with no IPR larger 600 nm seen in
the NSD (Fig. 3a). Third, the IPR in the CB outflow are
observed to be larger than in the convective clouds
below the outflow.

Chemical information is inferred by inverting the
absorption coefficient into a black carbon (BC) mass
concentration using a mass absorption efficiency
determined by Mertes et al. [2004]. Most of the BC
was found in the low clouds and contrails and the
fewest for HL cirrus (Fig. 4c). In order to make the
BC measurements more comparable, the median
BC mass was normalized by the respective median
number concentration (Fig. 4d). Surprisingly, the
highest BC content is seen in the liquid-origin cirrus
of ML and HL and by far the lowest in the convective
clouds and CB outflow. A more extensive analysis will
be done for the BC particle number concentration
which was measured by German Aerospace Centre.
By means of the IPR chemical composition and
supermicrometer NSD derived by the Max Planck
Institute for Chemistry an even more comprehen-
sive investigation will be carried out to complete this
unique data set of UT IPR aerosol properties.
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Articles

DeLiAn — a new aerosol climatology based

on PollyXT lidars

Athena A. Floutsi, Henriette Gebauer, Holger Baars, Ronny Engelmann, Moritz Haarig, Annett Skupin, Ulla Wandinger

Zum Zweck der Aerosolcharakterisierung ist die Nutzung intensiver optischer Aerosoleigenschaften
weit verbreitet. Deshalb prasentieren wir an dieser Stelle DeLiAn, eine Datensammlung intensiver opti-
scher Aerosoleigenschaften, welche auf Langzeitmessungen mit bodengebundenen Mehrwellenldngen-
Raman- und Polarisationslidaren beruht. Diese Messungen wurden hauptséchlich mit am Leibniz-
Institut fir Troposphéarenforschung (TROPOS) entwickelten Lidaren durchgefiihrt. Die Datensammiung
bot die Grundlage fiir die Entwicklung des Hybrid End-To-End Aerosol Classification (HETEAC) Model
fiir die Weltraum-Mission EarthCARE und von HETEAC-Flex, eines auf optimaler Schatzung beruhenden
Aerosolcharakterisierungsschemas. Neben bereits bekannten Aerosoltypen werden in DeLiAn auch
neue Aerosoltypen und -mischungen beriicksichtigt, wie z.B. das kiirzlich iber Mindelo, Cabo Verde, be-
obachtete Sulfat-Aerosol, welches vom Ausbruch des Vulkans Cumbre Vieja auf La Palma stammte.

Introduction

Lidar-derived intensive, i.e., concentration-inde-
pendent, optical parameters can be effectively used
for aerosol typing, as they provide information on the
size, shape and absorption efficiency of the aerosol
particles. In addition, a climatology of ground-based
intensive optical properties of different aerosol is of
great importance for the harmonization of spaceborne
lidar observations. The PollyXT lidars [Engelmann et
al., 2016] are ideal for building such a data collection
as they are globally distributed within international li-
dar networks [e.g., PollyNET, Baars et al., 2016; EAR-
LINET, Pappalardo et al., 2014] and have been used
in several international campaigns [e.g., MOSAIC,
Shupe et al., 2022; ASKOS, Marinou et al., 2023].

DeLiAn and aerosol-typing developments

Based on globally distributed ground-based
PollyXT lidar measurements (Fig. 1), a collection of
lidar-derived intensive optical properties for several
aerosol types has been produced, namely the particle
linear depolarization ratio, the extinction-to-backs-
catter ratio (lidar ratio), and the Angstrém exponent
[DeLiAn, Floutsi et al., 2023]. The intensive optical
properties are available at two wavelengths, 355 and
532 nm, for 13 aerosol categories (Fig. 2). The cat-
egories cover not only the basic aerosol types (i.e.,
marine, pollution, continental European background,
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volcanic ash, smoke, mineral dust), as well as the
most frequently observed mixtures they form, but also
more peculiar aerosol types that are rarely observed,
such as dried marine aerosol and stratospheric
smoke. The DeLiAn climatology will be regularly up-
dated to provide up-to-date information on the inten-
sive aerosol optical properties for the existing aerosol
types, but also to include new aerosol types and mix-
tures not previously considered, e.g., sulfate aerosol.
Particles originating from the volcanic eruptions
that took place at the Cumbre Vieja ridge, La Palma,
Canary Islands from 19 September to 13 December
2021 were recorded by the PollyXT lidar located at
Mindelo, in Cabo Verde [Gebauer et al., 2023]. Usual-
ly, typical aerosol conditions over Mindelo are a clean
marine planetary boundary layer (PBL) and a Saha-
ran dust layer just above the PBL. In contrast, during
the time of the volcanic eruptions, a highly polluted
PBL with extinction coefficient values up to 600 Mm-'
was observed for several days, starting four days after
the first eruption on 23 September 2021. An example
is shown in Fig. 3, where a volcanically influenced day
(24 September) is contrasted with a typical day before
the eruption (16 September 2021). Clear differences
are obvious for the PBL. Due to the low depolarization
ratio, volcanic ash occurrence in the PBL can be ex-
cluded. While volcanic aerosol, in particular volcanic
ash, have been frequently observed with lidars [e.qg.,
Ansmann et al., 2010; GroR3 et al., 2012], measure-
ments of sulfate aerosol and sulfate-based aerosol
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Fig. 1: Locations of measurement campaigns (yellow stars) or permanent stations (red and blue stars) from which data for DeLiAn were used. Map
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Fig. 2: Intensive optical properties of different aerosol types measured at 355 nm (left) and 532 nm (right).

mixtures are rare and thus provide a valuable contri-
bution to the data collection.

DeLiAn has successfully provided a solid basis
for the development of two typing schemes, the
HETEAC model for the upcoming EarthCARE mission
[Wandinger et al., 2023] and HETEAC-Flex, a novel
aerosol-typing approach [Floutsi et al., 2024], which
will serve as a ground-based validation scheme for
EarthCARE. In particular, HETEAC-Flex is an op-
timal-estimation-based typing scheme (Fig. 4) that
allows the identification of up to four different aerosol
components of an aerosol mixture and the quantifi-
cation of their contribution to the aerosol mixture in
terms of relative particle volume. Similar to HETEAC,

TROPOS Biennial Report 2022/2023

the four aerosol components adequately reflect the
most commonly observed aerosol types in the atmos-
phere: combustion- and pollution-related aerosol, sea
salt and desert dust. The lidar-derived optical param-
eters used are the lidar ratio and the particle linear
depolarization ratio at two distinct wavelengths (355
and 532 nm), the backscatter-related color ratio for the
wavelength pair of 532/1064 nm and the extinction-re-
lated Angstrdm exponent for the wavelength pair of
355/532 nm. These intensive optical properties can be
combined in different ways, making the method flexi-
ble and allowing it to be applied to lidar systems with
different configurations.
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Fig. 3: From left to right: vertical profiles of the particle backscatter coefficient, the particle extinction coefficient, the lidar ratio, the Angstrc'im exponent,
and the particle linear depolarization ratio measured with a PollyXT lidar at Mindelo, Cabo Verde, on 24 September 2021, between 04:38 and 05:57
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Conclusion

DeLiAn is a data collection of lidar-derived optical
properties covering a wide range of different aerosol
types and mixtures, and will be continuously updated
with the most recent measurements. The collection
has multiple uses and is of great importance for the
development and improvement of existing and new
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aerosol-typing schemes and for data harmonization
between lidar networks and satellites. In particular,
the functionality of DeLiAn has been demonstrated
by its use in the development of HETEAC and HETE-
AC-Flex. The forthcoming launch of EarthCARE will
provide a great opportunity for spectral harmonization
of long-term ground-based and spaceborne lidar data
sets.
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Articles

Ultra-fine dust pollution from airports in
Berlin (ULTRAFLEB) — the results of the
stationary UFP measurements

Ulf Winkler, Kay Weinhold, Maik Merkel, Alfred Wiedensohler

Im Rahmen des Projekts ,,Ultrafeinstaubbelastung durch Flughéfen in Berlin“ (ULTRAFLEB) beauf-
tragt vom Umweltbundesamt (UBA) und koordiniert von TROPOS, wurden in den Jahren 2020-2022
stationdre und mobile Feldmessungen von Ultrafeinpartikeln (UFP) im Umfeld der Berliner
Flughéfen durchgefiihrt. Bei Flughafen-Wind tragen Luftverkehrs-Emissionen auch in mehreren Kilo-
metern Entfernung signifikant zur UFP-Konzentration bei oder dominieren diese sogar, vor allem im
Durchmesser-Bereich 10-20 nm. Wenn nur nichtfliichtige Partikel betrachtet werden, ergibt sich aller-
dings ein wesentlich geringerer Luftverkehrs-Einfluss - dies ist eine wesentliche Erkenntnis von
ULTRAFLEB. Flugzeugemissionen werden demnach von flichtigen Partikeln dominiert.

Air traffic produces considerable amounts of measurements were terminated in November 2022,
ultrafine particles (UFP). The project “Ultrafine dust the remainder of the project is dedicated to data
pollution from airports in Berlin” (ULTRAFLEB), evaluation, modelling, and model validation. TROPOS
commissioned by the Umweltbundesamt (German is in charge of the management of ULTRAFLEB and
Federal Environment Agency, UBA), was the first carried out most of the measurements; other contri-
large-scale UFP monitoring project around the Berlin butors are the Technical Universities of Braunschweig
airports. (TU BS) and Berlin (TUB) and the environmental

ULTRAFLEB [TROPOS, 2024] started in department of the airport operator Flughafen Berlin
November 2020 and will end on 31 May 2025. The Brandenburg GmbH (FBB). The modelling tasks lie

in the hands of TNO (Netherlands), Ingenieurbiiro
Janicke GbR (Uberlingen, Lake Constance) and IVU
Umwelt GmbH (Freiburg im Breisgau). ULTRAFLEB
collaborates with the Berlin-Brandenburg Air Study
(BEAR), an epidemiological study on possible health
effects of aircraft emissions, especially UFP, on
elementary school children. BEAR is a joint project by
Charité — Universitatsmedizin Berlin, the University

of Dusseldorf and Helmholtz Munich [Soppa et al.,
2023, Charite, 2024].

Methods

Several monitoring stations were installed around
the Berlin airports. From July 2020 (before the offi-
cial start of ULTRAFLEB), a TROPOS station was
deployed in Berlin-Reinickendorf, about 4 km east
of the terminal of the Berlin Tegel (TXL) airport. TXL
was shut down on 8 November 2020 (since then, the
entire Berlin air traffic is handled at BER airport), the
Fig. 1: The TROPOS trailer station at Eichwalde primary school underthe  Reinickendorf station however kept monitoring the air
BER approach path. at this inner-city location until July 2021. Around the
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Fig. 2: Map of the area around the BER airport, showing the locations
(light blue) of the ULTRAFLEB monitoring stations at Mahlow, Bohnsdorf,
Eichwalde and Karolinenhof, and of the ALADINA drone launch site.
Yellow symbols mark primary schools around the BER taking part in the
epidemiological BEAR study.

