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Message of the President 
 
The report period of the International Foundation High Altitude Research Stations 
Jungfraujoch and Gornergrat (HFSJG) was saddened by the death of its Honorary 
President, Professor Hermann Debrunner, who died on July 6, 2002. As an active 
President of the Foundation and Director of the scientific stations for almost three 
decades he became the heart and the soul of the HFSJG. If the Foundation continues 
to flourish it is only due to his foresight with which he has prepared and paved the 
way for his successors. We all have lost in him a great leader, a prolific scientist, and 
a wonderful friend. 
 
The success of the International Foundation HFSJG is measured by the extent to 
which its research stations are used. According to this criterion the year 2002 has been 
successful. The research stations at Jungfraujoch as well as Gornergrat worked under 
the able and devoted directorship of Professor Erwin Flückiger near their upper 
capacity. The prospects for 2003, the 73rd year of the Foundation, are equally 
promising. 
 
Of course, the next question is the importance of the scientific results. Excellent 
research has been done indeed and long-time monitoring campaigns – some of them 
the longest in the world – have been continued. But the Foundation faces an inherent 
difficulty in documenting the ‘product’ of all these research activities. The results are 
the property of the individual scientists and groups and are disseminated by them. Yet 
it becomes increasingly necessary to give a global view of what has been achieved.  
 
As an answer to this need the reader will find in the following pages more information 
on scientific results than in the past. It goes without saying that it is impossible to 
attain completeness. Only some highlights are described as far as space allows. But 
over the years the Activity Reports should give a fair overview of what has been 
accomplished. In addition a first refereeing process, which will be repeated in the 
future, has proven not only to be very helpful but in this case to be most encouraging. 
It has also been decided to organize workshops every two or three years on special 
topics relevant for the research stations. A first such workshop was organized by two 
Commissions of the Swiss Academy of Sciences, i.e. the ‘Commission Atmospheric 
Chemistry and Physics’ under its President, PD Dr. U. Baltensperger, and the 
‘Commission High Altitude Research Station Jungfraujoch’. The workshop under the 
title ‘Atmospheric Research at the Jungfraujoch and in the Alps’ was held with 
international participation in Davos on September 20, 2002. The next workshop on an 
astronomical topic will be organized in Zermatt in 2003 by the University of Cologne 
and co-sponsored by the Foundation.  
 
The very substantial Swiss contribution to the HFSJG is paid by the Swiss National 
Science Foundation. Its continued support also during a difficult period is gratefully 
acknowledged as well as the help and advice of its representatives.  But the well being 
of the HFSJG also depends very much on its national and international members. 
Sincere thanks go to them for their faithful support.  The Swiss Academy of Sciences 
is equally acknowledged for its help in promoting the goals of the Foundation. 
 
There are many individuals – researchers, technical staff, railway workers, hotel 
personnel, administrative managers, board members, to mention only a few – who 
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have contributed to the smooth and successful operation of the research stations. 
Many of them are named in the following report of the Director, but I would like to 
thank all of them here also. It remains only to thank our Director, Professor Erwin 
Flückiger, who, in addition to his daily, untiring work, has written the following 
‘Activity Report’. 
 
 

 
 
Basel, June 19, 2003            G.A. Tammann 
 

 
 

http://www.eureka.be/
http://www.arcetri.astro.it/
http://www.arcetri.astro.it/Dipartimento
http://www.unifi.it/
mailto:pburkhard@snf.ch
mailto:jbweber@snf.ch
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Report of the Director 
 
This report is the third in the series of annual activity reports initiated by the new 
management of the Foundation HFSJG which assumed office in the year 2000. While 
the first of these reports (for 1999/2000) was intentionally comprehensive and 
detailed, the second one was kept more concise. Following this sequence, and in view 
of its significance for the next bi-annual meeting of the Board HFSJG to be held in 
October 2003, the present report is again more comprehensive.  
 
The Foundation HFSJG 
According to the by-laws of the Foundation HFSJG the Board has its regular meetings 
only every second year. As the last meeting took place on October 5, 2001, no 
meeting was scheduled for 2002. 

The report period was marked by the untimely death of the Foundation’s Honorary 
President, Professor Hermann Debrunner, on July 6, 2002. Hermann Debrunner was 
the competent and enthusiastic Director and President of the Foundation HFSJG for 
more than 30 years. Thanks to his foresight and hard work, the research stations at 
Jungfraujoch and Gornergrat have become renowned worldwide, in particular as 
centers of environmental and astrophysical research. After his resignation, he 
continued to support the Foundation, gladly sharing upon request from the resources 
of his vast experience. Scientists, colleagues, and employees will remember him for 
his fairness, understanding, and wonderful sense of humor. His life, his work, and his 
services to the Foundation will be honored in more detail in a special obituary. We 
would like to thank all those who expressed their deep sympathy for this great loss, in 
particular Swiss Federal Councillor Ruth Dreifuss. 

The Astronomic Commission, which has changed its function to that of a users' and 
science advisory committee to strengthen the Foundation's internal and external 
communication, had its regular spring and autumn meetings. 

 

The High Altitude Research Station Jungfraujoch 
As documented by the individual reports and the lists and statistics, the High Altitude 
Research Station Jungfraujoch continued to be a place of exceptionally lively and 
exciting research activity. In 2002, 27 research projects were conducted at 
Jungfraujoch, 16 of them primarily based on automatic measurements around the 
clock. With the exception of Italy (whose researchers work exclusively at the 
Astronomical Observatory Gornergrat North), all member countries of the Foundation 
benefited from the excellent research conditions (Figure 1). Scientists spent a total of 
910 person-working days at Jungfraujoch. As shown in Figure 2, this number is 
comparable to the activity of the past years. Figure 3 illustrates the relative number of 
person-working days for 2002 by country. The highest presence at Jungfraujoch had 
the Institut d’Astrophysique et Géophysique de l’Université de Liège, the LIDAR 
group from the Laboratoire de Pollution Atmosphérique et Sol de l’Ecole 
Polytechnique Fédérale de Lausanne (EPFL), and the Paul Scherrer Institut (PSI) in 
Villigen (Cloud and Aerosol Characterization Experiment CLACE-2). Researchers 
from the Institut für Medizinische Physik, Universität Innsbruck, Austria, continued 
their long-term annual measurement campaigns on solar UV irradiance, while 
scientists from the University of Leeds, UK, were again active within an extended 
measurement campaign on tropospheric photochemistry (FREETEX 2002). 
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Complementing the automatic meteorological measurements, our custodians 
continued the daily weather observations for the Federal Office of Meteorology and 
Climatology (MeteoSwiss). 
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Figure 1:  Number of research projects at the High Altitude Research Station Jungfraujoch by  
  country. 
 

 

 

 

Figure 2: Number of working days spent by scientists at the High Altitude Research Station 
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Figure 3:  Relative number of person-working days at the High Altitude Research Station  
  Jungfraujoch by country. 
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ENVINET is an "Infrastructure Co-operation Network" focusing on multidisciplinary 
environmental research in Northern Europe. The network, funded under "Enhancing 
Access to Research Infrastructures" of the "Human Potential Programme" of the EU 
5th framework program involves 17 research stations from the European Alps to the 
Arctic. Each station participates with representatives from its operator and their 
scientific users. The duration is May 2000 - April 2003. Jungfraujoch was represented 
by Dr. Martine De Mazière, Belgian Institute for Space Aeronomy, Brussels. From 
September 12-15, 2002, the Director HFSJG participated in the 4th ENVINET General 
Meeting in Abisko, Sweden. Part of this meeting was devoted to a ‘Station Managers 
Forum’. The overall goal of this forum was to learn from each other and to discuss 
what practices are handled at the different stations. The interaction and discussions 
with colleagues was extremely profitable for the administration HFSJG. 

The extensive research conducted at Jungfraujoch during 2002 is summarized in the 
reports of the individual groups. This research activity resulted in 87 scientific 
publications. 

