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1976-1982 Teacher in Chemistry at the Kant. Maturitétsschule fiir Erwachsene des Kt.
Ziirich (part time employment)

Sept. 1982-July 1983 Contract of the Office of Environment, Forest and Landscape (BUWAL)
at EAWAG, advised by Prof. W. Giger (EAWAG) and Dr. H. Hosbach
(BUWAL), dealing with the risk of groundwater pollution by pesticides

Aug.1983-Juli1984 Visiting-Fellowship at the CIRES-Institute (Cooperative Institute for
Research in Environmental Sciences) in Boulder, CO, USA: Computer
simulations of the possible changes in tropospheric chemistry after a
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pollutants in the ambient air of Denver (advised by Prof. R. E. Sievers)

Sept.1984-Sept. 1985 Research Institute for Agriculture at Wiadenswil (FAW): Assessment of
environmental risks of pesticides (funded by the Office of Environment,
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Oct. 1985-Apr.1988 Ciba-Geigy AG in Basel (Postdoc, Central Research, Department of
Analytical Research and Coordination): Calibration and testing of a
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group leader
Nov. 15., 2001 Promotion to a Professor (“Titularprofessor”) by the ETH-Rat
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2000-2005 Tropospheric Chemistry, Dept. for Environmental Sciences (Dept. XB)
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SS 2007-2013 Tropospheric Chemsitry together with A.S.H. Prevot in the Master course
in Atmospheric Sciences of ETHZ
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Apr. 1981 Certificate of Appreciation for the most outstanding Paper in its Category
for a presentation at the 5. Ozonweltkongress in Berlin, awarded by the
International Ozone Association, together with J. Hoigné

1984 Silver Medaille of the Swiss Federal Institute of Technolgy for an
excellent PhD thesis
1984 Jean Hallopeau-award 1983/1984 for an excellent PhD thesis sponsored by
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Research Activities at ETHZ

Stratospheric ozone including long-term trend analysis. The longest total ozone series was
started in 1926 at Arosa in the Swiss Alps. We needed to homogenize the measurements for
reliable long-term trend analysis for which purpose we used statistical models based on
simultaneous measurements and historical documents. Related to stratospheric ozone trend
analysis we have contributed to the analysis of ground-based UVB-measurements. The analysis
of the total ozone series of Arosa and the ozone balloon measurements of Payerne (located in the
Swiss plateau) revealed that in addition to the increasing concentration of ozone depleting
substances the hemispheric changes in dynamics (as connected with the North Atlantic
Oscillation and as described by the tropopause pressure) have significantly contributed to the
stratospheric ozone winter downward trends over Europe which were observed between the
beginning of the 1970s and the middle of the 1990s. In these projects we have collaborated with
C. Appenzeller (presently at MeteoSwiss) and with W. Stahel from the Seminar for Statistics of
ETHZ for the further development of statistical models. We also used trajectory analysis to
improve our understanding of the relation between stratospheric ozone and climate variability. In
our contribution to the EU-project CANDIDOZ (Chemical and Dynamical Influences on
Decadal Ozone Change) we also worked with satellite ozone measurements attempting to
separate the influence of chemical ozone depletion and long-term climate variability. More
recently the recovery of the ozone layer was an important focus. Our studies provided important
information in the context of the evaluation of the effectiveness of the Montreal Protocol (and its
amendments) to protect the ozone layer. We recently applied extreme value theory to assist the
interpretation of time series analysis of total ozone measurements.

Chemistry at tropopause altitude and evaluation of global troposperhic numerical
simulations. Nitrogen oxides play a key role in the formation of ozone in the free troposphere
and ozone acts as strong greenhouse gas in particular at the tropopause altitude. We have
permanently installed (for one year) a highly sensitive and completely automated instrument for
measurements of nitrogen oxides (NO, NO) and ozone in a B747 of Swissair (project NOXAR:
Nitrogen OXides and ozone along Air Routes). The instrument was flown from Ziirich to
destinations in USA, Beijing and over Bombay to Hong Kong providing an extensive data set of
these key species. The measurements were continued in the EU-project POLINAT-2 (Pollution
from Aircraft Emissions in the North Atlantic Flight Corridor). Our analysis revealed large
horizontal gradients of nitrogen oxides at tropopause altitude. In the "lightning tracing method"
we used information of trajectories and of ground based measurements of lightning flashes
which allowed to provide evidence that these large scale NOx plumes can be explained by
nitrogen production in lightning strokes. We continued our research activities in chemistry at the
tropopause region by measurements of NO (NOy), NOy and O3 in the German project SPURT
(SPURenstofftansport in der Tropopausenregion). In this project a large number stratospherically
and tropospherically relevant trace components were measured using a Lear jet as measuring
platform.