BER airport (see map Fig. 2), UFP monitoring was
conducted both northeast (Berlin-Bohnsdorf, station
operated by FBB, 2021-22) and west (Blankenfel-
de-Mahlow, TROPQOS, July 2021 to November 2022)
of the BER airport. Additionally, special campaigns
took place east of the BER in autumn 2021 and
summer/autumn 2022: TROPOS deployed a trailer
station (Fig. 1) at two locations (Eichwalde and
Berlin-Karolinenhof), and TU BS conducted mobile
measurements using a car [Gerling & Weber, 2023], a
cargo bike and (in October 2021) the drone ALADINA.

At all stations, particle number size distributions
were monitored using a TROPOS-made mobility
particle size spectrometer (MPSS). A novelty of
ULTRAFLEB (with regard to measurements in an
airport environment) was an alteration between moni-
toring all particles (AMB=ambient) and non-volatile
particle only (TD=thermodenuder): Before reaching
the MPSS, the sample air passes through a thermo-
denuder which was alternatingly switched on or off for
5 minutes. When the TD is switched on, only non-vola-
tile particles can pass to the MPSS.

Eichwalde, all particles (AMB) and non-volatile particles (TD)
8000

~e-AMB, BER wind (240-285°), 5:00-21:00, N=265
~@-TD, BER wind (240-285°), 5:00-21:00, N=265
~C-AMB, other directions (305-220°), 5:00-21:00, N=418
TD, other directions (305-220°), 5:00-21:00, N=418
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Fig. 3: Particle number size distributions measured at the Eichwalde
monitoring station. Median of all hourly mean distributions. Only
measurements between 5:00 and 21:00 local time were considered.
Separate distributions for all (AMB) and non-volatile (TD) particles,
and for hours with wind from the BER airport (240-285°) or from other
directions (305-220°; a 20° gap to airport winds was left). The legend
mentions the number N of hourly means contributing to each distribution.
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Results

When the monitoring stations were exposed
to airport wind, high particle concentrations were
frequently registered in the diameter range up to
about 40 nm (see AMB distributions for Eichwalde,
Fig. 3). This confirms similar findings from previous
measurements at other airports worldwide. For larger
particles, the airport contribution is insignificant: at
Eichwalde (located east of the BER) the average
AMB concentrations above 40 nm were even lower
at airport wind than at other wind directions. This is a
consequence of long-range transport which leads to
higher particle concentrations with easterly winds.

When only non-volatile particles are considered
(TD in Fig. 3 and Fig. 4), an increase in the concentra-
tion at airport wind is only apparent for particle diam-
eters up to about 20 nm, and is clearly less significant
than for all particles (AMB). UTRAFLEB thus revealed
that UFP generated by air traffic are dominated by
volatile particles.

Figure 4 shows polar plots for particle concen-
trations (diameter range 10-20 nm) at Reinickendorf,
averaged for the time before and after the TXL shut-
down. For all particles (AMB), the airport signature
is very distinct even at this Berlin inner-city location,
about 4 km away from the airport. Meanwhile in the
TD data (i.e. non-volatile particles only), air-traffic
contributions hardly stand out from the background.
This finding may be highly relevant for research into
health effects of aircraft emissions.
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Fig. 4: Fig. 4: Polar plot: mean particle concentrations in the diameter
range 10-20 nm as a function of wind direction and wind speed,
Produced by openair [Carslaw & Ropkins, 2012] for Reinickendorf.
Separate plots for all (AMB) and non-volatile (TD) particles, including all
measurements either before (left) or after (right) the shutdown of the TXL
airport (located at 230-260°) on 8 November 2020. Only measurements
between 5:00 and 21:00 local time were included.
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Articles

Assessing Mineral Dust Toxic Potency
Using the Oxidative Potential Assays

Eduardo J. dos S. Souza, Khanneh Wadinga Fomba, and Hartmut Herrmann

Das oxidative Potenzial (OP) von Mineralstaubpartikeln kann Informationen liber die Toxizitat der
Partikel und das damit verbundene Expositionsrisiko liefern, wenn es auf die PM-Masse und das
Expositionsvolumen normiert wird. Dazu werden verschiedene chemische Assays auf Staubpartikel
angewandt, z. B. der Dithiothreitol (DTT)-Assay. Wahrend der DUSTRISK-Kampagne im 10. Januar
und 20. Februar 2022 wurde der DTT-Assay fiir die Untersuchung der OP-Verteilung an zwei Probe-
nahmestellen in landlichen und stadtischen Gebieten in Cabo Verde, Afrika, verwendet. Wahrend bei
Staubereignissen ein hoheres Expositionsrisiko gegeniiber Feinstaub-OP beobachtet wurde, war
die Toxizitat der Partikel in staubarmen Zeiten nicht sehr hoch. Bei groben Partikeln waren sowohl
die toxische Wirkung als auch das Expositionsrisiko wihrend Staubereignissen um mehr als 50 %
héher als in staubarmen Zeiten. Die Studie zeigt, dass Staubereignisse die Exposition gegeniiber
chemischen reaktiven Spezies in Partikeln und die damit verbundenen Gesundheitseffekte deutlich

erhéhen.

Introduction

In recent years, mineral dust (MD) pollution is
becoming one of the biggest health concerns world-
wide [Francis et al., 2023; Soleimani-Sardo et al.,
2023; Zheng et al., 2023]. Exposure to MD has been
linked to numerous diseases, including respiratory,
cardiovascular, eye, and allergic diseases, diabetes,
and hypertension [Grasso et al., 2023; Kok et al.,
2018]. As sand dust storm (SDS) events generally
influence the long-range transport of chemical and
biological species, this study investigates the effects
of dust chemical composition on human health. To
identify potential chemical species that can cause
oxidative stress in the body, routine oxidative potential
(OP) assays are used to link the chemical composi-
tion of particulate matter (PM) to toxicity. OP assays
monitor the ability of aerosol particles to produce
reactive oxygen species (ROS) that can cause
adverse health and help explain the health effects
of people exposed to PM [Daellenbach et al., 2020].
Despite reports of OP levels in different regions and
testing routines, little research has been done on
the effects of Saharan dust events on PM exposure
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and the possible influence of the mineral dust OP on
public health.

The DUSTRISK (A risk index for health effects
of mineral dust and associated microbes) project
focuses on this important subject to investigate
and highlight amongst others, the effects of dust
composition on human health. The project is funded
under the Leibniz SAW competition as a Collabo-
rative Excellence initiative involving five institutions
in Cabo Verde, including the local hospitals and the
National Institute of Public Health, as well as three
other Leibniz institutions in Germany with further
Portuguese and American scientists. The core of the
project involved a field campaign at two islands of the
Cape Verde islands at both rural and urban sites on
10 January and 20 February 2022. Herein, advanced
studies on the effects of dust chemical composition
were carried out including the evaluation of their OP
as an effective chemical analytical tool to predict the
toxicity of the particles. The chemical content of PM,
and PM, ; samples, including OP drivers and their
overall impact, was investigated using the dithioth-
reitol (DTT) assay.

137



E. J. dos S. Souza et al.: Assessing Mineral Dust Toxic Potency Using the Oxidative Potential Assays

Methods

The DTT assay (OPP™") was investigated by
monitoring the 2-nitro-5-thiobenzoic acid (TNB?)
formation using absorbance measurements with a
UV-VIS-spectrophotometer. About 6.1 cm? of the PM
filter was extracted using 10 mL of phosphate buffer
solution (PBS) and 3 mL of PM extraction was incu-
bated with 30 pL of 10 mM DTT in PBS. The TNB?*
formation was monitored at 412 nm under the addition
of 50 pL of 10mM 5,50-dithiobis-2-nitrobenzoic acid
(DTNB) at 0, 5, 10, 20, and 30 min of incubation using
a 1 cm cuvette. The obtained OPP™ (analog to the
TNB2 formation rate) was normalized by the incubated
PM mass (DTT,, , nmol min"' pg') and sampled air
volume (DTT,, , nmol min"* m?®) to determine the asso-
ciation with PM toxicity and human exposure [Pietro-
grande et al., 2018]. In total 60 PM samples collected
at the rural (countryside) and urban sites in Mindelo,
Cabo Verde were investigated.

Results and Discussion

The observed DTT,, and DTT,, activities indicated
significant effects on ROS formation at elevated PM
levels during dust events and are shown in Fig.1.

Significant DTT,, activities were observed for
PM, . during non-dust events, indicating a contribution

of toxic components significantly driving PM, . OP.
These components could include organic compounds
originating from long-range transport as well as local
combustion activities in the city. However, PM,, DTT,,
activities were significantly higher during dust events,
indicating an increased exposure to MD-loaded PM
catalyst that can generate high OP. In other words,
there is a significant increase in the reactions that
promote the formation of ROS in the body during dust
events as PM mass increases significantly. Higher
DTT,, activities were observed in PM, , suggesting
that coarse particulate matter could also transport
significant redox-active PM species that can increase
PM toxicity, even those released by anthropogenic
emissions. This indicates that long-range transport
of MD, which is rich in coarse particles, markedly
increases chemical species that trigger oxidative
stress. Likewise, DTT,, activities in PM10 were about
four times higher during dust episodes than non-dust
periods, reiterating the greater human health effects
associated with PM exposure to coarse dust particles.
The DTT,, activity of fine particles is strongly
correlated with PM mass during both dust (0.71) and
non-dust events (0.80), suggesting that DTT,, activity
increases at higher PM, , concentrations. However,
the exposure to OP redox-active species increased
during dust events together with the potential toxicity
of the PM,, particles. These results together with
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Fig.1.DTT  and DTT,, activities for PM, , and PM , for countryside and urban sites during dust (DE) and non-dust events (RP) in Mindelo, Cabo Verde.

138

TROPOS Biennial Report 2022/2023



E. J. dos S. Souza et al.: Assessing Mineral Dust Toxic Potency Using the Oxidative Potential Assays

other studies from cellular assays from project partner
institutions highlight the potential toxic effects of
coarse mode particles, which are often considered
less relevant in health assessment studies, and
suggest the necessity of further investigations on the
exact coarse mode chemical components responsible
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Articles

Urban modelling at the grey zone

Michael Weger and Bernd Heinold

Die Reprasentation von urbanen Luftschadstoff-Hotspots mittels mikroskaliger Modelle ist aufgrund
der benétigten Rechenressourcen immer noch mit Einschrankungen verbunden. Eine geringere
Modellauflésung erméglicht signifikante Kosteneinsparungen, fiihrt jedoch zum Problem der
expliziten Gebaudedarstellung im Bereich der urbanen Grauzone. Das am TROPOS entwickelte
Luftqualitatsmodell CAIRDIO verwendet einen diffusen Gebaudeansatz, welcher eine hohe Flexibi-
litdt in der Wahl der raumlichen Aufldsung erméglicht. Damit ist es méglich ganze Stadte numerisch
effizient und dennoch mit ausreichender Genauigkeit zu simulieren, um auch verkehrsnahe Belas-
tungs-Hotspots mit dem Modell abbilden zu kénnen.