The variety of atmospheric research at Jungfraujoch and in the Alps was demonstrated 
in an impressive manner at the workshop on ‘Atmospheric Research at the 
Jungfraujoch and in the Alps’ at Davos on September 20, 2002. This workshop, 
jointly organized by the Commissions ‘High Altitude Research Station Jungfraujoch’ 
of the Swiss Academy of Sciences (SAS) and the newly founded SAS commission 
‘Atmospheric Chemistry and Physics’ took place within the 182nd SAS Annual 
Meeting. It was a complete success. More than 50 participants from all over Europe, 
and in particular from neighbouring high altitude research stations, followed a highly 
interesting program with 12 oral and 29 poster presentations. The workshop was an 
ideal platform for strengthening the scientific interaction among the various groups 
involved in atmospheric research at Jungfraujoch. We would like to thank PD Dr. Urs 
Baltensperger, PSI, for the lead in the organization of this workshop, and Mrs. Doris 
Hirsch-Hoffmann for editing the proceedings. 

An equally impressive review of research at Jungfraujoch was presented at the ‘Third 
GAW-CH Conference, held in Zürich on October 23, 2002. This conference, 
organized by the Federal Office of Meteorology and Climatology (MeteoSwiss), the 
Swiss Agency for the Environment, Forests and Landscape (SAEFL), and the Swiss 
Federal Institute of Technology, Zürich, was devoted to the presentation and 
discussion of scientific and technical achievements. The research and development 
activities were highlighted in four sessions dedicated to aerosols, gaseous tropospheric 
constituents, stratospheric ozone, and radiation. The proceedings of the meeting 
reflect the excellent GAW-activity at Jungfraujoch. Dr. John D. Miller, Chief of 
Environment Division, WMO Atmospheric Research and Environment Programme, 
pointed out in his closing remarks that the measurement programs at Jungfraujoch for 
aerosols, greenhouse and reactive gases in the troposphere, and stratospheric ozone 
have developed into one of the ‘most complete and sophisticated in the GAW 
system’. 

Jungfraujoch, however, is not only a center for atmospheric and environmental 
research. The high alpine glacial surroundings are of equal importance, as 
demonstrated e.g. by the three research projects conducted by the University of 
Zürich, Department of Geography, Glaciology and Geomorphodynamics Group, by 
the Swiss Federal Institute of Technology, Laboratory of Hydraulics, Hydrology and 
Glaciology, Zürich, and by a joint team of the University of Bern, Laboratory for 



International Foundation HFSJG 
Activity Report 2002 

 vii

Radio- and Environmental Chemistry, and the Paul Scherrer Institute. It is anticipated 
that the Research Station Jungfraujoch will serve increasingly as a base for ice drilling 
campaigns in the Fiescherhorn/Jungfraujoch area, e.g. within programs and projects of 
the National Center of Competence in Research on Climate (NCCR Climate). 

The Research Station, the fascinating scientific activity, and the unique environment 
of the new UNESCO World Heritage Jungfrau-Aletsch-Bietschhorn have a 
fascinating public outreach, attracting a number of visitors. As in previous years, 
several organizations initiated meetings of national and international scientific 
committees in the Jungfrau region and combined these meetings with an excursion to 
Jungfraujoch, e.g.  

- Ecole Polytechnique Fédérale de Lausanne (EPFL), Journées scientifiques et 
pédagogiques 2002 (March 7, 2002) 

- COST 720 Workshop (October 13, 2002) 
- Swiss-Japanese Seminar on Ozone and the Links with Climate (July 4, 2002) 
- QUEEN Conference (Quaternary Environments of the Eurasian North;  
  May 27, 2002) 
-  Steering Committee, National Research Programme NRP48 (Landscapes and  
  Habitats of the Alps; August 31, 2002)  

On June 6, 2002, the Research Station was honored by the visit of the Research 
Council of Division II of the Swiss National Science Foundation, headed by its 
President, Prof. Albert Matter.  

The administration HFSJG also received a number of requests for visits to the 
Research Station from representatives of news media and non-scientific groups. 
Thanks to the help of the researchers and the custodians most of them could be 
realized, and all were extremely well received. Life in the mountains, the high alpine 
environment, and the research activity were reflected in more than 20 contributions in 
the news. The special exhibition called “Jungfrau, Mönch & Eiger” in the Swiss 
Alpine Museum in Bern was particularly well appraised. Initiating a new trend, 
several students of vocational and pre-university schools selected a topic related to 
research at Jungfraujoch for writing a study-paper. They were all given the 
opportunity to spend one day at Jungfraujoch and to accompany our custodians during 
their daily work. In an effort to improve public outreach, the popular information 
brochure distributed by the Jungfraubahnen free of charge to all visitors of 
Jungfraujoch / Top of Europe is presently being re-edited. 

In order to provide the researchers with optimal working conditions, continuous effort 
is needed to keep the environment clean and the infrastructure in good condition. As 
in previous years, several coordination discussions took place with the management of 
the Jungfraubahnen. Prime topics were measures to avoid or minimize disturbances of 
the scientific measurements by emissions in connection with ongoing and planned 
construction work or by apparatus defects. With only a few exceptions, no 
combustion engines were used for the construction of the new Plateau exit and tourist 
hall which was inaugurated on April 19, 2002. A few disturbing emissions due to 
technical malfunctions were eliminated promptly. We highly appreciate these efforts 
and are grateful to the Jungfraubahnen for their understanding and their cooperation. 
During 2002, Mr. Andreas Wyss, chief of technical services and maintenance division 
of the Jungfraubahnen at Jungfraujoch, succeeded in solving the occasional problem 
of too high temperatures in the Sphinx building. Finally, we appreciate the 
cooperation in the planning of the new fast data transmission fiber cables in the tunnel 
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to satisfy the increasing needs in data transfer capacity by the users of the Research 
Station. 

No major maintenance work on the infrastructure of the Research Station was 
scheduled for 2002. However, in two cases unexpected work was necessary. The first 
was related to a recurring problem at Jungfraujoch: water leakage. To help find the 
source of water leakage in the Sphinx building, the Jungfraubahnen contracted B+S 
Ingenieur AG, the engineering office that built the new addition to the Sphinx, to 
inspect the building. Their expert, Mr. Wenger, was able to identify a few problem 
locations, especially on the flat roof. After some urgent isolated repairs to stop the 
acute leakage, more extensive repair was done during the summer months. However, 
a general revision, or at least a new coating of the roof should eventually be 
considered. The second case concerned the ‘maison des rats’, a two-story wooden 
construction in the cavern behind the Research Station. This construction dated back 
to the early days of the station when animals were kept there for use in experiments. 
For many years it had no longer been used for its original purpose but instead served 
as a storage room. In December 2001, dry rot was discovered in and around the stall, 
and drastic measures had to be taken immediately to prevent this extremely dangerous 
fungus from spreading to other parts of the station. Experts were called in to evaluate 
the situation. The construction had to be torn down completely. The infected material 
was discarded in a controlled manner, and the entire cavern was fumigated to prevent 
a recurrence of the fungus. 

Optimal working conditions are, however, for the most part the result of the work of 
our custodians. At the end of December 2001, Mrs. Therese Staub and Mr. Hansruedi 
Staub retired as our main custodians after five years of devoted service to our 
Foundation. They were succeeded by Mrs. Joan Fischer and Mr. Martin Fischer. As 
former custodians at the Schilthorn they have experience in living and working at high 
altitude, and they started the new challenge with enthusiasm. Mr. and Mrs. Fischer 
have even joined the Jungfraujoch fire brigade, which is of great benefit to the 
Research Station as well as to the entire site. The strong interdependence of all those 
having responsibilities at Jungfraujoch is impressively demonstrated by the fact that 
our custodians assisted to several search and rescue operations in the Jungfrau area, 
the two most dramatic ones both over the New Year’s holidays in 2001/2002 and 
2002/2003. 
 
 
The High Altitude Research Station Gornergrat 
Due to its unique location, its clean environment, and the good infrastructure, the 
High Altitude Research Station Gornergrat, which includes 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. During 
the winter observation period 2001/2002 the weather conditions were especially good. 
Dr. Miller from the 'I. Physikalisches Institut der Universität zu Köln' even speaks of 
the ‘best winter ever, with 30 days of sub-millimeter conditions’! 

