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Foreword of the President, Prof. G.A. Tammann 
 
The present report covers the interval from January 1st, 1999, to the end of 2000. This 
interval marked the end of an era and at the same time a new start into the future. 
As of the end of 1999 Professor Hermann Debrunner resigned after 26 years as 
President of the International Foundation HFSJG and after 31 years as Director of the 
Research Station Jungfraujoch and later also of the Research Station Gornergrat. His 
first scientific work at Jungfraujoch dates even further back to the year 1958. After so 
many years, it is truly the end of an era - an era that was marked by constant growth, 
modernisation, and adaptation to the changing needs of the users of the research 
stations.  Thanks to Professor Debrunner's love for the research stations, his organisa-
tional talent, his open ear for scientific and technical developments, and his charming 
personality, he left the Foundation in a state of the greatest activity and prosperity. If 
it is true that the best moment for retirement is the one when it is most regretted, 
Professor Debrunner could not have chosen a better moment.  In the name of all his 
colleagues and friends, I express the most sincere thanks for his unparalleled devotion 
to the Foundation. 
I could not have accepted to succeed Professor Debrunner as President of the Foun-
dation as of January 1st, 2000, if Professor Erwin Flückiger had not agreed to be 
Director of the research stations. Through his long-standing association with Professor 
Debrunner and his own outstanding work at Jungfraujoch, he knows the research 
stations as second to nobody. We form a harmonious team, and we shall try to 
continue the work of Professor Debrunner in his spirit. To do so we need the advice 
and the help of all collaborators and users of the research stations as well as of the 
members of the Foundation and of the many officials involved with the Foundation. 
We beg all of you for your support. 
During the year 1999 very constructive and useful discussions took place between the 
Foundation, the Swiss Federal Office for Education and Science, the Swiss National 
Science Foundation, and the Swiss Academy for Sciences about the mode of the 
future financial contribution of Switzerland to the Foundation. We found everywhere 
much understanding and even sympathy for the concerns of the Foundation, and the 
funding could be secured until the end of 2003 with good prospects for additional 
prolongation. 
During the negotiations it was helpful to have the very positive referees' reports on the 
long-term experiments in environmental sciences carried out at the Research Station 
Jungfraujoch. These reports, initiated by Professor Debrunner, will become a regular 
procedure of the Foundation. 
With the Director of the research stations, Professor Erwin Flückiger, the members of 
his staff, and the secretary of the Foundation, Mrs. Louise Wilson, we are confidently 
looking forward to a vigorous and prolific future. The International Foundation 
HFSJG, responding to the needs of researchers at high altitudes, is as much in demand 
as ever and will do everything to fulfill the expectations and requirements of the 
community. Let us all work toward this goal! 
 
 
Basel, June 2001  Gustav A. Tammann 
    President of the International Foundation HFSJG 
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Report of the Director 
 
The period covered by this report is characterized by structural changes, both within 
the Foundation HFSJG as well as in the research stations. The general format of this 
report, different from previous years, reflects some of these changes and of the 
accompanying circumstances. 

 
The Foundation HFSJG 
On October 8, 1999, the Board of the Foundation HFSJG met at the Victoria-Jungfrau 
Grand Hotel in Interlaken for its regular meeting held every odd numbered year. 
Beside the members of the board, the ‘Jungfraujoch Commission’ of the Swiss 
Academy of Natural Sciences, the ‘Astronomic Commission HFSJG’, and a number 
of distinguished guests were in attendance. The annual activity reports of 1997 and 
1998 as well as the statement of accounts for both years were approved unanimously 
and with no abstentions. The extensive and excellent scientific output, which resulted 
from the research at Jungfraujoch and Gornergrat, was recognized with great pleasure 
and satisfaction. The president also informed about ongoing discussions between the 
Foundation HFSJG, the Swiss National Science Foundation, and Dr. Charles Kleiber, 
Secretary of State for Science and Research, concerning the future financing of the 
Swiss contribution to the operational and maintenance costs of the research stations.  

In the management and administration of the Foundation significant changes had to be 
noted. The most important one concerned the leadership of the Foundation. On 
December 31, 1999, after 42 years of devoted and enthusiastic commitment to the 
International Foundation HFSJG, Professor Hermann Debrunner resigned as its 
President and as Director of the High Altitude Research Stations Jungfraujoch and 
Gornergrat. In recognition of the outstanding services he rendered to the Foundation, 
the Board of the Foundation HFSJG elected him as Honorary President. Further 
changes included the office of the treasurer and of the second auditor. As of 
December 31, 1999, Mr. Ernst Stäger, resigned as the treasurer. His valuable services 
to the Foundation are gratefully acknowledged. The new treasurer is Mr. Karl Martin 
Wyss. Dr. Klaus Fröhlich was elected as the second auditor, succeeding Professor 
Gustav Andreas Tammann. Due to the fact that as of April 1, 1999, no further stellar 
astronomy has been done at Jungfraujoch, the Foundation no longer needs an 
astronomical assistant. The very valuable services rendered to the Foundation by Dr. 
Noël Cramer, the first astronomical assistant employed in 1968, and Dr. Bernard 
Nicolet, are highly appreciated and gratefully acknowledged. 

The new leadership with Professor Gustav Andreas Tammann, Astronomisches 
Institut of the University of Basel, as new President of the Foundation HFSJG, and 
Professor Erwin Flückiger, Physikalisches Institut of the University of Bern, as new 
Director of the research stations Jungfraujoch and Gornergrat, took over not only a 
well-managed institution but also two world-famous research stations with high-
standard infrastructure and excellent staff. Thanks to the foresight of Hermann 
Debrunner, a number of upcoming action items were already identified and possible 
solutions prepared. One of the most important tasks is assuring future financing of the 
Foundation, in particular the Swiss contribution.  

The Astronomic Commission, which has the function of a users’ committee to 
strengthen the Foundation’s internal and external communication, had its regular 
spring and autumn meetings in 1999 and 2000. 
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In view of enhancing the public outreach of the Foundation, a webpage was 
established (http://www.ifjungo.ch/). This webpage is in continuous evolvement and 
is expected to become an important tool in communicating the role of the Foundation 
HFSJG and the excellent research conducted at Jungfraujoch and Gornergrat. 

 

The High Altitude Research Station Jungfraujoch 
As can be seen from the individual reports and the detailed statistics, the High 
Altitude Research Station Jungfraujoch continued to be a unique place of lively and 
exciting research activity. Figure 1 summarizes the number of working days spent by 
scientists at Jungfraujoch since 1989. Figure 2 shows the relative number of working 
days for 1999 and 2000 by country. With the exception of the United Kingdom and 
Italy, all member countries of the Foundation benefited from the excellent research 
conditions offered at Jungfraujoch. Researchers from Italy are working exclusively at 
the Astronomical Observatory Gornergrat North. The United Kingdom was last 
represented at Jungfraujoch in 1998 and will again be very active in 2001 within a 
measurement campaign on tropospheric photochemistry (FREETEX 2001). Scientists 
from Belgium, in particular from the ‘Institut d'Astrophysique et Géophysique de 
l'Université de Liège’, continue to be a prime user. In fact, the Liège ‘Migeotte’ group 
celebrated its 50th anniversary of research work at Jungfraujoch in May 2000. A one-
day symposium in Liège, attended by top representatives of the European and Belgian 
scientific and political scene, impressively documented the outstanding work 
conducted by the Belgian group at the forefront of research first in solar physics and 
later in atmospheric and environmental science.  
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Figure 1: Number of working days spent by scientists at the High Altitude Research Station 
Jungfraujoch during the past years. 
 

The low number of working days in 1999 and the increased relative number of Swiss 
researchers in 2000 are related to a structural change in the use of the 76-cm telescope 
and to a special measurement campaign. The astronomers of the ‘Observatoire de 
Genève’, of the ‘Instituut voor Sterrekunde der Katholieke Universiteit Leuven’, and 
of the ‘Groupe Européen d'Observation Stellaire (GEOS)’, who were the main users 
of the Jungfraujoch telescope, will work in the future mainly with the telescopes of 
the European Southern Observatory (ESO) in La Silla, Chile, and of the European 
Northern Observatory (ENO) on the Canary islands Tenerife and La Palma. There-
fore, as per March 31, 1999, the astronomical observatory at Jungfraujoch was closed. 
After revisions in the mechanical and electronic steering, the telescope at the Sphinx 
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Figure 2: Relative number of working days at the High Altitude Research Station Jungfraujoch by 
country. 

Observatory is now used by the ‘Air Pollution Laboratory’ of the Swiss Federal 
Institute of Technology in Lausanne (EPFL), for the operation of a LIDAR, and by 
the ‘Laboratoire de Physique Solaire de l'Université de Liège’, for the operation of an 
infrared spectrometer. This transition clearly shows the present dominance of climate 
and environmental research at Jungfraujoch. This dominance is underlined by the 
extensive ‘Cloud and Aerosol Characterization Experiment (CLACE)’, which took 
place from mid-January to the end of March 2000 under the leadership of the Paul 
Scherrer Institute (PSI). 

The research of the EPFL group is conducted within the ‘European Aerosol Research 
LIDAR Network to establish an Aerosol Climatology (EARLINET)’ 
(http://lidarb.dkrz.de/earlinet/). The CLACE campaign was a part of the ‘Global 
Atmosphere Watch (GAW)’ of the ‘World Meteorological Organization (WMO)’ 
(http://www.wmo.ch/web/arep/gaw_home.html). The GAW program as well as the 
‘Infrastructure Co-operation Network ENVINET’, focusing on multidisciplinary 
environmental research in Northern Europe (http://www.npolar.no/envinet/) include 
several of the research projects at Jungfraujoch. These examples clearly demonstrate 
that thanks to its location and unspoiled environment Jungfraujoch has strengthened 
its position as a key station in European and global measurement networks.  

The extensive research conducted at Jungfraujoch during 1999/2000 is summarized in 
the reports of the individual groups.  

Initiated by Prof. Debrunner, an evaluation of the long-term experiments in 
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environmental sciences at Jungfraujoch was made in summer 1999 by a team of 
international experts (Prof. H. Grassl, World Meteorological Organization, Geneva,  
Prof. J. Heintzenberg, Institute for Tropospheric Research, Leipzig, and Prof. C.N. 
Hewitt, Institute of Environmental and Natural Sciences, Lancaster University, 
Lancaster). The evaluation process included a highly appreciated two-day symposium 
in Grindelwald where the responsible scientists presented their work. The review 
underlined the significance of Jungfraujoch as a unique and outstanding site for 
environmental science, the high standard of the experiments, and the good 
infrastructure offered by the research station. In addition, recommendations were 
made on how effectiveness could be improved. 

As in previous years, the scientific work again attracted a number of visitors. Several 
groups initiated meetings of international scientific committees in the Jungfrau region 
and combined these meetings with an excursion to Jungfraujoch, e.g. the Steering 
Committee meeting of the ‘Network for the Detection of Stratospheric Change 
(NDSC)’ from September 11-13, 2000, in Thun, organized by Prof. N. Kämpfer, 
University of Bern.  

In order to provide the researchers with optimum working conditions, the 
infrastructure needs continuous maintenance. In 1999 we started the first of three 
phases to exchange the old and leaky windows at the research station. During the year 
2000, the second phase was successfully completed. The last part is scheduled for 
2001. In late 2000 the machine producing liquid nitrogen, which is heavily used for a 
number of experiments, had to undergo a complete revison. In addition, following an 
official inspection as required by law, several repairs and improvements of the 
electrical installations were completed by the end of 2000. Discussions took also place 
with the management of the Jungfraubahnen on how to avoid or minimize 
disturbances of the scientific measurements by emissions in connection with ongoing 
and planned construction work. For the construction of the new Plateau exit and 
tourist hall at Jungfraujoch, no combustion engines should be used. We highly 
appreciate these efforts and are grateful to the Jungfraubahnen for their willingness to 
cover the significant related additional costs. 

Optimum working conditions are for the most part also the result of the work of our 
custodians. End of June 2000, Mrs. Rachel and Mr. Paul Kuster-Piller retired after 
more than ten years of devoted service to the Foundation HFSJG. In 1989, Mrs. and 
Mr. Kuster took over the duty of the main custodians at the research station 
Jungfraujoch. In 1997 they reduced their working hours and continued as substitute 
custodians in shifts with Mrs. Therese and Mr. Hansruedi Staub. The new substitute 
custodians, Mrs. Susanne and Mr. Kurt Jenni have worked in well at the research 
station. 

 
The High Altitude Research Station Gornergrat 
Due to its unique location, its environment, and the good infrastructure, the High 
Altitude Research Station Gornergrat, including the two astronomical observatories 
Gornergrat South and Gornergrat North as well as a ‘container laboratory’, continued 
to serve as an excellent basis for astrophysical research.  

The Astronomical Observatory Gornergrat North is subleased to the Italian ‘Consiglio 
Nazionale delle Ricerche (CNR)’. It is equipped with a 1.5m Cassegrain-Infrared 
Telescope (TIRGO). The telescope and related instrumentation is run by the ‘Centro 
per l'Astronomia Infrarossa e lo Studio del Mezzo Interstellare (CAISMI)’ with the 
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assistance of the ‘Osservatorio Astrofisico di Arcetri’ and the ‘Dipartimento di 
Astronomia e Scienza dello Spazio of the Università di Firenze’ (http://www.arcetri. 
astro.it/irlab/tirgo/index.html). Recently, Italy has opened a new national 3.5m 
telescope at the Canary Island La Palma, the Telescopio Nazionale Galileo (TNG). 
For a limited time period between 1999 and 2000, until the infrared camera for this 
new telescope was completed, the main TIRGO instrument ARNICA was used for the 
TNG. Meanwhile, as described in more detail in the respective special report, an 
advanced new mid-infrared camera was developed for Gornergrat North. With this 
new equipment, TIRGO has a bright future despite the increasing number of infrared 
instruments that recently became accessible for online remote operation.  

The Observatory Gornergrat South is subleased to the ‘Universität zu Köln’. Here, the 
‘I. Physikalisches Institut der Universität zu Köln’ has installed a 3m radio telescope 
(KOSMA). The KOSMA telescope with its receivers and spectrometers allows the 
observation of interstellar and atmospheric molecular lines in the millimeter and 
submillimeter range. The most advanced technical equipment combined with the 
excellent observing conditions at Gornergrat allow astronomical observations up to 
the highest frequencies accessible to ground based instruments.  

Both instruments at Gornergrat are accessible to guest investigators. The scientific 
results achieved during the past years have found worldwide recognition. Details of 
the activity during 1999 and 2000 can be found in the individual reports. The 
outstanding quality of the research is impressively documented by the fact that the 
August 20, 2000 issue of ‘Astrophysical Journal Letters’ is entirely devoted to 
research work done at Gornergrat South. 

Since 1998, on the Belvedere plateau, the Space Research and Planetary Sciences 
Research Division of the Physikalisches Institut of the University of Bern is operating 
a solar neutron telescope (SONTEL; http://kspc4.unibe.ch/sontel.html). This detector 
is the European cornerstone of a worldwide network initiated by the Solar-Terrestrial 
Environment Laboratory of the Nagoya University for the study of high-energy 
neutrons produced in energetic processes at the Sun. In September 1999 the detector 
was upgraded to its final configuration. It is expected that this detector will play an 
essential role in the study of solar neutron events during the maximum and declining 
phase of the present solar cycle. 

A great help for the successful scientific work done at Gornergrat is the continued 
support provided by the Burgergemeinde Zermatt, as the owner of the Gornergrat 
Kulm Hotel, and the Gornergratbahn. Concerning the infrastructure, partial renovation 
work has been done to both the North and South towers. A few remaining action 
items will be addressed in 2001. In spring 1999, Mr. Fernando Clemenz, who up to 
then managed the Gornergrat Kulm Hotel with his wife Fabienne, took over the office 
as the director of the Matterhorn Group in Zermatt. Mr. Daniel Kern succeeded him as 
the new director of the Kulm Hotel.  

 
Summary and Acknowledgements  
The research conducted at the High Altitude Research Stations Jungfraujoch and 
Gornergrat during the two-year period 1999/2000 was again extensive, of high 
standard, and internationally well recognized. Due to the unique observational and 
measuring conditions, the Jungfraujoch station has established itself as a key station in 
a number of European and global measuring networks for climate and environmental 
studies. For the same reasons, Gornergrat is a unique center for outstanding 
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astronomical and astrophysical research. The Foundation HFSJG, therefore, continued 
its excellent performance and ensured the perspectives for a bright future. The hard 
work and the efforts of all who contributed to this success are highly appreciated and 
gratefully acknowledged. We also thank all members of the Foundation and their 
representatives for their support. In particular, we thank the Swiss National Science 
Foundation for the significant Swiss contribution, and its Division II, headed by Dr. 
Jean-Bernard Weber, for the supportive and benevolent collaboration.  

Operation of the High Altitude Research Stations Jungfraujoch and Gornergrat would 
not be possible without the hard work, the help, and the support of many individuals 
and organizations.  

For the Jungfraujoch station, our thanks go to our custodians, Mr. and Mrs. Staub, Mr. 
and Mrs. Jenni, and the now retired Mr. and Mrs. Kuster. With their devotion to duty, 
their competence, and their ability to create a familiar atmosphere in the station, they 
are providing the basis for all scientists to do good work. A special thanks goes to the 
Jungfrau Railway Holding Ltd and to the Jungfrau Railways. Without their goodwill 
and their substantial help the research station at Jungfraujoch could hardly be 
operated. Both the Board of the Jungfrau Railway Holding Ltd under its president Dr. 
Georg Krneta and former president Mr. Erwin Reinhard, as well as the management 
and personnel of the Jungfraubahnen under Chief Executive Officer Walter Steuri, are 
always open and positive towards our needs, which quite often conflict with touristic 
objectives. We gratefully acknowledge the generous direct and indirect support and 
appreciate the continued interest in the research activity and scientific output. Thanks 
to personal relationships characterized by mutual respect and confidence we are 
optimistic that together we can keep Jungfraujoch as a unique site for top quality 
scientific experiments and observations. 

For Gornergrat our thanks go first to all the scientists of the ‘Centro per l'Astronomia 
Infrarossa e lo Studio del Mezzo Interstellare (CAISMI)’, the ‘I. Physikalisches 
Institut der Universität zu Köln’, and the ‘Physikalisches Institut’ of the University of 
Bern. We then thank the BVZ Holding AG and, in particular, the Gornergrat-Monte 
Rosa-Bahnen with its president of the board, Mr. René Bayard. The substantial 
continuous support provided by the Gornergrat-Monte Rosa-Bahnen, by Chief 
Executive Officer Bruno P. Melnik and his entire crew, has been essential for the 
success of the scientific work. Finally, we are extremely grateful to the 
‘Burgergemeinde Zermatt’ under the presidency of Mr. Erwin Aufdenblatten. Without 
their goodwill and support it would not be possible to operate a world-famous 
astrophysical observatory at Gornergrat.  

Finally I would like to thank the administration HFSJG. The former and present 
treasurers, Mr. Ernst Stäger and Mr. Karl Martin Wyss have been of invaluable 
service to the Foundation. We have greatly appreciated the knowledgeable support 
and auditing by Mr. Christian Gasser. Last, but not least, I would like to thank Dr. Urs 
Jenzer, the technical assistant HFSJG for electronics and computers, for his proficient 
work, and our secretary, Ms. Louise Wilson, for excellency in running the admini-
strative office and her competence and kindness in the daily contacts with staff and 
scientists. 

Bern, February 2001 Erwin Flückiger 
Director of the Research Stations 
Jungfraujoch and Gornergrat 
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Message from the former President of the Foundation,  
Prof. Hermann Debrunner 
 
After 42 years of commitment to the Jungfraujoch I resigned on December 31, 1999 
as President of the International Foundation HFSJG and as Director of the High 
Altitude Research Stations Jungfraujoch and Gornergrat. I started my work at the 
Jungfraujoch in 1958 as a young student installing and running a cosmic ray detector 
in the frame of my diploma in physics. In 1959 I became part-time assistant to 
Professor Alexander von Muralt, my predecessor as President of the Foundation 
HFSJG, and it was my duty to support and intensify the relations between the 
administration HFSJG in Bern and the custodian of the Jungfraujoch Research 
Station, Mr. Hans Wiederkehr. Returning from a working stay at the Alfvén Group of 
the Royal Technical Institute at Stockholm I was nominated in 1969 as Director of the 
Research Station Jungfraujoch. In 1973 I had the honor to follow Professor Alexander 
von Muralt as President of the Foundation HFSJG. The time I spent in managing the 
foundation as well as the research stations at Jungfraujoch and Gornergrat was great. I 
had the possibility to meet numerous illustrious scientists from all over the world and 
to become familiar with unique experiments that had to be carried out at high 
altitudes. These experiments covered all fields of modern sciences. It was a pleasure 
for me to help realize so many successful projects in medical research, Earth sciences, 
astronomy, astrophysics, and material sciences at Jungfraujoch as well as at 
Gornergrat. I also appreciated the ideal and material support I always received from 
the delegates of public institutions in the member countries of the HFSJG Foundation 
for maintaining and extending our research stations. Most important, however, were 
the numerous friendships I could establish and which, I hope, will continue in the 
future. I thank all of you for taking me as I was and for presenting your sympathy to 
me. 
It was not hard for me to part from Jungfraujoch and Gornergrat. With Professor 
Gustav Andreas Tammann, Astronomisches Institut of the University of Basel, as new 
President of the Foundation HFSJG, and Professor Erwin Flückiger, Physikalisches 
Institut of the University of Bern, as new Director of the research stations at 
Jungfraujoch and Gornergrat, the future of the Foundation HFSJG and its unique 
research stations is ensured. A further guarantee that the management of the 
Foundation HFSJG will continue to go smoothly is our secretary, Mrs. Louise Wilson, 
and our custodians at the Jungfraujoch research station, Mr. Hansruedi and Mrs. 
Therese Staub-Späti. Thus, I am convinced that the Foundation HFSJG and the 
research stations at Jungfraujoch and Gornergrat are also today in the position to look 
forward into an interesting and promising future. 
 