In diesem Beitrag werden Ergebnisse zweier Anwendungsstudien mit CAIRDIO zur Ausbreitungssi-
mulation von RuB und Feinstaub in den Stadten Leipzig und Dresden gezeigt. Wahrend in der
ersten Anwendungsstudie auf die Stadt Leipzig Gebdudeeffekte auf die urbane Meteorologie und
Luftschadstoffausbreitung untersucht wurden, spielten in der zweiten Anwendungsstudie auf die
Stadt Dresden orographische Effekte eine Gibergeordnete Rolle.

The grey zone model CAIRDIO

The urban grey zone is the transition range
from the urban microscale (up to a few meters) to
the mesoscale. It is characterized by the difficulty in
representing building effects in models by the two
contrasting approaches of explicit representation
vs. parameterization [Barlow et al., 2017]. The City-
scale AIR dispersion model with DIffuse Obstacles
(CAIRDIO) allows for a seamless transition of sharply
defined explicit building boundaries at the microscale
to diffuse building boundaries at the urban grey zone.
This is accomplished by introducing flow-permeability
fields in the discrete conservation laws governing
fluid flow and tracer transport. Terrain-following coor-
dinates can additionally represent the large-scale
natural topography. For realistic simulations, initial and
boundary conditions for meteorology and air pollution
fields are inferred from mesoscale host simulations,
and spatially detailed and temporally varying urban
emissions are prescribed in the model. A detailed
model description of CAIRDIO can be found in Weger
et al.[2021], Weger et al. [2022], and Weger et al.
[2023].

140

Case study 1: Intra-urban air pollution varia-
bility in Leipzig

In a first simulation case study, the model
CAIRDIO is applied to simulate the dispersion of black
carbon (BC) and particulate matter (PM10) within the
city of Leipzig during the period from 1 March to 3
March 2020 [Weger et al., 2022]. One study objective
is to validate the model representation of the intra-
urban air pollution variability at 40 m horizontal grid
spacing using measurements from operational air
monitoring stations covering urban background and
high-traffic sites. Figure 1 shows the spatial distri-
bution of near-surface BC and PM10 on 2 March at
12:30 UTC as simulated with CAIRDIO and comple-
mented with observations. During this time, a convec-
tive boundary layer led to a rapid vertical mixing of
BC emitted by the traffic and therefore to a large intra-
urban variability as evidenced by the sharp concen-
tration gradients. Compared to BC, the PM10 distribu-
tion is also more significantly influenced by industrial
emissions. The model results are in generally good
agreement with the available measurements, espe-
cially when considering the concentration differences
between urban background (e.g., LT in Fig. 1) and
high-traffic sites (e.g., LC in Fig. 1).
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Fig. 1: Modeled BC (right half domain) and PM10 (left half domain) concentrations in Leipzig on 2 March 2020 at 12:30 UTC. Observations are
additionally displayed by colour-filled circles and numeric values in units of ug m. Label LW refers to station Leipzig West, LL to Leipzig Litznerstr.,
LC to Leipzig Center, LE to Leipzig Eisenbahnstr., and LT to Leipzig TROPOS, respectively.
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Fig. 2: (a) BC distribution pattern in the Dresden Basin during stable boundary layer conditions and an associated down-valley wind within the Elbe
Valley (indicated by the streamlines). (b) Corresponding age concentration pattern showing the areas most prone to air-pollution trapping.
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Case study 2: Orographic air-pollution effects
in Dresden

With extensive urban simulation domains,
it becomes important to consider also effects of
the larger-scale surface topography in addition to
the urban topography (buildings) and interactions
between the two types of topographies. The city of
Dresden situated within the Elbe Valley was selected
for a second simulation case study [Weger et al.,
2023]. The entire region of the Dresden Basin (ca.
29 km x 25 km) was simulated with CAIRDIO using a
horizontal grid spacing of 60 m.

Meteorological conditions during the simulation
period (27 February to 10 March 2021) were domi-
nated by high-pressure weather and a stably stratified
boundary layer, favouring the trapping of urban air
pollution within orographic depressions. A statistical
analysis showed that high urban background BC
concentrations in the Dresden Basin are associated
with a cold-air stream flowing in down-valley direction
during strong nocturnal inversion layers. Orographic
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hot-spots are revealed by modeling the so-called age
concentration [Deleersnijder et al., 2020] of BC, which
temporally accumulates in stagnating or recirculating
air flows. Figure 2 shows the spatial BC concentration
and age concentration distributions during periods of
a down-valley oriented cold air stream.

Conclusion

Urban grey zone resolutions make spatially
extensive model domains computationally feasible.
As a result, entire cities can be modeled with suffi-
cient accuracy to explicitly represent many aspects
of meteorological interactions driving the intra-urban
air-pollutant transport. The urban grey zone scale
proved further to be particularly suitable for also
including the effects of the larger-scale natural topo-
graphy, which makes it possible to study additional
meteorological interactions important for air pollution
transport (e.g., orographic winds) that cannot be
extensively considered in microscale simulations.
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Lecturer Course ws SS ws SS ws
2021/ 2022 | 2022/| 2023 | 2023/
2022 2023 2024
Ansmann, A. Active Remote Sensing with Lidar (2 sh) X X X
Althausen, D.
Baars, H.
Engelmann, R.
Seifert, P.
Ansmann, A. Seminar Active Remote Sensing with X X X
Althausen,D. Lidar (2 sh)
Baars, H.
Engelmann, R.
Beck, J. Advanced Studies: Analytics and X X
Tilgner, A. Spektroscopy (Atmospheric Chemistry)
van Pinxteren, D.
Beck, J. seminar: “Chemistry for Medical X
Hell, M. Students” (1 sh) + Praktikum (2.5 sh) X
Arora, S. X
Poschart, S. X
Deneke, H. Leipzig Graduate School Clouds, X
Macke, A. Aerosols and Radiation (LGS-CAR)
Advanced Training Module LGS-
CAR 16 — Remote Sensing of Cloud
Development
Heinold, B. Integrated Research Training Group X
(IRTG)-Arctic Amplification (AC)3 TR 172,
online lecture 20: “The challenge of
modelling the Arctic aerosol-climate
impact”
Retreat DFG Research Training Group X
2624, lecture: “Introduction to Air
Pollution Modelling”
Hartmann, S. LIM Meteorological Seminar X
Henning, S.
Henning, S. Guest lecture: M7 Cloud Condensation X
Nuclei Counter
Herrmann, H. Basic Atmospheric Chemistry and X X
Exercises (3 sh)
Atmospheric Chemistry, the Multiphase X X X
System and exercises (3 sh)
Atmospheric Chemistry Seminar (1 sh) X X X X X
Atmospheric Chemistry Lab Course X X X X X
(1 sh)
Course of Atmospheric Chemistry, X X X
Shanding University
TROPOS Biennial Report 2022/2023 165




Appendices: University courses

Lecturer Course ws SS ws SS ws
2021/| 2022 | 2022/| 2023 | 2023/
2022 2023 2024
Herrmann, H. Leipzig Graduate School Clouds, X
Tilgner, A. Aerosols and Radiation (LGS-CAR)
Hoffmann, E. H. Advanced Training Module LGS-CAR 15
Schaefer, T. — Atmospheric Multiphase Chemistry
Mettke, P.
Schrédner, R.
Fomba, W.
van Pinxteren, D.
Macke, A. Atmospheric Radiation (1 sh) X X
Macke, A. Satellite Remote Sensing and Exercises X X
Deneke, H. (2 sh)
Hlnerbein, A.
Bley, S.
Macke, A. Cloud Physics and Exercises (3 sh) X X
Hartmann, S.
Wex, H.
Stratmann, F.
Mothes, F. OGTAC-CC training on Organic Tracers X X
and Aerosol Constituents
ACTRIS CAIS-ECAC Aerosol In-Situ X

Course: Fundamentals & Methods
for Aerosol Sampling and Physical &
Chemical In-Situ Measurements

Dust in the Atmosphere Seminar (1sh)

Seifert, P. Microwave Remote Sensing X X X

Tegen, . Modeling of Atmospheric Trace X X X
Substances (2 sh)

Seminar Modeling of Atmospheric Trace X X X
Substances (1 sh)

Modelling of the Atmosphere (1sh) X

Contribution to modul SQ15 “Energy X X
and Environment| University of Leipzig:
“Transport of Atmospheric Pollutants”

Tegen, . Atmospheric Models: Scales and X

Senf, F. Parameterizations and Exercises (3 sh)

B. Heinold

Schrédner, R.

Kubin, A.

Wandinger, U. Scattering and Atmospheric Optics (2 sh) X X X
Seminar Applied Scattering Theory (1 sh) X X X

166 TROPOS Biennial Report 2022/2023



Appendices: University courses

Lecturer Course ws SS ws SS ws
2021/| 2022 | 2022/| 2023 | 2023/
2022 2023 2024
Stratmann, F. Atmospheric Aerosols (2 sh) X X X
Mdaller, T. Master
Péhlker, M.
Wiedensohler, A.
Hartmann, S. Seminar Atmospheric Aerosols (1 sh) X
Pohlker, M. Aerosol Physics (2 sh) X X
Exercises Aerorol Measurements X X
Lecture at the Autumn School 2023 of X
Helmholtz Zentrum Potsdam, German
Research Centre for Geosciences ‘Africa
in Focus”
van Pinxteren, M. Guest lecture: Analysis and X X X
Spectroscopy: Gas Chromatography,
lecture in an one week course
Lecturer at the Sino-European Summer
School on Atmospheric Chemistry
(SESAC 4)
Lecturer at the SOLAS Summer School X X
Lecturer at the SOLAS Master X
Programme
* did not take place, but was offered
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Academic degrees

Completed academic qualifications 2022/2023

Academic | Name Title Faculty Year

degree*

Ph.D. Alas, H.D. Mobile measurements of black carbon and PM: | University Leipzig, 2022
optimization of techniques and data analysis for | Faculty of Physics
pedestrian exposure and Earth Sciences