The Astronomical Observatory Gornergrat North is subleased to the Italian 'Consiglio 
Nazionale delle Ricerche (CNR)'. It is equipped with a 1.5m Cassegrain-Infrared (IR) 
Telescope (TIRGO). The telescope and related instrumentation are run by the ‘Istituto 
di Radioastronomia (IRA-CNR)’, sezione di Firenze (former CAISMI), with the 
assistance of the ‘Osservatorio Astrofisico di Arcetri’ and the ‘Dipartimento di 
Astronomia e Scienza dello Spazio’ of the ‘Universita' di Firenze’. During the winter 

http://www.arcetri.astro.it/irlab/cnr/cnr.html
http://www.arcetri.astro.it/
http://www.arcetri.astro.it/Dipartimento
http://www.arcetri.astro.it/Dipartimento
http://www.unifi.it/
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months 2001/2002 and again after the summer season, which is not suited for IR 
observations, observing activity was high. The demands from the Italian astronomical 
community on TIRGO still exceeds the available observing time, despite the fact that 
near-IR observations can be done at several other larger telescopes. TIRGO was used 
very actively with the near-infrared camera ARNICA, the near-IR fast photometer 
FIRT, the long-slit spectrometer LONGSP. As an example, the long-term project of 
lunar occultations has reached the world record of 400 events. All ARNICA images 
and the LONGSP spectra, available to the international astronomical community after 
a proprietary period of one year, can now be downloaded from the TIRGO website 
(www.arcetri.astro.it/irlab/tirgo/index.html). The new mid-IR camera TIRCAM2, 
implemented in 2001, is now fully operational. This new camera is based on a modern 
array sensitive up to 26 microns. Its performance permits full use of the unique 
properties of the Gornergrat site in terms of low temperature (reducing the disturbing 
emission from the background) and low water vapor content (making the atmosphere 
particularly transparent). It is expected that this novel instrument will provide 
exceptional observational results to further promote TIRGO. 

The Observatory Gornergrat South is subleased to the 'Universität zu Köln'. Here, the 
'I. Physikalisches Institut der Universität zu Köln' has installed the 3m radio telescope 
KOSMA (Kölner Observatorium für Submillimeter und Millimeter Astronomie). The 
KOSMA telescope with its high-tech receivers and spectrometers allows the obser-
vation of interstellar and atmospheric molecular lines in the millimeter and submilli-
meter range. Since September 2001 the new dual frequency SIS (superconductor- 
insulator-superconductor) array receiver SMART has been operational. This is world-
wide the first two-frequency channel array receiver. 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. Research topics in 2002 included the large-scale distribution, physical 
and chemical conditions of the interstellar matter in the Milky Way, the Galactic 
Molecular Ring (the brightest extended object of the Milky Way, beside the Galactic 
center region), the massive star-forming region W3 Main in the Perseus arm, the most 
active, nearby giant molecular cloud complex Cygnus X, and galactic cirrus clouds.  

Both instruments at Gornergrat are accessible to guest investigators. The Institute of 
Applied Physics of the University of Bern has continued its collaboration with 
KOSMA in the observation of solar flares at high frequencies. It is expected that 
together with recordings of the other six telescopes of the University of Bern 
dedicated to solar flare monitoring at frequencies from 8.4 to 89.4 GHz, and with hard 
and soft x-ray observations, the KOSMA observations will contribute significantly to 
a better understanding of the temporal and spatial evolution of electron acceleration in 
solar flares. 

Since 1998, the Space Research and Planetary Sciences Division of the University of 
Bern has been operating a solar neutron telescope (SONTEL) on the Belvedere 
plateau. 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. It is expected that 
this detector will play an essential role in the study of solar neutron events. Although 
SONTEL was in continuous operation during 2002, no solar neutron events were 
recorded. However, in December 2002, with the Sun showing no evidence for high-
energy activity, a period of increased count rates was observed in association with 
enhanced environmental radioactivity. This event is similar to the one recorded in 

http://www.arcetri.astro.it/
http://www.arcetri.astro.it/Dipartimento
http://www.unifi.it/
http://www.arcetri.astro.it/irlab/tirgo/index.html
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April 2001, the cause of which is still unknown. In order to identify the cause of these 
intensity increases, continuous on-site monitoring of the environmental radioactivity 
was initiated. Also, for a proper interpretation of the SONTEL recordings, the 
response of this detector both to the local particle flux and to the primary particle flux 
penetrating the Earth’s atmosphere was determined with GEANT Monte Carlo 
applications. 

The scientific results achieved at Gornergrat during the past year have found world-
wide recognition. The work resulted in 15 publications. Details of the activity during 
2002 can be found in the individual reports.  

As is the case with Jungfraujoch, Gornergrat is an equally attractive site for visitors. 
On June 15, 2002, the Board of Directors of the Jungfraubahn gave us the honor. On 
August 8, 2002, on occasion of the 50th anniversary celebrations of the Swiss National 
Science Foundation, the participants of the international jubilee workshop “Major 
Challenges for Research Funding Agencies at the Beginning of the 21st Century” 
visited Gornergrat and were given a tour of the research facilities. The research teams 
from Florence and Cologne seized the opportunity to present their observatories and 
their work to this prominent group of distinguished guests from all over the world. 

An extremely important 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, by the Gornergratbahn, and locally by Mrs. Marianne 
Schwall and Mr. Uli Schwall as the director of the Kulm Hotel, and his crew.  

 
Summary and Acknowledgements  
As documented by the individual activity reports, the large number of publications, 
and the feedback from meetings, scientific work at the High Altitude Research 
Stations Jungfraujoch and Gornergrat during the report period 2002 continued to be 
extensive and of high international standard. Due to the unique observational and 
measuring conditions, the Jungfraujoch station has maintained its position as a key 
station in a number of European and global measuring networks for climate and 
environmental studies. For the same reasons, Gornergrat continues to be a unique 
center for outstanding astronomical and astrophysical research. The Foundation 
HFSJG, therefore, confirmed its role as a provider of excellent research infrastructure 
ensuring bright perspectives for the 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 most significant 
funding of the Swiss contribution, and in particular Prof. Albert Matter (President 
Division II), Dr. Paul Burkhard (Head secretariat Division II), and Dr. Jean-Bernard 
Weber (Head Coordination and Interdivisional Tasks), for the excellent and 
benevolent collaboration.  

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

For the Jungfraujoch station, our thanks go to our custodians, Mr. and Mrs. Fischer, 
and Mr. and Mrs. Jenni. With their devotion to duty, their competence, and their 
ability to create a comfortable atmosphere in the station, they are providing the basis 
for all scientists to do good research work. A special thanks goes to the Jungfrau 
Railway Holding Ltd and to the Jungfrau Railways. Without their goodwill and their 
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substantial help the Research Station at Jungfraujoch could hardly be operated. Both 
the Board of the Jungfrau Railway Holding Ltd under its former president Dr. Georg 
Krneta and his successor Mr. Riccardo Gullotti, as well as the management and 
personnel of the Jungfraubahnen under Chief Executive Officer Walter Steuri, are 
always open and positive toward 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 the scientific output. At 
Jungfraujoch we are particularly grateful to Mr. Andreas Wyss, chief of technical 
services and maintenance, for his continuous support.  

The great efforts of all these individuals and institutions would, however, be worthless 
if the research facilities would not be used adequately. We, therefore, would like to 
express our sincere gratitude to all scientists for their dedicated work and good 
collaboration, demonstrating through the excellence of their research that the High 
Altitude Research Station Jungfraujoch continues to fulfill an undisputed need of the 
scientific community.  