The unique NOXAR data set was also important in our contribution to the EU-project
TRADEOFF (Aircraft emissions: Contributions of various climate compounds to changes in
composition and radiative forcing - TRADEOFF to reduce atmospheric impact), in which the
results of numerical simulations are compared with a variety of measurements at the tropopause.
Such numerical simulations are used to predict e.g. the influence of the globally increasing air
traffic on climate. These activites were extended within the EU-Projects RETRO (REanalysis of
TROpospheric chemical composition over the past 40 years) and QUANTIFY (QUANTIFYing
the climate impact of global and European transport Systems).

Photooxidants, other air pollutants and tropospheric ozone long-term trends. Based on
careful evaluation of historical measurements (mainly from Arosa, going back to 1930) and
present measurements we were able to show that tropospheric ozone at surface has increased by
more than a factor of two in the rural and Alpine air all over the European continent between
World War II and 1990, when anthropogenic emissions of ozone precursors increased rapidly.
However, the increase in ozone background concentration commonly observed in Europe during
the 1990s is more difficult to explain since ozone precursor emission significantly decreased in
Europe and North America in this period. For this period we found (in an analysis in
collaboration with PSI) a strong correlation between ozone at high European mountain sites and
ozone in the lowermost stratosphere (deduced from ozone sonde measurements). Because ozone
in the lowermost stratosphere strongly increased after the Pinatubo disturbance in northern
extratropics the strong correlations in anomalies of high mountain sites and the lowermost
stratosphere suggest that this background tropospheric ozone increase was (partially) caused by
an increased ozone flux from the stratosphere, a process, which is difficult to describe in current
global numerical simulations.

We have investigated summer smog air pollution by surface measurements (nitrogen oxides,
ozone and volatile organic compounds (VOC)) and its interpretations. In the Swiss project
POLLUMET (POLLution and METeorology) campaigns took place in Alpine valleys and in the
Swiss plateau. We were among the first to document the large air pollution originating from the
capital of Milan in Northern Italy which affects the air quality of the Southern part of
Switzerland. Subsequently the photooxidant formation in Northern Italy was investigated in the
EUROTRAC-subproject LOOP (Limitation Of Oxidant Production), which showed again ozone
concentrations in the boundary layer approaching 200 ppb. We were able to demonstrate by field
measurements that indicator variables can be used to provide valuable information on the
limitation regime, i.e. the question whether ozone production in an air mass is limited by the
emissions of nitrogen oxides or VOCs.

More recently we were primarily interested on tropospheric chemistry on larger spatial scales
also because of the impact of ozone on climate. We have performed extensive measurements of a
variety of species at Arosa, from which we learned more about the regional, European, and
hemispheric contributions to photooxidants and its precursors. Recently we contributed to trace
gas measurements at the high Alpine site Jungfraujoch (Switzerland) (in particular by extended
measurements of PAN (Peroxy Acetyl Nitrate)) in order to study intercontinental transport
events and the impact of stratospheric intrusions on tropopspheric ozone. In these analyses
(which were performed in collaboration with EMPA) we include information of trajectories,
local meteorology and the chemical composition of the air mass.

Also longterm evolution of surface ozone in Switzerland after 1990 was studied. The small
decrease in high ozone values in the polluted planetary boundary leayer needs further attention
keeping in mind the large reduction of ozone precursors.

Evaluation of emission models. The knowledge of anthropgenic emissions is very crucial in
atmospheric chemistry including air pollution abatement. Current road traffic emission models
are based on dynamomtetric test measurements. However, they need to be validated by other
measurements e.g. by measurements of road tunnels ("real world emissions"). Within the
EUROTRAC-project GENEMIS I was the scientific coordinator of a large tunnel study in the



Gubrist tunnel (close to Ziirich) in which the road traffic emissions of nitrogen oxides, sulfur
dioxide and 58 gaseous organic compounds were measured. The results showed reasonable
agreement between the tunnel measurements and the road traffic emission model except for the
emissions of nitrogen emissions of heavy duty (diesel) vehicles. The emission model
underestimated the tunnel measurements by approximately a factor of two. Further tunnel studies
of Germany and Austria also confirmed this type of difference. The NOx emission of (heavy
duty) diesel vehicles was also an important topic in the EU-project ARTEMIS (Assessment of
road Transport Emission Models and Inventory Systems) in which we contributed by the
calculation of emission factors from new tunnel studies by statistical modeling and the
comparison of the results of the tunnel studies with a road traffic emission model. The revised
traffic emission model for Swiss, Germany and Austria (Handbook for emission factors) shows
good agreement with the temporal evolution of road traffic emissions as derived from
measurements of the Gubrist tunnel available since the early 1990s.

The Seminar for Statistics at ETHZ developed (in collaboration with us) an advanced statistical
model which allows to estimate the contributions of different emission sources to ambient air
concentrations based on the analysis of extended monitoring measurements. With this model we
were able to show that the Swiss emission inventory most probably significantly underestimates
the VOC emissions originating from road traffic sources while other sources such as solvent
emissions are probably overestimated.