 
Bern, February 2001                          Hermann Debrunner 
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Research statistics for 2000  
High Altitude Research Station Jungfraujoch 
 

Institution Country Research with 
overnight stay 

Research 
during the 
day only  

Institut d’Astrophysique et Géophysique,  
Université de Liège 

Belgium 205  

Labor für Radio- und Umweltchemie,  
Paul Scherrer Institut, Villigen, and Universität Bern 

Switzerland 167 16 

Laboratoire de Pollution Atmosphérique et Sol,  
École Polytechnique Fédérale de Lausanne, Lausanne 

Switzerland 124 2 

Medizinische Klinik - Innenstadt, München Germany 118  
Institut für Medizinische Physik, Universität 
Innsbruck 

Austria 47  

Observatoire Royal de Belgique, Bruxelles Belgium 24  
Labor für Astrophysik, Paul Scherrer Institut, 
Villigen 

Switzerland 24  

Institut für Angewandte Physik, Universität Bern Switzerland 18 10 
Institut für Physik der Atmosphäre, Universität 
Mainz 

Germany 17  

Institut d’Aéronomie Spatiale de Belgique, Bruxelles Belgium 11  
VAW Glaziologie, ETH Zentrum, Zürich Switzerland 11 3 
ETH Zürich, Laboratorium für organische Chemie Switzerland 9  
Eidg. Materialprüfungs- und Forschungsanstalt, 
Dübendorf 

Switzerland 9 47 

Institut Français pour la Recherche et la Technique 
Polaires, Plouzané 

France 8  

Technische Universität Darmstadt Germany 7  
Ruhr-Universität, Institut für Hochfrequenztechnik, 
Bochum 

Germany 6 1 

Institut für Physikalische Chemie, Universität 
Würzburg 

Germany 5  

Institut für Troposphären Forschung, Leipzig Germany 5  
Gruppe Kosmische Strahlung, Physikalisches Institut, 
Universität Bern 

Switzerland 5 3 

Station Aérologique, MétéoSuisse, Payerne Switzerland 5 14 
Geographisches Institut, Universität Freiburg Switzerland 4  
Berner Fachhochschule HTA, Burgdorf Switzerland 2 3 
EMD Flugplatz Emmen Switzerland 2  
Sektion Strahlenschutz, Bundesamt für Gesundheit Switzerland 1 3 
ABB Semiconductors AG, Lenzburg Switzerland  3 
Bundesamt für Landestopographie, Wabern Switzerland  3 
Klinik für Kleintiermedizin, Universität Zürich Switzerland  15 
Abteilung Klima- und Umweltphysik, Physikalisches 
Institut, Universität Bern 

Switzerland  15 

Relaisgemeinschaft HB9F, Bern Switzerland  3 
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  Research with 
overnight stay 

Research 
during the 
day only  

Philips Semiconductors, Eindhoven The 
Netherlands 

 1 

TOTAL  834 142
 

Guests   2 5 
Personnel Jungfrau Railway and other companies   91 
HFSJG administration  23 4 
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Research statistics for 1999  
High Altitude Research Station Jungfraujoch 
 

Institution Country Research with 
overnight stay 

Research 
during the 
day only  

Institut d’Astrophysique et Géophysique,  
Université de Liège 

Belgium 294 1 

Institut voor Sterrenkunde, Heverlee Belgium 119  
Labor für Radio- und Umweltchemie,  
Paul Scherrer Institut, Villigen, und Universität Bern 

Switzerland 79 12 

Institut für Medizinische Physik, Universität 
Innsbruck 

Austria 56  

GEOS Groupe Européen d’Observation Stellaire, 
Versailles 

France 38  

Laboratoire de Pollution Atmosphérique et Sol,  
École Polytechnique Fédérale de Lausanne, Lausanne 

Switzerland 38 4 

Johannes-Gutenberg Universität, Mainz Germany 36  
Institut für Angewandte Physik, Universität Bern Switzerland 33 13 
Observatoire Royal de Belgique, Bruxelles Belgium 27  
Institut d’Aéronomie Spatiale de Belgique, Bruxelles Belgium 21  
Eidg. Materialprüfungs- und Forschungsanstalt, 
Dübendorf 

Switzerland 9 27 

Gruppe Kosmische Strahlung, Physikalisches Institut, 
Universität Bern 

Switzerland 8 2 

Vrije Universiteit Brussel, Brussel Belgium 6  
Institut Français pour la Recherche et la Technique 
Polaires, Plouzané 

France 6  

Institut für Geodäsie, ETH Hönggerberg Switzerland 4  
Station Aérologique 
Schweizersiche Meteorologische Anstalt, Payerne 

Switzerland 3 22 

Geographisches Institut, Universität Bern, Bern Switzerland 3  
VAW Glaziologie, ETH Zürich Switzerland 1  
Sektion Strahlenschutz, Bundesamt für Gesundheit Switzerland 1  
EMD Flugplatz Emmen Switzerland 1  
ABB Semiconductors AG, Lenzburg Switzerland  10 
Physikalisch-Meteorologisches Observatorium, 
World Radiation Center, Davos 

Switzerland  4 

Universität Bochum Germany  1 
Observatoire de Genève, Sauverny Switzerland  1 
Bundesamt für Landestopographie, Wabern Switzerland  1 

TOTAL  783 98
 

Guests  4  
Personnel Jungfrau Railway and other companies  179 4 
HFSJG administration  1 9 
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Long-term experiments and automatic measurements 
at the High Altitude Research Station Jungfraujoch as per December 2000 
 

Institute Experiment / 
Measurements 

Connections 

Institut d’Astrophysique et  
de Géophysique  
de l'Université de Liège 
B-4000 Liège 

Atmospheric physics and 
solar physics 

2 analog telephone  
1 internet  

Belgian Institute for 
Space Aeronomy 
B-1180 Brussels 

Atmospheric physics and 
atmospheric chemistry 

1 internet  

Institut Suisse de 
Météorologie 
Station Aérologique 
CH-1530 Payerne 

Atmospheric physics and 
atmospheric chemistry  
(radiation measurement) 

2 analog telephone  
3 internet  

Schweiz. Bundesamt 
für Landestopographie 
CH-3084 Wabern-Bern 

Global Positioning System 1 analog telephone  
1 private data line 

Paul Scherrer Institut 
CH-5232 Villigen PSI 

Atmospheric physics and 
atmospheric chemistry 
(aerosol measurement) 

1 analog telephone  
2 internet  

Eidg. Materialprüfungs- und 
Forschungsanstalt 
CH-8600 Dübendorf 

Atmospheric chemistry  
(O3 - and NOx measure-
ments) 

1 analog telephone  
4 digital telephone  

Physikalisches Institut 
Universität Bern 
CH-3012 Bern 

Astrophysics (measurement 
of cosmic rays) 

2 analog telephone  

Institut für Angewandte Physik 
Universität Bern 
CH-3012 Bern 

Atmospheric physics and 
atmospheric chemistry 

2 internet  

Berner Fachhochschule 
CH-3400 Burgdorf 

Photovoltaik 1 analog telephone  

ABB Semiconductors AG 
CH-5600 Lenzburg 

Materials research 1 internet  
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Ecole Polytechnique Fédéral 
de Lausanne  
CH-1015 Lausanne 

LIDAR 1 internet  

MeteoSchweiz 
CH-8044 Zürich 

Weather observations private data line 

Universität Heidelberg 
Institut für Umweltphysik 
D-69120 Heidelberg 

CO2 and Krypton 85 
measurements 

automatic measurements 

Bundesamt für Gesundheit 
CH-1700 Freiburg 

Measurements of 
radioactivity: 
NADAM 
RADAIR  

automatic measurements 
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The “Laboratory of Atmospheric and Solar Physics” 
of the University of Liège at the Jungfraujoch 
Ph. Demoulin, Ch. Servais, E. Mahieu, F. Mélen, R. Zander 
Institut d’Astrophysique et de Géophysique, Université de Liège 
5, avenue de Cointe, B-4000 Liège, Belgium 
 
 
A general description of the laboratory, its history, equipments and research activities 
has been published in [16] and will only be briefly summarized and updated here. 

Research carried out at the Jungfraujoch by the University of Liège (ULg) group during 
the last decades mainly dealt with the monitoring of the variability and long-term 
evolution of the chemical composition of the atmosphere above the HFS, and 
contributed with a recognized success to the characterization of the Earth atmosphere at 
the mid-latitudes of the northern hemisphere.  The activities are supported by the 
Belgian FNRS and Belgian national programs as well as included in European research 
efforts closely connected with the programs of the World Climate Research Program 
and of the International Geosphere-Biosphere Program.  They have been, since 1989, 
integrated in a global context after the recognition of the Jungfraujoch site as one of the 
essential components of the primary Alpine Station of the NDSC (Network for the 
Detection of Stratospheric Change).  This network plays an important role in the 
international research effort to follow permanently the changes of the atmospheric 
composition due to human activities; it now includes five primary stations and more 
than forty complementary stations, distributed all over the world. 

The observations are obtained by Fourier Transform Spectrometry, recognized as the 
most efficient way to achieve very high resolution and obtain very high quality spectra in 
the infrared, particularly for atmospheric research [15]. 

Two Fourier transform spectrometers are installed at the Jungfraujoch. 
The first one, developed in Liège, operates routinely since 1984 at the Coudé focus of 
the 76-cm diameter telescope of the HFS.  Two sets of optics can be used: CaF2 
beamsplitter with InSb detector, or ZnSe beamsplitter with HgCdTe detector, allowing 
observations respectively in the 2 – 5.5 µm or in the 5.5 – 14 µm spectral domain.  Both 
of these detectors work at liquid nitrogen temperature (the liquid N2 is produced at the 
HFS). 
The second one, a commercial instrument Bruker 120 HR, is installed on the first floor 
of the Sphinx building. The solar beam is collected on the upper terrace by a computer-
controlled coelostat following the Sun automatically by computing at any time its 
position, taking into account the refraction of the atmosphere when the Sun is close to 
the horizon.  The beamsplitter is made of KBr, allowing observations with both InSb 
and HgCdTe detectors, also cooled by liquid nitrogen. 

Using the Sun as source of background radiation, they provide absorption spectra of the 
atmosphere in five domains (between 2 and 14 micrometers) containing the "signatures" 
of more than 20 different gases playing a role in the atmospheric physics and chemistry, 
as well as many isotopic species of some of these gases. 

During the past decades, measurements at the Jungfraujoch have been performed as 
regularly as possible throughout the year, with observers being present at the site 
during about 250 days per year. 
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The analysis of the spectra is performed with the SFIT 1.09 algorithm [14].  This 
program allows determining the abundances above the Jungfraujoch of the different 
gases, by computing a synthetic spectrum and adjusting it to the observed spectrum in 
a non-linear least-squares iterative procedure.  The line-by-line calculations use a 29-
layer atmospheric model extending from the surface to 100 km.  A Voigt line shape is 
assumed and the spectroscopic parameters are read from the HITRAN database [17].  
Pressure and temperature vertical profiles for the atmosphere above the Jungfraujoch 
are obtained from the National Centers for Environmental Prediction (NCEP).  

The University of Liège team is particularly interested in three groups of molecules: 

a.- Those permitting to quantify the impact of human activities on the erosion of the 
ozone layer in the stratosphere, in particular HCl, ClONO2, HNO3, NO, NO2, HF and 
COF2; ozone O3 is evidently also part of these studies.  The subsequent evaluation of 
the budget of chlorine-containing species will give the possibility to check how 
adequate are the restrictions imposed by the Montreal Protocol (and its successive 
amendments) in the production and use of various chlorine-bearing source gases (in 
particular the CFCs and HCFCs).  Proposed substitution species (notably HFCs and 
FCs) will affect the fluorine budget, whereas the evolution of the budget of nitrogen 
containing species will reflect the small increase of the tropospheric N2O concentration 
observed since the beginning of the industrial era. 

b.- A series of other gases, participating in the greenhouse effect, thus playing a major 
role in the determination of the Earth future climate, a particularly current concern.  
Their tropospheric abundances, steadily increasing, must be carefully monitored.  
Amongst these, a particular interest is given to N2O, CH4, CO2, SF6, CCl2F2 and 
CHClF2. 

c.- Various atmospheric constituents released at the ground, i.e., CO, C2H2, C2H6, OCS, 
HCN, H2CO and H2O, affecting the oxidization processes in the troposphere and the 
stratosphere, or appearing as important precursors in tropospheric ozone production. 

Measuring the abundances of these species is difficult, due to spectral interferences not 
always sufficiently well quantified; new laboratory measurements are obviously needed 
to progress. 

One follows also, evidently, the production and release of the new products developed 
to replace those already banned, or likely to be banned in a near future, in order to 
detect as soon as possible their “signatures” in the observed spectra and to start 
monitoring them as well. 

After proper data analysis, all the results are archived in two internationally 
recognized data centers: NILU (the Norwegian Institute for Air Research) and the 
NDSC center of NOAA (National Oceanic and Atmospheric Administration) in the 
United States.  In this context, we like to mention the participation of our group in 
campaigns aiming to check the necessary cohesion between all the observations 
within the NDSC.  The recent Jungfraujoch results are regularly reported in the WMO 
scientific assessments as [18]. 

Until now, the retrieved data have consisted in vertical column abundances.  
However, ongoing developments of sophisticated retrieval algorithms will 
progressively allow to further provide information on the distribution versus altitude 
for a number of the species listed above; a complete re-analysis of all archived spectra 
will be undertaken as soon as these retrieval tools have been tested and adopted by the 
NDSC. 
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The ULg group has also participated to specific campaigns, such as EASOE, 
SESAME, THESEO and THESEO-2000 organized by the European Community, 
generally aiming at the study of chemical and/or dynamic atmospheric processes. 

Further activities have been devoted to the validation of various atmospheric space 
observations: ATMOS and CRISTA on the Shuttle, HALOE and CLAES on board of 
the UARS satellite, MAPS and TOMS on NASA satellites, GOME on board of the 
European ERS-2 satellite and the MOPITT experiment on board of the NASA satellite 
TERRA.  We were part of the COSE project, actually in its final phase, devoted to a 
compilation of atmospheric data obtained from the ground to support observations from 
space above Europe. 

 In the near future, specific support is planned in favor of the atmospheric chemistry 
experiments aboard ENVISAT (GOMOS, MIPAS and SCIAMACHY, in mid-2001), 
METOP-1 (IASI) and Sci-SAT (ACE). 

Activities during 2000 
During 2000, the Liège group, helped by colleagues from the Observatoire Royal de 
Belgique and from the Institut d’Aéronomie Spatiale de Belgique, was present at the 
Jungfraujoch during 258 days, among which good weather conditions enabled 
observations on 115 days. 

The main activity on the site was to pursue the monitoring of the abundances of the 
already mentioned key stratospheric constituents, mostly within the frame of the 
NDSC program.  The group also supported the THESEO-2000 campaign, during the 
entire year. 

A symposium “Observations atmosphériques dans les Alpes suisses en appui au 
Développement Durable” has been organized on May 11, in Liège, to celebrate the 
50th anniversary of the first observations of Marcel Migeotte at the Jungfraujoch, as 
well as the 50 years of presence of the Liège group in the station.  It was also the 
occasion to stress how atmospheric research is a long tradition amongst the group who 
discovered the presence in the atmosphere of CO and CH4 in 1948, of HF in 1974. 

Figure 1 shows an example of a 1951 observation compared to a recent one.  The 
upper frame of the figure shows an observation by M. Migeotte in 1951, in a spectral 
domain where CFC-12 absorbs [CFC-12 (CCl2F2) is one of the main gases 
contributing to chlorine release in the stratosphere, with the latter destroying the 
ozone catalytically].  The lowermost frame is a spectrum of the same domain, 
recorded in 2000 (note the improvement in the quality).  For an easier comparison, the 
resolution of the 2000 spectrum has been degraded to that of the 1951 observation 
(middle frame).  The obvious new absorptions, indicated by arrows, are produced by 
the CFC-12, which was essentially absent from the atmosphere in 1951. 
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FIGURE 1 

reproduces an excerpt of the databases derived from the analysis of 
ns carried out at the Jungfraujoch during the past decade; it shows daily 
vertical column abundances of seven stratospheric species (HF, HCl, 
NO3, NO, NO2 and O3), as well as those of the long-lived source gas N2O 

sed as a tracer of atmospheric circulation and dynamics.  These databases 
etermine seasonal variations (easily seen on the graph for ozone, NO and 
ell as long-term changes affecting some of these species, e.g. HCl and HF.  
 variability which occurs mainly during the winter-spring-time period is 
eable in Figure 2; for example, during the first part of 1999, we have 
ntrusions of Arctic polar air over the station, characterized by record-high 
 O3, HNO3, ClONO2, HCl and HF, anti-correlated with low N2O columns.  
 the timely rates of changes derived from these databases can be found in 
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FIGURE 2 

To improve long-term trend determinations, we need to remove the effect of short-
term variability; this is achieved by considering measurements collected during the 
"quietest months" of June to November.  An example of such an evaluation is given in 
the Figure 3, extracted from [11].  It shows the evolutions above the Jungfraujoch 
station of the June to November monthly mean vertical column abundances of the two 
main chlorine reservoirs, HCl and ClONO2. The curves fitted to these data points peak 
in 1997.1 and 1994.8 respectively for HCl and ClONO2. The inorganic chlorine (Cly) 
budget has been evaluated by summing the HCl, ClONO2 and ClO individual 
contributions, the latter being estimated from MLS/UARS measurements at northern 
mid-latitudes. Altogether, these three species account for nearly 95% of the inorganic 
chlorine. The Cly curve shows its maximum occurrence around mid-1996, i.e. about 
3.5 years after the northern hemisphere organic chlorine (CCly) maximum determined 
from ground-based in situ measurements [WMO 1998, report 44].  See [11] for 
further details.  The decrease of the stratospheric chlorine loading results from the 
effective application of the regulations adopted by the Montreal Protocol and its 

 11



International Foundation HFSJG 
Activity Report 1999/2000 

successive amendments. Further extension of the time series reproduced in the figure 
3 will help to precise the Cly maximum determination. 

FIGURE 3 

As mentioned, the increase of the abundances of the gases controlling the greenhouse 
effect is another major environmental concern.  The analysis of our observations 
allows determining the vertical column abundances of four important species 
concerned by the Kyoto Protocol, i.e. CO2, CH4, N2O and the very long-lived SF6.  
Figure 4 shows the evolution of their abundances during the last fifteen years: all of 
them are unambiguously on the rise.  Description of trend analysis of these time series 

FIGURE 4 
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can be found in Zander et al. [2000a], except for CO2 whose trend is 0.4%/yr.  It is 
also very interesting to compare the actual abundances of these gases with the ones 
derived from the pioneering IR observations carried out by M. Migeotte, at the same 
site, in the early fifties (given in boxes at the lower left part of each frame). 

We like to already mention that collaboration with EMPA (the Swiss Federal Institute 
for Material Testing and Research) has been decided, in the frame of the European 
Community project SOGE (System for Observation of Greenhouse Gases in Europe), 
starting in 2001.  This project will develop a long-term European observation system 
for halocarbons and assess impacts of the halocarbons on the climate and on the ozone 
layer. 

We have also developed new drive electronics for the 76-cm telescope located at the 
Sphinx.  Due to the venerable age (35 years) of the previous electronics, this 
modification was primarily driven by reliability concerns.  However, it was a good 
opportunity to implement at the same time different interesting improvements. 

The new drive system uses a PC with a flat monitor and custom synthesizer, interface 
and power cards.  This highly integrated control system uses only a small fraction of 
the volume needed by the old one and about 2 cubic meters could be reclaimed this 
way.  This small size also made it possible to place the control system close to the 
observers in the coudé room.  The telescope control program takes care not only of 
the movement of stars but is now capable of following comets, planets, the Sun or the 
Moon, taking into consideration the air refraction effects close to the horizon. This is 
a very important improvement, since the telescope is also used down to the horizon as 
suntracker for one of our IR interferometers. 

The driving software has also been designed in such a way that it is remotely possible 
to verify the status of the telescope in case of problems with the possibility, if further 
implemented, to control its movement over the Internet from the experiments 
themselves. 

In September, the Jungfraujoch station received the visit of the NDSC Steering 
Committee. Each group had the pleasure to show its instrumentation and comment its 
research program, and the visiting colleagues had the opportunity to see that the 
Sphinx building is now, practically, the location of a complete NDSC station. 

Recent publications (the names of members of the Liège group are underlined) 

[1]  Barret, B., E. Mahieu, M. Carleer, M. De Mazière, R. Colin, and R. Zander, 
Tropospheric boundary layer investigations by differential ground-based solar FTIR 
spectrometry, in Environmental Sensing and Applications, SPIE Proceedings 3821, 
pp. 116-123, 1999. 