In this sense, for Gornergrat our thanks go first to all the scientists of the ‘Istituto di 
Radioastronomia (IRA-CNR)’, sezione di Firenze, of the ‘Osservatorio Astrofisico di 
Arcetri’ and the ‘Dipartimento di Astronomia e Scienza dello Spazio’ of the 
‘Universita' di Firenze’, the 'I. Physikalisches Institut der Universität zu Köln', and 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 its Chief Executive Officer Hans-Rudolf Mooser as well as the 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. Andreas Biner, the 
members of the 'Burgerrat', and to Mr. Fernando Clemenz, Director of the Matterhorn 
Group. Without their goodwill and support it would not be possible to operate a 
world-famous astrophysical observatory at Gornergrat.  

At the administrative office in Bern I would like to thank Dr. Urs Jenzer, the technical 
assistant HFSJG for electronics and computers, for his proficient work. Continued 
assistance by the Informatikdienste of the University of Bern in networking and data 
transfer is also gratefully acknowledged. We have greatly appreciated the competent 
services of our treasurer, Mr. Karl Martin Wyss, and the knowledgeable support and 
auditing by Mr. Christian Gasser. Last, but not least, I would like to thank our 
secretary, Mrs. Louise Wilson. Her devotion to the Foundation HFSJG, her 
competence and flexibility in running the administrative affairs, and her kindness in 
the daily contacts with staff and scientists are well recognized and highly appreciated.  

 
Bern, February 18, 2003            Erwin O. Flückiger 

http://www.arcetri.astro.it/irlab/cnr/cnr.html
http://www.arcetri.astro.it/
http://www.arcetri.astro.it/
http://www.arcetri.astro.it/Dipartimento
http://www.unifi.it/
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In Memoriam 
 
Hermann Debrunner  1931 – 2002 
 
President of the International Foundation  
High Altitude Research Stations  
Jungfraujoch and Gornergrat 1973 – 1999 

Honorary President of the International  
Foundation High Altitude Research Stations 
Jungfraujoch and Gornergrat 2000 – 2002 

Director of the High Altitude Research  
Stations Jungfraujoch and Gornergrat  
1969 – 1999 

President of the Commission of the  
High Altitude Research Station  
Jungfraujoch of the Swiss Academy  
of Sciences (SAS) 1974 – 1999 

 
 
 
 
 
Hermann Debrunner, professor at the Physikalisches Institut of the University of 
Bern, Honorary President and former President of the International Foundation High 
Altitude Research Stations Jungfraujoch and Gornergrat (HFSJG), and former 
Director of the Research Stations Jungfraujoch and Gornergrat, died on July 6, 2002, 
after an extraordinarily fearless battle against cancer.  During the more than 30 years 
of his career devoted to the Foundation HFSJG he shaped the organization and 
structures that led to the many scientific successes at Jungfraujoch and Gornergrat. 

 

Hermann Debrunner was born and grew up in the small Swiss town of Lyss.  After 
his graduation from ‘Gymnasium’ in Biel, he began his studies at the University of 
Bern in 1951.  As a country boy and animal-lover, he was torn between his interest in 
veterinarian medicine on the one hand and his fascination for physics on the other.  In 
the end he chose to major in experimental physics with biology as a minor.  Under the 
supervision of his teacher Friedrich G. Houtermans, and within the Swiss contribution 
to the International Geophysical Year, he built up a cosmic ray neutron monitor at 
Jungfraujoch.  He finished his Ph.D. studies in 1960 with a thesis on the nucleonic 
component of cosmic rays.  This marked the beginning of his research work at 
Jungfraujoch, at the research station that would captivate him as long as he lived.  

The young Dr. Debrunner obtained a postdoctoral position in Stockholm with Hannes 
Alfven, who later won the Nobel prize in physics.  But after two years of very fruitful 
research, Debrunner was called back to the Physikalisches Institut in Bern to assume 
a position as administrative adjunct and senior assistant of the cosmic ray group, later 
to be named its head.  He led this traditionally small but active group to worldwide 
recognition.  Academic promotions were the logical result of the astonishing career of 
this down-to-earth Bernese:  habilitus Dr. in 1968, associate professor in 1970, and 
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full professor in 1978.  He spent his sabbatical leave in 1978 at the University of New 
Hampshire (USA) and thus began an extraordinarily fruitful collaboration that 
remained unbroken until his death.  His more than 150 scientific publications on solar 
protons, neutrons, and gamma-rays made a major contribution to today’s knowledge 
of the extremely effective acceleration of particles at the Sun.  One of the highlights 
in his work was the first identification of solar neutrons at Earth by his neutron 
monitor at Jungfraujoch during the solar flare on June 3, 1982.   

During his early research work which sometimes kept him at Jungfraujoch for weeks 
at a time, Hermann Debrunner developed a love for the Berner Oberland that 
remained with him throughout his lifetime.  He knew the Research Station 
Jungfraujoch from top to bottom, and in 1969 he became its director.  Four years 
later, in 1973, he was elected President of the International Foundation High Altitude 
Research Stations Jungfraujoch and Gornergrat, succeeding Prof. Alexander von 
Muralt.  He was an extremely hard worker.  Thanks to his untiring efforts and his far-
sighted leadership he not only established Jungfraujoch as a research station of 
international standards, but he also succeeded in founding a second research station at 
Gornergrat which is equally reputed for its pioneering research.  He loved contact 
with people, and he approached everyone who could potentially be useful for the 
Foundation.  He knew the personnel of the Jungfrau Railway well (he had played 
cards with them as a student) and was on a first-name basis with many of them.  Over 
the years Hermann Debrunner built up an equally close relationship to the people and 
the region of Zermatt.  The longstanding personal ties based on mutual trust and the 
pursuit of common goals led the Gornergrat-Monte Rosa-Railway to join the 
Foundation in 1979 and the Burgergemeinde Zermatt in 1991. 

It is not surprising that with his sense of duty and responsibility, Hermann Debrunner 
also accepted to serve as Director of the Physikalisches Institut and Dean of the 
Faculty of Sciences of the University in Bern.  His numerous memberships in panels 
and commissions, of which the research council of the Swiss National Science 
Foundation was his favorite, demonstrate how fully and unselfishly he devoted 
himself to the promotion of scientific research.  

Hermann Debrunner was an understanding and yet strict professor, a man of the old 
school.  His upright character, his winning nature, his deliberative manner, his 
reliability, and his fine sense of humor made it a genuine privilege to be his colleague 
and friend.  

 
 

Hans Balsiger, Erwin Flückiger, Andreas Tammann 

 

http://www.eureka.be/
http://www.arcetri.astro.it/
http://www.arcetri.astro.it/Dipartimento
http://www.unifi.it/
mailto:pburkhard@snf.ch
mailto:jbweber@snf.ch
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Research statistics for 2002 
High Altitude Research Station Jungfraujoch 
 

Institute Country Research with 
overnight stay 

Research during 
the day only  

Institut d’Astrophysique et 
Géophysique,  
Université de Liège 

Belgium 368 1 

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

Switzerland 198 10 

Paul Scherrer Institut, Villigen Switzerland 97 15 
Institut für Medizinische Physik, 
Universität Innsbruck 

Austria 57  

University of Leeds United Kingdom 52  
VAW Glaziologie, ETH Zentrum, 
Zürich 

Switzerland 35 2 

Eidg. Materialprüfungs- und 
Forschungsanstalt, Dübendorf 

Switzerland 10 9 

Institut Polarie Français – Paul Émile 
Victor, Plouzané 

France 8  

Universität Zürich, Geographisches 
Institut 

Switzerland 4  

Bundesamt für Landestopographie, 
Wabern 

Switzerland 3  

Institut für Angewandte Physik, 
Universität Bern 

Switzerland 2 5 

Gruppe Kosmische Strahlung, 
Physikalisches Institut, Universität 
Bern 

Switzerland 2 4 

MétéoSuisse, Payerne Switzerland  8 
Institut für Klima- und Umweltphysik, 
Universität Bern 

Switzerland  7 

Geographisches Institut, Universität 
Bern 

Switzerland  5 
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Institute Country Research with 
overnight stay 

Research during 
the day only  

ABB Schweiz AG, Semiconductors, 
Lenzburg 

Switzerland  3 

Geologisches Institut, Universität Bern Switzerland  2 
Philips Semiconductors The Netherlands  2 
Bundesamt für Gesundheit, Freiburg Switzerland  1 