Barrientos- Radiative effects of clouds in the Arctic University Leipzig, 2022
Velasco, C. Faculty of Physics
and Earth Sciences
Dusing, S. Investigation of physio-optical aerosol University Leipzig, 2022
properties with in-situ and remote-sensing Faculty of Physics
techniques and Earth Sciences
Faust, M. Modelling dust emissions from agricultural University Leipzig, 2023
sources in Europe Faculty of Physics
and Earth Sciences
Floutsi, A.A. Development and application of an automatic University Leipzig, 2022
lidar-based aerosol typing algorithm Faculty of Physics
and Earth Sciences
Griesche, H. Arctic low-level mixed-phase clouds and their University Leipzig, 2022
complex interactions with aerosol and radiation | Faculty of Physics
- Remote sensing of the Arctic troposphere with | and Earth Sciences
the shipborne supersite OCEANET-Atmosphere
Ohneiser, K. Lidar Observations University Leipzig, 2023
of Record-breaking Stratospheric Faculty of Physics
Wildfire Smoke Events in 2019-2021: and Earth Sciences
Siberian Smoke over the Central Arctic
and Australian Smoke over South America
Radenz, M. Hemispheric contrasts of ice formation in University Leipzig, 2022
stratiform supercooled liquid clouds Faculty of Physics
and Earth Sciences
Tatzelt, C. Cloud condensation nuclei and ice-nucleating University Leipzig, 2023
particles over the Southern Ocean: Abundance | Faculty of Physics
and properties during the Antarctic circum- and Earth Sciences
navigation expedition
Tzallas, V. Development and applications of a cloud University Leipzig, 2023
regime dataset over Europe using satellite Faculty of Physics
observations and Earth Sciences
Witthuhn, J. Aerosol - remote sensing, characterization and | University Leipzig, 2022
aerosol-radiation interaction Faculty of Physics
and Earth Sciences

Dipl. Ing. | Claes, M. Entwicklung einer neuen Schneide Faculty of Automotive | 2022

FH zur optimierten Strémungsfuhrung im and Mechanical
Forschungswindkanal LACIS-T Engineering at

the West Saxon
University of Applied
Sciences Zwickau
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Academic | Name Title Faculty Year
degree*
M.Sc. Alshaabi, L. Untersuchung der biogenen organischen University of Leipzig, | 2023
Partikelphase in Baumkronen von Laubbdumen | Faculty of Chemistry
bei unterschiedlicher Biodiversitat im MyDiv and Mineralogy
Bad Lauchstadt mittels IC/HR-MS Analytik
Bader, N. Can Convective Initiation provide Indicators for | University Leipzig, 2022
Convective Severity? Faculty of Physics
and Earth Sciences
Gast, B. Implementation of a fluorescence channel in University Leipzig, 2023
a multiwavelength lidar system to measure Faculty of Physics
biological particles in the atmosphere and Earth Sciences
Hoffmann, R. Particle deliquescence in a turbulent University Leipzig, 2023
humidity field Faculty of Physics
and Earth Sciences
Képplinger, H. | Simulation of rapid adjustments to aerosol- University Leipzig, 2023
radiation interactions over land with ICON Faculty of Physics
and Earth Sciences
Kula, C. lonic strength dependency of Fenton reactions | University of Leipzig, | 2023
in the presence of sulfate and acidic pH Faculty of Chemistry
and Mineralogy
Le, S. Charakterisierung eines Aerospektrometers Leipzig University of | 2022
mMSEMS 904 sowie Integration in eine mobile Applied Sciences
Messbox
Lébel, S. Biological ice nuclei in air and rainwater University Leipzig, 2023
samples: studies on ice nucleating potential, Faculty of Physics
macromolecular composition and morphology and Earth Sciences
Mahesh, M. BBCOMP: Analysis of Biomass Burning Indian Institute of 2023
Molecular Composition in Twin Sites in Melpitz | Science Education
and Research Mohali
Mdiller, J. Global Adjustments and Circulation Faculty of Physics 2022
Responses to Smoke Aerosol Forcing and Earth Sciences,
from Australian Wildfires University Leipzig
Nibert, P: Compaction and application of the CAPRAM Claude Bernard 2023
biomass burning module BBM 1.0 University Lyon 1
(UCBL1)
Nongma, K. Fluxes of Atmospheric Nutrients During Dust Atlantic University of | 2023
events to the Atlantic Ocean and their impact on | Technology
regional ocean productivity
Oehlke, P. Konzipierung und Aufbau eines Messsystems Leipzig University of | 2022
fur die Abschatzung von Aerosolpartikelflissen | Applied Sciences
Uber der Meeresoberflache des arktischen
Ozeans
Ritter, O. Characterisation of the properties of trade wind | University Leipzig, 2022
cumulus clouds with Sentinel-2 observations Faculty of Physics
and Earth Sciences
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Academic | Name Title Faculty Year

degree*

M.Sc. Saxena, M. Investigation into the composition and University of Leipzig, | 2023
characteristics of burn chamber generated Faculty of Chemistry
biomass burning aerosol exposed to different and Mineralogy
atmospherically relevant conditions

Schaefer, J.T. Investigation of stratospheric ice nucleating University Leipzig, 2022
particle concentrations for background Faculty of Physics
conditions and in a biomass burning plume and Earth Sciences

Seidel, C. Analysis of water vapour mixing ratio profiles University Leipzig, 2022
in the Arctic from Raman lidar measurements Faculty of Physics
during the MOSAIC-campaign profiles of two and Earth Sciences
atmospheric models

Seidel, J. S. Is secondary ice production as consequence University Leipzig, 2023
of collisions between supercooled droplets and | Faculty of Physics
ice particles a relevant process? - A laboratory | and Earth Sciences
investigation

Weikert, H. Non-Parametric Supervised Machine Learning | University Leipzig, 2023
for Classification and Analysis of Simulated Faculty of Physics
Cloud Distributions and Earth Sciences

B.Sc. Baumer, F. Comparison of radiosonde data from Leipzig to | University Leipzig, 2022
meteorological Faculty of Physics
profiles of two atmospheric models and Earth Sciences

GauBmann, D. | Laser-Doppler- und Phase-Doppler- Leipzig University of | 2023
Anemometrie am turbulenten Windkanal Applied Sciences
LACIS-T: Konstruktion eines Rahmens fiir die
Positionierung der Anemometer am Windkanal
und Bestimmung der Geschwindigkeit und
GroBe von Wolkenpartikeln

Gundlach, J. Temperaturempfindlichkeit biogener und University Leipzig, 2022
arktischer Eiskeime Faculty of Physics

and Earth Sciences

Hartmann, R. Boundary layer aerosol and ice University Leipzig, 2023

formation Faculty of Physics
and Earth Sciences

Horn, C. Untersuchung der rdumlichen Struktur von University Leipzig, 2023
simulierten konvektiven Ereignissen Uber Faculty of Physics
Deutschland and Earth Sciences

Kellermann, M. | Examining aerosol properties during an University Leipzig, 2023
Arctic Haze event in Ny-Alesund (Svalbard) Faculty of Physics
using tethered balloon and ground based and Earth Sciences
measurements

Stallmach, A. Analysis of the meteorological situation during | University Leipzig, 2023
the pyroCb outbreaks of the Australian New Faculty of Physics
Year Wildfire 2019/20 and Earth Sciences

Suhrig, A. Einfluss des Lockdowns im Fruhjahr 2020 auf University Leipzig, 2023
die Luftqualitat in Deutschland Faculty of Physics

and Earth Sciences
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von Einzelphotonenpulsen verschiedener
Photomultiplier mit dem Ziel der Erhéhung
der maximalen Zahlrate fir eine

Academic | Name Title Faculty Year
degree*
B.Sc. Wimmer, A. Untersuchung der Sattigungsdynamik University Leipzig, 2023

Faculty of Physics
and Earth Sciences

Lidardatenerfassung
GroBer Potts, H. Implementierung von Eiskristallbildung TU Freiberg 2023
Beleg und -wachstum in OpenFOAM und
(similar to Simulation eines Testfalls anhand des
B.Sc.) Beispiels LACIS-T

* 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
2022 2023

Habilitation 0 0 0

Doctoral theses 7 4 11

Dipl.-Ing. 1 0 1

Master of Science 6 12 18

Bachelor of science 2 8 10

Awards

Name Prize

Awarding institution

Comments/Description

Romshoo, B. | AMS Outstanding Student
Oral/Poster Presentation
Award (AMS 2023, Denver,
Colorado)

AMS (American
Meteorological Society)

presentation: “Black Carbon
Physicochemical and Optical
Properties Database : Numerical
Simulations, Radiative Forcing
Estimates, and Size-Resolved
Parameterizations”

Romshoo, B. EAC Best Poster Award
(EAC 2023, Malaga, Spain)

EAA (European Aerosol
Assembly)

Machine learning algorithm for
predicting black carbon (BC)
optical properties at various
stages of aging
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Editorships

Name Journal

Deneke, H. Section Editor “Atmospheric Remote Sensing”

Frey, W. Associate Editor ‘Atmospheric Measurement Techniques”
Heinold, B. Guest Editor “Frontiers Environmental Science”

Heinold, B. Associate Editor ‘Atmosphere - MDP/I”

Herrmann, H.

Associate Editor ‘Atmospheric Measurement Techniques”

Editorial Board Member ‘Atmospheric Pollution Research”

‘Atmospheric Chemistry and Physics’ Special Issue Editor (HCCT-2010)

Editorial Board Member ‘Aerosol and Air Quality Research” (AAQR)

“Science of the Total Environment” (STOTEN) - Special Issue Editor)

‘Atmospheric Chemistry and Physics” (ACP) - EUROCHAMP-2020 Special Issue Editor

“Journal of Geophysical Research” (JGR) Atmospheres - Associate Editor

Associate Editor

International Advisory Board “Environmental Science and Technology”

Macke, A. Member of the Advisory Board “Meteorologische Zeitschrift”
Associate Editor ‘Atmospheric Measurement Techniques”
Member of Editing Committee “promet”

Seifert, P. Guest Editor for an Atmospheric Chemistry and Physics and Atmospheric Measurement
Techniques Special Issue (PROM)

Tegen, . Associate Editor “Journal of Geophysical Research”

Wandinger, U. Editorial Board Member ‘Atmospheric Measurement Techniques”

van Pinxteren, D.

Scientific Advisory Board of the Journal “Gefahrstoffe, Reinhaltung der Luft”

Wehner, B.

Editorial Board Member ‘Atmospheric Chemistry and Physics”
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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 Il Environmental Meteorology

Baars, H. Member and Speaker of the EARLINET Council
Member of the ESA Aeolus Science Advisory Group

Deneke, H. Member of the International Radiation Comission
Member of the Convection Working Group
Member of the International Cloud Working Group (ICWG)

Faust, M. Member of the International Society for Aeolian Research (ISAR)

Fomba, K.W. Member of the African Society of Air Quality

Heinold, B. Member of the HAMMOZ Steering Comittee

Hellmuth, O. Membership in the International Association for the Properties of Water and Steam
(IAPWS), Working Group Thermophysical Properties of Water and Steam (TPWS)
Member of Leibniz-Sozietat der Wissenschaften zu Berlin e. V.