[2]  Delbouille, L. and Zander, R., Contribution to “Envisat MIPAS –Michelson 
Interferometer for Passive Atmospheric Sounding- an instrument for atmospheric 
chemistry and climate research”, ESA SP-1229, March 2000, Noordwijk, The 
Netherlands. 

[3]  De Mazière, M., O. Hennen, M. Van Roozendael, P. Demoulin, and H. De 
Backer, Daily ozone vertical profile model built on geophysical grounds, for column 
retrieval from atmospheric high-resolution infrared spectra, J. Geophys. Res., 104, 
23855-23869, 1999. 
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[4]  Ingold, T., B. Schmid, C. Mätzler, Ph. Demoulin, and N. Kämpfer, Modeled and 
empirical approaches for retrieving columnar water vapor from solar transmittance 
measurements in the 0.72, 0.82, and 0.94 micron absorption bands, J. Geophys. Res., 
105, 24327-24343, 2000. 

[5]  Mahieu, E., R. Zander, P. Demoulin, M. De Mazière, F. Mélen, C. Servais, G. 
Roland, L. Delbouille, J. Poels, and R. Blomme, Fifteen years-trend characteristics of 
key stratospheric constituents monitored by FTIR above the Jungfraujoch, in 
Proceedings of the “Fifth European Symposium on Stratospheric Ozone”, St. Jean de 
Luz, France, September 27 - October 1, 1999, N. R. P. Harris, M. Guirlet and G. T. 
Amanatidis Eds, pp. 99-102, 2000. 

[6]  Rinsland, C. P., E. Mahieu, R. Zander, P. Demoulin, J. Forrer, and B. Buchmann, 
Free tropospheric CO, C2H6 and HCN above central Europe: Recent measurements 
from the Jungfraujoch station including the detection of elevated columns during 
1998, J. Geophys. Res., 105, 24235-24249, 2000. 

[7]  Zander, R., P. M. Midgley, and M. J. Kurylo, The NDSC in support of satellite 
data validation and calibration, in Proceedings of the ESA "European Symposium on 
Atmospheric Measurements from Space", ESTEC-Nordwijk, The Netherlands, 
January 18-22, 1999, WPP-161, Vol. 2, pp. 649-654, 1999a. 

[8]  Zander, R., E. Mahieu, P. Demoulin, C. Servais, F. Mélen, G. Roland, and L. 
Delbouille,  Spectrometric solar observations at the Jungfraujoch for long-term 
atmospheric monitoring, in Actes du Colloque “Ozone dans la Troposphère: la 
Recherche et la Politique”, Bruxelles, 26 juin 1998, SSTC-D/1999/1191/3, pp. 69-76, 
1999b. 

[9]  Zander, R., E. Mahieu, P. Demoulin, C. Servais, and F. Mélen, Long-term 
evolution of the loading of CH4, N2O, CO, CCl2F2, CHClF2 and SF6 above Central 
Europe during the last 15 years, in Proceedings of the “Second International 
Symposium on Non-CO2 Greenhouse Gases - Scientific Understanding, Control and 
Implementation”, Noordwijkerhout, The Netherlands, September 8-10, 1999, Sp. Vol. 
Environmental Monitoring and Assessment, 2000 Kluwer Academic Publishers, pp. 
211-216, 2000a. 

[10]  Zander, R., E, Mahieu, F. Mélen, and J. Elkins, An evaluation of the northern 
mid-latitude tropopause heightening, based on N2O column abundance measurements 
above the Jungfraujoch, in Proceedings of the “Fifth European Symposium on 
Stratospheric Ozone”, St. Jean de Luz, France, September 27 - October 1, 1999, N. R. 
P. Harris, M. Guirlet and G. T. Amanatidis Eds, pp. 135-138, 2000b. 

To Appear 

[11]  Mahieu, E., R. Zander, F. Mélen, P. Demoulin, C. P. Rinsland, and J. M. Russell 
III, Monitoring the stratospheric chlorine budget during the past decades: the 
Montreal Protocol at work, in Proceedings of the "International Quadrennial Ozone 
Symposium", Sapporo, Japan, 3-8 July 2000, to appear. 

[12]  Rinsland, C. P., A. Goldman, R. Zander, and E. Mahieu, Enhanced tropospheric 
HCN columns above Kitt Peak during the 1982-1983 and 1997-1998 El Niño Warm 
Phases, J. Quant. Spectrosc. Radiat. Transfer, submitted for publication. 
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[13]  Zander, R., The Current NDSC Status – Supporting capabilities for European 
satellite missions, to appear in Proceedings of the “1999-ATMOS-C1 Workshop”, 
Sapporo, Japan, October 11, 1999. 
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Activity report of the Solar and Atmospheric Laboratory of the 
University of Liège at the Jungfraujoch 1999 
 
 

 

Scientists and co-workers from the University of Liège, helped by colleagues of the 
"Observatoire Royal de Belgique" (ORB) and of the "Institut d'Aéronomie spatiale de 
Belgique"(IASB), spent a total of 334 nights at the Jungfraujoch during 1999. One to 
three co-workers have thus been in the laboratory for a total of 267 different days, 
observing the sun during 120 days. 

We would like to mention that the annual meeting of the NDSC (Network for the 
Detection of Stratospheric Change) infrared group took place in Wengen, June 14 to 17, 
1999.  

The most important topics on its agenda were: 
 review of the activities in the five primary sites and most of the complementary ones; 
 discussion of the results of four instrument intercomparison campaigns organized 

over the last two years; 
 reports and discussions of three internal subgroups (Bruker users group, CRISTA 

validation group, Error analysis working group). 

One full day was devoted to a visit of the Jungfraujoch laboratories with presentations of 
the major long term experiments. We thank the colleagues who came at the Jungfraujoch 
to give these presentations. 

The program of observations is primarily connected with the NDSC, with also specific 
efforts within other collaborations. Validation of space research data is still part of our 
interest. We can mention the projects CRISTA (an experiment onboard the shuttle), 
UARS (NASA satellite) and GOME (on the European platform ERS-2). 

The laboratory is cooperating to the joint Europe-USA Arctic Campaign THESEO-
2000/SOLVE (November 1st 1999 to April 30, 2000). 
The monitoring of the abundances of 22 molecular species in the atmosphere has 
continued. The observational end products used for that purpose are the vertical column 
abundances (VCAs, expressed in number of molecules per cm2 ) derived, as usual, from 
spectra taken by our two high resolution Fourier spectrometers. All the deduced values 
are archived in two international data banks, at NILU (Norvegian Institut for Air 
Research) and NOAA (Washington DC). 

Our main objective being the determination and discussion of trends, it would not be very 
instructive to give, in this report, only one year’s results. That is why, in the given 
examples, the 1999 values are appended at the end of a multiple year period. 
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    Fig. 1 : Variations of the vertical columns abundances of a series of atmospheric constituents, 
                 from 1990 to present. The numbers between parentheses are the multiplicative base 
                 ten exponents associated to each group of values. 
                 Note the exponent, different for each molecule. 
 
 

 

n excerpt of the Liège total data sets is reproduced in figure 1. It shows daily mean 
CAs during the last decade for eight key stratospheric constituents, as well as for the 
ng-lived source gas N2O used as tracer of atmospheric circulation and dynamics. 
ithin that context, it can be noticed that the low N2O columns observed during the first 
onths of 1999 anti-correlate with high columns of ClONO2 and with record high values 

f O3, HNO3, HCl, HF and COF2, thus clearly indicating significant intrusions of Arctic 
olar air over Europe during that period; this was confirmed upon inspection of back-
ajectory maps produced by the ECMWF (European Centre for Medium-Range Weather 
orecasts) and accessed via NILU (a similar situation had been encountered during the 
rst months of 1992).    
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   Fig. 2 :  The vertical column abundances of five molecular species playing a role in the greenhouse effect.  

No change can be detected in their rates of increase. 

 
 
As generally accepted, one important concern connected to the chemical composition of 
the atmosphere is the general Earth's surface warming due to the "greenhouse" effect. 
The international conferences held in Kyoto and Buenos-Aires have attempted, with a 
very limited success, to achieve a reduction in the abundances of atmospheric 
constituents absorbing in the infrared, implying corresponding control observations in 
which we are involved. 
Figure 2 shows that, as expected, no evident effect of any such attempt can yet be 
detected. 
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           Fig. 3  Top :        The “freon 12” abundance is now practically constant. 
           Bottom :              The abundance of the not regulated  “freon 22” continues to increase. 
s is clearly better concerning another important topic in atmospheric physics: the 
ion of ozone at all latitudes due to chemical reactions involving various 
ted molecules.  

n in figure 3 (upper curve) the quantity of "freon 12" (CCl2F2, the most active 
in the processes of destruction of ozone) is now stable after many years of rapid 
.  

er curve of that same figure shows that the abundance of the less active "freon 
ClF2), not banned by the international agreements, continues to grow. 
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           Fig. 4 :  The evolution of the abundances of HCl (in red) and ClONO2 (in blue). 
                        These two molecules contain 98% of the atmospheric chlorine. 
                        The top curve (in black) is the sum of these abundances, plus a ClO background (dark blue) 
                        derived from model calculations. The total amount of chlorine is recessing since a few years.     
 

  
 
The data displayed in figure 1 have been normalized for a mean local pressure of 654 
hPa. They allow to produce budget estimates of inorganic chlorine, Cly and inorganic 
fluorine, Fy. 

The Cly atom rate of change resulting from the summation of our HCl and ClONO2 
measurements, complemented by a ClO model background for northern mid-latitudes is 
shown in the figure 4. The observed stabilization and initial slowing down of its loading 
is an unambiguous proof that the Montreal Protocol and its Amendments have been 
properly implemented and applied; the peak load of Cly identified around 1995-1997 is 
consistent with the maximum concentration of organic chlorine (CCly) observed between 
1992-1993 by in-situ ground level measurements networks. 

Fluorine does not contribute to ozone depletion, because F atoms released from the 
photodissociation of fluor-bearing sources are quickly sequestred into carbonyl 
compounds (COF2 and COClF) and subsequently into the ultimate HF, which is very 
stable in the stratosphere. The primary interest in monitoring the inorganic fluorine (Fy) is 
as a surrogate of the amounts of its precursors (mainly the long-lived CFCs and HCFCs) 
having been photodissociated. 
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Fig. 5 : Evolution of the quantity of ozone above the Jungfraujoch. The solid lines indicate the 

fitted average, in between estimated error bar limits. An increase since 1993 seems evident, 
but the effect is still to be confirmed, and then explained, before to be accepted as showing 
an ozone layer recovery. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The evolution of the total amount of ozone above the Jungfraujoch is, if confirmed, 
perhaps the most instructive recent result. 

The total O3 column was stable, of the order of 9.4E18, between 1950 and 1975, and then 
started to slowly decrease. For the period 1980-1992, our results showed a decrease of, 
on the average, (0.75 ± 0.15)% per year. Careful examination of the more recent 
measurements seems to indicate that this decrease stopped around 1993, and that, having 
then reached a minimum of 8.0E18, the O3 column started to increase, by (1.0 ± 0.3)% 
per year, over the last five years. 

It is much too early to conclude that the ozone layer, thinned under the effect of the 
chlorofluorocarbons, is starting to recover. As clearly evident in figure 5, erratic and 
seasonal fluctuations are very large, complicating the determination of a smooth average. 
A non negligeable part of the increase can be due to specific atmospheric circulation 
characteristics that affected meridianal transport in the northern hemisphere during the 
recent past years. 

Only future observations will tell us what really happens... 
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P. Ming a, K. Thomsen a, J. Welte a, A. Zehnder a  
 
a Paul-Scherrer-Institut, CH-5232 Villigen, Switzerland 
 

Introduction 
The Roll Angle System (RAS) is part of the HESSI instrument [1] to be launched by 
NASA in March 2001. HESSI will observe the full Sun with state-of-the-art spatial 
resolution (between 2 and 36 arcsec) and energy resolution (< 1 keV FWHM, 
increasing to 5 keV at 20 MeV) in the energy range 3 keV to 20 MeV. Within the 2 
years lifetime we expect to observe several thousands of flares at energy >25 keV and 
several hundreds at energy >300 keV. Imaging is done by recording the intensity 
modulation through a set of 9 rotating bi-grid collimators spaced at 1.55m distance 
and subsequent Fourier-transformation [2]. The spatial resolution in case of spacecraft 
jitter depends critically on a precise knowledge of the momentary viewing direction. 
Also, in order to provide precise correlation with observations at other wavelengths 
we require an absolute pointing accuracy of 1 arcsec. Two precise aspect systems are 
implemented to position/correct the time-tagged photon events on ground: (a) the 
Solar Aspect System (SAS) which will yield sub-arcsec knowledge of the radial 
pointing offset with respect to the Sun center and (b) the RAS which will provide 
precise knowledge (1 arcmin  at 1σ level, corresponding to 1 arcsec at the solar limb) 
on the roll angle of the rotating spacecraft (15 rpm). Contrary to two-dimensional star 
sensors the one-dimensional scanner type is not commercially available - especially 
for the relatively high HESSI rotation speed - and only few examples have been 
described in the literature. The performance of the RAS was tested by the observation 
of real celestial objects. In the following we shall describe the RAS calibration at 
Jungfraujoch. 

Jungfraujoch calibration measurements 
Ground calibration of the assembled flight model was performed at the Jungfraujoch 
Research Station at an altitude of 3600 
m. This location combines better atmo-
spheric ‚seeing‘ with the beneficial side 
effect of convenient CCD cooling. The 
RAS was mounted on a horizontally 
rotating support and could be set to scan 
the sky continuously over about 50°  be-
tween two end-switches. Due to a longer 
delay at one end-switch the charac-
teristic time periodicity shown in Fig.2 
was obtained.  
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Focal length adjustment was achieved by 
minimizing the width of the point-
spread-function (PSF) upon varying the

 

Fig.1: PSF rms versus angle of incidence. Details 
are given in the text.
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focal length. Doing this for several objects with different wavelength distributions 
resulted in a PSF which is independent of CCD position, as intended (see Fig.1). The 
predicted width (triangles) of the PSF as a function of incidence angle, calculated with 
the CCD responsivity spectrum and ‚sampled‘ with 1 pixel resolution, agrees 
reasonably with a lab measurement using a red laser collimator (diamonds, with 
trendline) . One pixel corresponds to 13 micron or 0.9 arcmin for the f / 1.4, 50 mm 
Leica lens. 
Fig.2 shows CCD source position versus time, plotted with sufficient time resolution 
to see the characteristic periodicity of each object. Although a number of random 
events are present in this ‘raw data plot’ the true celestial objects can be easily 
separated by the requirements (a) of the correct periodicity and (b) to follow a straight 
line. The weakest source observed was Hipparcos  29655 with a visual magnitude of 
mV=3.65 and of type M3 (third from bottom in Fig.2). 
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Fig.2: CCD position vs. time for Hipp. 25336 (mV=1.64), Hipp. 30343 (mV=2.89), Hipp. 29655 
(mV=3.65), Hipp. 25428 (mV=1.65) together with Hipp. 21421 (‘Aldebaran’, mV=0.87)), Jupiter, 
Saturn and Hipp. 23015 (mV=2.69) (from bottom to top). The periodic long / short time structure is 
characteristic for the azimuth of each object and is due to a longer delay at one end-switch. 
 
Stellar scintillation introduced a large amount of signal amplitude spread which made 
the determination of the PSF width and of the effective RAS sensitivity from weak 
objects (mV≥1) unreliable. For Aldebaran we took 4 measurements, spread over two 
hours, which show a variation of the effective sensitivity between 74% and 81% (of 
the nominal prediction). We therefore consider 80% a lower limit taking into account 
the possibility of some residual haze that we cannot exclude. Thus, the RAS 
sensitivity is as predicted and the required accuracy will be achievable. 
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General context 
The Jungfraujoch Alpine Station is a unique site for atmospheric observations, as it is 
in the free troposphere (3'850 m asl) most of the time. It is equipped with instruments 

that have performed essential global 
observation for decades, in particular column 
measurements by FTIR of some of the most 
important trace gases in the earth’s 
atmosphere and a detailed local char-
acterization of the aerosol formation (particle 
size and chemical composition). The 
Jungfraujoch Station is part of the Network for 
Detection of Stratospheric Change (NDSC). 
Up to very recently no range resolved 
observation was available from that site, with 
the exception of passive microwave remote 

sensing in the stratosphere.  The recent installation of a lidar station at Jungfraujoch 
by EPFL, based on previous experience in the lidar field [1-6], is a technique that will 
bring essential input into aerosols, water vapor, and temperature vertical profiles. The 
present activities are based on the challenging development of a Raman lidar for water 
vapor observation up to the tropopause, with an initial phase dedicated to the range 
resolved measurements of aerosols based on the backscatter lidar technique using 
three different wavelength as well as depolarization. Long term lidar observations will 
allow in the future to validate the numerical models used for trend studies and also to 
validate satellite observations carried out in the next decade. 

The Jungfraujoch lidar with the green
laser beam 

 
The Jungfraujoch lidar 
The present project focuses on the need for range resolved measurements of aerosols, 
water vapor, and temperature in the troposphere and stratosphere with observation on 
a regular basis. These observations are performed using three laser wavelengths, two 
telescopes (one of them being the station’s original astronomic telescope) with seven 
receiving channels each.  
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The system is equipped with a powerful Nd-Yag laser source, emitting 355, 532 and 
1064 nm wavelength with a repetition rate continuously adjustable up to 100 Hz. The 
pulse to pulse energy variation is measured less than 1 %, for energy of some hun-
dreds of mJ at each wavelength. For each wavelength, the beam is expanded 5 times 
and emitted to the atmosphere using piezo-controlled stages. The two detection boxes 
for each telescope measure the total elastic signal at 355 nm, the Raman nitrogen at 
387 nm, the Raman water vapor at 408 nm, both polarized elastic signals at 532 nm, 
the Raman nitrogen at 607 nm, and the total elastic signal at 1064 nm. 

The aerosols profiles will be linked with the in-situ measurement performed by PSI 
about the aerosols properties and number density (particle size and chemical 
composition) in an attempt to define a more complete database on the tropospheric 
aerosol. This new aerosols lidar is also part of the European lidar network 
EARLINET which will monitor aerosols on the European scale on a regular basis. 

With the installation of an additional 20 cm telescope for short altitude range 
measurements, an intensive campaign was held between mid February and end of 
March 2000 (CLACE 2000). Here we focused on the measurements of aerosols 
optical properties, together with a number of top of the line in situ technique for the 
characterization of the aerosols properties collected directly at the altitude of the 
Jungfraujoch Station.  

The algorithms for 
the retrieval of the 
extinction and back-
scatter coefficient are 
currently being 
tested, and a time 
series of the range 
corrected signals is 
also presented. 

Since beginning of 
March 2000, the lidar 
system has been 
operated on the basis 
of one week of 

measurement every two weeks, with operators on site whatever the weather 
conditions were. This repetition rate of the lidar measurement will be maintained in 
the next years in order to catch the aerosol and water vapor trends at high altitude. In 
the frame of the European EARLINET project, algorithms inter-comparison will be 
performed, as well as direct lidar measurements inter-comparisons with a portable 
system.  

Eight hours records of backscattered signal using the 20cm telescope,
from left to right, at 355nm, 532nm and 1064nm, acquired with a 200s
time resolution. The use of three wavelengths highlights the aerosols
size-dependant backscattering. 
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Introduction 
To discern between natural and anthropological influences on the Earth’s climate, it is 
of paramount importance to monitor the main contributors of radiative forcing, the 
Sun, and the greenhouse effect, in order to determine the magnitude of the changes. 
The main greenhouse gases are water vapor (the most important contributor), carbon 
dioxide, methane, nitrous oxide, and (in recent years) halocarbons. A change in the 
greenhouse effect is amplified by water vapor feedback because of the strong 
temperature dependence of the water content of the atmosphere. This has important 
consequences for the greenhouse effect for regions such as the Alps. As the 
temperature decreases with altitude, water vapor feedback plays a much less 
important role over elevated terrain. Thus, for the direct monitoring of the greenhouse 
effect, an elevated observing station is more appropriate because it is much less 
influenced by radiative feedbacks. 

In order to scientifically evaluate the magnitude of these problems, the World 
Meteorological Organization (WMO) has reacted by creating new, or updating older 
programs such as the Global Atmosphere Watch program (GAW) and the World 
Climate Research Program (WCRP) with the Baseline Surface Radiation Network 
(BSRN). Switzerland has agreed to contribute to those two WMO programs, and this 
has led to the creation of a Swiss Atmospheric Radiation Monitoring program called 
CHARM with the participation of the Swiss Meteorological Institute SMI, the 
Physikalisch- Meteorologisches Observatorium Davos / World Radiation Center 
PMOD/WRC, the Geographic Institute of the Swiss Federal Institute of Technology 
GIETHZ, and the Institute of Applied Physics, University of Bern IAP. 

The CHARM network represents an ambitious program where the Jungfraujoch 
station has a very particular and important position as an outstanding reference site. 
After having dealt with the many teething problems encountered due to the extreme 
climatic conditions found at this altitude, the whole system has been put in operation 
on 1.1.1997. Subsequent improvements have been implemented until recently where a 
more or less final state has been reached. 