TOTAL  836 74 
 

 Overnight stays Days with no overnight stay 

Workers, Jungfrau railway, and 
visitors 

214 9 

HFSJG administration 4 12 
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Long-term experiments and automatic measurements 
at the High Altitude Research Station Jungfraujoch  
 

Institute Experiment / Measurements 

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

Atmospheric physics and solar physics 

Belgian Institute for 
Space Aeronomy 
B-1180 Brussels 

Atmospheric physics and atmospheric chemistry 

MétéoSuisse  
Station Aérologique 
CH-1530 Payerne 

Atmospheric physics and atmospheric chemistry  
(radiation measurements) 

Schweiz. Bundesamt 
für Landestopographie 
CH-3084 Wabern-Bern 

Global Positioning System 

Paul Scherrer Institut 
CH-5232 Villigen PSI 

Atmospheric physics and atmospheric chemistry 
(aerosol measurements) 

Eidg. Materialprüfungs- und 
Forschungsanstalt EMPA 
CH-8600 Dübendorf 

Atmospheric chemistry  
(O3 - and NOx measurements) 

Physikalisches Institut 
Universität Bern 
CH-3012 Bern 

Astrophysics (cosmic ray measurements) 

Institut für Angewandte Physik 
Universität Bern 
CH-3012 Bern 

Atmospheric physics and atmospheric chemistry 

Hochschule für Technik und 
Architektur 
CH-3400 Burgdorf 

Photovoltaik 

ABB Switzerland Ltd. 
Semiconductors 
CH-5600 Lenzburg 

Materials research 

École Polytechnique Fédérale de 
Lausanne EPFL 
CH-1015 Lausanne 

LIDAR 
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Institute Experiment / Measurements 

MeteoSchweiz 
CH-8044 Zürich 

Weather observations 

Universität Heidelberg 
Institut für Umweltphysik 
D-69120 Heidelberg 

CO2 and 14CO2measurements 
Weekly collection Krypton samples 

Institut für atmosphärische 
Radioaktivität, D-Freiburg i.B. 
and 
Climate and Environmental 
Physics, University of Bern 

Krypton85 measurements 

Bundesamt für Gesundheit 
CH-1700 Freiburg 

Measurements of radioactivity:  
RADAIR  
NADAM 

VAW 
Laboratory of Hydraulics, 
Hydrology and Glaciology 
ETH Zürich 
CH-8092 Zürich 

Glacier measurements 

Physikalisch-Meteorologisches 
Observatorium Davos 
World Radiation Center 
CH-7260 Davos Dorf 

Solar and terrestrial radiation measurements 

Institute for Medical Physics 
University Innsbruck 
Müllerstrasse 44 
A-6020 Innsbruck 

Solar UV irradiance 
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Name of research institute or organization: 
Institut d’Astrophysique et de Géophysique, Université de Liège 
 
Title of project: 
High resolution, solar infrared Fourier Transform Spectrometry.  Application to the 
study of the Earth atmosphere 
 
Project leader and team: 
Luc Delbouille (em.), Philippe Demoulin, Pierre Duchatelet, Emmanuel Mahieu, 
Francine Mélen, Ginette Roland (em.), Christian Servais, Rodolphe Zander (project 
leader), Jacqueline Bosseloirs, Diane Zander, Vincent Van De Weerdt, Guy Buntinx 
Observatoire Royal de Belgique:  
Jacques Sauval, Ronnie Blomme, Joan Vandekerckhove. 
 
Project description: 
The main activity of the Liège group at the Jungfraujoch was the continuation of the 
long-term monitoring of the Earth atmosphere.  The two high-performance infrared 
spectrometers allowed to routinely derive total abundances of more than 20 
constituents: gases related to the erosion of the ozone layer in the stratosphere (HCl, 
ClONO2, HNO3, NO, NO2, HF, COF2, O3, …), greenhouse gases monitored in the 
frame of the Kyoto protocol (N2O, CH4, CO2, SF6, CCl2F2, CHClF2, ...) and gases 
affecting the oxidization processes in the troposphere (CO, C2H2, C2H6, OCS, HCN, 
H2CO, …)  

During 2002, 294 days were spent at the Jungfraujoch by observers from Liège and 
from the Observatoire Royal de Belgique.  Good weather conditions enabled 
observations on 138 days. 

The figure on next page reproduces an excerpt of the databases derived from the 
analysis of observations carried out at the station; it shows, for the period 1990-2002, 
daily averaged vertical column abundances of seven stratospheric species (HF, HCl, 
ClONO2, HNO3, NO, NO2 and O3), as well as those of the long-lived source gas N2O 
which is used as a tracer of atmospheric circulation and dynamics.  These databases 
allow to determine short-term variability, seasonal modulations (easily seen on the 
graph for ozone, NO and NO2), as well as long-term changes affecting most of these 
species.  Short-term variability, which occurs mainly during the winter-spring-time 
period, is also noticeable in the figure: for example, during the first part of 1999, we 
have observed intrusions of Arctic polar air over the station, characterized by record-
high values for O3, HNO3, ClONO2, HCl and HF, anti-correlated with low N2O 
columns. 

We continued to evaluate the budget of chlorine- fluorine- and nitrogen-containing 
species. The analysis confirms, for example, that the chlorine content of the atmosphere 
has leveled off during the late 1990s and starts to decrease, as a result of the restrictions 
imposed by the Montreal Protocol and its successive amendments on the production of 
chlorine-bearing source gases. 

For a number of the species listed above, a complete re-analysis of the archived 
spectra is currently under way, with a new retrieval algorithm that provides some 
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information on the distribution of the molecules versus altitude.  This new tool will 
provide partial abundances as well as more accurate column densities. 

The software has also be modified to accept much wider spectral intervals (up to 50 
cm-1), in order to analyze heavy molecules like CFCs, HCFCs and other new 
substitutes. Tests performed in the case of CFC-11 (CCl3F) are in progress.  The 
spectral region where CCl4 absorbs is strongly affected by the "line-mixing" effect in 
an interfering CO2 band.  The implementation of this effect in the software will now 
allow us to study CCl4. 

From July to December 2002, we participated to the calibration/validation campaign 
of 3 instruments (MIPAS, SCIAMACHY and GOMOS) aboard the European satellite 
Envisat.  During this period, we provided to the calibration team, in quasi real time, 
3426 total abundances measured at the Jungfraujoch, distributed over 69 days.  For 
this purpose, we had to automate some tasks, such as the transfer of the spectra from 
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the station to Liège, the analysis of the data, while ensuring the reliability of the 
results. 

The solar spectrum reveals spectral features interfering with the atmospheric 
absorption signatures of interest. It is thus desirable to take the solar spectral features 
into account in the modeling of atmospheric transmission spectra. To this end, high-
resolution measurements pointing at the center and at the limb of the solar disk have 
been recorded at the Jungfraujoch with the homemade FTS.  These observations have 
then been used to validate a model of the solar lines in the mid-infrared developed by 
F. Hase (IMK Karlsruhe) and G. Toon (JPL Pasadena).  The model estimates center-
to-limb variations of the area and width of each line. 

A camera has been fixed on the sun tracker: the status of the sky around the sun can 
now be checked from any computer on the Jungfraujoch network. 
 
Key words: 
Earth atmosphere, ozone layer, greenhouse gases, long-term monitoring, infrared 
spectrometry 
 
Internet data bases: 
http://www.nilu.no/nadir/, ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/ 
 
Collaborating partners/networks: 
Main collaborations: IASB (Institut d’Aéronomie Spatiale de Belgique) / NDSC 
(Network for the Detection of Stratospheric Change) / SOGE partners (e.g. EMPA) 
[http://www.nilu.no/niluweb/services/soge] / NASA Langley Research Center / 
NASA JPL / University of Oslo / IMK (Forschungszentrum Karlsruhe) / satellites: 
MOPPIT, ENVISAT and ACE validation  
 
Scientific publications and public outreach 2002: 
Refereed journal articles 
Barret, B., M. De Mazière, and P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch,  J. Geophys. Res., 107, D24, 
4788, doi:10.1029/2001JD001298, 2002. 