Henning, S. Co-chair of the EAA Working Group: Atmospheric Aerosol Studies (AAS) for Aerosol-
cloud-interaction in Warm, Mixed-Phase and Ice Clouds

Hermann, M. Member of the HALO Board of Trusties
Memebr of the VDI code of practice board NA 134-04-02-18 UA “Measurement of
Particles in the Outdoor Air - Determination of Particle Number”

Herrmann, H. Chairman of the working group “Atmospheric Chemistry” in the GDCh-division

“Environmental Chemistry and Ecotoxicology (AKAC)”

DECHEMA/GDCh/ (Bunsen Society), Community Committee “Chemistry of the
Atmosphere”

DECHEMA/GDCh/KRdL Division Particulate Matter - Co-Chair

IUPAC Task Group on Atmospheric Chemical Kinetic Data Evaluation

Advisory Board Member of ProcessNet-Fachgemeinschaft (Specialist Community)
SuPER

Fellow of International Union of Pure and Applied Chemistry (IUPAC)

National Co-Representative “International Surface Ocean - Lower Atmosphere Study”
(SOLAS)

Membership of the American Chemical Society (AMC)

Member of the Second International Indian Ocean Expedition (IIOE-2)
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Name Board

Herrmann, H. Distinguished Visiting Professor for Environmental Sciences and Engineering at
Shandong University, Quingdao, China
Professor for Environmental Sciences and Engineering at Fudan University,
Shanghai, China
Member of the Evaluation Commission of the Czech Academy of Sciences

Macke, A. Deputy Chair of Section E of the Leibniz Society
Member of the Steering Committee Collaborative Research Cluster TR 172 “Arctic
Amplification”
Member of the Standing Commission for Scientific Infrastructure Facilities and
Research Museums of the Leibniz Association
Member of the Steering Committee of the Leibniz Research Network “Integrated
Earth System Research”

Mertes, S. Member of the Science Team of CIRRUS-HL: The airborne experiment on CIRRUS
in High Latitudes with the highaltitude long-range research aircraft HALO
Ordinary member of the DFG collaborative research center TR 172 “Arctic
Amplification”

Mdiller, Ke. Member of the German Library Association (dbv)

Member of the Professional Association Information Library (BIB)

Niedermeier, D.

Member of the German Society of Humboldtians - Regional group Halle-Leipzig

Pohlker, M.

HALO Scientific Steering Committee (WLA)

Seifert, P.

Ordinary member of the DFG Collaborative Research Center TR 172 ‘Arctic
Amplification”

Stratmann, F.

Member of the Science Team of CIRRUS-HL: The Airborne Experiment on CIRRUS
in High Latitudes with the Highaltitude Long-range Research Aircraft HALO

Tegen, I. Member of the Steering Committee natESM (National Earth System Modelling)
Initiative
HAMMOZ Steering Comittee member

Tilgner, A. Member of the working group NA 134 VDI/DIN-Commission on Air Quality Control

(KRdL) - Standards Committee NA 134-02-01-08 UA Subcommittee Environmental
Metereology - Deposition Parameters

van Pinxteren, D.

Member of the European working group CEN/TC 264/WG 44 “Source
Apportionment”

Member of the KRdl National Mirror Committee of CEN/TC 264/WG 44 “Source
Apportionment”

Wandinger, U. Member of the ESA-JAXA EarthCARE Joint Mission Advisory Group
Member of the EARLINET Council
Member of the ACTRIS “Research Infrastructure Committee”
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Name Board
Wehner, B. Member of VDI/DIN Commission “Clean Air’ (KRdL) - subgroup Meteorological
Measurements
Secretary General of GAeF (Society for Aerosol Research)
Wex, H. Vice President of the International Comission on Clouds and Precipitation (ICCP)
Meetings

Meetings Date national/ number of
international participants

Hammoz User Meeting (online) 3/31/2022 international 25

ACTRIS-D Annual Conference 20. - 22.06.2022 national 103

Dustrisk Project Meeting 7/10/2022 national/ 12
international

Arctic Amplification, Pl Meeting 19. - 21.09.2022 national/ 40
international

First International Conference on Air Quality in 10. - 14.10.2022 International 160

Africa (ICAQ)

Arctic Amplification (AC)3, General Assembly and | 21.- 25.11.2022 national/ more than

Planning Phase Il international 100

Cloud Tracking Workshop 17.- 21.4.2023 international 172

EARLINET General Assembly (online) 14.12.2023 international 80

EarthCARE Cal/Val and Science Workshop 17.11.2023 international 150

SOURCE FFR Measurements Modelling Kick-Off | 26. - 27.04.2023 national 40

Meeting

Staubtag 14.-15.09.2023 national/ 35
international

Workshop Arctic Aerosol, Focus Airborne 11.-13.12.2023 international 25

Measurements

BASS Meeting 16. - 18.10.2023 national/ 30
international

Arctic Amplification, Evaluation 27 -28.06.2023 national/ 40
international

EarthCARE CARDINAL Meeting 18.-19.09.2023 national/ 20

international
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Reviews

Reviews Number

2022 2023
Journals 154 183
Projects 20 32
Statements, position papers 6 0
Others 24 100
Total 204 315

Guest scientists

Name Period of stay Institution

Jorss, A.-M. 03.01. - 07.01.22 Alfred Wegener Institute, Helmholtz Centre for Polar and
Marine Research, Bremerhaven, Germany

Nozirov, D. 03.01. - 12.01.22 Academy of Sciences of Republic of Tajikistan, Dushanbe,
Tadschikistan

Trapon, D. 01.08. - 31.12.22 Meteo-France, Toulouse, France

Trapon, D. 27.06. - 01.07.22 Meteo-France, Toulouse, France

Mies, J. 24.01.- 28.01.22 Umweltbundesamt Langen, Germany

Spinnler, K. 28.01.- 28.01.22 Umweltbundesamt Langen, Germany

Béing, S. 29.03.-01.04.22 University of Leeds, UK

Nozirov, D. 28.04. - 25.07.22 Academy of Sciences of Republic of Tajikistan, Dushanbe,

Tajikistan

Khodzhakhon, M.

28.04. - 30.06.22

Academy of Sciences of Republic of Tajikistan, Dushanbe,
Tajikistan

Khalifaeva, S. 28.04. - 30.06.22 Academy of Sciences of Republic of Tajikistan, Dushanbe,
Tajikistan

Malollari, G. 01.05. - 30.11.22 Agricultural University of Tirana, Albania

Persson, O. 01.05. - 03.05.22 University of Colorado, USA

LUchtrath, S.

30.05. - 17.06.22

Technical University of Berlin, Germany

Wang, J. 31.05. - 30.06.23 School of Civil and Environmental Engineering Atlanta, USA
Raff, J. D. 01.06. - 31.08.22 Indiana University, USA
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Name Period of stay Institution

Kiselev, A. 13.06. - 24.06.22 Karlsruhe Institute for Technology, Germany

Stolle, C. 15.06. - 16.06.22 Leibniz Institute for Atmospheric Physics, Kiihlungsborn,
Germany

Wittink, J. 27.06. - 01.07.22 Koninklijk Nederlands Meteorologisch Instituut, De Bilt, The
Netherlands

Schimmel, W. 01.07. - 31.12.22 Leipzig Institute for Meteorology, Germany

Laksin, A. 11.07.- 15.07.22 Purdue University Chemistry Department, West Lafayette, USA

Avinash, K. 25.07.- 31.08.22 Tampere University, Finland

Rowell, A. 25.07 - 31.08.22 University of Birmingham, UK

Brean, J. 25.07. - 31.08.22 University of Birmingham, UK

Lopez Cayuela, M.A.

10.09. - 09.10.22

Instituto National de Técnica Aeroespacial, Madrid, Spain

Atabakhsh, S.

01.10. - 31.10.23

Yazd University, Iran

Ferron, G. 01.11.22 - 31.12.24 Helmholtz-Zentrum Minchen, Germany

Karg, E. 01.11.22 - 31.12.24 Helmholtz-Zentrum Minchen, Germany

Loulli, E. 23.11 - 1712.22 Cyprus University of Technology, Limassol, Cyprus
Gligorovski, S. 23.11.-25.11.22 Chinese Academy of Sciences, Beijing, China

Hu, Y. 01.12.21 - 31.06.22 | Shandong University, China

Warnes, D. 16.01. - 24.01.23 Cambridge University, UK

Nozirov, D. 16.01. - 15.03.23 Academy of Sciences of Republic of Tajikistan, Dushanbe,

Tajikistan

Kolodziejczyk, A.

23.01.- 10.02.23

Institute of Physical Chemistry Polish Academy of Sciences,
Warzawa, Poland

Ervens, B. 25.01. - 27.01.2023 Institute of Chemistry, Université Clermont Auvergne,
Clermont-Ferrand, France

Engel, A. 30.01. - 31.01.23 GEOMAR Helmholtz Centre for Ocean Research Kiel,
Germany

Kalmbach, D. 30.01. - 04.02.23 Alfred Wegener Institute, Helmholtz Centre for Polar and
Marine Research, Bremerhaven, Germany

Cremer, R. 01.02. - 31.07.23 Stockholm University, Sweden

Hartmann, M. 12.03.- 15.03.23 University of Gothenburg, Sweden

Opp, C. 20.03. - 02.04.23 Philipps-Universitat Marburg, Germany

Idrissa, S. M. 28.03. - 29.04.22 Atlantic Technical University (UTA), Cabo Verde

Dembele, M.B. 14.04. - 07.05.23 Atlantic Technical University (UTA), Cabo Verde
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Name

Period of stay

Institution

Baltensperger, U.

01.05. - 03.05.23

Paul Scherrer Institut, Villingen, Switzerland

Sharma, V.K.

04.05. - 06.05.23

School of Public Health, Texas A&M University, College
Station, USA

Sommerfeld, M.

22.05.-22.05.23

Otto-von-Guericke-Universitat Magdeburg, Germany

Grgic, 1. 23.05. - 25.05.23 National Institute of Chemistry Ljubljana, Slovenia

Morrish, D. 30.05. - 02.06.23 National Institute of Water & Atmospheric Research Ltd
Auckland, New Zealand

Huang, C.H. 04.06. - 08.06.23 School of Civil and Environmental Engineering Atlanta, USA

Machado, Luiz

05.06. - 06.06.23

Max Planck Institute Mainz, Germany

Pizarro, R.J.

26.06. - 26.07.23

Universidad Nacianal de Colombia, Bogota, Columbia

Mascumento, J.