Measurements facility at Jungfraujoch 
In order to achieve optimal protection of the instruments measuring direct radiation 
needing sun-trackers, the installation of a dome was chosen. The measurement 
infrastructure includes therefore two main components that can be easily identified on 
the following pictures: 
 
• a dome of diameter 260 cm mounted on a cylinder of 250 cm diameter. The total 

height of the system is 300 cm. The management of the dome is fully automated 
and depends only on meteorological parameters such as outdoor temperature, 
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wind speed and direction, precipitation, temperature of the sky, sunshine duration, 
etc., and technical parameters such as electrical network state, UPS, etc. A CCD 
camera is further installed on the Sphinx terrasse and oriented toward the dome, 
allowing for remote visual control of the state of the equipment through internet 
(http://sma001.unibe.ch). 

• one external measurement bridge (height 300 cm, length 250 cm) located at the 
north side of the dome, which supports all instruments with a 2π field of view as 
well as the conventional meteorological instruments mentioned above. 

 

 

 

 

 

 

 

 

 
General and detailed pictures of the Jungfraujoch CHARM radiometric measurement facility. 
 
 
The following measurements are presently being performed: 

• within the dome: two sun-tracker units are supporting one absolute cavity 
radiometer PMO6 (PMOD/WRC) traceable to WRR1, one pyrheliometer CH1 
(Kipp & Zonen), one UVee2 Biometer (Solar Light Co) mounted in a tube for the 
measurement of the direct component and one set of Precision Filter Radiometers 
(PMOD/WRC) measuring at 16 wavelengths for the determination of the aerosol, 
ozone, and water vapor total content of the atmosphere. The lower tracker is 
available for calibration activities of the PMOD/WRC. 

• on the external bridge: UVee Biometer, UV-A Biometer, pyranometer CM21 
(Kipp & Zonen) and pyrgeometer PIR (Eppley) upgraded by PMOD/WRC for 
more accurate measurements. All these instruments measure hemispherical 
downward irradiance. Identical sensors have been recently installed on the north 
side of the bridge with fixed shading systems in order to measure at least at solar 
noon the diffuse component and to compare directly with the “global” 
instruments. Meteorological instruments are also installed on the bridge: sunshine 
duration, precipitation with three present weather detectors, temperature and 
humidity, ice accretion detection and, located at the west end of the terrasse, wind 
speed and direction with a Pitot tube and a 3D sonic anemometer. Last but not 
least, a Global Positioning System GPS antenna has been installed at the west end 
of the bridge, which should yield information about columnar water vapor content 
of the atmosphere at this site in the near future (see below). 

                                                           
1 World Radiometric Reference  
2 Erythemal effective UV irradiance 
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Preliminary results 
As the available measurement period is too short to yield any meteorological 
information from a statistical point of view, the following results must be considered 
as a presentation of the information potential available in the future. 

A- Long-wave Irradiance LW 
Measurements of the downward long-wave irradiance are performed on the external 
bridge. A major improvement in the calibration accuracy of the pyrgeometers was 
achieved a few years ago at the PMOD/WRC [1], which allows for an estimated 
absolute accuracy of those measurements better than 3 W/m2 (~1%) in operational 
mode.  

Figure 1 displays the monthly mean values of the daily mean LW irradiance for the 
available period. Similar values obtained at the BSRN station Payerne (490 m a.s.l.) 
are also displayed for comparison purposes [2]. Intensities at intermediate altitudes 
are measured within the Alpine Surface Radiation Budget ASRB network, which is 
jointly operated by the PMOD/WRC and SMI: this special network represents an 
important component of the CHARM program (the Jungfraujoch and Payerne stations 
are also part of the ASRB network). 
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Figure 1: Variation of the LW monthly mean  irradiance at Payerne and Jungfraujoch. 
 
The warmer sky temperature seen at Payerne is due to the amount of water vapor in 
the Planetary Boundary Layer and the amount and/or type of clouds. A major study is 
presently underway at PMOD/WRC [3] in order to analyze the gradient of the IR 
irradiance as function of the altitude and of the meteorological conditions. The 
obtained algorithms and results will represent basic tools for the detection of possible 
future climatic changes. Another study [4] deals with the longer record already 
available at the BSRN station Payerne. 

B- Short-wave Irradiance SW 
Short-wave radiation measurements are performed on the external bridge for the 
global irradiance and, within the dome, the direct irradiance. This means that the 
former yields a continuous record, while the latter measurements are available only 
when the dome is open. The absolute radiometer is used for calibration transfer by 
comparing it with the pyrheliometer when the intensity is above 400 W/m2 and the 
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standard deviation of the pyrheliometer intensity remains under 5 W/m2 during the 
integration period (2 minutes), in agreement with the BSRN specifications. 
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Figure 2.1: Monthly mean values of daily totals of the global irradiance for 

Jungfraujoch and Payerne. 
 
Figure 2.1 displays the monthly mean values of the daily total of the global irradiance 
for stations Payerne and Jungfraujoch. It is interesting to note that the irradiance is not 
much higher at the Jungfraujoch than at Payerne. This is to be related to the different 
climatic conditions prevailing at both stations. Figure 2.2 displays the daily totals of 
sunshine duration for both stations: while the mountain station records much more sun 
at low solar elevation than the low-land site in winter, the situation is reversed in 
summer due to the regular build-up of convective clouds within the Alps. It must be 
also kept in mind that for cloudy situations the Jungfraujoch station is usually within 
the clouds and measures therefore very low irradiance intensities. 
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Figure 2.2: Annual variation of the monthly mean of the daily total of sunshine 

duration for the same station as in Figure 2.1.  
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C- Ultraviolet range 
Measurements in the UVee irradiance are also performed on the external bridge for 
global irradiance and inside the dome for direct irradiance. Figure 3 displays the 
monthly mean values of the daily UVee total irradiance for solar zenith angle < 85 
degrees for all the stations presently available in Switzerland. The very high values 
measured at Jungfraujoch in summer are due to the altitude and to the albedo of the 
surrounding. It must be kept in mind that, in the UVee range, the solar altitude and the 
diffuse component play a much more significant role than in the visible range due to 
the very strong Rayleigh scattering at these wavelengths. For clear weather 
conditions, the four parameters influencing the ultraviolet irradiance are the total 
ozone amount, the aerosol optical depth, the horizon, and the albedo of the 
surrounding region, the last two effects influencing the diffuse, and consequently the 
global components only. 

The data collected at Jungfraujoch in 1999 has been analyzed for clear sky conditions. 
Thanks to the high elevation of the station, atmospheric conditions with extremely 
low aerosol content have provided a possibility to verify ultraviolet irradiance models 
under simplified conditions. This fact is essential in order to determine the sources for 
discrepancies between model and measurements. 

The accuracy of the model has been tested using total ozone amounts measured at 
Jungfraujoch with a Microtops II (Solar Light Co.) and at LKO Arosa3 with an official 
Dobson spectrophotometer in winter 1998/1999. In Figure 4, the impact on the model 
of the two ozone data-sets is displayed: the use of locally measured ozone values 
increases both the daily stability (shorter error bar length) and the long term stability 
of the computed ratios (median of the daily results). The quality of the results 
illustrates both the coherency of the model and the need for local ozone 
measurements. 
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Figure 3: Variation of the monthly means of the daily total UVee global irradiance at stations 

Jungfraujoch, Davos (1600 m a.s.l.), Payerne, and Changins (430 m a.s.l.). 
 
 

                                                           
3 Licht Klimatisches Obervatorium LKO, Ozone station, Arosa, Switzerland. 
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Figure 4 : Ratios  between simulation and measurements of UVee mean daily direct irradiances using 

Arosa (green) and local (red) total columnar ozone values under clear sky conditions. 

 
Based on this result, the total ozone columnar amounts can be computed for the whole 
available Jungfraujoch data-set and compared with the Arosa measurements as 
displayed on Figure 5 where the differences between the two locations are clearly 
illustrated. 

The broadband UVee irradiance measurements performed at Jungfraujoch have 
confirmed the validity of simple models for conditions when aerosols play a minor 
role in the solar irradiance extinction. Further analyses are presently being performed 
to provide better determination of the impact of the zonal albedo perceived by the 
instrument. Comparisons between the Davos and Jungfraujoch measured and 
computed irradiances should help to characterize the influence of the “strong-or-
weak” types of albedo in the UV range (for snow, respectively no-snow landscape 
coverage) and help to determine with more accuracy which portion of the area 
surrounding the sensor is important in terms of the albedo effect. 

 38



 International Foundation HFSJG 
Activity Report1999/ 2000 

 

 7  9 11  1  3  5  7  9 11  1  3  5  7  9 11
−30

−20

−10

0

10

20

30

40

Months, starting July 1997

D
if

fe
re

n
ce

 [
D

U
]

Difference between Ozone measured in Arosa and estimated at Jungfraujoch

 
 
Figure 5 : Running mean of the differences (green curve) between daily means of total ozone measured 

at Arosa and computed at the Jungfraujoch with the direct UVee irradiance model (blue 
error bars).  

D- Spectral measurements 
 
Spectral optical depth measurements are performed using sun photometers mounted 
on an automatic tracker within the dome. Operational measurements of Aerosol 
Optical Depth AOD were started in 1994 using a 3-channel instrument SPM (368, 
500, and 778 nm). In March 1999, a set of three new Precision Filter Radiometer PFR 
designed at PMOD/WRC, was installed. The PFRs have an improved design, 
including, among other things, shutter mechanism and increased filter stability [5]. 
These instruments yield the full set of twelve wavelengths recommended by the 
WMO (368 to 1024 nm). Four additional channels in the UV will be added in the 
nearfuture, allowing for a second method of total ozone determination (see above). 
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Figure 6: Daily averaged AOD at 500 nm measured between 12/94 and 03/99 at Jungfraujoch.  
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Because of the station altitude, Jungfraujoch is considered to be prevailingly in the 
free troposphere during the winter. Thus Jungfraujoch is well suited for studying 
stratospheric aerosols. Figure 6 shows the variation of daily averaged AOD at 500 nm 
in the period from 1994 to 1999. The seasonal cycle with higher atmospheric turbidity 
in summer is characteristic for Jungfraujoch. Such a variation was also found in the 
epiphaniometer data at the same site [6]. Inspection of AOD values obtained during 
winter indicates that background aerosols were still affected by the Mt. Pinatubo 
volcanic eruption until winter 1996/97, which is consistent with AOD time series 
obtained at Davos. 

Besides AODs, the PFRs allow deriving columnar water vapor content CWV from 
channels inside water vapor absorption bands. Data obtained during the first months 
of operation have yielded promising results. Figure 7 shows the monthly averaged 
CWV obtained with SPMs or PFRs at Jungfraujoch, together with similar results 
recorded at Davos and Bern.   
 

Jan−95 Jan−96 Jan−97 Jan−98 Jan−99 Jan−00
0

5

10

15

20

25

Date

C
W

V
 [m

m
]

Water Vapor

Davos,      
1590 m asl. 

Jungfraujoch, 3580 m asl. 

Bern,
560 m asl. 

 
Figure 7: Monthly averaged CWV values obtained at Jungfraujoch, Davos, and Bern. The error-bars 

represent the standard deviation of CWV within one month indicating a high 
CWV variability. 

For the period between March 1999 and October 1999, CWV was retrieved at 
Jungfraujoch on 69 days yielding a mean value of 1.78 mm (1σ=1.01 mm). This is 
considerably lower than the values obtained at Davos and Bern, whereas a similar 
seasonal variation is observed at all three sites. Low CWV values are normally 
recorded during wintertime due to a dryer atmosphere as compared to summer. 
Because the tropospheric water vapor density strongly decreases with increasing 
altitude, the difference in absolute CWV content reflects the altitude difference of the 
stations.  

However, in order to  obtain reliable CWV climatology for Jungfraujoch, more data 
over an extended period has to be acquired. Furthermore, the GPS antennas installed 
at all these sites will allow for direct comparisons in the future. 

 40



 International Foundation HFSJG 
Activity Report1999/ 2000 

References: 
 [1] R. Philipona, C. Fröhlich and Ch. Betz. "Characterization of pyrgeometers and the 

accuracy of atmospheric long-wave radiation measurements.," Applied Optics. 1995. 
Volume 34, 1598-1605. 

[2] A. Heimo, A.Vernez, P. Wasserfallen. "Baseline Surface Radiation Network BSRN - 
Concept and Implementatrion of a BSRN Station.," World Climate Research 
Programme., World Meteorological Organization. November 1993, WMO/TD-No. 
579. 

[3] R. Philipona, Ch. Marty, C. Fröhlich and A. Heimo. "Measurements of the Longwave 
Radiation Budget in the Alps.," IRS96: Smith and Stamnes., A. Deepak Publishing. 
1996. ISBN 0-937 194-39-5,786-789. 

[4] B. Goeldi. "Radiation Budget Variations at the Swiss BSRN station Payerne.," In 
preparation. 

[5] Ch. Wehrli, R. Philipona, PMOD/WRC, in preparation. 
[6] Lugauer, M., U. Baltensperger, M. Furger, H. W. Gäggeler, D.T. Jost, M. 

Schwikowski, and H. Wanner. “Aerosol transport to the high Alpine sites 
Jungfraujoch (3454 m a.s.l) and Colle Gnifetti (4452 m a.s.l)”, Tellus, 50B, pp. 76-92, 
1998. 

 41



International Foundation HFSJG 
Activity Report1999/ 2000 

 

 42



International Foundation HFSJG 
Activity Report 1999/2000 

Grid Connected PV Plant Jungfraujoch (3454m) in the Swiss Alps: 
Results of more than six Years of trouble-free Operation 
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Abstract: The highest grid connected PV plant in the World at Jungfraujoch (3454 
meters above sea level) was planned and realized by HTA Burgdorf during summer 
and fall 1993. It has operated successfully with a 100% availability of energy pro-
duction and monitoring data since Oct. 27, 1993. Operating in high altitudes is a very 
hard stress for all the components. Components surviving in such a harsh environment 
should perform more reliably under normal operating conditions. Until Dec. 2000, the 
plant has operated successfully with a 100% availability of energy production and 
monitoring data for more than 73 months. By means of some modifications energy 
production of the plant could even be increased compared to the first year of 
operation. Annual energy production varied between 1272kWh/kWp in 1994, 
1404kWh/kWp in 1995, 1454kWh/kWp in 1996, 1504kWh/kWp in 1997, 
1452kWh/kWp in 1998, and 1330kWh/kWp 
in 1999. In 1999 and 2000, energy production 
was affected slightly by the replacement of 
the windows of the research station. The 
winter energy fraction in all these years was 
between 44.6% and 48%. In the record period 
between March 1997 and February 1998 (12 
months), annual final yield was 
1541kWh/kWp, winter energy fraction 
46.2% and mean performance ratio was 
85.2%. Such figures for a PV plant in central 
Europe are very good and would also be nice 
for plants in southern Europe. 

1. Introduction 
PV plant Jungfraujoch (3454 meters above 
sea level), was planned and realised by HTA 
Burgdorf during summer and fall 1993 and is 
probably still the highest grid connected PV 
plant in the World. It is not only connected to 
a small local grid, but to the Swiss national 
grid and thus to the large grid in western 
Europe. It has operated successfully with a 
100% availability of energy production and 
monitoring data since Oct. 27, 1993.  

Fig. 1: View of the grid connected PV plant
(1.1kWp) at the research station at Jungfrau-
joch (3454m, about 46.5oN): One of the two
arrays with irradiance sensor (pyranometer
and reference cell). 
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2. Plant layout 
The solar generator consists of 24 modules Siemens M75 (48Wp) with a rated power 
of 1152 Wp. They are mounted vertically to the outer walls of the international 
research station at Jungfraujoch. Thus PV plant Jungfraujoch can be considered as a 
building integrated installation. At this location from time to time STC conditions 
occur, therefore it is possible to determine effective array power at STC from 
measured DC inverter input power at STC increased by calculated losses in array 
wiring and string diodes. Effective power of the array is 1130Wp at STC. The array is 
divided into two arrays of 12 modules that are mounted in vertical position at the 
outer walls of the research station at Jungfraujoch (see fig. 1). The first array has a 
west deviation of 12° from south, the second a west deviation of 27°. 

Energy produced by the modules was injected into grid at first by an inverter Top 
Class 1800. After 32 months with very good operating results, plant performance 
could be increased further by elimination of the string diodes in the PV array and 
replacing the inverter by an improved model (Top Class 2500/4 Grid III). 

Fig. 2 shows a block diagram of the plant. The following parameters are measured: 
- Irradiance into array plane 1 and 2 (two sensors per array: A heated pyranometer 

and a reference cell) 
- Module temperature of array 1 and 2 
- Ambient temperature 
- DC current produced by each array 
- DC voltage at inverter input 
- AC voltage at inverter output 
- AC power injected into utility grid 

These values are sampled every two seconds. Data are stored temporarily in a data 
logger Campbell CR10. Under normal conditions, every 5 minutes average values are 
calculated and stored from these values. However, in case of an error, the original data 
are stored as an error file, allowing detailed analysis of such an error. 

 

Every day, data are transmitted to HTA Burgdo
line and a modem for further analysis and storag
To get a maximum reliability, appropriate 
essential. Wind loads encountered at this locati
quite frequent thunderstorms lightning and ove
issue. 
 

 44
Fig. 2: Block Diagram of the grid 
connected PV Plant (1.152kWp nominal, 
1.13kWp effective) of HTA Burgdorf at 
Jungfraujoch (3454m). 
rf early in the morning via a telephone 
e. 
mechanical and electrical design is 
on are extremely high, and due to the 
rvoltage protection is a very important 



International Foundation HFSJG 
Activity Report 1999/2000 

3.  Plant operation experience and reliability 
Since the start of operation in October 1993, the plant survived the following high 
alpine stress factors without any damages: 
• Heavy storms with wind speeds above 200km/h: This is a very hard test for the 

mechanical components and construction.  
• Thunderstorms with heavy lightning strokes causing damages in other 

experiments that were not appropriately protected at the research station. 
• Irradiance peaks with values up to 1720W/m²: Such peaks (higher than the solar 

constant!) may occur at this location during cloud enhancement situations, because 
the irradiance from the sky is increased considerably by diffuse reflexion from the 
glacier in front of the array. Due to the proportionality of irradiance and DC-
power, these peaks are a hard stress for the inverter. 

• Large temperature differences: On a cold winter day, drop of solar cell 
temperature after sunset can exceed 40 degrees (centigrade) within 30 minutes. 
Total range of measured solar cell temperature so far was -29°C to +66°C.  

• Snow and ice covering of the solar generator: In spring, snow heights of more 
than 3 m are possible. The resulting snow height depends not only from the amount 
of snow coming down, but also from the wind speed and wind direction during and 
after the snowfall. Sometimes energy production is also reduced by hoarfrost and 
partial shadowing by colossal icicles. 

No degradation of module performance was registered so far. The only operational 
problem is the large snow quantity encountered in spring, which may cause a covering 
of one of the two PV generators and thus a loss of energy for a few days. 

4. Data acquisition system 
The data acquisition system with a data logger CR10 operated without major 
problems, too. Availability of monitoring data (AMD) so far was 100%. 

Unfortunately the ventilation system of the pyranometers had not the same reliability 
like the rest of the system. As its power supply was undersized, it failed after only one 
month of operation. Thus between December 93 and June 94 the pyranometers were 
covered by snow or ice on some days for some hours. This deficiency could be cured 
by replacement of the power supply by a stronger unit. Besides this, in February 1994 
suddenly a measuring error of 2% occurred in a AC-power measuring device. This 
error could be detected and corrected with the redundant measuring system. The 
defective device was replaced by a new one as soon as possible. 

5. Annual energy production of PV plant Jungfraujoch compared to other 
Swiss PV plants 

Fig. 3 shows normalized monthly energy production referred to peak array power in 
the years 1994 to 1998 of a PV plant in Burgdorf on the roof of a house (3.18kWp, 
540m), of the large PV plant Mont Soleil (560kWp, 1270m) and of PV plant 
Jungfraujoch (1.15kWp, 3454m). 

In summer 1996 energy production of the plant in Burgdorf was affected considerably 
by a inverter defect that occurred during the vacation of the owner and was discovered 
only when he came back. 

At PV plants in the lower parts of the country, where it is often foggy or overcast in 
autumn and winter, energy production varies very much between a high maximum 
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value in summer and a deep minimum in winter. Winter energy fraction at such 
locations is below 30%. At the plant in Burgdorf at 540m, the ratio between summer 
maximum and winter minimum is around 10:1. 

At PV plant Mont Soleil at 1270m, the ratio between summer maximum and winter 
minimum is already considerably lower, energy production is more continuous and 
winter energy fraction is higher. In some years there is a summer maximum like in the 
lower regions of the country, but in some years there are two maximums in spring and 
autumn like at PV plant Jungfraujoch. 

At PV plant Jungfraujoch, the situation is even better. Annual energy production is 
much higher than at the other locations and monthly energy production is distributed 
much better over the whole year and thus relatively constant. The ratio between 
maximum and minimum is usually only slightly over 2 (exception in 1997: about 3) 
and winter energy fraction is between 44.6% and 48% . 
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Fig. 3:  Normalized monthly energy production (referred to nominal PV generator power) of PV plants
Jungfraujoch (1.15kWp), Mont Soleil (560kWp) and Gfeller/Burgdorf (3.18kWp) in the years 1994 to 
6. Conclusion 
In more than six years of successfull operation, owing to the tilt angle of 90o and the 
high amount of sunshine in winter, energy production of PV plant Jungfraujoch 
was relatively constant over the whole year. Instead of the usual summer maximum 
and winter minimum (which can vary by a factor of ten in lower parts of Switzerland, 
see PV plant at Burgdorf in fig. 3), two maximums per year (a higher one in spring 
(March, April or May) and a lower one in autumn (September or October)) are 
observed. In summer, due to high albedo of the glacier in front of the PV array, a lot 
of irradiation is reflected onto the array despite the high tilt angle of 90o. Therefore 
summer energy production is also remarkably high.  