Rinsland, C. P., Goldman, A., E. Mahieu, R. Zander, J. Notholt, N. Jones, D. W. T. 
Griffith, T. M. Stephen, L. S. Chiou, ground-based infrared spectroscopic 
measurements of carbonyl sulfide: free tropospheric trends from a 24-year time series 
of solar absorption measurements, J. Geophys. Res., 10.1029/2002JD002522, 2002. 

Rinsland, C. P., N. B. Jones, B. J. Connor, S. W. Wood, A. Goldman, T. M. Stephen, 
F. J. Murcray, L. S. Chiou, R. Zander, and E. Mahieu, Multiyear infrared solar 
spectroscopic measurements of HCN, CO, C2H6 and C2H2 tropospheric columns 
above Lauder, New Zealand (45°S Latitude), J. Geophys. Res., 107, D14, 
10.1029/2001JD001150, 2002. 

Rinsland, C. P., R. Zander, E. Mahieu, L. S. Chiou, A. Goldman, and N. B. Jones, 
Stratospheric HF column abundances above Kitt Peak (31.9°N latitude): trends from 
1977 to 2001 and correlations with stratospheric HCl columns, J. Quant. Spectrosc. 
Radiat. Transfer, 74, 205-216, 2002. 

Book sections  
Zander, R., E. Mahieu, C. Servais, G. Roland, P. Duchatelet, P. Demoulin, L. 
Delbouille, C. P. Rinsland, M. De Mazière, and R. Blomme, Potential of the NDSC in 

http://www.nilu.no/nadir/
ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/
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support of the Kyoto Protocol: Examples from the station Jungfraujoch, Switzerland, 
in Proceedings of  "The Third International Symposium on Non-CO2 Greenhouse 
Gases: Scientific Understanding, Control Options and Policy Aspects", Maastricht, 
The Netherlands, January 21-23, 2002, J. Van Ham et al. Eds., Millpress-Rotterdam 
Publishers, ISBN 90 77017-70-4, 305-310, 2002. 

Conference papers 
De Mazière, M., M. Van Roozendael, B. R. Bojkov, J. de La Noë, E. Mahieu, and R. 
Neuber, Archiving of atmospheric data: data formats and database, in Proceedings of 
the” International Radiation Symposium 2000”, St. Petersburg, 24-29 July 2000, W. 
L. Smith and Y. M. Timofeyev Eds., A. Deepack Publishing, Hampton, Virginia 
USA, 1019-1022, 2001. 

Duchatelet, P., E. Mahieu, R. Zander, P. Demoulin, B. Barret, and C.P. Rinsland; 
Updating the Jungfraujoch database: current status, in Proceedings of the “Sixth 
European Symposium on Stratospheric Ozone”, Göteborg, Sweden, September 2-6, 
2002, in press, 2002. 

Mahieu, E., C. P. Rinsland, R. Zander, P. Duchatelet, C. Servais, and M. De Mazière, 
Tropospheric and stratospheric carbonyl sulfide (OCS): long-term trends and seasonal 
cycles above the Jungfraujoch station, in Proceedings of the “Sixth European 
Symposium on Stratospheric Ozone”, Göteborg, Sweden, September 2-6, 2002, in 
press, 2002. 

Thesis 
Mahieu, E., L'évolution du chlore inorganique au-dessus du Jungfraujoch et le 
Protocole de Montréal, PhD Thesis, University of Liège, 17 Allée du 6 Août, 4000-
Liège, Belgium, pp. 1-172, December 2001. 

Data books and reports 
De Mazière, M., R. Colin, D. De Muer, and R. Zander, The Earth Observing System: 
synergy between ground-based and satellite observations, and model experiments, in 
Space Science Research in Belgium, Vol. III - Part 3, Federal Office for Scientific, 
Technical and Cultural Affairs, Brussels, Ref. D/2001/1191/68 (2001), 9-31, 2001. 

Montzka, S. A., P. J. Fraser, J. H. Butler, D. Cunnold, J. Daniel, D. Derwent, P. S. 
Connell, S. Lal, A. McCulloch, D. E. Oram, C. E. Reeves, E. Sanhueza, P. Steele, G. 
J. M. Velders, and R. Zander, Controlled substances and other source gases, Chapter 
1 of WMO Scientific Assessment of Ozone Depletion: 2002. WMO-Geneva, in press, 
2002. 

Van Roozendael, M., G. Vaughan, A. Engel, S. Godin, H. Jäger, E. Kyrö, B. 
Naujokat, C. Schiller, A. Weiss, and R. Zander, Long-term changes, in "European 
Research in the Stratosphere 1996-2000", Ch.1, pp. 29-67, European Commission 
EUR 19867 – ISBN 92-894-1398-0, 2001. 

Zander, R., E. Mahieu, P. Demoulin, F. Mélen, C. Servais, and P. Duchatelet, 
Monitoring of the variability and long-term evolution of tropospheric constituents by 
infrared solar absorption spectrometry at the Jungfraujoch, Switzerland, in Annual 
Report 2001- TROPOSAT: The Use and Usability of Satellite Data for Tropospheric 
Research, EUROTRAC-2 International Scientific Secretariat, Munich, Germany, pp. 
192-196, 2002. 



International Foundation HFSJG 
Activity Report 2002 

9 

Address: 
Institut d’Astrophysique et de Géophysique - Université de Liège 
allée du VI Août, 17 - Bâtiment B5a 
B-4000 Sart Tilman (Liège, Belgique) 
 
Contacts: 
Luc Delbouille Tel. +32 4 342 2594 e-mail: delbouille@astro.ulg.ac.be 
Philippe Demoulin Tel. +32 4 366 9785 e-mail: demoulin@astro.ulg.ac.be 
Pierre Duchatelet  Tel. +32 4 366 9786 e-mail: duchatelet@astro.ulg.ac.be 
Emmanuel Mahieu Tel. +32 4 366 9786 e-mail: mahieu@astro.ulg.ac.be 
Francine Mélen  Tel. +32 4 366 9790 e-mail: melen@astro.ulg.ac.be 
Ginette Roland Tel. +32 4 342 2594 e-mail: roland@astro.ulg.ac.be 
Christian Servais Tel. +32 4 366 9784 e-mail: servais@astro.ulg.ac.be 
Rodolphe Zander Tel. +32 4 366 9756 e-mail: zander@astro.ulg.ac.be 
 
URL: http://sunset.astro.ulg.ac.be/girpas/girpasf.html 

mailto:delbouille@astro.ulg.ac.be
mailto:demoulin@astro.ulg.ac.be
mailto:duchatelet@astro.ulg.ac.be
mailto:mahieu@astro.ulg.ac.be
mailto:mahieu@astro.ulg.ac.be
mailto:roland@astro.ulg.ac.be
mailto:servais@astro.ulg.ac.be
mailto:zander@astro.ulg.ac.be
http://sunset.astro.ulg.ac.be/girpas/girpasf.html
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Name of research institute or organization: 
École Polytechnique Fédérale de Lausanne (EPFL) 
 
Title of project: 
Study of the atmospheric aerosols, water vapor and temperature by LIDAR 
 
Project leader and team: 
Dr. Valentin Simeonov, project leader 
Prof. Hubert van den Bergh, head of the Laboratory for Air and Soil Pollution  
Dr. Marian Taslakov, Ioan Balin, Remo Nessler, Pablo Ristori 
 
Project description: 
The LIDAR project was established in the year 2000 to study the atmospheric 
properties of the higher troposphere by means of a lidar technique. The optical 
properties of the atmosphere in the UV, visible and the Near IR regions of the spectra, 
the vertical aerosol and water vapor distribution, and atmospheric temperature are the 
parameters measured on regular basis. Aerosols affect the heat balance of the earth, 
both directly, by having impact on the solar and terrestrial radiations, and indirectly 
by influencing the formation and properties of clouds and by changing the chemistry 
of greenhouse gases. Water vapor is an atmospheric constituent of fundamental 
importance for the climate in the troposphere as the most important greenhouse gas. It 
also plays many roles in stratospheric chemistry and dynamics. The non-homo-
geneous distribution of aerosols and water vapor are the cause for the largest 
uncertainties in the evaluation of the earth radiation budget and their in-depth study is 
of primary importance.  