Scavenging of air pollutants by precipitation. Our group significantly contributed to the field
experiment winter precipitation at Rigi, in which polluted precipitation was investigated. The
project was part of the interdisciplinary ETH-project WaBoLu (Wasser, Boden, Luft). Our
contribution showed that cloud physics (e.g. riming) plays a key role in the transfer mechanism
of the pollution of inorganic species (in the form of gaseous compounds or as part of aerosols)
from the atmosphere into the precipitation. These activities were also part of the EUROTRC-
Subproject ALPTRAC (High Alpine Aerosol and Snow Chemistry Study). Some measurements
were also performed at the Jungfraujoch. The activities were terminated by numerical
simulations.

Value and history of longterm Swiss 0zone measurements (LKO history project). Since
retirement from ETHZ a study was started to review and evaluate the value of Swiss ozone
longterm measurements for the international atmospheric science community. These activities
led to several review papers and continued until end of 2019 (2020). Pierre Viatte (former
coworker of MeteoSwiss) and I worked on a report on the history of the Light Climatic
Obsrevaory (LKO) at Arosa (published as short version as paper (Stachelin et al., 2018) and as a
Report of MeteoSwiss and IACETH. The results were connected to the prodcution of the book
“Licht, Luft, Ozone” written (in German) for the public by Matin Laubli (2019). The book is
translated to English.

Consulting

I was a consultant of MeteoSwiss for questions concerning atmospheric ozone. The related
work included: Development of concepts for data quality control of the long-term ozone
measurements of MeteoSwiss (at Arosa: total ozone measurements, simultaneously performed
by two Dobson spectrometers and three Brewer spectrophotometers and Umkehr measurements),
data quality check of the ozone balloon sondes of Payerne and trend analysis of the long-term
Swiss ozone measurements.



Membership in Commissions, Steering Groups and International Assessments

Commissions and steering groups

1989-2001
1991-1995
1992-2000

1997-2002

1997-2014

2002-2013

2004-2013

2005-2010
2009-2015

Febr. 2011-2014

2014-2019(2020)

Member of the Commission of Atmosphere and Climate (CCA) of the Swiss
Academy of Natural Sciences (SANW)

Member of the steering group of the Swiss program POLLUMET (Pollution and
Meteorology), 1992 as chair

Member of the International Ozone Commission (I03C) of the International
Association of Atmospheric Sciences (IAMANS)

Member of the steering group of GENEMIS-2 (Generation and Evaluation of
Emission Data), a subprojekt of FEUROTRAC-2 (European Experiment on the
Transport and Transformation of Environmentally Relevant Trace Constituents in
the Troposphere over Europe)

Member of the steering group of GAW-CH (Swiss contribution of the Global
Atmosphere Watch Porgramm of WMO)

Member of the Commission of Atmospheric Chemistry and Physics (ACP) of the
Swiss Academy of Natural Sciences (SANW) (acting as vice chairman 2002-
2010)

Scientific Advisory Group (SAG) on Ozone of the Global Atmosphere Watch
(GAW) project of the World Meteorological Organization (WMO), 2005-2013 as
chairperson

Member of the Environmental Physics groups of the Euroepan Enviromental
Physics Association

Member of the I0;C/WMO-GAW Expert Team on Absorption Cross Sections of
Ozone (ACSO)

SPARC-Office: 50% employmenent (as SPARC-Office drector: Febr.
2011- Febr. 2014) — SPARC (Stratosphere-troposphere Processes And
their Role on Climate) is a core Project of WCRP (World Climate
Research Programme)

Study of history of ozone measurements of Light Climatic Observatory at
Arosa (LKO) and Swiss ozone research (together with Pierre Viatte,
MeteoSwiss (retired) and Martin Laubli

International Assessments

Since 1991

1996, 2000, 2006

1996

2000/2001

Scientific Assessments of QOzone Depletion of World Meteorological
Organization (WMO) and United Nations Environment Programme (UNEP).
Contributions as chapter co-author in 1991, 1994 and 2006, as contributing author
in 2010 and as reviewer in 1998, 2002 and 2013.

Rewiever or contributing author of the Second, Third and Fourth Assessment
Report of IPCC (International Panel for Climate Change)-report, Working Group
1.

Contributing author to the "Assessment of trends in the vertical Distribution of
Ozone" (under the auspices of the programs "Stratospheric Processes and their
role in Climate" (SPARC), IOC and WMO)

Contributing author to the "Second Assessment of European Research on the
Stratosphere", Chap. 4 (Understanding of mid-latitude and tropical ozone trends)



2002/2003 Contributing author of the Scientific Assessment "Ozone-climate interactions",

Chapt. 2 (the effect of stratospheric ozone changes on climate), and Chapt. 3 (the
effect of changes in climate on stratospheric ozone).
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