The only major operational problem encountered was a temporary snow coverage 
occurring in spring. However, due to the tilt angle of 90o  this problem was not very 
serious. With a greater array height above ground (e.g. 5m to 7m instead of only 3m), 
this problem could probably be completely eliminated.  
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Energy production and performance ratio of the high alpine PV plant at Jungfraujoch 
reached very high values in the last six years. Experience obtained in this project will 
be very helpful for the realisation of other high alpine grid connected PV-plants. 
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Introduction 
HFCs (hydrofluorocarbons) and HCFCs (hydrofluorochlorocarbons) are widely used 
as replacement compounds for the CFCs (chlorofluorocarbons), which, due to their 
ozone-depleting properties, were forbidden in the Montreal Protocol. On the other 
hand, all of these compounds are also greenhouse active gases and are therefore 
included into the Kyoto-Protocol, in which the industrialised countries commit 
themselves to decline their emissions of these gases. Whereas the concentrations of 
the CFCs are more or less stable or have even begun to decline, HFCs and HCFCs are 
at present among the fastest growing pollutants in the global background atmosphere. 

Measurements and modelling 
For the detection of the anthropogenic input of these gases to the atmosphere, the 
Jungfraujoch station is an excellent platform. Because of its height and its position in 
the middle of Europe, as one of the biggest source regions for man-made emissions 
world-wide, it is not only possible to measure background concentrations but also to 
estimate the influence of the European emissions to this value. Measurements are 
performed by extracting the halogenated carbons from the air with the help of a 
specially built microtrap and subsequent analysis by gaschromatography-mass 
spectrometry (GC-MS). With the help of these quasi-continuous on-line 
measurements, which started in the beginning of 2000, together with sophistiacated 
atmospheric models it should be possible to validate National and European emissions 
of theses substances. The measurements are both a National Swiss project, supported 
by the Swiss Federal Office of Environment, Forests and Landscape (BUWAL) and a 
part of the EU-funded project SOGE (System for Observation of Greenhouse Gases in 
Europe). A further aim of the latter project will be to relate the long time series of 
column abundances of several of these halogenated greenhouse gases, which have 
been measured at Jungfraujoch by the University of Liège to in-situ concentrations. 

Case study 
As an example a concentration rise of different greenhouse gases is shown for the 
period of 30.-31. October 2000, when air masses originating from the Po-valley 
reached the site at Jungfraujoch (Fig. 1) In Fig. 2 the appropriate trajectories from the 
Swiss Model are shown, which are provided by the MeteoSwiss. The arrival height 
depends either on pressure (700 kPa) or equals to 100 m above the level of the 
Jungfraujoch represented in the model.  
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Fig. 1: Concentrations of different halogenated greenhouse gases at Jungfraujoch in 
autumn 2000. In the period of 30.-31.10 2000 air masses were influenced by 
emissions from the Po-valley (Fig. 2). 
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Fig. 2: Trajectories arriving at Jungfraujoch on the 30.10.00. The two traces are 
related to the pressure level of 700 hPa and to an arrival level 100 m above the height 
represented in the Swiss Model, respectively. 
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Introduction 
The observation of cloud and aerosol particles has been conducted at the JFJ since 
1988 and has established the site to be suitable for the long-term monitoring of the FT 
background aerosol [1,2]. It forms the joint European Global Atmosphere Watch 
(GAW) baseline station. 

With the participation of 8 German, Hungarian, and Swiss institutes, the intensive 
field campaign CLACE (Cloud and Aerosol Characterization Experiment) took place 
during February/March 2000 at the high alpine research station Jungfraujoch (JFJ, 
3580 m asl, Switzerland). The main goals of CLACE were to examine cloud 
formation processes under different meteorological conditions, to characterize organic 
aerosol compounds, to compare particle size distributions measured under different 
conditions and to determine hygroscopic properties of aerosols. 

Clouds have an effect on the earth’s energy budget by reflecting the solar radiation 
back to space. This property is known as the indirect effect of the atmospheric aerosol 
and has rarely been quantified yet [3]. It is therefore of special interest which particles 
become activated under which conditions. With the increase of the aerosol 
concentration caused by human activity, more particles are possibly available for 
activation. Under the assumption that the amount of water vapor stays constant, more 
and smaller water droplets are formed than without anthropogenic influence. This will 
cause an increase of the cloud albedo and thus of the reflection of solar radiation [4]. 

Experimental 
During CLACE, with the instrumentation and expertise of the contributing scientists, 
the following aerosol parameters were measured simultaneously: number and surface 
area concentrations, aerosol and cloud droplet number size distributions, aerosol 
volatility, chemical composition (major ions and organic compounds), particle 
morphology (scanning electron microscopy and transmission electron microscopy), 
single particle composition (time of flight mass spectrometry), spectrally resolved 
light scattering and absorption, water soluble fraction, and hygroscopic growth. 

Ambient aerosol was sampled by different inlet systems: A heated inlet, as described 
in [5], was used to measure the total aerosol. In addition, the interstitial aerosol was 
sampled by a cascade impactor, which was designed to remove cloud droplets. 

Total and interstitial particle size distributions were measured with three different 
Scanning Mobility Particle Sizers (SMPS, for the diameter range D = 0.02 to 0.8 µm). 
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One SMPS was operated in the laboratory at approx. 25°C and sampled the aerosol 
alternately from both inlets. Another SMPS system measured the interstitial aerosol, 
which passed through a thermodesorber system [6]. A third SMPS system was located 
outdoors and measured the size distribution at ambient relative humidity (RH) and 
temperature conditions.  

Results 
Figure 1 shows a typical example of total and interstitial aerosol size distributions 
measured at room temperature for a cloud event as well as for a cloudless period. In 
Fig. 1 (a) the cloud droplet size distribution as measured with a forward scattering 

spectrometer probe (FSSP) is also 
given. 

Aitken (20 nm < D < 100 nm) and 
accumulation mode (100 nm < D 
< 800 nm) particles were observed 
in both cases, with mean 
diameters for the cloud event of 
65 and 150 nm, respectively, and 
90 and 200 nm, respectively for 
the cloudless period. During the 
cloud, the accumulation mode 
aerosol was scavenged com-
pletely, while almost the whole 
Aitken mode remained. This can 
also be seen in the number 
concentrations, with 500 cm-3 for 
the total and 238 cm-3 for the 
interstitial aerosol. The total 
droplet concentration of 384 cm-3 
calculated from the FSSP data 
shows a reasonable agreement 
with the one calculated from the 
difference of the particle concen-
trations between total and inter-
stitial aerosol (~260 cm-3). An 

analysis of the whole dataset showed that in dense clouds (liquid water content, LWC 
> 0.3 g m-3), particles with D> 100 nm were activated to cloud droplets.  
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Fig. 1: Averaged size distribution (1-hour 
averages) of the total (up triangles) and 
interstitial (circles) aerosol during a cloud 
event (a) and without cloud (b). 

The capability of an aerosol particle to act as a cloud condensation nucleus depends 
on its dry size as well as on its hygroscopic properties. Aerosol particles usually 
contain a substantial amount of water as soon as the relative humidity (RH) has once 
reached the deliquescence point of an individual compound. Due to the hysteresis 
phenomenon, the particles stay in a metastable state well below the deliquescence 
point. As an example, the water content of pure ammonium sulfate is about 25% at 
RH=50%. Thus, the atmospheric aerosol typically contains a high fraction of water at 
elevated RH, which significantly influences the particle properties such as its ability 
to scatter light.  

During the campaign, the hygroscopic growth of the particles was measured by means 
of two hygroscopicity tandem differential mobility analyzers (HTDMA). One 
instrument performed these measurements at temperatures below 0°C [7]. 

 54



International Foundation HFSJG 
Activity Report 1999/2000 

Figure 2 compares 
HTDMA data from an 
area close to major 
particle sources (Milano, 
Italy) to the situation on 
the Jungfraujoch located 
in the lower free tropo-
sphere. The increase of the 
growth factor is clearly 
seen, which is due to the 
deposition of water sol-
uble material on the par-
ticles by a number of 
processes (e.g., coagula-
tion with water soluble 
particles, (photo)-chemical 
degradation of the aerosol 
particle surface, gas to 
particle conversion (hete-
rogeneous nucleation), ad-

sorption and reaction of gaseous molecules, or cloud processing). 
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Fig. 2: Size distributions of monodisperse aerosol 
particles with a (dry) diameter D0 = 100 nm after 
exposure to a relative humidity of 90%. (Milano data 
from [8]). 

Together with the hygroscopic growth, there are also other factors, which may 
influence the number size distribution of aerosol particles. Figure 3 shows the 24-h 
evolution of the particle number concentrations at the Jungfraujoch measured with 

different systems. On 
these particular days the 
station was in clouds until 
approx. 5 a.m. of Feb. 21. 
The ambient temperature 
ranged between –16 and –
20°C. The number concen-
tration of the interstitial 
aerosol measured indoors 
tracks well with the total 
aerosol measured via the 
other inlet by the same 
system as well as with the 
total particle number con-
centration measured by a 
Condensation Nucleus 
Counter, CNC. In contrast, 

the variation of the interstitial aerosol measured outdoors shows two additional peaks 
that are significantly higher than the level of the interstitial aerosol measured indoors. 
These two phenomena range over 3-4 hours before the particle concentration drops 
back to the level of the other variations. During these periods, the outdoor SMPS 
recorded particle number size distributions with nearly identical modes, but with a 
particle concentration higher by a factor 3 in the range 20 - 100 nm and by a factor 2 
in the range 100 - 400 nm, respectively. Obviously, a significant fraction of the 
particles is composed of material with a high volatility. 
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Further evaluation of the data with incorporation of the chemical analysis will show to 
what extent organic compounds are responsible for these phenomena.  
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Motivation 
The optical properties of the atmosphere in the wavelength range of visible light are 
dominated by aerosol particles [1]. Aerosol particles can influence the atmospheric 
radiative balance by scattering and absorption (direct effects) and by acting as cloud 
condensation nuclei (indirect effects) [2]. For calculation of the scattering and 
absorption properties, detailed information about size, morphology, and chemical 
composition of the aerosol particles must be obtained [3-5].  

Scanning electron microscopy combined with energy-dispersive X-ray microanalysis 
represents a powerful tool to determine these characteristic parameters. However, in 
the past two technical limitations have prevented the use of electron microscopy for 
the determination of the optical properties. First, the lateral resolution of conventional 
instruments is not sufficient for the study of morphological details of small particles 
(< 1 µm), which are important in order to assign particles into groups with defined 
optical properties. Second, conventional energy-dispersive detectors do often not 
allow the detection of the light elements carbon, nitrogen, and oxygen. Therefore, 
carbon-rich particles, the most important absorbing component of many atmospheric 
aerosols, could not be studied appropriately in the past.  

By using a high-resolution instrument (field emission gun) equipped with a thin 
window X-ray detector these limitations were overcome and characterization of 
almost all components of the atmospheric aerosol is now possible. We have 
successfully applied this new technique to marine [6] and continental [7, 8] aerosols. 

In the Lindenberg Aerosol Characterization Experiment (LACE 1998), we have 
determined the size resolved complex refractive index from the analysis of individual 
particles [8]. In order to trace the change of the optical properties during passage of 
the boundary layer by individual particle analysis, we are planning a measuring 
campaign at the Jungfraujoch station, for which the CLACE field experiment served 
as a feasibility study. 
 
 
Sampling 
Twelve aerosol samples were collected from 15 March to 19 March (Table 1).  
 

sampling day sampling time 
15.03.2000 8.40-12.40 
15.03.2000 13.05-15.05 
15.03.2000 15.05-17.05 
15.03.2000 17.20-23.30 
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16.03.2000 9.00-15.00 
  16.03.2000* 15.05-21.10 
17.03.2000 9.15-13.15 
18.03.2000 9.00-14.00 
18.03.2000 14.00-19.30 
19.03.2000 7.30-10.30 
19.03.2000 10.30-13.30 
19.03.2000 13.30-16.25 

*interstitial aerosol 
Table 1: Sampling days and sampling time. 
 
 
Aerosol particles were sampled on conducting glassy carbon disks in a self-
constructed two-stage cascade impactor [9]. With a flow rate of 2 l/min, the cutoff 
diameter of the prefractionator is 25µm and the cut off diameter of the impactor stage 
is 0.1 µm. In order to obtain an appropriate loading on the sample carrier, the 
sampling time was varied between 2 and 6 hours. Too long sampling times must be 
avoided because of the requirements of scanning electron microscopy, where 
overloading of the sample carrier may prevent an analysis of individual particles. The 
optimum sampling time depends on the total particle concentration and was estimated 
prior to sampling by means of an optical particle counter.  
 
 
High-Resolution Scanning Electron Microscopy 
Individual aerosol particles were studied by high-resolution scanning electron 
microscopy (HRSEM) and energy-dispersive X-ray microanalysis (EDX). For this 
purpose, the conducting glassy carbon disks were introduced directly into the 
instrument without carbon coating. The small grain sizes and the conductive substrate 
prevent the insulating phases from substantial charging during electron bombardment. 
All aerosol particles were studied with a field emission gun scanning electron 
microscope (PHILIPS XL 30 FEG). This instrument permits characterization of 
individual aerosol particles with diameters down to 10 nm, with excellent quality of 
the secondary electron (SE) images. X-ray analysis is carried out with an energy-
dispersive Si(Li) detector (ultrathin window) allowing detection of elements with Z ≥ 
5 (boron). With this instrument size, morphology and elemental composition of 
individual aerosol particles can be determined. If the phase composition is needed for 
further interpretation of the data, transmission electron microscopy (TEM) has to be 
carried out.  

With the applied method, we achieve a complete characterization (size, morphology, 
chemical composition and by use of TEM also phase composition) of the optically 
most important size range (100 nm - 3 µm; [10]) of atmospheric aerosols. With this 
information it is possible to derive the size-resolved complex refractive index from 
the analysis of individual aerosol particles. However, as the techniques used in the 
present study require high vacuum conditions during analysis, all the water present in 
the aerosol sample (except water enclosed in the crystal structure) is lost. The 
refractive index obtained from our approach is, thus, only feasible for relative 
humidities below the deliquescence point of the major aerosol components present. 
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Results and Discussion 
As our participation in the CLACE field experiment is regarded as a feasibility study, 
we have analyzed only  approximately 100 particles per sample. This number is 
adequate to determine the main particle groups with relative abundances ≥ 5 %. With 
the knowledge of the main particle groups some important properties of the aerosol, 
e.g., the deliquescence behavior and the average refractive index, can be estimated. 

The particles were classified into ten different groups, using compositional and 
morphological criteria (Table 2). 
 

particle group criteria based on beam resistance and relative X-ray intensities  
[sum of net counts of elements with 11 ≤ Z ≤ 82 = 100 %] 

silicium oxide (quartz) Si > 85 % 
alumosilicates  Si > 50 % and Al > 15 %   
metal oxides/hydroxides Fe > 80 % 
calcium sulfate (gypsum) Ca > 30 %  and  S > 40 % 
ammonium sulfate O + S > 80 %, beam damage 

 
 

carbon rich particles criteria based on morphology, beam resistance and relative X-ray 
intensities [sum of net counts of elements with 6 ≤ Z ≤ 82 = 100 %] 

soot morphology 
biological morphology and/or characteristic minor elements (Na, Mg, P, Cl, K and 

Ca)  
C/silicate mixed particles C + O + Al + Si > 80 % 
C/SO4 mixed particles C + O + S > 80 % and Al + Si < 5 %, beam damage 
Crest rest fraction of carbon dominated material, no beam damage  

Table 2: Criteria for definition of particle groups. 
 
 
During the whole time period from 15 to 19 March 2000, the three particle groups of 
soot, ammonium sulfates and alumosilicates were dominating. Soot and ammonium 
sulfates were often internally mixed. 

According to our definition, all particles with variable composition between H2SO4 
and (NH4)2SO4, depending on the degree of neutralization of H2SO4 by NH3, are 
assigned to ammonium sulfate. The original sulfate species and the water content are 

difficult to obtain by 
SEM investigations. 
When sulfate particles 
are deposited on the 
impactor stage, post-
sampling alteration will 
occur during storage and 
SEM investigation. In 
Figure 1 typical ammo-
nium sulate particles 
(dried droplets) are dis-
played. In Figure 2, a 
typical soot agglomerate 
is shown. Soot is defined 
here as an agglomeration 
of spherical particles Figure 1: Secondary electron image of ammonium sulfate particles.
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with diameters of the 
primary particles be-
tween 20 and 100 nm. In 
high-resolution scanning 
electron microscopy soot 
can be easily recognized 
in most cases by its 
characteristic morphol-
ogy. Aged soot agglom-
erates may lose their 
characteristic primary 
texture and will, then, be 
assigned to the group of 
Crest. The volume of the 
soot agglomerates is 
difficult to determine by 
electron microscopy due 

to their fractal geometry ([11-13]). Particle volumes in electron microscopy are 
usually calculated on the basis of the measured projected area diameters. However, 
this procedure leads to a systematic overestimation, as the pore volume of the soot 

agglomerates is not 
considered. The pore 
volume is highly vari-
able depending on the 
size, source and history 
of the soot agglomerates. 
During the CLACE 98 
field experiment, we 
have estimated that the 
average pore volume of 
ambient soot agglom-
erates will be in the 
range of 30 – 90 %, with 
the best estimate around 
60 % [8]. Soot was not 
expected to be a main 
component of the aerosol 

at the Jungfraujoch station. It appears that the major part of the detected agglomerates 
is a contamination from fire activities in the Jungfraujoch train station. The absence of 
strong local particle sources is one of the most important requirements for aerosol 
sampling locations (and therefore under normal conditions a major advantage of the 
Jungfraujoch station). In Figure 3, typical alumosilicate particles are displayed. This 
particle group dominates the samples from 17, 18, and 19 March. According to air 
mass back-trajectories (Weingartner, pers. comm.), the silicates are desert dust and 
originate from a strong dust storm in Northwestern Africa. Many silicate particles 
contain some carbon, which may be explained by a second component, which is 
internally mixed with the silicates. We have, thus, defined the additional particle 
group of carbon/silicate mixed particles. At present, transmission electron 
microscopic investigations are carried out to identify the silicatic phases and to obtain 
more information about the carbon dominated material. 

Figure 2: Secondary electron image of a typical soot agglomerate.

Figure 3: Secondary electron image of alumosilicate particles.
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Besides the main particle groups outlined above, a few metal oxides/hydroxides 
particles, biological particles, calcium sulfates and Crest particles have been observed. 
The results of our preliminary investigation are summarized in Table 3. 
 
 

Dae ≤ 1 µm Dae > 1 µm sample 
dominant common  rare dominant common rare 

03/15 
8.40-12.40 

soot ammonium 
sulfate 

- soot ammonium 
sulfate 

- 

03/15 
13.05-15.05 

C/SO4 ammonium 
sulfate, soot 

- ammonium 
sulfate 

- - 

03/15 
15.05-17.05 

soot  ammonium 
sulfate 

soot -  CaSO4

03/15 
17.20-23.30 

soot Crest - - silicates, soot, 
ammonium 

sulfate 

- 

03/16 
09.00-15.00 

- soot, C/SO4 - soot C/silicate metal oxides 

03/16 
15.05-21.10 

soot metal oxides, 
silicates 

- soot metal oxides, 
silicates 

- 

03/17 
09.15-13.15 

C/silicate silicates - C/silicate silicates - 

03/18 
09.00-14.00 

C/silicate - Crest C/silicate - Crest, 
biological 

03/18 
14.00-19.30 

C/silicate soot, Crest - C/silicate Crest  biological, 
C/CaSO4

03/19 
07.30-10.30 

C/silicate -  C/silicate - - 

03/19 
10.30-13.30 

C/silicate - soot C/silicate - soot 

03/19 
13.30-16.25 

silicate - - silicate - - 

*interstitial aerosol 
 
Table 3: Abundance of the different particle groups with diameters above and below 1 µm ( dominant: 
> 50 %;0 common: 5 - 50 %; rare: < 5 %).  
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Background and aim of the study 
The acute mountain sickness (AMS) has an incidence of 40 to 60 % in all subjects 
travelling to an altitude higher than approximately 2500 m, depending on the speed of 
the ascent [1]. The symptoms are headache, gastrointestinal disturbances, dizziness 
and sleepiness. 

The main factor to develop acute mountain sickness is the exposure to hypobaric 
hypoxia. This leads to an increase of the intracranial pressure accompanied by a 
hydrostatic cerebral oedema. The exact pathophysiology remains nevertheless unclear 
[2]. 

Various controlled studies have shown, that the application of acetazolamide in 
dosages of 500 mg / die prevents the development of acute mountain sickness. The 
mechanism of action is the increase of ventilation (as a reaction to the induced 
metabolic acidosis). New data have shown, that the drug theophylline is able to 
prevent symptoms of acute mountain sickness at a comparatively low dose  [3]. 

The aim of our recent project on the Jungfraujoch is the comparison of the 
effectiveness of theophylline and acetazolamide in the prevention of acute mountain 
sickness, leading to a better understanding of the pathophysiology of AMS and a 
contribution to the therapeutic possibilities. 

The following hypothesises shall be proven: 

1. Theophylline (500 mg/die orally as retarded preparation) is as effective as 
acetazolamide (500 mg/die orally) in the prevention of AMS (according to the 
symptom score) compared to placebo in subjects exposed to an altitude of 3554 m. 