Regular measurements of the vertical aerosol distribution have been taken in the 
frame of the European Aerosol Research LIdar NETwork – EARLINET. The net-
work was established in January 2000 to perform studies of the general characteri-
zation of the vertical aerosol distribution and its dependence on season, weather 
regime, diurnal cycle, and local effects, and also to investigate the temporal and 
spatial development of the aerosol properties. Analytical back-trajectories provide 
information about the origin of the observed aerosols and about the synoptic patterns 
corresponding to the lidar measurements. At present 21 aerosol lidars located all over 
Europe contribute to the project. In the framework of the EARLINET project the 
EPFL lidar has been operating every other week since April 2000.The aerosol 
extinction at two wavelengths (355 and 532 nm), backscatter at three wavelengths 
(355 nm, 532 nm, and 1064 nm) and depolarization ratio at 532 nm are the para-
meters measured on a regular basis at altitudes of up to 10000 m Above Sea Level 
(ASL). The aerosol backscatter coefficients at 355 nm, 532 nm, and 1064 nm are 
derived from the elastic signals by the Fernald method. More precisely, the back-
scatter and extinction coefficients at 355 nm, 532 nm are calculated by the Raman 
method using the corresponding vibrational nitrogen signals. Two different polari-
zation states with planes of polarization parallel and perpendicular to the polarization 
plane of the transmitted beam are measured at 532 nm to define the depolarization 
ratio which is an important indicator of the aerosol particles shape. 

Based on the lidar data, first attempts for defining the aerosol size distribution have 
been made in cooperation with the group of Dr. Kristiner Böckmann from the 
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Mathematical Institute of Potsdam University, Germany. The results were compared 
with in-situ measurements taken by the group of Dr. Baltensperger from the Paul-
Scherrer Institute (PSI). Joint field measurements with the PSI in the frame of the 
GLACE project were performed in July 2002 in order to compare the aerosol 
parameters retrieved from the lidar data and the in-situ measurements done by the 
PSI. For this campaign, the lidar was upgraded with a steering mirror that makes 
possible horizontal measurements in order to achieve closer conditions for 
comparison between the two types of data. 

In addition to the aerosol, water vapor mixing ratio measurements up to the 
tropopause are taken regularly. The water vapor mixing ratio is derived from the 
nitrogen (387 nm) and water vapor (408 nm) Raman signals. The results are 
consistent with simultaneous balloon measurements performed by MeteoSwiss. In the 
framework of COST action 723 measurements with four different techniques; lidar, 
microwave radiometry, standard balloon-sonde and cryogenic balloon sondes will be 
used to provide altitude profiles of atmospheric water vapor from the ground to the 
mesosphere on a routine basis. This is a joint project among the Institute of applied 
physics- University of Bern, MeteoSwiss and the EPFL. 
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humidity and the vertical temperature profile will be useful for other projects ongoing 
at the station, such as the measurements of atmospheric species by passive FTIR 
spectroscopy. 

In the near future, the lidar will be equipped with DIAL channels for tropo-
spheric/stratospheric ozone measurements. A new laser source has already been 
purchased for this purpose with funds from Swiss National Science Foundation.  

The first encouraging experiments for remote control of the laser and the acquisition 
system of the lidar via an Internet connection from the EPFL show the feasibility of 
remote operation. Remote operation will allow us to take measurements at any time 
of our convenience, in suitable meteorological conditions instead of the one-week-in-
a-fortnight-regime measurements that are being performed at present. 
 
Key words: 
multi-wavelength lidar, Raman lidar, pure rotational Raman scattering, aerosols, 
backscatter and extinction coefficients, vertical profiles, troposphere, water-vapor 
mixing ratio, temperature, Jungfraujoch site, EPFL 
 
Internet data bases: 
http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.html 
 
Collaborating partners/networks: 
EARLINET -European Aerosol Research LIdar NETwork   
Paul-Scherrer Institute  
ISM: Payerne station  
Institute of Mathematics, Potsdam Univ. Germany 
Institute of Atmospheric Optics-Tomsk, Russia 
 
Scientific publications and public outreach 2002: 
Refereed journal articles 
Larchevêque, Gilles, I. Balin, R. Nessler, Ph. Quaglia, V. Simeonov, H. van den 
Bergh, and B. Calpini, Development of a multiwavelength aerosol and water vapor 
lidar at the Jungfraujoch Alpine Station (3580m ASL) in Switzerland, Appl. Opt., 41, 
2781-2790, 2002. 

Coach, O., F. Kirchner, R. Jimenez, I. Balin, P. Quaglia, S. Perego, F. Kirchner, 
P. Ristori, V. Simeonov, P. Quaglia, V. Vestri, A. Clappier, B. Calpini and H. van 
den Bergh, “Study of a photochemical episode over the Grenoble area using a 
mesoscale model and intensive measurements”, Pollution Atmosphérique, 174, pp. 
277-295, 2002. (in French) 

Coach, O., I. Balin, R. Jiménez, P. Ristori, S. Perego, F. Kirchner, V. Simeonov, 
B. Calpini and H. van den Bergh, "Investigation of the ozone and planetary boundary 
layer dynamics on the complex topography area of Grenoble using measurements and 
modeling", accepted for publication in: Atmospheric Chemistry and Physics Discus-
sions (ACPD) website, first publication stage of Atmospheric Chemistry and Physics  
(ACP), Ref: MS-NR: MS2002si01-03 
 
 

http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.html
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Book sections 
Balin, I., G. Larchevêque, P. Quaglia, V. Simeonov, H. van den Bergh, and 
B. Calpini,: “Water vapor vertical profile by Raman lidar in the free troposphere from 
the Jungfraujoch Alpine Station”, in: Beniston, M. (ed.), Climatic Change: Impli-
cations for the Hydrological Cycle and for Water Management. Advances in Global 
Change Research, 10. Kluwer Academic Publishers, Dordrecht and Boston, 123-138, 
2002. 

Conference papers 
Balin, I., G. Larchvêque, R. Nessler, P. Quaglia, V. Simeonov, H. van den Bergh, and 
B. Calpini, Monitoring of water vapor, aerosols and clouds/contrails in the free 
troposphere by lidar from Jungfraujoch station (3580 m ASL), in Lidar remote 
sensing in atmospheric and Earth Sciences (21st InternationalLaserRadar Conference-
Quebec Canada, 8-12 July 2002), 685-688. 

Simeonov, V. B. Calpini, and H. van den Bergh, “New Raman-shifted sources for 
ozone DIAL applications, “in Lidar remote sensing in atmospheric and Earth 
Sciences (21st InternationalLaserRadar Conference-Quebec Canada, 8-12 July 2002), 
19-22. 

Simeonov, V. B. Calpini, I. Balin, P. Ristori, R. Jimenez, and H. van den Bergh, “UV 
ozone DIAL based on a N2 Raman converter, design and results during ESCOPMTE 
field campaign”, in Lidar remote sensing in atmospheric and Earth Sciences (21st 

InternationalLaserRadar Conference-Quebec Canada, 8-12 July 2002), 403-406. 

Mironova, I., C. Böckmann and R. Nessler “Microphysical Parameters from 3-Wave-
length Raman Lidar”, in Lidar remote sensing in atmospheric and Earth Sciences (21st 

InternationalLaserRadar Conference-Quebec Canada, 8-12 July 2002), 585-588. 

Papayanis, A., et al, “Two years of continuous observations of Saharan dust events 
over the European continent using a coordinated LIDAR Network in the frame of the 
EARLINET Project”, in Lidar remote sensing in atmospheric and Earth Sciences (21st 

InternationalLaserRadar Conference-Quebec Canada, 8-12 July 2002), 309-31. 