03.07.- 05.07.23

Universitat Colorado Boulder, USA

Shaw, R. 07.03.-13.03.23 Michigan Technological University, USA
Makoric, P. 24.07. - 23.08.23 Universitat Nova Gorica, Slovenia
Visits of TROPOS scientists
Name Period of stay Institution
Fomba, K. W. 01.11. - 09.11.22 Mohammed VI Polytechnic University, Ben Guierir, Marocco
Fomba, K. W. 06.01. - 10.01.22 University of Cabo Verde, Praia, Santiago, Kap Verde

Engelhardt, V.

06.06. - 16.07.22

Multidisciplinary Institute of Plant Biology, Cordoba, Argentina

Pohlker, M. 27.07.2022 Karlsruhe Institute for Technology, Germany

Gebauer, H. 15.08.-10.10.22 National Academy of Science, Dushanbe, Tajikistan
Gaudek, T. 15.08. - 10.10.22 National Academy of Science, Dushanbe, Tajikistan
Lipken, F. 15.08.-10.10.22 National Academy of Science, Dushanbe, Tajikistan
Althausen, D. 15.08. - 10.10.22 National Academy of Science, Dushanbe, Tajikistan

Engelmann, R.

15.08. - 10.10.22

National Academy of Science, Dushanbe, Tajikistan

Hajipour, M.

21.11.- 25.11.22

Deutscher Wetterdienst, Hohenpei3enberg, Germany

Niedermeier, D.

28.11.-02.12.22

Universitadt Hamburg, Germany

Goharian, K.

28.11.-02.12.22

Universitat Hamburg, Germany

Gdémez M.A,, S.

18.09 - 18.11.23

Laboratoire Inter-Universitaire des Systémes Atmospheriques
(LISA), Paris, France

Niedermeier, D.

25.09. - 13.10.23

Michigan Tech University, Houghton, USA
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International and national field campaigns

Campaign

Project partner

9-Euro-Ticket

Saxony, Hesse

Effects of the 9-euro ticket on air quality
TROPOS: AMP***

Leipziger Verkehrsbetriebe, WG Psychology University
of Leipzig, Saxon State Office for Environment,
Agriculture and Geology, Hessian State Office for
Nature Conservation, Environment and Geology,
Bielefeld University of Applied Sciences, Germany

ACROSS
(Atmospheric ChemistRy Of the Suburban foreSt)
TROPOS: ACD*, AMP

> 10 partners from France and USA

ACTRIS Cloud in-situ comparison campaign,
Austria

Comparison of different measuring devices for
cloud liquid water content, effective drop radius and
drop size distribution under high alpine conditions
TROPOS: AMP, ACD

Central Institute for Meteorology and Geodynamics,
Austria

Aerosol characterization in Southern Chile / Punta
Arenas
TROPOS: AMP

University de Magallanes (UMAG), Chile

APAICA (within ATWAICE) measurements on
Polarstern (aerosol / turbulenz) in the Arctic
TROPOS: ACD, AMP

Technische Universitat Berlin, Alfred Wegener Institute,
Helmholtz Center for Polar and Marine Research,
Bremerhafen, Germany

BACSAM, Norway

Investigation of the vertical distribution of aerosol
particles, CCN and INP in the Arctic with the Polar
6 and the AWI‘s new T-Bird towed vehicle
TROPOS: AMP

Alfred Wegener Institute, Helmholtz Centre for Polar
and Marine Research, Germany

BELUGA@Ny-Alesund

Tethered balloon measurements of the Arctic
boundary layer to measure vertical profiles of
temperature, stability, radiation and aerosol
particles

TROPOS: AMP

(AC)3 consortium

CAFE-Brazil

aircraft measurement campaign of (HALO) in
combination with measurements at the ATTO tower
to study the new particle formation in the upper
troposphere of the amazonian rainforest.
TROPOS: AMP

Max Planck Institute for Chemistry Mainz, Germany,
ATTO and HALO consortium

CCN & INP in North Greenland / Villum Reseach

Aarhus University, Denmark

Station
TROPOS: AMP
CCWwaC_INT23

Comparison of different cloud water collectors for
ACTRIS on the Schmiicke
TROPOS: ACD
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Campaign

Project partner

CLOUDLAB

Researching microphysical processes by using
stratus clouds as natural laboratory

TROPOS: RSD****

ETH Zurich, Switzerland

DUSTRISK (main campaign)

Investigation of harmful aspects of mineral dusts in
combination with adhering microbes

TROPOS: ACD

Leibniz Institute DSMZ - German Collection of
Microorganisms and Cell Cultures, Research Center
Borstel Leibniz Lung Center, Leibniz Institute

for Environmental Medical Research, Germany,
institutions from Cabo Verde, including hospitals,
universities and public health institutes

EARLINET (permanent experiment)
European Aerosol Research Lidar Network
Leipzig, Germany, Dushanbe, Tajikistan
TROPOS: RSD

EARLINET consortium

GoAfrica

measurements of cocking emissions in
combination with lung function tests in Africa.
TROPOS: AMP

(AC)3 consortium

GoSouth

measurements to better understand the aerosole
population in the southern hemisphere
TROPOS: ACD, AMP

TROPOS and New Zeeland partner

GUAN
German Ultrafine Aerosol Network
TROPOS: ExXAWoMp*****, ACD

German Federal Environmental Agency 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., Duisburg; DWD
HohenpeiBenberg, Germany; ISSEP, Liége, Belgium

HALO-AC3

Coordinated aircraft measurement campaign of
three research aircrafts (HALO, Polar 5, Polar 6) to
study Arctic clouds, the Arctic boundary layer and
the Arctic free troposphere

TROPOS: AMP

(AC)® and HALO consortium

IDEFIX-I
Investigations of rime-splintering mechanism
TROPOS: AMP

Karlsruhe Institute of Technology, Germany

JATAC

Joint Aeolus Tropical Atlantic Campaign.
Measruements at Cabo Verde for the validation of
Aeolus

TROPOS: RSD

9 partners from Germany, France, Greece, Slovenia,
Cap Verde

Leipzig PM Composition

(DFG project ARG-GER, Leipzig Ill)
Size-resolved composition and source
apportionment Leipzig

TROPOS: ACD
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Appendices: International and national field campaigns

Campaign

Project partner

LoCo-PM

Use of miniaturized low-cost PM2.5 and PM10
measurement devices in order to increase the
spatial density in air quality networks, Application
in Leipzig-Lindenau

TROPOS: ACD, AMP

Dr. Fédisch Umweltmesstechnik AG, Makranstadt,
Germany

LOSTECCA

Lidar Observations of SpatioTEmporal Contrasts in
Clouds and Aerosols, Pahia, New Zealand
TROPOS: RSD

National Institute of Water and Atmospheric Research,
New Zealand

MESOCOSM

Chemical reactions in the sea -surface microlayer,
Wilhelmashaven

TROPOS: ACD

MiST, Bad Lauchstadt

Influence of different foliage and thus biodiversity
on solar radiation

solar radiation and the microclimate using a
pyranometer, among other things

TROPOS: RSD

German Center for Integrative Biodiversity Research,
University of Leipzig, CEFE, Germany

ORIGAMY

Exploring the atmospheric ORIGin of Amines
within the Marine boundary layer: A combined field
modelling approach

TROPOS: AMP

Ozonvorlaufer
Kontinuierliche VOC-Messungen in Borna
TROPOS: ACD

Saxon State Office for Environment, Agriculture and
Geology, Germany

PARAMOUNT

Laboratory studies for the production of aerosol
particle organic matter in clouds at the CESAM
cloud chamber in Paris

TROPOS: ACD, AMP

Laboratoire Interuniversitaire des Systemes
Atmosphériques Paris,

Laboratoire de Chimie de I'Environnement Marseille,
France

PHILEAS

Investigation of the export of air from the Asian
summer monsoon to high latitudes in Alaska
TROPOS: AMP

University of Mainz, Research Center Jilich, Germany

Polar Change
Antarctic
TROPOS: ACD

University Barcelona, Spain

PollyNet

(permanent experiment)

Network of institutions with a PollyXT
TROPOS: RSD

PollyNet consortium

Polly Tirana, Albania

Vertical aerosol distribution over Albania/Western
Balkans using PollyXT

TROPOS: RSD

Universiteti Bujgésor i Tiranés, Albania
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Appendices: International and national field campaigns

Campaign

Project partner

PS 127

Polarstern cruise with OCEANET container on
board from Bremerhaven to Cape Town
TROPOS: RSD

Radon

Determination of characteristic exposure conditions
for radon at indoor workplaces on behalf of IAF-
Radiodkologie GmbH, Radeberg

TROPOS: AMP

RWB Leipzig

Residential Wood Burning in Leipzig during the
2022 Energy Crisis

TROPOS: AMP, Modeling**, ACD

S2VSR

Investigation of the small-scale spatial and
temporal variability of solar radiation
TROPOS: RSD

University of Oklahoma, Atmospheric Research
Measurement Programm, USA

SOPORTE

Source apportionment of size-resolved
atmospheric particulate matter and their oxidative
potential in Cérdoba (Argentina) and Leipzig
(Germany)

TROPOS: ACD

National University of Cordoba, Multidisciplinary
Institute of Plant Biology IMBIV-CONICET, Argentina

ULTRAFLEB

Stationary and mobile field measurements of
ultrafine particles (UFP) and other quantities in the
vicinity of Berlin Brandenburg Airport BER
TROPOS: AMP

Brandenburg State Office for the Environment,
Technische Universitat Braunschweig, Technische
Universitat Berlin, Airport Berlin Brandenburg GmbH,
Ingenieurbiiro Janicke GbR, Society for Environmental
Physics, IVU Umwelt GmbH

TINIA

Investigations on ice crystal growth under turbulent
temperature and humidity conditions

TROPOS: AMP

Michigan Tech, USA; University of Hamburg

VACCINE

Variation of Antarctic Cloud Condensation (CCN)
and ice nucleating particle concentrations (INP) at
Neumayer Station

TROPOS: AMP

Alfred Wegener Institute, Helmholtz Center for Polar
and Marine Research, Germany

EDIAQI
Evidence driven indoor air quality improvement
TROPOS: AMP

IMROH, KNOW, TALTEC, Wings, LAS Analytica, ...