2. The average oxygen saturation during acute exposure to 3554 m is significantly 
higher using acetazolamide or theophylline compared to placebo. 

3. Acetazolamide and theophylline improve both the development of high altitude 
related sleep disorders. 
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Importance of the project 
The aim of the study is to show that the oral application of retarded theophylline in a 
daily dose of 500 mg (plasma level ~ 5mg/dl) is as effective as the application of 500 
mg of acetazolamide  concerning the prevention of AMS. Furthermore, the study 
contributes to the understanding of height-dependent change of sleeping pattern [4]. 

With theophylline being effective in this comparison study, travellers will have a good 
alternative to acetazolamide with low side effects in case they have to travel acutely 
above a height of 3000 m. This would be an advantage especially for patients with 
accompanying pulmonary diseases as the prevention with the acetazolamide (an 
antagonist of the enzyme carboanhydrase) is not favourable because of the occurring 
metabolic acidosis with an increase of respiratory effort. 

Measurements and examinations 
The incidence of AMS is increased by fast acent to high altitude and accompanying 
heavy exercise. This was simulated by the rail ascent to the Jungfraujoch (3580 m) 
and then physical exercise with an ascent to the Mönchsjoch hut. AMS was prevented 
either by theophylline or acetazolamide (versus placebo), each 500 mg/die, starting 
three days before the arrival on the Jungfraujoch. 

The study-duration was three days per person and a total of 36 volunteers were tested 
in a double-blind, randomised and placebo-controlled method. 

From  the first evening on the Jungfraujoch (2-3 h after arrival on 3580 m) the 
following tests has been carried out for the following three days: 

- AMS-symptom-score (18.00, 8.00, 12.00) 

- Blood gases: pO2, pCO2, pH (18.00, 8.00) 

- Oxygen saturation (18.00, 8.00, 12.00) 

- Pulse rate (18.00, 8.00, 12.00) 

- Blood pressure (18.00, 8.00, 12.00) 

- Blood samples (18.00, 8.00) 

On both nights we performed full polysomnographic measurements with 
electroencephalogram (EEG), electrooculogram (EOG), electromyogram (EMG), 
electrocardiogram (ECG) and oxygen saturation. Furthermore we documented 
episodes of snoring, thorax and abdominal movements, airflow on nose and mouth 
and periodic leg movements. 

Expected results: 
As shown in a previous study, theophylline is effective in prevention of acute 
mountain sickness. This study will show the effectiveness of theophylline compared 
to the "gold standard" acetazolamide.  

The study was completed the study in December 2000. Due to the very time 
consuming manual analysis of more than 70 polysomnographic measurements, the 
results of the study are not yet available. But the next report of the International 
Foundation HFSJG will certainly include the main results of this study. 
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Introduction 
Measurements of the hygroscopic properties and of the water-soluble fraction of the 
atmospheric particles have been performed during several experiments in maritime 
and continental airmasses close to sea level. Objective of this study was to determine 
the chemical and physical properties in airmasses above the planetary boundary layer 
in the free troposphere as part of the Cloud and Aerosol Characterization  Experiment 
(CLACE). Measurements were carried out at the JFJ research station from February 
15th to March 31st, 2000.  

Cloud microphysics is affected by the size dependent hygroscopic properties and the 
soluble fraction of aerosols. The activation of particles, the resulting cloud droplet 
spectra, and the probability of precipitation is modified. 

 

Methods 
HTDMA 

The hygroscopic properties of particles with an initial dry size between 50 nm and 
250 nm are measured with a Hygroscopic Tandem Differential Mobility Analyzer 
(HTDMA) shown in Fig. 1 (Busch and Wiedensohler, 1998). The HTDMA consist of 
one Differential Mobility Analyzers (DMA) followed by a humidifier and a drier and 
two parallel DMAs. With the first DMA a monodisperse fraction of the atmospheric 
aerosol is separated at ambient humidity. One part of this fraction is humidified up to 
90 % relative humidity the other part is dried to nearly 0 %. The altered size 
distributions due to condensation and evaporation of water vapor is analyzed with 
combinations of DMAs and Condensation Particle Counters (CPC). 

 

SoFA 

The water-soluble fraction of aerosol particles is determined with the SoFA (Soluble 
Fraction of Large and Giant Aerosol Particles) method (Eichel et al., 1996) presented 
in Fig. 2: Atmospheric particles with seven specific sizes in the range from 0.35 to 
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3.4 µm are collected by Double Stage Impactors (DSI). The sampled aerosol particles 
are solved in pure water and the residual particle spectrum is determined by a Coulter 
Counter Multisizer (CCM) and a High Sensitivity Liquid In-Situ (HSLIS) Aerosol 
Spectrometer Probe. From the differences between the measured size distribution of 
the residual particles in the liquid phase and the original particle size the soluble 
volume of the particles can be calculated. In order to compare these measured soluble 
volume fractions with the calculated soluble volume fraction modes determined by the 
HTDMA, distinct classes of solubility are determined by a three-modal forced fit 
algorithm in the range of the SoFA system. The relative frequency of different 
solubilities is calculated from the absolute frequencies of the residual spectrum. 

 

Results 
During CLACE growth factors of atmospheric particles in the range of 50 nm to 
250 nm were measured continuously at a relative humidity of 90 % with the HTDMA. 
Averages of the water-soluble fraction of the aerosol were determined with the SoFA 
method. 

Hygroscopic properties: Atmospheric particles could be separated at 90 % relative 
humidity into two fractions with different hygroscopic behaviour.  

In order to determine the water-soluble fractions all over the size range from 50 nm to 
4 µm a hygroscopic growth model (Berg et al., 1998) was used to estimate this 
fraction for both modes in the HTDMA range. This model assumes that the particles 
consist of ammonium sulfate with an unsoluble core.  

Allthough the raw data are analyzed by now it is not possible to present final results 
of the CLACE campaign regarding the hygroscopic properties of aerosol particles. 
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Within a long-term project since 1980 variability and trend of solar UV irradiance 
have been observed at the High Alpine Research Station Jungfraujoch as a 
consequence of short- and long-term variations of atmospheric ozone and of the other 
atmospheric parameters. Annual campaigns of about 8 weeks duration have been 
carried out in a way, so that the whole seasonal course is covered after a few years. 
The long-term variation of the biologically significant erythemally weighted UV-
irradiance, which can be taken as an indicator of harmful reactions on humans, is of 
special interest. 

Besides broadband UVB- and UVA-detectors and a pyranometer, a double-
monochromator spectroradiometer is in use, which allows spectral measurements of 
global and direct irradiance between 280 nm and 500 nm with a resolution of 0.5 nm. 
Total ozone column and spectral extinction by aerosols is derived from spectral 
measurements of direct sun irradiance and from ancillary sunphotometric 
measurements. The necessary high quality of the UV measurements is achieved by 
close international cooperation. 

In 2000, the field campaign at Jungfraujoch took place between 14.04.2000 and 
25.05.2000. During the whole period at least one scientific collaborator from the 
Institute for Medical Physics was taking care of the measurements for continuous 
quality control and for additional manual ancillary measurements. Unfortunately, this 
year the measurements suffered somehow from the prevailing bad weather conditions, 
especially in April. However, finally a good collection of significant data could be 
accumulated. First analyses of these data with respect to total ozone and aerosol 
optical depth are already carried out, further ones concerning the effect of changing 
albedo and concerning the long-term variations are in preparation. The measurements 
on the few clear days were also used for calibration of direct sun measurements with 
the spectroradiometer and with handheld sunphotometers applying the Langley-
technique.  

Results from measurements in the previous years were presented at the 2nd General 
Assembly of the WRC-Project SPARC in Argentina (November 6.-10.2000) with an 
oral presentation entitled 'Effect of varying albedo on solar UV irradiance'.  

It is intended to continue the measurement campaigns at Jungfraujoch in the following 
years, as it will be of special interest, if a tendency for recovering of the ozone layer 
will really occur, which should be accompanied by decreasing levels of UV-B 
irradiance. Such conclusions can be drawn only from measurements carried out over 
several years, because otherwise the strong natural short-term variations of the 
atmospheric parameters may mask any long-term trend. 
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Measurements of solar UV irradiance in high mountains (1999) 

M. Blumthaler, Institute for Medical Physics, University Innsbruck, Müllerstrasse 44, 
A-6020 Innsbruck 

 
Within a long-term project since 1980 variability and trend of solar UV irradiance as a 
consequence of short- and long-term variations of atmospheric ozone and of the other 
atmospheric parameters have been observed at the High Alpine Research Station 
Jungfraujoch. Annual campaigns of about 8 weeks duration each have been carried 
out in such a way that the whole seasonal course is covered after a few years. In 1999, 
the period of measurements covered the months June and July. This time of the year is 
characterised by the highest solar elevations, and consequently the highest 
instantaneous values of solar radiation, but it suffers from frequent local cloud 
formation around noon, so that full days with a clear sky happen very rarely.  

The instrumentation of our group is not installed permanently at the High Alpine 
Research Station Jungfraujoch but is brought up every year for the campaign only. 
Besides broadband UVB- and UVA-detectors for continuous observations, a double-
monochromator spectroradiometer is in use during clear weather conditions, which 
allows spectral measurements of global and direct solar irradiance between 280 nm 
and 600 nm with steps of 0.25 nm. The spectral bandwidth of this instrument is 0.42 
nm. Total ozone column and spectral extinction by aerosols is derived from spectral 
measurements of direct sun irradiance and from ancillary sun-photometric 
measurements. The necessary high quality of the UV measurements is achieved 
through close international cooperation. 

The long-term variation of the biologically significant erythemally weighted UV-
irradiance is of special interest because it can be taken as an indicator of harmful 
reactions of solar UV radiation on humans. From an analysis of UV-measurements on 
cloudless days at Jungfraujoch during the last 20 years it was possible to derive a 
small increase of erythemally weighted UVB irradiance by a few percent per decade, 
which has to be understood in correlation with the observed slight ozone reduction 
over mid-northern latitudes during the same time. It is now of particular interest to see 
if this trend might be stopped and possibly even inverted in the next decade as a 
consequence of the international efforts to preserve the atmospheric ozone layer. 
Therefore the continuation of the long-term measurements at the High Alpine 
Research Station Jungfraujoch is planned also for the next years. 
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Remote sensing of trace constituents in the atmosphere by microwave 
radiometry and sun photometry from Jungfraujoch 
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Introduction 
The research team of the microwave department at the Institute of Applied Physics, 
IAP, of the University of Bern has a long reputation in the field of microwave remote 
sensing of atmospheric constituents. During the last years instruments for the 
detection of transition lines of atmospheric constituents have been developed and 
were successful in measuring spectra of O3, H2O, H2O18, ClO, HCl as well as CO. 
Radiometers are operated from the ground (Bern and Jungfraujoch), from aircraft and 
also have been flown on the Space Shuttle. The main focus of research in recent years 
was to obtain information on dynamical and chemical processes by investigating the 
temporal and where possible the geographical variability from the retrieved volume 
mixing profiles mainly from water vapor and ozone. Due to the high quality of our 
data, the ozone-radiometer has been selected as a complementary instrument of 
NDSC (Network for the Detection of Stratospheric Change) and regularly delivers 
data to the NDSC data bank.  

Microwave radiometry makes use of pressure broadened emission lines which allow 
to retrieve the altitude distribution of the molecules under investigation. Being a 
passive method, no background light sources are needed such as the sun or the moon 
for observations. For the detection of weak spectral features originating from the 
stratosphere a high transmission of the atmosphere is required. This is equivalent to a 
requirement for a low water vapor content of the atmosphere, a requirement that can 
be fulfilled at high altitude sites such as the Jungfraujoch. Therefore we operate 
instruments from the high Alpine site when necessary and complement them by other 
measurements e.g. of ozone performed from Bern whenever possible. For this reason 
our ozone instrument has been classified as a complementary NDSC instrument to 
Jungfraujoch.  

The microwave methodology has been supplemented with sun photometry that 
provides information about the column density of ozone and water vapor as well as 
the optical depth and particle size distribution of aerosols. A sunphotometer has been 
operated from Jungfraujoch for an extended period.  

Our activities also contribute significantly to a number of national and international 
projects such as GAW-ozone, GAW-CHARM, both under the auspices of 
MeteoSwiss, to the EC-projects WAVE (Water Vapor Experiment), COSE 
(Compilation of atmospheric Observations in Support of satellite measurements over 
Europe) and EuroSOLVE, to COST action 712 (Microwave radiometry in 
Meteorology), just to mention the most important ones.  

Water vapor 
A main topic of our research is water vapor from the troposphere to the mesosphere. 
Investigations of water vapor in the stratosphere and mesosphere have been performed 
since several years from aircraft. The microwave instrument AMSOS (Airborne 
Millimeter and Submillimeter Observing System) is operated at 183 GHz to measure 
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a water vapor transition. As the instrument was not otherwise used between flight 
campaigns we were looking for another application of the valuable equipment. The 
instrument has thus been operated from the high altitude observatory Jungfraujoch 
and it was possible to observe for the first time in Europe during very cold conditions 
this water line from the ground, allowing to retrieve a water vapor mixing profile in 
the middle atmosphere [1], [2]. In addition to these measurements at 183 GHz, a 
transition of the water vapor isotope H2O18 at 203 GHz has been measured 
successfully with EMCOR, European Minor Constituent Radiometer, [3]. This very 
weak line was detectable due to the very low noise superconducting SIS receiver 
operating at Jungfraujoch, [4]. The isotopic composition of atmospheric water vapor 
resulting from the impact of various fractioning mechanisms is not fully understood. 
What is generally agreed upon is that water vapor entering the stratosphere from the 
troposphere is largely depleted in heavy isotopes D and O18 due to the vapor pressure 
isotopic effect which denotes that heavier isotopes have lower vapor pressure and are 
therefore more prevalent in the condensed phase. Measurements are extremely sparse 
and the data from EMCOR in conjunction with those of AMSOS for H2O are 
extremely valuable. Due to high opacity at 183 GHz these measurements are only 
possible during very dry conditions from high altitudes. However it would be 
desirable to operate a system during all seasons from lower elevations. This is 
possible for the weaker line at 22 GHz. A corresponding system is presently under 
construction at IAP and will start operation in spring 2001. The mid atmospheric data 
as obtained by microwave radiometry could ideally be complemented with data of the 
troposphere obtained from the LIDAR system of the EPFL (Prof. B.Calpini). 
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A sun photometer has been used for measuring the columnar content of water vapor 
by solar transmittance measurements, [5]. The instrument was in operation for an 
extended period on Jungfraujoch and data have been compared to a microwave 
instrument and to the results obtained by Fourier Transform Spectroscopy, FTS, on 
Jungfraujoch as well as to radiosondes, [6]. The agreement of the collocated 
instruments on Jungfraujoch was within 9% of the water content. The same 
instrument also has been used to estimate the aerosol optical depth above 
Jungfraujoch, [7]. 

Ozone 
The distribution of ozone from 15 km up to 75 km has been determined on a regular 
basis with the GROMOS instrument since 1994, [8]. GROMOS is part of the Network 
for the Detection of Stratospheric Change (NDSC) and our data are supplied to the 
NDSC data base that is open to the public. Based on these data large episodic 
perturbations of mid stratospheric ozone values as observed during winter have been 
analysed. Backward wave trajectory calculations show that the observed episodes are 
coincident with periods of enhanced meridional transport and thus the so-called ozone 
mini holes are related to planetary wave activity during winter and not to 
photochemical destruction, [9].  

Outlook 
The sucessful measurements of water vapour and one of its isotopes in parallel with 
microwave radiometry from Jungfraujoch shall be continued in order to obtain further 
information about chemical and transport processes in the middle atmosphere. Both 
instruments will be optimized in order to improve sensitivity. 

References: 

[1] Siegenthaler A., O.Lezeaux, D. Feist and N.Kämpfer, „First water vapor 
measurements at 183 GHz from the high Alpine station Jungfraujoch“, accepted 
for publication in IEEE Trans. On Geosc. and Remote Sensing, (2001). 

[2] Siegenthaler, A., “Messungen von stratosphärischem ClO, O3 und Wasserdampf 
mittels mm-Wellenradiometrie“, Ph.D. thesis, Univ. of Bern, (2000). 

[3] Gerber, D., O.Lezeaux, A.Siegenthaler and N.Kämpfer, „Deriving the isotopic 
ratio of 18O in stratospheric water vapour from microwave measurements on 
Jungfraujoch in the Swiss Alps, submitted to Geophys. Res. L., (2001). 

[4] Maier, D., N. Kaempfer, J. de la Noe, W. Amacher, A. Barcia, P. Baron, 
B.Barry, G. Beaudin, J. Cernicharo, B. Ellison, J.-D. Gallego, M. Gustafsson, A. 
Karpov, U. Klein, K. Kuenzi, J. Louhi, J. Mallat, D. Matheson, J.-R. Pardo, R. 
Peter, A.V. Raisanen, P. Ricaud, R. Siddans, C. Viguerie, and M. Wuethrich, 
"European Minor Constituent Radiometer: a new millimeter wave receiver for 
atmospheric research", submitted to IEEE-MTT, (2000).  

[5] Ingold, Th, “Monitoring atmospheric parameters from ground-based remote 
sensing networks in Switzerland”, Ph.D. thesis, Univ. of Bern, (2000). 

[6] Ingold, Th., B. Schmid, C. Mätzler, P. Demoulin and N. Kämpfer, "Modeled 
and empirical approaches for retrieving columnar water vapor from solar 
transmittance measurements in the 0.72, 0.82 and 0.94µm absorption bands", J. 
Geophys. Res, 105, 24'327-24'343 (2000). 

 77



International Foundation HFSJG 
Activity Report 1999/2000 

[7] Ingold, T., C. Mätzler, A. Heimo, N. Kämpfer, and A. Heimo, "Aerosol Optical 
Depth Measurements by Means of a Sun-photometer Network in Switzerland",  
submitted to JGR, (2000). 

[8] Calisesi, Y., „Monitoring of stratospheric and mesospheric ozone with a ground 
based microwave radiometer: data retrieval, analysis and applications”, Ph.D. 
thesis, Univ. of Bern, (2000). 

[9] Calisesi, Y., H.Wernli and N.Kämpfer, “Midstratospheric Ozone variability 
over Bern related to planetary wave activity during winters 1994-1995 to 198-
1999, accepted for publication in J. Geophys. Res., (2001). 

 

 78  



International Foundation HFSJG 
Activity Report 1999/2000 

 
Cosmic rays interacting with biased high power semiconductor 
devices 

Ch. Findeisen, E. Herr, Th. Stiasny, H.R. Zeller 
ABB Semiconductors AG, Fabrikstrasse 3, CH-5600 Lenzburg 
E-mail: charles.findeisen@ch.abb.com 
 
Since several years it is known that biased high power semiconductor devices like 
diodes, thyristors or IGBTs might fail suddenly without any previous device wear-out 
or electrical overload condition. Normally this phenomenon is explained by cosmic 
rays that trigger inside the biased silicon bulk a localized breakdown event, finally 
destroying the devices [1-4]. These failures are mainly due to the neutron component 
of the cosmic rays with energies above 10 MeV. Adequate test series for studying 
device designs are of long duration and expensive. Accelerated tests are feasible at 
locations with enhanced cosmic ray fluxes (e.g. at Jungfraujoch) or with particle 
beams. The purpose of the tests at Jungfraujoch is firstly to check the cosmic ray 
withstand of available devices, secondly to compare these results to corresponding 
tests at high-flux proton or neutron beams and thirdly to establish suitable design rules 
for developing future devices.  

The test setup is located on a platform (area 0.7 m2) just below a wooden roof of the 
Sphinx observatory. The leakage currents of up to 60 biased devices as well as the 
voltage bias are logged by a PC as function of time. A fuse (32 mA) protects each 
device. The leakage current of a failed device increases beyond the rating of the fuse. 
A blown fuse disconnects the device from the bias thus avoiding excessive damages. 
The time needed for a test run ranges from hours to months.  

The failed devices due to cosmic rays have to fulfil two conditions. Firstly the leakage 
current was constant all the time until the failure occurred and secondly there are 
characteristic defects like one small spot somewhere on the silicon chip [5]. All 
failure rates are normalized to the neutron flux of the cosmic rays at New York City 
(sea level). The used scaling factor of 13 is the ratio of the neutron flux components at 
Jungfraujoch and New York City [6]. 

The biased devices were also exposed to neutron and proton beams [5, 7]. The 
neutron beam had an energy spectrum proportional to the inverse of the energy (like 
the neutron component of the cosmic rays) and a fixed neutron flux. The 
monoenergetic proton beam had a variable energy and flux. The corresponding 
scaling factors are based upon the similarity of the neutron and proton cross section 
with the silicon material [6]. A typical run at a beam needed about half an hour. The 
accessible ranges of the failure rates FR depend on the test location: at Jungfraujoch 
(3580 m) FR is in the range [102, 105 FIT/cm2], at Lenzburg (400 m) [103, 106 
FIT/cm2], at the neutron beam [100, 104 FIT/cm2] and at the proton beam [10-3, 104 
FIT/cm2]. One FIT (failure in time) corresponds to one failure per 109 device⋅hours. 
As an example the failure rates of a module diode are compared to the results of tests 
at the proton beam and model calculations [4] (Fig. 1).  