Continuous ammonia immission measurements
TROPOS: ACD

ATMO ACCESS rehearsal campiagn in preparation
for EarthCARE Cal/Val
TROPOS: RSD

ACTRIS remote sensing consortium, ATMO ACCESS
partners
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Appendices: International and national field campaigns / Cooperations

Campaign

Project partner

SOURCE FFR measurements, modelling: 1.
emission measurement campaign at Frankfurt
airport

TROPOS: RSD

DLR Institute of Combustion Technology, Institute for
Atmosphere and Environment at Goethe University
Frankfurt am Main, Dresden University of Technology

BASS Mesocosmen
TROPOS: ACD

University Oldenburg, GEOMAR - Helmholtz Center
for Ocean Research Kiel, Alfred Wegener Institute,
Helmholtz Center for Polar and Marine Research,
Germany

Atmospheric Chemistry Department

Department Modeling of Atmospheric Processes
Department Atmospheric Microphysics

Department Remote Sensing of Atmospheric Processes
Experimental Aerosol and Cloud Microphysics Department

*****

Cooperations

International cooperations

Research project

Cooperation partners

ACD-C
Atmospheric Chemistry Chamber

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

ACLOUD
Arctic CLoud Observations Using airborne
measurements during polar Day

Max Planck Institute for Chemistry, Mainz; Alfred
Wegener Institute, Helmholtz Center for Polar and
Marine Research; Karlsruhe Institute for Technology;
University of Mainz, Germany; University of Clermont-
Ferrand, France

ACORES
Project about clouds, aerosols, and radiation at the
Azores

Michigan Technological University, Houghton; ARM
Facilities of DOE, USA; Storm Peak Laboratory, DRI,
USA; Max Planck Institute for Chemistry, Mainz;
TU-Berlin, Germany; University Warsaw, Poland;
Universitat Politécnica de Catalunya, Barcelona, Spain

Aerosol, Clouds and Trace Gases Research
Infrastructure

ACROSS > 10 partners from France and USA
Atmospheric ChemistRy Of the Suburban foreSt
ACTRIS more than 100 partners from 21 European countries

ACTRIS-CAMS

Aerosol, Clouds and Trace Gases Research
Infrastructure - Copernicus Atmosphere Monitoring
Service

Norwegian Institute for Air Research, Kjeller, Norway;
Centre National de la Recherche Scientifique, Paris,
Verneuil-en-Halatte, France

ACTRIS measurement station Melpitz
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
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Research project

Cooperation partners

Aeolus DISC

(Data, Innovation, and Science Cluster) - ESAs
data quality framework to support the Aeolus
mission

German Aerosopace Center, DoRIT, Germany;
Centre National de la Recherche Scientifique,

France; European Centre for Medium-Range Weather
Forecasts, Royal Netherlands Meteorological Institute,
The Netherlands; ASEA Brown Boveri, Zlrich,
Switzerland

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

ATMO-ACCESS
Sustainable Access to Atmospheric Research
Facilities

Cooperation of the European Research Infrastructures
ACTRIS, ICOS and IAGOS

ATTO
Amazon Tall Tower Observatory

18 partners from Brazil and Germany

BBComp

Biomass burning organic aerosol in Europe and
Asia: Molecular composition and impact on air
quality

Chubu University, Japan

BRACE MY
Boosting ReseArch CapabilitiEs of Romanian
Cloud MicrophYsics Centre

National Institute for Aerospace Research “Elie
Carafoli; Bucharest, Rumania; University Oslo; Andgya
Space Center, Andenes, Norwegen

CAFE-Brazil

aircraft measurement campaign of HALO in
combination with measurements at the ATTO tower
to study the new particle formation in the upper
troposphere of the amazonian rainforest

Max Planck Institute for Chemistry, Goethe University
Frankfurt, Germany

CARDINAL
Clouds, Aerosol, Radiation — Development of
INtegrated ALgorithms

9 partners from The Netherlands, Germany, Belgium,
Canada, Spain, UK, France

CEOS protocol:
Best practices for the validation of Aerosol, Cloud,
and Precipitation Profiles

Multiple international partners, mainly from the US,
Europe and Japan

CLOUD -DOC Germany, Switzerland, Finland, Austria, UK
Cosmics Leaving OUtdoor Droplets

CLOUD 16 partners from Germany, Switzerland, Finland,
Cosmics Leaving OUtdoor Droplets Austria, Portugal, Russia, UK, USA

CLIMB Royal Meteorological Institute of Belgium, Uccle;

How do aerosol-cloud interactions influence the
surface mass balance in East Antarctica?

Catholic University of Leuven; Royal Belgian Institute
for Space Aeronomy, Uccle; Ghent University, Belgium

COST
Chemistry transport model intercomparison

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

DACAPO-PESO

Dynamics, Aerosol, Cloud and Precipitation
Observations in the Pristine Environment of the
Southern Ocean

University de Magallanes, Punta Arenas, Chile; Leipzig
Institute for Meteorology, Germany
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Research project

Cooperation partners

DUSTRISK
A risk index for health effects of mineral dust and
associated microbes

The University of Cape Verde, The National Institute of
Meteorology of Cape Verde, The National Directorate
of Environment, The Instituto Nacional de Saude
Publica, Dr. Baptist de Sousa Hospital, and Dr.
Agostinho Neto Hospital Praia, Cabo Verde

EARLINET
European Aerosol Research Network

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

ESA-Aeolus
European Space Agency, Atmospheric Dynamics
Mission

European Space Research and Technology Center,
Noordwijk, The Netherlands, ESA Centre for Earth
Observation, Frascati, Italy

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

European Space Research and Technology Center,
Noordwijk, The Netherlands; Japan Aerospace
Exploration Agency, Chofu

EXCELSIOR

ERATOSTHENES: EXcellence Research Centre for
Earth Surveillance and

Space-Based Monltoring Of the EnviRonment

Cyprus, Germany, Greece

GoSouth
Measurements to better understand the aerosole
population in the southern hemisphere.

National Institute of Water and Atmospheric Research,
Auckland; University of Canterbury, Christchurch;
University Auckland, New Zealand; University
Hannover, Germany

GreenFjord

Greenlandic Fjord ecosystems in a changing
climate: Socio-cultural and environmental
interactions

Extreme Environments Research Laboratory; Ecole
Polytechnique Fédérale de Lausanne, Switzerland

HAMMOZ hosting

ETH Zurich; C2SM Zurich, Switzerland; University
Oxford, UK; Finish Meteorological Institute; GEOMAR
- Helmholtz Center for Ocean Research Kiel, Max
Planck Institute Hamburg, Leipzig Institute for
Meteorology, Leipzig University, Germany

H-AMS/ACROSS

Developing an on-line parameterization approach
for predicting the ambient organic aerosol
hygroscopicity based on High- Resolution AMS
measurements

Laboratoire des Sciences du Climat et de
Environnement, Université Paris-Saclay, Gif-sur-
Yvette, France; Institut National de I'Environnement
Industriel et des Risques, Verneuil-en-Halatte, France

HALO-AC3

Characterisation of Arctic aerosol particles, cloud
particle residues, cloud condensation nuclei and
ice nucleating particles

Max Planck Institute for Chemistry; Alfred Wegener
Institute, Helmholtz Center for Polar and Marine
Research; German Aerospace Center; University of
Mainz, Germany; University of Clermont-Ferrand,
France

IAGOS-CARIBIC

In-service Aircraft for a Global Observing
System - Civil Aircraft for Remote Sensing and
In situ measurement in Tropospheric and Lower
Stratosphere based on the Instrumentation
Container Concept

Germany, UK, France
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Research project

Cooperation partners

ICON Cloud Issues
Assessment of cloud forecast with the ICON model

Israel Meteorological Service, Beit Dagan; German
Weather Service;Karlsruhe Institute of Technology,
Germany

ICON-HAMMOZ Development
Model development

Max Planck Institute for Meteorology, Germany, ETH
Zurich, Institute for Atmospheric and Climate Science,
Switzerland, Oxford University, UK; University of
Leipzig, Germany

Impact of the COVID-19 lockdown on the Asian
summer monsoon

Indian Institute of Tropical Meteorology

LACIS-T
Turbulent Leipzig Aerosol Cloud Interaction
Simulator

Leibniz Institute for Solid State and Materials Research
Dresden; University of Iimenau, Germany, Michigan
Technological University, Houghton; University of Utah,
Salt Lake City, USA; University of Warsaw, Poland;
University of Hamburg, Germany

OSCM
Ocean Science Center Mindelo

Instituto Nacional de Desenvolvimento das Pescas,
Mindelo, S. Vicente, Republic of Cape Verde;
GEOMAR Helmholtz Centre for Ozean Research Kiel,
Germany

OzonEval

Development and application of an approach to
assess the uncertainty of model computations of
air pollution dispersion with a focus on ozone

FU Berlin, Research Institute for Sustainability —
Helmholtz Centre Potsdam; TNO, Utrecht; IVU Umwelt
GmbH, Freiburg, Germany

PARAMOUNT

Production of Aerosol paRticle orgAnic Matter
in ClOUds: chamber and laboratory studies,
mechanisms, modelling and iNTegration

University Paris-Est Créteil Val de Marne; Institut
Pierre Simon Laplace; Laboratoire Inter-universitaire
des Systemes Atmosphériques, Paris; Aix-Marseille
Université; Laboratoire de Chemie de I'Environnement,
Oleans, France

PHOSDMAP
Phosphorus speciation in dust and marine aerosol
particles

GOBABEB, Namibia; Institute for Meteorology and
Geophysics, Mindelo, S. Vicente, Cabo Verde

PMQO3 ozone and PM air pollution in China

Fudan University, China

PolarCAP
Polarimetric Radar Signatures of Ice Formation
Pathways from Controlled Aerosol Perturbations

ETH Zurich, Switzerland

PollyNet
Development and application of Polly systems

11 partners from Finland, Poland, Portugal, Korea,
Greece, Israel, Tajikistan, Cyprus, Cabo Verde,
Germany

RI-URBANS

Research Infrastructures Services Reinforcing Air
Quality Monitoring Capacities in European Urban &
Industrial Areas

Spain, Finland, France, Germany, Italy, Netherlands,
United Kingdom, Greece, Switzerland, Belgium,
Norway, Romania, Poland

SOPORTE

Source apportionment of size-resolved
atmospheric particulate matter and their oxidative
potential in Cérdoba (Argentina) and Leipzig
(Germany)

National University of Cordoba, Multidisciplinary
Institute of Plant Biology IMBIV-CONICET, Argentina
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Research project

Cooperation partners

SOURCE FFR measurements * modelling
Ultrafine particles in the Frankfurt airport region

TU Darmstadt, TU Braunschweig; DLR Institute

of Combustion Technology, Stuttgart; Institute for
Atmosphere and Environment Frankfurt; DLR Institute
of Atmospheric Physics Oberpfaffenhofen; IVU Umwelt
GmbH, Freiburg; Institute for Environment & Energy,
Technology & Analytics Duisburg, TNO Utrecht, ACH
Gladbach, HEREON Geestacht, The Netherlands,
ETH Zurich, Switzerland

Tobac

Development of an Open-Source-Python Software
for Tracking and Object-based Analysis of Clouds
in Observations and Simulations

University of Oxford, UK; Colorado State University;
Texas Tech University; Argonne National Laboratory,
USA

TRACE

Transport and transformation of atmospheric
aerosol across Central Europe with emphasis on
anthropogenic sources

Institute of Chemical Process Fundamentals of the
CAS (ICPF-CAS)

TINIA

Investigations on ice crystal formation and
growth under turbulent temperature and humidity
conditions

Michigan Technological University, Houghton, USA;
University of Hamburg, Germany

National cooperations

Research project

cooperation partners

(AC)? projekt A-01

DFG-SFB/Transregio 172

Radiative closure studies and cloud radiative
effects

Leipzig Institute for Meteorology, University Leipzig;
University of Cologne

(AC)? project D-02

DFG-SFB/Transregio 172

Modelling marine organic aerosol and its impact on
clouds in the Arctic

Leipzig Institute for Meteorology, University Leipzig;
University Bremen; Alfred Wegener Institute, Helmholtz
Center for Polar and Marine Research, Bremerhaven
and Potsdam

(AC)? project A-02

DFG-SFB/Transregio 172

Tethered balloon-borne energy budget
measurements in the cloudy central Arctic

Leipzig Institute for Meteorology, University Leipzig;
Alfred Wegener Institute, Helmholtz Center for Polar
and Marine Research, Bremerhaven and Potsdam

(AC?” project B-03

DFG-CRC/Transregio 172

Characterization of Arctic mixed-phase clouds by
airborne in-situ measurements and remote sensing

Leipzig Institute for Meteorology, University Leipzig;
University of Cologne

(AC)? project B-04

DFG-SFB/Transregio 172

Properties and sources of Arctic ice nucleating
particles and cloud condensation nuclei by ship-
based in-situ measurements

Leipzig Institute for Meteorology, University Leipzig;
Alfred Wegener Institute, Helmholtz Center for Polar
and Marine Research, Bremerhaven and Potsdam
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Research project

cooperation partners

ACTRIS-D
Aerosol, Clouds and Trace Gases Research
Infrastructure - Deutschland

10 project partners

AEROVIR
Aerosol chamber studies to characterize the
SARS-CoV-2 transmission through aerosol

Helmholtz Centre for Environmental Research, Leipzig;
Institute for Virology, Leipzig University Hospital

BASS Mesocosmen
Biogeochemical processes and ocean-atmosphere
exchange processes in marine surface films

University Oldenburg, GEOMAR - Helmholtz Center
for Ocean Research Kiel, Alfred Wegener Institute,
Helmholtz Center for Polar and Marine Research,
Germany

ALADINA

Investigating the Small-Scale Vertical and
Horizontal Variability of the Atmospheric Boundary
Layer Aerosol using Unmanned Aerial Vehicles

Technical University Braunschweig; University
Tubingen

APAICA (within ATWAICE)
measurements on Polarstern (aerosol / turbulenz)
in the Arctic

Technical University Berlin, Alfred Wegener Institute,
Helmholtz Center for Polar and Marine Research,
Bremerhafen

AVANTI
Aerosol variability across the North Polar Ocean
and sea ice

Technical University Baunschweig

AirPlast
Abundance and Fate of Synthetic Materials in
Atmospheric sub-10 pm Particles

Leibniz Institute of Polymer Research, Dresden;
Helmholtz Centre for Environmental Research, Leipzig;
Institute for Chemistry and Biology of the Marine
Environment, University of Oldenburg, Technical
University Berlin

BeColLe 8 project partners
UVC air disinfection indoors
CARIBIC-AMS Max Planck Institute for Chemistry, Mainz

An Automated Aerosol Mass Spectrometer for the
Regular Chemical Characterization of Aerosol
Particles in the Upper Troposphere and Lowermost
Stratosphere

ChemTAL
Chemical transformationsin the plant-related
dispersion calculation according to TA Luft

Federal Environmental Agency, Dessau-Rof3lau;
Janicke Consulting, Uberlingen; Lohmeyer Consulting,
Dresden

CIRRUS-HL
The HALO mission on cirrus in high latitudes

7 partners

Colrawi
Combined Observations with Lidar RAdar and
WiInd profiler

German Weather Service, Lindenberg

DUSTRISK
A risk index for health effects of mineral dust and
associated microbes

Leibniz Institute DSMZ (German Collection of
Microorganisms and Cell Cultures), Braunschweig;
Leibniz Research Institute for Environmental Medicine,
Dusseldorf; Leibniz Lung Center, Borstel

Influence of the use of energy-efficient wood stoves
on lung health

atmosfair gGmbH, Berlin
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Research project

cooperation partners

EVAA

Experimental Validation and Assimilation of
Aeolus observations: Validation of aerosol and
wind products with ground-based instruments of
TROPOS

German Weather Service, Ludwig-Maximilians-
Universitat Munich

GoSouth
measurements to better understand the aerosole
population in the southern hemisphere.

University Hannover, Germany

GUAN
German Ultrafine Aerosol Network

Federal Environmental Agency, Dessau-RoB3lau,
Langen, Garmisch-Partenkirchen, Hofsgrund; German
Weather Service, Hohenpei3enberg; IUTA Duisburg e.
V.; Helmholtz Zentrum Miinchen - German Research
Center for Environmental Health, University Augsburg

IFCES2 SCALEXA
With Intra-model Functional Concurrency towards
Efficient Exascale Earth System Predictions

TU Dresden - Center for Information Services and
High Performance Computing, Max Planck Institute for
Meteorology Hamburg, German Climate Computing
Center Hamburg, Jilich Supercomputing Centre ,
ParTec, Munich

Leibniz Research Alliance “Crisis in a Globalized
World”

22 partners

LoCo-PM

Use of miniaturized low-cost PM2.5 and PM10
measurement devices in order to increase the
spatial density in air quality networks, Application
in Leipzig-Lindenau

Dr. Fédisch Environmental Measurement Technique
AG, Makranstadt, Germany

Machine learning algorithm to predict black carbon
(BC) optical properties at various stages of aging

Technical University Kaiserslautern

MMS
Leibniz Network “Mathematical Modeling and
Simulation (MMS)”

24 partners

MesSBAR
Automated airborne measurement of pollutant

levels in the near-earth atmosphere in urban areas.

Technical University Baunschweig; Leichtwerk
Reserch GmbH, Braunschweig; Research Center
Julich; Federal Environment Agency, Dessau; German
Federal Office for Roads and Traffic, Bergisch-
Gladbach; Physikalisch-technische Bundesanstalt,
Braunschweig

Measurements of ammonia in Saxony

Saxon State Agency for Environment, Agriculture and
Geology, Dresden

MODEX
Modellers Exchange

Leipzig Institute for Meteorology, Leipzig University

PICNICC
Polarimetry Influenced by CCN aNd INP in Cyprus
and Chile

Leipzig Institute for Meteorology, Leipzig University

PolarCAP
Polarimetric Radar Signatures of Ice Formation
Pathways from Controlled Aerosol Perturbations

PROM Initiative
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Research project cooperation partners

Prototype Doppler Lidar (design phase) ABACUS-Laser Géttingen; Licel Berlin

Trends, causative factors and effects of ozone Saxon State Agency for Environment, Agriculture and
pollution in Saxony Geology, Dresden

UFP exposure study Frankfurt airport and region University Frankfurt; Helmholtz Centre HEREON,
Geesthacht; Leibniz Research Institute for
Environmental Medicine, Diisseldorf

UV Monitoring Network Federal Office for Radiation Protection, Salzgitter;
Deutschlandweites Netzwerk zur Beobachtung der | German Weather Service, Federal Environmental
UV-Strahlung und Vorhersage des UV-Index Agency

VACCINE Alfred Wegener Institute, Helmholtz Centre for Polar
Variation of Antarctic Cloud Condensation (CCN) and Marine Research, Bremerhafen

and ice nucleating particle concentrations (INP) at
Neumayer Station

Boards

Boards of trustees

Name Institution

Dr. K. Hess Federal Ministry of Education and Research

RORIin C. Liebner Saxon State Ministry for Science, Culture and Tourism

Prof. Dr. F.-J. Libken Leibniz Institute of Atmospheric Physics at the University of Rostock (IAP)

Scientific advisory board

Name Institution

Dr. F. Beyrich Meteorological Observatory Lindenberg

Prof. Dr. A. Engel GEOMAR Helmholtz Centre for Ocean Research Kiel

Dr. C. Fittschen University of Lille, PhysicoChemistry of Combustion Processes and
Atmosphere

Prof. Dr. C. Hoose Karlsruhe Institute of Technology (KIT), Institute of Meteorology and
Climate Research
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Name

Institution

Prof. Dr. T. Koop

Bielefeld University, Faculty of Chemistry

Prof. Dr. M. Lawrence

RIFS Potsdam, Research Institute for Sustainability

Prof. Dr. H. Pawlowska

University of Warsaw, Faculty of Physics / Institute of Geophysics

Prof. Dr. J. Quaas

University Leipzig, Leipzig Institute for Meteorology (LIM)

Prof. Dr. M. Rapp
(Chairman)

German Aerospace Center, Director of the Institute of Atmospheric Physics

Prof. Dr. Bernadett Weinzierl

University Vienna, Faculty of Physics

Members of the TROPOS association

Name

Institution

Prof. Dr. C. Jacobi
(Chairman)

Leipzig University, Leipzig Institute for Meteorology (LIM)

RORin C. Liebner

Saxon State Ministry for Science, Culture and Tourism

Dr. Karsten Hess

Federal Ministry of Education and Research

Prof. Dr. B. Abel

University of Leipzig, Institute of Technical Chemistry

Prof. Dr. B. Brimmer

University of Hamburg, Meteorological Institute

Prof. Dr. W. Engewald

Leipzig University, Faculty for Chemistry and Mineralogy

Prof. Dr. J. Quaas

Leipzig University, Leipzig Institute for Meteorology (LIM)

Dr. H.-H. Richnow

Helmholtz Centre for Environmental Research (UFZ)

Prof. Dr. C. Simmer

Rhineland Friedrich Wilhelm University Bonn, Institute for Meteorology

Prof. Dr. E. Renner,
honorary member

Professor emeritus

Prof. Dr. J. Heintzenberg,
honorary member

Professor emeritus
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Members of the Boards of Trustees Scientific Advisory Board
TROPOS-Association Chair: Chair:
Chair: Prof. Dr. C. Jacobi C. Liebner / SMWK Prof. Dr. M. Rapp
Directorate Administration
Prof. Dr. A. Macke K. Niehuus

Modelling of
Atmospheric Processes

Chemistry of the Remote Sensing of
Atmosphere Atmospheric Processes

Prof. Dr. H. Herrmann Prof. Dr. A. Macke

Atmospheric Microphysics

Prof. Dr. M. Péhlker Prof. Dr. I. Tegen

Information Technology

Research Station Research Workshops Library
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