The fact that the failure rates scale with the neutron and the proton fluxes shows that 
the neutron component of the cosmic rays is the main reason for the observed failures. 
Note that the failure is triggered by one particle. The model does not predict the sharp 
drop of the failure rates below a characteristic bias.  
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In December 2000 the setup was upgraded with a second independent high-voltage 
power supply. Now devices of two different voltage classes can be simultaneously 
measured. This shortens significantly the overall test time.  

 

Module diodes: failures due to particles 
all rates normalized to New York City and 1 cm2 of silicon area
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Fig. 1: Failure rates of a module diode due to cosmics and protons. For biases < 3200 
V the measured failure rates are significantly smaller than the predicted rates. This 
feature was observed for practically all types of devices tested with neutron and 
proton beams. The design goal is that at the normally used biases (for this device 
< 3000V) the failure rates are less than 1 failure every 109 device⋅hour normalized to 
one cm2 silicon area (1 FIT/ cm2). 
 
Glossary 
IGBT: Insulated Gate Bipolar Transistor; voltage controlled power transistor. 
Module diode: the junction is abrupt and not deeply diffused. Used together with 
IGBTs. 
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The Observatory Gornergrat South 
Kölner Observatorium für Submm Astronomie – KOSMA  
Dr. M. Miller1

1I. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77 , D-50937 Köln, 
Deutschland 
 
e-mail: Miller@ph1.uni-koeln.de
URL :  http:\\www.ph1.uni-koeln.de 
 
The Observatory 
The observatory is operated by the Kölner Observatorium für SubMillimeter 
Astronomie (KOSMA) of the I. Physikalisches Institut, Universität zu Köln and 
Universität Bonn. The telescope is located near Zermatt in the Swiss Alps at an 
altitude of 3100m in the southern tower of the Gornergrat Kulm Hotel. The 3-m 
reflector of the KOSMA telescope is adjusted to a surface accuracy of 20 µm RMS 
which allows observations in the frequency range up to 900 GHz. In 2000 a dual 
channel SIS receiver was used which worked in the configuration 345GHz / 690 GHz 
in winter 1999/2000 and 230GHz/345 GHz in summer 2000, and during the next 
winter period. Acousto optical spectrometers with resolutions between 30 
kHz/channel and 700 kHz /channel have been used for the observations. 

 

Observation and weather statistics 
 days with 

observations 
days with 

bad weather
 

January: 27 4  
February: 20 8  
March: 21 10  
April: 8 12 *) 

*)Winter observation period ended at 20-Apr-2000. 
Observatory was closed from 20-Apr to 09-Oct 2000 for observations. The time was 
used for technical maintanance. 

 days with 
observations 

days with 
bad weather

 

October: 11 10  
November: 17 13  
December: 19 12 **) 

 
**) Winter observing period started at 10-Oct. 

 

Observations (some important projects) 
20 galaxies in Virgo Cluster (dual beam switch*) 
Galactic ring survey (On-The-Fly**) 
IVC's (inter velocity clouds), Polaris flare,  
dark clouds: Phoenix dark cloud, Camelopardalis dark cloud, 
B335, B5, L1228, L134N, L1551, NGC 1333, rho-Oph, TMC-1, 
L1512, L1524, 
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star forming regions: W3, S106, W75, W49 
sunmaps at 330 and 220 GHz as first tests for a project for A. Magun (Uni Bern) - will 
be continued. 
*Dual beam switch:  The DBS technique guarantees flat baselines over the whole 
bandpass (1Ghz) for deep integrations down to a few mK. 

**On-The-Fly:  The telescope is continuously scanning the source while taking the 
spectral line data in short time intervals. The dead times – caused by moving the 
telescope between positions – are reduced significantly. 

 

Technical maintenance during summer period 
Hardware: 
New did a new adjustment of the sun protection foil. A maintenance of the dome was 
necessary.  Some optical and electronic components of the spectrometers were 
changed and a new rack for the spectrometers and PC's was installed. After that all 4 
spectrometers were testet and calibratet. 16 new IF cables were installed in the 
telescope cable spiral plus 3 twisted pair cables for a fast Ethernet connection. 2 new 
servotrons were installed for the telescope control unit. The USV power control unit 
was repaired. Cables of the hexapod mounting for the subreflector were repaired. 

Drive program software: 
We developed and tested a new pointing model including the effect of nasmyth 
rotation. 

 

Some main results 
We present two examples of our measurements with the KOSMA 3-m radio 
telescope.  

Extragalactic astronomy with the 3-m KOSMA telescope  (H. Hafok) 
We have conducted 12CO(J=2→1) and 12CO(J=3→2) observations of external spiral 
galaxies in order to study the global distribution and excitation conditions of the 
molecular phase of the interstellar medium (ISM).  The observations with beam sizes 
of 80″ at 345GHz respectively 120″at 230GHz the KOSMA telescope is well suited 
for the investigation of global properties of the observed galaxies in the Virgo Cluster 
(distance 15 Mpc). Out of a sample of 20 spirals it was possible to detect 18 in 
12CO(J=2→1) and 17 in 12CO(J=3→2) with the KOSMA telescope. It is possible to 
explain the observed line ratios, using LTE and Escape Probability radiation transfer 
calculations, if the emission arises from cold gas with kinetic temperatures between 
10K and 20K . 
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Overview of the sample of Virgo Galaxies detected with the KOSMA 
telescope (black: 12CO (J=2→1), red: 12CO (J=3→2) )  at a main beam  
temperature scale ( ηmb = 0.7 for both transitions) 
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The Galactic Ring Survey (M. Brüll, C. Kramer) 
We used the 2 channel (220/345 GHz) SIS receiver to map parts of the galactic 
molecular ring in the transitions 13CO (J=2→1) and 12CO (J=3→2). Our 13CO map 
was extended to 0.°4 x 0.°4 with a spacing of 30″. Compared to the large map in 
13CO(J=1→0) of the FCRAO telescope we see more details in the structure of the 
dense and warm material. 
 

 
 
 
Publications with relevance to the work of KOSMA 
 
Mac Low M. -., Ossenkopf V., Characterizing the structure of interstellar turbulence, 
Astron. & Astrophys. 353, 339  
 
Beuther H., Kramer C., Deiss B., Stutzki J., CO mapping and multi-line-analysis of 
Cepheus B, Astron. & Astrophys., 362, 1109 (2000) 
 
Mao R.Q., Henkel C., Schulz A., Zielinsky M., Mauersberger R., Störzer H., Wilson 
T. L., Gensheimer P., Dense gas in nearby galaxies.  XIII. CO submillimeter line 
emission from the starburst galaxy M 82, Astron. & Astrophys., 358, 433 (2000)  
 
Wilson T.L., Muders D., Kramer C., Henkel C., Sub-mm CO Line Emission from 
Orion, Astrophysical Journal, submitted 
 
Keller L.D., Jaffe D.T., Ershov O.A., Benedict T., Graf U.U.: Fabrication and testing 
of chemically micromachined silicon echelle gratings, Applied Optics, 39, 7, 1094 
 
Müller H. S. P., Klaus T., Winnewisser G.: Submillimeter-wave spectrum of the 
ethynyl radical, CCH, up to 1 THz , Astron. & Astrophys., 357, L65  
 
Thorwirth S., Müller H.S.P., Winnewisser G.: Millimeter- and Submillimeter Wave 
Spectroscopy of 13C and 15N Isotopomers of Cyanoacetylene, HCCCN, in the 
Ground and Vibrationally Excited States, Astron. & Astrophys., submitted 
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Schieder R., Kramer C.:  About the use of Allan variance measurements, Astron. & 
Astrophys., submitted 
 
Wilson T.L., Muders D., Kramer C., Henkel C.:  Sub-mm CO Line Emission from 
Orion, Astrophysical Journal, submitted 
 
Graf U.U., Heyminck S.: Fourier gratings as submillimeter beam splitters, IEEE 
Transactions on Antennas and Propagation, submitted 
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Tätigkeitsbericht KOSMA für 1999 
I. Physikalisches Institut, Universität zu Köln 
 
Teleskop 
Während zweier Messkampagnen wurde die Oberflächengenauigkeit des 
Primärspiegels des 3-m-Teleskopes weiter verbessert. Die letzte Holografiemessung 
zeigt einen Oberflächenfehler von 7µ rms in der großflächigen Verteilung (large scale 
Fehler). 

Empfänger  
Am Teleskop ist ein 2-Kanal SIS-Empfänger im Einsatz, der in den Herbst- und 
Wintermonaten mit niedrigem atmosphärischen Wasserdampfgehalt bei 345 und 690 
GHz arbeitet. Für die Sommermonate wird der 690er Kanal gegen einen Kanal bei 
230 GHz ausgewechselt. Dieser Empfänger wird durch eine im Hause entwickelte 
Kühlmaschine mit geschlossenem Heliumkreislauf betrieben. In der Hauptsache 
werden mit diesen Empfängern die Rotationslinien von CO und CO-Isotopomeren 
beobachtet.  Ein Array-Empfänger zur simultanen Beobachtung bei 490 und 810 GHz 
mit jeweils 4 Pixeln ist derzeit im Bau. Diese Empfängern erlauben die simultane 
Beobachtung der beiden einzigen Feinstrukturübergänge von atomarem Kohlenstoff 
im Submillimeterbereich. 

Für Holographische Messungen zur Justage des Primärspiegels des 3-m-Teleskopes 
stehen 2 ungekühlte Schottky-Empfänger für den Frequenzbereich von 80-95 Ghz zur 
Verfügung. 

Backends  
Die Beobachter können zwischen 4 akusto-optischen Spektrometern auswählen: zwei 
breitbandige (1 GHz) AOS mit einer Frequenzauflösung von etwa 700 kHz, wovon 
eins eine Variation der Auflösung bis hin zu 320 kHz erlaubt, sowie zwei 
schmalbandigere AOS mit mittlerer (170 kHz) und hoher (30 kHz) 
Frequenzauflösung. Für Kontinuummessungen gibt es ein akusto-optisches 
Kontinuum Backend (AOC) und ein System mit Mikrowellendetektor. 

Eine wichtige Weiterentwicklung im Hinblick auf den geplanten Einsatz von Array-
Empfängern stellen Array-AOS dar.  Durch Verwendung eines 4-Kanal Array-
Deflektors können in einem bereits fertiggestellten Prototyp 4 Empfängerkanäle 
gleichzeitig verarbeitet werden. 

Beobachtungsperioden 
Es gab 1999 im KOSMA-Observatorium 3 Beobachtungsperioden: 
 Wintersaison 1998/1999: 

Bis zum 19.4.1999 war der 2-Kanal SIS-Empfaenger für 345 GHz und 690 GHz im 
Einsatz. Wichtigste Beobachtungsobjekte waren eine Vielzahl von galaktischen 
Quellen, dabei wurde auch die Cepheus B Region großräumig im on-the-fly Mode 
durchmustert, intermedium velocity clouds (z.B. IVC135) und high velocity clouds, 
polaris flare, extragalaktische Quellen (M82, Maffei II und eine Reihe von Galaxien 
in Leo und Vir). Überwiegend wurden Messungen bei den Übergängen 12/13CO 
(J=3→2) und 12/13CO(J=6→5) durchgeführt.  Das relativ schlechte Wetter erlaubte 
leider nur wenige Messungen im hohen Frequenzbereich von 660-690 Ghz. 
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Sommer/Herbst Saison: 
Der 2-Kanal SIS-Empfänger kam nach dem Umbau mit den Frequenzkanälen 
230GHz und 345 GHz vom 16.8 bis 22.11. zum Einsatz. Beobachtungsobjekte waren 
wie in der Wintersaison galaktische Quellen, IVCs und HVCs. Es wurde eine 
Kartierung von Teilen des galaktischen molekularen Rings bei 13CO (J=2→1) und 
12CO (J=3→2) begonnen. Die 13CO Karte umfasst bereits ein Gebiet von 675 arcmin2 

auf einem Raster von 0.5arcmin.  In Ergänzung zur  weiträumigen Kartierung des 
molekularen Rings mit dem FCRAO in 13CO (J=1→0), werden die KOSMA 
Beobachtungen das wärmere und dichtere Gas detektieren. 

Die Karten erlauben die Analyse der Wolkenstruktur mittels am Institut entwickelter 
Verfahren. Ausserdem werden die Daten der verschiedenen Übergänge und 
Isotopomere mit einfachen und komplexen Strahlungstransportmodellen verglichen 
und interpretiert. 

Mit einer Auflösung von 80'' bei 345 GHz eignet sich das KOSMA Teleskop sehr gut 
für die Erforschung globaler Eigenschaften externer Galaxien. Diese Beobachtungen 
stellen besondere Anforderungen an das Gesamtsystem, da die gemessenen 
Antennentemperaturen je nach Galaxie nur zwischen 5mK und 50mK liegen. Aus 
diesem Grund erfolgen alle Messungen im sog. Dual Beam Switch Modus mit 
wobbelndem Subreflektor. Zentraler Untersuchungsgegenstand bilden Spiralgalaxien 
imVirgohaufen (Entfernung 15 Mpc). Ausgehend von vorhandenen 12CO(J=1→0) 
Kartierungen mit dem FCRAO Telescop wurden mit dem KOSMA Teleskop 18 
Galaxien in 12CO (J=2→1)und 10 Galaxien in 12CO (J=3→2) detektiert.  Des weiteren 
ergänzen 12CO(J=2→1) und 12CO (J=3→2) Beobachtungen näher gelegener Galaxien 
(Entfernung ca. 3-7 Mpc), wie NGC 6946, IC 342, Maffei2, NGC 3627 das Sample. 

In einer Messkampagne im November wurde versucht, den eventuellen Eintrag von 
HCN in die Hochatmosphäre durch die Teilchen des Leoniden-Meteorschauers 
nachzuweisen (in den Übergängen von J=4→3 und 3→2). Auf Grund schlechten 
Wetters konnte während des Leonidenmaximums leider nicht beobachtet werden. 
HCN wurde später in der Hochatmosphäre aber auch nachgewiesen. 

 Wintersaison 1999/2000: 
Der Empfänger ist wieder der 2-Kanal SIS Empfänger in der Konfiguration 345GHz 
und 690 GHz. Er ist seit dem 15.12.99 im Einsatz. 

Wartungsperiode: 
Die wichtigsten Arbeiten im Zeitraum 20.4.-15.8. 99 (Wartungsperiode) sind hier 
aufgeführt: 

Renovierung der Schlafzimmer und der Küche des Observatoriums durch Fa. Pierino 
(Zermatt), Installation eines Rückkühlers im Kuppelanbau (dazu war noch ein 
Mauerdurchbruch nötig), neue Dachabdeckung für den Kuppelanbau, Abluftsystem 
für den USV-Keller, neue Gummidichtungen für die Kuppel, Wechsel des 
Hydrauliköles für die Kuppeltore. 
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Veröffentlichungen und Konferenzbeiträge  
zu Beobachtungen mit dem KOSMA-Teleskop 

 
Kramer C., Alves J., Lada C., Lada E., Sievers A., Ungerechts H. and Walmsley M.: 
1999   
Depletion of CO in a cold dense cloud core of IC5146  
Astron. Astrophys., 342, 257 
 
Megeath S. T., Tieftrunk, A. R.: 1999 
The Detection of Outflows in the Infrared-quiet Molecular Core NGC 
6334/I(North) 
Astrophysical Journal, 526, 2 
 
Ossenkopf V., Stutzki J., Winnewisser G. (Eds.): 1999 
The Physics and Chemistry of the Interstellar Medium 
GCA-Verlag Herdecke 
 
Mac Low M.-M., Ossenkopf V.: 2000  
Characterizing the structure of interstellar turbulence 
Astron. Astrophys., 353, 339 
 
Winnewisser G., Kramer C.: 1999  
Spectroscopy between the stars 
In: The Origin and Composition of Cometary Material, International 
Space Science Institute, Bern/Switzerland 
 
 
Veröffentlichungen im Druck: 
 
Bensch F., Panis J.-F., Stutzki J., Heithausen A., Falgarone E.: 1999  
The IRAM key-project: Small-scale structure of pre-star-forming regions: III. 
Influence of and correction for the error beam pick-up 
Astron. Astrophys., in press 
 
Bensch F., Stutzki J., Heithausen A. 
Methods and Constaints for the Correction of the Error Beam pick-up in Single 
Dish  
Radio Observations 
Astron. Astrophys. suppl., submitted 
 
Köster B., Störzer H., Stutzki J.: 1999  
A Two-Component Model for Clumpy Photon-Dominated Regions and 
Applicatoin to the DR21 Star Forming Region 
Astron. Astrophys., in press 
 
Störzer H., Stutzki J., Sternberg A.: 1999  
CO low-J line emission from spherical PDRs 
Astron. Astrophys., in press 
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Konferenzbeiträge:  
 
Bensch F., Roth D.A., Takano S., Pak I., Stutzki J., Winnewisser G.: 1999 
Van der Waals Complexes: A Search for Interstellar (CO)2 and CO-H2 Dimer 
IAU Symposium 197, Astrochemistry: From Molecular Clouds to Planetary Systems, 
August 23-27, 1999, Sogwipo, Cheju Island, Korea  
 
The same paper was presented at the Sixteenth Colloquium on High Resolution 
Molecular Spectroscopy in Dijon, France, 6-10 September 1999 
 
Bensch F., Ashby M.L.N., Bergin E.A., Carpenter J., Kleiner S.C., Paten B.M., Plume 
R., Stauffer J.R., Tolls V., Wang Z., Zhang Y.F., Goldsmith P.A., Harwit M., 
Erickson N.R., Howe J.E., Snell R.E., Neufeld D.A., Koch D.G., Schieder R., 
Winnewisser G., Chin G., 
SWAS [CI] Observations of the High Latitude Cloud MCLD123.5+24.9, 195th 
Meeting of the AAS in Atlanta (GA), USA, 11.-15.1.2000; Bulletin of the American 
Astronomical Society Vol 31, No. 5, p. 1498 (1999). 
 
Deiss B.M., Beuther H., Kramer C.: 1999 
Temperature gradients in the Cepheus B molecular cloud - a multi line analysis 
Annual Scientific Meeting of the Astronomische Gesellschaft, in Göttingen, 20-25 
September 1999 
 
Kramer C., Beuther H., Stutzki J., Winnewisser G.: 1999 
Surveys with the new KOSMA telescope 
Imaging at Radio through Submillimeter Wavelengths, Tucson/Arizona/USA 
 
Kramer C.: 1999  
Dust and gas in IC5146 
The Physics and Chemistry of the Interstellar Medium 
 
Ossenkopf V., Bensch F., MacLow M.-M., Stutzki J.: 1999  
Molecular Cloud Structure Analysis by Direct Simulation 
The Physics and Chemistry of the Interstellar Medium 
 
Ossenkopf V., Bensch F., Zielinsky M.: 1999  
Structure Analysis of Molecular Clouds: Observations and Simulations  
Franco J., Carraminana A.  (Eds.), Interstellar Turbulence, Cambridge 
 
Ossenkopf V., Bensch F., Stutzki J.: 1999  
Characterization of molecular cloud structure 
Gurzadyan V.G., Ruffini R. (Eds.), The Chaotic Universe, World Sci., in press 
 
Panis J.-F., Falgarone E., Heithausen A., Perault M., Stutzki J., Puget J.-L., Bensch F.: 
1999  The IRAM key-project: small scale structure of pre-star forming regions 
The Physics and Chemistry of the Interstellar Medium 
 
Schneider N. et al., 1999 
Millimeter and Submm 'On-The-Fly' Mapping of S106 
Imaging at Radio through Submillimeter Wavelengths, Tucson/Arizona/USA 
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Schneider N., Simon R., Kramer C., Stutzki J., Winnewisser G.: 1999  
Submm- and FIR-observations of the S106 Photon Dominated Region 
The Physics and Chemistry of the Interstellar Medium 
 
Stutzki J.: 1999 
Structure of the Interstellar Medium: Observational Constraints 
Review, The Physics and Chemistry of the Interstellar Medium 
 
Stutzki J.: 1999 
The Density Structure of Interstellar Molecular Clouds 
Review, Proceedings Turbulence in Astrophysics, Krakau, September 1999 
ed. M. Ostrowski, in press  
 
Tieftrunk A. R., Megeath S. T., Gaume, R. A., Rayner J. T., Wilson, T. L.: 1999 
Dense Ammonia Cores, Clumps and Young Stellar Clusters in the W3 GMC 
The Physics and Chemistry of the Interstellar Medium 
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Astrophysics with the 1.5m TIRGO telescope on Gornergrat 
Dr. F. Mannucci1 

Dr. G. Tofani2 

1 CAISMI - CNR, largo E. Fermi 5, 50125 Firenze, Italia 
2 Osservatorio Astrofisico di Arcetri, largo E. Fermi 5, 50125 Firenze, Italia 

web: http://www.arcetri.astro.it/irlab/tirgo/index.html

 
 
The TIRGO telescope 

TIRGO  is a 1.5m telescope optimized for observations at near- and mid-IR 
wavelengths, between 1 and 20 micron. It is located at 3100 m of altitude on the 
Gornergrat mountain over Zermatt. The very high and cold position allows unique 
observation conditions, especially during winter: transparent sky, stable atmospheric 
transmission, low background, all very important properties for infrared observations. 
The telescope is an italian national facility opened also to foreign researchers. It is 
equipped by a complete set of instruments: a fast single-element photometer, for lunar 
occultation and accurate photometry of bright sources; a panoramic camera, for 
imaging and photometry of faint sources; a mid-resolution spectrometer, and a mid-IR 
camera. 

Scientific activity and main results 
During the last two years, the most requested instrument, the near-IR camera 
ARNICA, was in use at the larger telescope TNG, a new-technology 3.5m telescope 
on the Canary islands, where many scientific programs were carried out. In the mean 
time, TIRGO observations were done mainly by using the photometer FIRT. As an 
example, lunar occultations of stars made it possible to accurately measure stellar 
diameters to improve the classification of cold stars and measure how many double 
and multiple stars are present in the clusters. Nearby galaxies were also measured 
using FIRT to study their surface brightness and stellar populations.   

At wavelengths between 3 and 20 micron, the atmosphere is very bright because of 
thermal emission and is rapidly variable, therefore it is very difficult to obtain good 
astronomical images. Nevertheless, there are several strong scientific arguments to 
observe at these wavelengths. The TIRGO telescope offers unique opportunities in 
this field for the site properties, and  a new mid-IR camera TIRCAM-II was  build and 
tested during the 2000. As an example of its use, fig. 1 shows the image at 12.5 
micron of a cluster of forming galaxies in the Orion nebula. The observed region is 
enshrouded in a dusty region and therefore it is dark at optical wavelengths. On the 
contrary,   at 12 micron the light can escape much more  easily from the inner part of 
the nebula and therefore  it is possible to study these regions in great detail. 
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Fig. 1: mid-IR image of a cluster of forming stars in the Orion nebula. The field-
of-view is 24"x29" with a pixel of 0.77". The total integration time is 2.5 min. The 
image was obtained by chopping between the object and the nearby sky at a 
frequency of 3 Hz 

 
Up to now, 10 papers were reported to be published or accepted for publications 
during the year in international journals, see the list below. 
 
 
 
 
 
References: 
[1]  Carraro, G., Vallenari, A., "A photometric study of the intermediate age open 

cluster King 5" , A&AS, 142, 59 (2000) 
[2]  Correia, S., Richichi, A. "Interferometric imaging tests with the Large Binocular 

Telescope", A&AS, 141, 301 (2000)  
[3]  Gavazzi, G., Franzetti, P., Scodeggio, M., Boselli, A., Pierini, D., Baffa, C., Lisi, 

F., Hunt, L., : "Near-infrared H surface photometry of galaxies. III: observations of 
558 galaxies with the Tirgo 1.5m telescope", A&AS 142, 65 (2000) 

[4]  Gavazzi, G. , Franzetti, P., Scodeggio, M.,  Boselli, A., Pierini, D.: "1.65 micron 
(H-band) surface photometry of galaxies. V: Profile decomposition of 1157  
galaxies", A&A 361, 863(2000)  

[5]  Hunt, L.K., Malkan, M.A., Bicay, M., Nelson, B., Rush, B., Stanga, R.M., & 
Webb, W.A. 2000, "Morphology of the 12mic Seyfert Galaxies: II. Optical and 
Near-Infrared Image Atlas" ApJS, in press (2000) 

[6]  R. Lutticke, R.-J., Dettmar and M. Pohlen, "Box- and peanut-shaped bulges. II. 
NIR observations" A&A 362, 435 (2000) 

[7]  Moriondo, G., Baffa, C., Casertano, S. Chincarini, G., Gavazzi, G., Giovanardi, 
C., Hunt, L.K., Pierini, D., Speradio, M., Trinchieri, G., "Near-infrared 
observations of galaxies in Pisces-Perseus: IV. JHK color mapping of 47 cluster 
spirals" A&AS, in press (2000) 

[8]  Richichi, A., Ragland, S., Calamai, G., Richter, S., Stecklum, B. "New binary stars 
discovered by lunar occultations. V" 2000, A&A, 361, 594  
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TIRGO  /  1999 
 
Dr. F. Mannucci, CAISMI - CNR, largo E. Fermi 5, 50125 Firenze, Italia 
  
The 1.5m infrared telescope TIRGO is located in the Gornergrat North tower, at 
3200m above sea level. The station is the national facility for infrared observations, 
open also to foreign scientists.  Three focal plane instruments are usually available: 
the fast single-element photometer FIRT (1-5 micron), the two-dimensional array 
camera ARNICA (1-2.5 mic) and the long-slit spectrometer LONGSP (1-2.5 micron).  
A new mid-IR camera (5-20 mic), TIRCAM-II, was tested in December at the 
telescope and is supposed to be ready for scientific observations next spring. This 
instrument will make full use of the unique enviromental properties of the Gornergrat 
site, with very cold temperatures and dry air.  The main TIRGO focal-plane 
instrument, ARNICA, has been in use at the Italian 3.5m telescope TNG since 
October 1998; as a consequence, the total amount of used nights at the TIRGO 
telescope reduced to about 100, less than half of the last years.  ARNICA is supposed 
to come back to TIRGO in January 2000. 

Most of the observations were carried out with LONGSP and FIRT on many different 
topics.  Such observations have now contributed to a large and qualified amount of 
papers, 16 this year, 15 of them appearing in refereed journals.  Among the most 
important issues in 1999, we note the extensive use of TIRGO for lunar occultations 
using FIRT.  As an example of this scientific work, we show in the figure xx the 
calibration of the temparature scale of the stars toward cold classes by A. Richichi, L. 
Fabbroni, S. Ragland (Florence), and M. Sholz (Heidelberg).  This calibration was 
based on precise measurements of the stellar radii by lunar occultations and stellar 
fluxes by photometry. Totally, more than 200 lunar occultations were obtained at 
TIRGO. 
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Detector for high-energy solar neutrons at Gornergrat 
E.O. Flückiger1

Y. Muraki2

R. Bütikofer1

Y. Matsubara2

T. Koi2

H. Tsuchiya2

T. Sako2

T. Sakai3

1Physikalisches Institut, Universität Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland 
2Solar-Terrestrial Environment Laboratory, Nagoya University, Nagoya 464-8601. 
Japan 
3Physical Science Lab., College of Industrial Technology, Nihon University, 2-11-1 
shin-ei, Narashino-shi, Chiba 275. Japan. 
 
 
Introduction 
Since 1998 the solar neutron detector at Gornergrat has been in operation as the 
European cornerstone of a worldwide network for the study of high energy neutrons 
produced during energetic processes at the Sun. Observations of solar neutrons can 
provide unique information on the acceleration of particles in association with solar 
flares and coronal mass ejections. The first identification of a solar neutron event by 
ground-based detectors on 3 June, 1982, [1,2] initiated extensive theoretical and 
experimental work on the production of solar neutrons in high-energy processes at the 
Sun, their propagation to ~1 AU, and their detection near and at the Earth. One part of 
the activities was setting up standardized neutron monitors at favourable observational 
locations, such as Haleakala, Hawaii. Another part was the development of new 
ground-based detectors with enhanced sensitivity for solar neutrons, [e.g. 3,4]. The 
"World Neutron Network", initiated by the Solar-Terrestrial Environment Laboratory 
of the Nagoya University, includes the following stations besides Gornergrat: Mt. 
Norikura, Japan (138°E, 36°N, 2770m asl), Mt. Chacaltaya, Bolivia (68°W, 16°S, 
5250m asl), Mauna Kea, Hawaii (155°W, 20°N, 4200m asl), and Mt.Aragats (45°E, 
40°N, 3500m asl).  

The detector consists of a horizontal matrix of plastic scintillators. In its initial 
configuration the scintillators were surrounded at the top and at two sides by 
proportional counters which veto charged particles [5]. Neutrons are identified by the 
scintillators in anticoincidence with the veto counters. The detector is capable of 
determining the energy of incoming neutrons by measuring the energy deposition 
along the total track length of protons produced inside plastic scintillators by n-p 
reactions. Scintillation flashes in each scintillator are collected by a photomultiplier. 
The pulse height obtained by each photomultiplier is discriminated at four levels, 
which correspond to an energy of a recoil proton of 40 MeV, 80 MeV, 160 MeV, and 
240 MeV.  

Upgrading of the detector 
In autumn 1999 additional proportional counters were added. Four counter units with 
a total of 32 counter tubes were added on the two open sides of the detector (south and 
north) to complete the veto system. For the determination of the direction of incoming 
neutrons, two layers of 20 proportional counters each were added at the bottom under 
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the plastic scintillators. The counters are aligned in the east-west direction. The final 
configuration of the whole detector is illustrated in Figure 1. 

 

Figure 1: Configuration of the Gornergrat solar neutron detector. 

The direction of recoil protons is determined by measuring coincidences between the 
two bottom layers of proportional counters, as illustrated schematically in Figure 2. 
Coincidences between two counter tubes in the upper and lower layer with 0, ±1, ±2 
horizontal counter tube displacements are measured. Thus we can roughly distinguish 
among the following zenith angles: 45°N, 30°N, 0°, 30°S and 45°S. By using the 
directional information it can be ensured that a measured increase in the count rate of 
the scintillators in anticoincidence with the veto counters during a solar event is due to 
neutrons coming from the Sun's direction, i.e. solar neutrons.  

During the period covered by this report a computer program was developed which 
automatically transfers the data twice per day via internet from Gornergrat to a server 
at the University Bern, and generates a webpage of the measurements in near real-
time (kspc4.unibe.ch/sontel.html). It is expected that the detector will play an essential 
role in the study of solar neutron events during the phase of declining activity of solar 
cycle 23.  
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Figure 2: Cross-section in the north-south direction of the bottom proportional 
counters illustrating the principle for determing directional information. For details 
see the text. 
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Foundation HFSJG in the News  
 
 
“Dem Himmel näher: Ein Besuch auf der höchstgelegenen Wetterstation Europas”: 
Philipp Metzler, Strom 4, December 2000. 

“Besuch in der Wetterstation auf dem Jungfraujoch”; Schweizer Fernsehen 2, Bilder 
aus der Schweiz; November 25, 2000. 

Schweizerisches Handelsamtsblatt: Registration of the new president G.A. Tammann, 
of the new director E.O. Flückiger, and the new treasurer K.M. Wyss, November 14, 
2000. 

“Wetterwart Jungfraujoch: Das Leben und Arbeiten von Hansruedi Staub als 
Betriebsleiter der Forschungsstation auf dem Jungfraujoch. Bericht mit Ausführung 
von H. Staub und T. Staub, administrative Leiterin”; Schweizer Fernsehen 1; Schweiz 
aktuell; November 7, 2000. 

“Leben auf Jungfraujoch: Ein Dörfli auf 3500 Metern über Meer”; BernerZeitung BZ, 
Ausgabe Burgdorf + Emmental, Thun/Oberland, October 7, 2000. 

“Hauswartwechsel in der Forschungsstation Jungfraujoch”; Bähnler-Rövü, No. 35, 
August 2000. 

“Wie wird aus einer Dunstglocke eine Wolkendecke?: Indirekter Klimaeffekt der 
Aerosole nach wie vor ein ungelöstes Rätsel”; Neue Zürcher Zeitung, Nr. 189, August 
16, 2000. 

“Forschung auf dem Jungfraujoch / Research at Jungfraujoch / La recherche au 
Jungfraujoch”; science-shuttle, Schweizerische Akademie der Naturwissenschaften 
SANW, July 2000. 

“Der Jungfrau Wahnsinn”; Blick, June 3, 2000. 

“Observations atmosphériques en appui au développement durable dans les alpes 
suisses: Cinquantes ans d’activités de l’Université de Liège”; Symposium Université 
de Liège, B-4000 Liége, May 11, 2000. 

“COSE: Compilation of atmospheric Observations in support of Satellite 
measurements over Europe”, leaflet from the European Commission: Environment 
and Climate Programme, 2000. 

“42 Jahre in der Forschung auf Jungfraujoch”; Prof. H. Debrunner, Bähnler-Rövü, 
No. 34, Mai 2000. 

“Hochalpine Forschungsstationen Jungfraujoch + Gornergrat”; Prof. E.O. Flückiger, 
Bähnler-Rövü, No. 34, Mai 2000. 

Wetterprognose mit Erwähnung des Aerosole-Forschungsprojekt auf dem 
Jungfraujoch; Schweizer Fernsehen 1 und 2; April 6, 2000. 

“Staubpartikel-Forschung auf dem Jungfraujoch”; Bericht mit Statements from E. 
Weingartner, Paul Scherrer Institut, Villigen, K.P. Hinz, Physikalische Chemie, 
Universität Würzburg; April 6, 2000. 

“High Altitude Research: Jungfraujoch: attractive to tourists and to researchers”, 
Vision, March 2000. 
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“Forschung auf dem Jungfraujoch: Jungfraujoch: attraktiv nicht nur für Touristen, 
sondern auch für Forscher” Vision, March 2000. 

“PSI sucht Spuren auf der Jungfrau: Klimarelevanz feienr Staubpartikel wird 
untersucht”; Aargauer Zeitung, Auflagen Lenzburg-Seetal, Wynen-
Suhrental/Zofingen; March 30, 2000. 

“La Jungfrau et le climat”; Le Nouvelliste; March 16, 2000. 

“Projekt auf dem Jungfraujoch: Klimaforschung”; Der Bund; Auflagen Bern, 
Biel/Seeland; March 10, 2000. 

“Der Klimarelevanz von feinen Staubpartikeln auf der Spur”; Zofinger Tagblatt; 
March 8, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Obwaldner Zeitung; March 4, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Nidwaldner Zeitung; March 4, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Zuger Zeitung; March 4, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Schwyzer Zeitung; March 4, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Urner Zeitung; March 4, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neue Luzerner Zeitung; March 4, 2000. 

“Staub und Klima”; Oltner Tagblatt; March 3, 2000. 

“Klimaforschung auf dem Jungfraujoch”; Neues Bülacher Tagblatt; March 3, 2000. 

“Eiger, Mönch und Jungfrau”; Vortrag von Prof. H. Debrunner im Rahmen der 
Ringvorlesung Heilige Berge der Welt, Volkshochschule des Kantons Zürich, Januar 
13, 2000. 

“Rekordmenge Fallholz: neuer Sturm in der Schweiz brachte Chaos”; Fricktaler Bote, 
December 30, 1999. 

“Ein Forschungsnetz im Hochgebirge”; OUTPUT; July 3, 1999. 

“Saubere Luft und trotzdem Ozon”; Dr. Evi Schüpbach, UNIPRESS 101, Universität 
Bern, June 1999. 

“Que fait l’ASSN au Jungfraujoch?”; Info SANW April 1999. 

“Forschen auf dem Dach von Europa”; TeleBärn Report; April 11, 1999. 

“Gionate eccezionalemente calde per la stagione”; TSI 1 telegiornale; 12:30 h; 
January 6, 1999. 

“Tempo eccezionalmente mite”; TSI 1 telegiornare; 20:00h; January 6, 1999. 

“Wetterprognose”; SF 1&2 Meteo; January 6, 1999. 
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Major publications based on research work at the High Altitude 
Research Stations Jungfraujoch and Gornergrat in 1999 and 2000 
(see also individual activity reports) 
 
Publications in scientific journals 
 
Beltramanelli, Nicola: B and V photoelectric light curves and first ephemeris of NSV 
11321, a new W Uma System Commissions 27 and 42 of the IAU / Information 
bulletin on variable stars, no. 4696; 1999. (GEOS) 

Cramer, N.: Calibrations for B-type stars in the Geneva photometric system New 
Astronomy Reviews 43 (1999) 343-387; 1999. (Observatoire de Genève) 

Nyeki, Stephan: Condensation nuclei (CN) and ultrafine CN in the free troposphere to 
12 km: A case study over the Jungfraujoch high-alpine research station; Geophysical 
Research Letters; 26, 14, 2195-2198, July 15, 1999. (Paul Scherrer Institut) 

Schüpbach, Evi: Mesoscale modelling of vertical atmospheric transport in the alps 
associated with the advection of a tropopause fold -- a winter ozone episode 
Atmospheric Environment 33, 3616, 1999.  (CABO, University of Bern) 

Vandenbroere, Jacqueline: NSV 13826: A beta Lyrae type eclipsing binary 
Commissions 27 and 42 of the IAU / Information bulletin on variable stars, no. 4726; 
1999. (GEOS) 

Vandenbroere, Jacqueline: NSV 5028: A new RR Lyrae type variable in Uma 
Commissions 27 and 42 of the IAU / Information bulletin on variable stars, no. 4815; 
1999. (GEOS) 

Zanis, Prodromos: On the relationship of HO2+RO2 with j(O1D) during the Free 
Tropospheric Experiment (FREETEX ’96) at the Jungfraujoch observatory (3580 m 
above sea level) in the Swiss Alps; J. Geophysical Res. 104, D21, 26,913-26,925, 
November 1999.  (University of Bern) 

Carpenter, L.J.: Oxidized nitrogen and ozone production efficiencies in the springtime 
free troposphere over the Alps; J. Geophysical Res. 105, D11, 14,547-14,599, June 
16, 2000. (University of East Anglia/UK) 

Forrer, J.: Variability of trace gases at the high-alpine site Jungfraujoch caused by 
meteorological transport processes J. Geophysical Res. 105, D10, 12,241-12,251, 
May 27, 2000. (EMPA Dübendorf / MeteoSuisse Payerne) 

Hauck, B., Jaschek, C., 2000, “A-shell stars in the Geneva system”, Astronomy & 
Astrophysics 354, 157 (Observatoire de Genève) 

Nyeki, S.: Convective Boundary Layer Evoluation to 4 km asl over High-Alpine 
Terrain: Airborne Lidar Observations in the Alps Geophysical Research Letters; 27, 5, 
689-692, March 1, 2000.  (Paul Scherrer Institut) 

Streit, N.: Characterization of size-fractionated aerosol from the Jungfraujoch (3580 
m asl) using total reflection X-ray fluorescence (TXRF); International Journal of 
Environmental Analytical Chemistry, 2000, 76, N1, pp 1-16. (Paul Scherrer Institut) 

Winnewisser, Gisbert (co-author); in the following articles in The Astrophysical 
Journal Letters; 2000 August 20: (I. Physikalisches Institut, Universität zu Köln) 
The submillimeter wave astronomy satellite: science objectives and instrument 
description. 
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Observations of water vapor toward Orion BN/KL. 
Submillimeter wave astronomy satellite: observations of extended water emission in 
Orion. 
The distribution of water emission in M17SW. 
Water abundance in molecular cloud cores. 
Observations of interstellar water vapor in outflow regions. 
Observations of absorption by water vapor toward Sagittarius B2. 
An analysis of water line profiles in star formation regions observed by the 
submillimeter wave astronomy satellite. 
Water abundance and velocity structure in s140, ρ OPH A, and B335. 
O2 in interstellar molecular clouds. 
Implications of submillimeter wave astronomy satellite observations for interstellar 
chemistry and star formation. 
Large-scale 13CO J = 5 → 4 and [C I] mapping of Orion A. 
Extended [C I] and 13CO J (5 → 4) emission in M17SW. 
Submillimeter wave astronomy satellite observations of the Martian atmosphere: 
temperature and vertical distribution of water vapor. 
Submillimeter wave astronomy satellite observations of Jupiter and Saturn: detection 
of 557 GHz water emission from the upper atmosphere. 
Submillimeter wave astronomy satellite observations of water vapor toward comet 
C/1999 H1 (Lee). 

Zanis, Prodromos: The role of in situ photochemistry in the control of ozone during 
spring at the Jungfraujoch (3580 m asl) – Comparison of model results with 
measurements; J. Atmospheric Chemistry 37; 1-27, 2000. (University of Bern) 

Zanis, Prodromos: In-situ ozone production under free tropospheric conditions during 
FREETEX ’98, J. Geophysical Res., 105, D19, 24, 223-24, 234, 2000 

Zellweger, C.: Summertime Noy speciation at the Jungfraujoch, 3580 m above sea 
level, Switzerland JGR: 105, D5, 6655-6667, March 16, 2000. (EMPA, Dübendorf) 

 
 
Doctoral theses 
 
Zanis, Prodromos: In-situ photochemical control of ozone at the Jungfraujoch in the 
Swiss Alps doctoral thesis; 1999. (University of Bern) 

Ingold, Th.: Monitoring atmospheric parameters from ground-based remote sending 
networks in Switzerland doctoral thesis; 2000.  (University of Bern) 

 
 
Press releases, presentations, and various publications 
 
Debrunner, H.: Die Rolle der alpinen Observatorien in der Umweltforschung Vortrag 
anlässlich der Einweihung der Umweltforschungsstation Schneefernerhaus 
12.05.1999; HFSJG 

Nyeki, Stephan: New ideas in particle research / Paul Scherrer Institut at Jungfraujoch 
product catalog; 1999; TSI Corp., St. Paul 
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Richner, H. (Hrsg): Grundlagen aerologischer Messungen speziell mittels der 
Schweizer Sonde SRS 400 Publication Nr. 61, ISBN 1422-1381; 1999; SMA-
MeteoSchweiz 

Schüpbach, Evi: The long-term (1986-1996) ozone record…. Proceedings of 
EUROTRAC Symposium '98; WITpress, Southhampton; 1999; CABO 

Paul Scherrer Institut: Annual report 1998; 1999; PSI 

Müller, G.: Rundschreiben GAW-CH Nr. 5 Rundschreiben; 2000; SMA-
MeteoSchweiz 

Der Klimarevevanz feiner Staubpartikel auf der Spur; Presse Mitteilung 01.03.2000; 
Paul Scherrer Institut 

Geographisches Institut Uni Bern; Jahresbericht 01.07.1999 - 30.06.2000 

Bundesamt f. Gesundheit: Umweltradioaktivität und Strahlendosen in der Schweiz 
1999; 2000. 
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