Papalardo, G., et al, “EARLINET measurements of the aerosol extinction-to-
backscatter ratio”. (21st InternationalLaserRadar Conference-Quebec Canada, 8-12 
July 2002), 301-304. 

Freudenthaler, V., et al, “Intercomparison of 21 aerosol lidar systems in the frame of 
EARLINET”, (21st InternationalLaserRadar Conference-Quebec Canada, 8-12 July 
2002), 297-300. 

Calpini, B., I. Balin, O. Couach, R. Jimenez, P. Ristori, P. Quaglia, H. van den Bergh. 
and V. Simeonov, “Air pollution study over Grenoble-France in summer 1999: lidar 
measurements and model predictions”, in Lidar remote sensing in atmospheric and 
Earth Sciences (21st InternationalLaserRadar Conference-Quebec Canada, 8-12 July 
2002), 169-172. 

 
Thesis 
Larchevêque, G., Development of the Jungfraujoch multiwavelength lidar system for 
continuous observations of the aerosol optical properties in the free troposphere , PhD 
thesis EPFL, N° 2539, 2002. 
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Address: 
EPFL ENAC LPAS 
CH 1015 Lausanne 
 
Contacts: 
Valentin Simeonov  
Tel.: +41 21 693 61 85  
Fax: +41 21 693 36 26 
e-mail: mailto:valentin.simeonov@epfl.ch 

mailto:valentin.simeonov@epfl.ch
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Name of research institute or organization: 
MeteoSwiss, Payerne 
 
Title of project: 
Global Atmosphere Watch Radiation Measurements 
 
Project leader and team: 
Dr. Laurent Vuilleumier, project leader 
Dr. Stephan Nyeki, Armand Vernez, Serge Brönnimann, Dr. Alain Heimo 
 
Project description: 
In the framework of establishing long-term series of radiation measurements, 
MeteoSwiss continued its operation at the Jungfraujoch as part of the Swiss 
Atmospheric Radiation Monitoring program (CHARM). The program includes short-
wave (solar spectrum) and long-wave (Earth and atmosphere spectrum) broadband 
measurements as well as UV broadband measurements. Short- and long-wave 
measurement series are important for climate research, while UV measurements are 
of interest for both public health and exploring the relationship between the evolution 
of the ozone layer and radiation. Broadband radiation is measured both as global 
downward hemispheric irradiance and as direct sun irradiance. In addition, direct 
spectral irradiance is also measured, which allows the total column of several 
atmospheric constituents to be determined. The list of parameters measured at the 
Jungfraujoch as part of the CHARM program is summarized in Table 1. 

Table 1: Parameters measured at the Jungfraujoch as part of the CHARM program. 
Parameter Instrument Since Remarks 

Downward global visible 
irradiance at 2 meters above 
ground 

Pyranometer CM21 
(K&Z) 

07/1996 Redundant measurement 
available 

Downward infrared 
irradiance at 2 meters above 
ground 

Pyrgeometer PIR 
(Eppley) upgraded by 

WRCD 

07/1996 Redundant measurement 
available 

Direct irradiance Pyrheliometer CH1 
(K&Z) 

07/1996 “On-line” calibration by 
absolute radiometer 
PMO6 

Pressure, Temperature, 
Humidity 

Thygan 07/1996 Redundant measurement 
available by Rotronic 

2-D Wind SIAP 07/1996 Redundant measurement 
available by Rosemount 

Sun duration Heanni 07/1996  
Downward global UVA 
irradiance at 2 meters above 
ground 

Solar Light Biometer 
512A 

07/1996  

Downward global UVB 
irradiance at 2 meters above 
ground 

Solar Light Biometer 
512A 

07/1996 Redundant measurement 
available 

Direct UVB irradiance at 2 
meters above ground 

Solar Light Biometer 
512A 

07/1996  
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Direct spectral 
measurements 

Precision Filter 
Radiometer WRCD 

03/1999 368, 412, 500, 862 nm 

Direct spectral 
measurements 

Precision Filter 
Radiometer WRCD 

03/1999 778, 817, 946, 1024 nm 

Direct spectral 
measurements 

Precision Filter 
Radiometer WRCD 

03/1999 450, 610, 675, 719 nm 

Direct spectral 
measurements 

Precision Filter 
Radiometer WRCD 

04/2000 305, 311, 318, 332 nm 

The CHARM measurement activities at the Jungfraujoch are completely automated. 
Thanks to a rugged apparatus design developed in part by MeteoSwiss and careful 
maintenance and operation, data availability in 2002 reached 93% for direct solar 
irradiance measurements and 98% for other measurements. 

Since MeteoSwiss aims at establishing long-term time series of radiation parameters, 
special care has to be devoted to instrumental stability in order to avoid drift that 
could be misinterpreted as a trend. In 2002, spectral direct irradiance measurements 
from the Precision Filter Radiometers (PFR) were analyzed to check for stability. 
These PFR were developed at the World Radiation Center Davos (WRCD), and four 
such radiometers, each equipped with four channels at different wavelengths (see 
Table 1) are being operated by MeteoSwiss at the Jungfraujoch. In total, spectral 
direct irradiance is measured at 16 wavelengths from λ = 305 to 1024 nm. An 
important advantage of such spectro-photometers is the ability to conduct in situ 
calibrations using the Langley plot method, which avoids the time-consuming use of 
laboratory-based methods and the ensuing loss of measurement data. 

The Langley plot method is based on the relationship between the direct solar 
intensity and the slant path through the atmosphere. When conditions are favorable 
(the atmosphere remains stable), the signal measured can be expressed as a function 
of the amount of atmosphere traversed (air mass) and be extrapolated to the signal V0 
that would be measured for zero air mass. This extrapolated signal can be compared 
to the known extra-terrestrial solar irradiance, providing a point of calibration (for 
example, see Schmid and Wehrli, 1995 and Schmid et al., 1998). 

Six of the 16 PFR wavelengths cannot be analyzed with this so-called simple Langley 
method because of the influence of either ozone or water vapor, and need more 
refined analysis. Analysis of the data at the remaining 10 wavelengths is presented 
below. An algorithm based on the work of Harrison and Michalsky (1994) was used 
to select data points that can be used for Langley analysis from the dataset measured 
at the Jungfraujoch from March 1999 or April 2000 (see Table 1) to the present. The 
selected data were grouped in morning or afternoon subsets for each day, and the 
half-day subsets were used to determine the extrapolated V0 values. Figure 1 shows 
the V0 time series at four selected wavelengths. Since the extra-terrestrial irradiance is 
relatively stable after correction for the annual variation in Earth-Sun distance, the V0 
time series can be used to check PFR stability. 

Two of the 10 analyzed channels exhibited clear trends and are shown in Figure 1a 
and 1c (λ = 332 and 778 nm, respectively). Note that the discontinuity in Figure 1a 
was due to an instrument replacement on 9 April 2002. The other eight channels gave 
results similar to those in Figure 1b and 1d (500 and 862 nm), with no obvious trend. 
The trend at λ = 332 nm has already been observed in other PFR instruments 
equipped with the same filter (Wehrli, 2002), and is probably due to filter 
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degradation, as is the trend at λ = 778 nm. In order to test more rigorously for trends 
and scatter, a linear regression was performed at each wavelength (black line in 
Figure 1). However, data from the second half of 2002 in Fig. 1b-d appear to be 
consistently low due to presently unknown reasons. Hence, the fit was computed 
solely on data before 1 June 2002, except for 332 nm, where two fits were computed 
(before and after 9 April 2002). 

Figure 1: V0 signal extrapolation to top-of-atmosphere from PFR measuring spectral 
direct irradiance at four wavelengths. Fig. 1a) Open circles represent data before an 
instrument change on 9 April 2002 and crosses represent data thereafter. Fig 1b-d) 
Open circles represent data before 1 June 2002, and crosses represent data thereafter 
(see text). Bars indicate the error in V0 extrapolation. Black lines represent linear 
regression fits. 

According to linear regression, the instrumental drift at the 332 nm channel was 
585 mV between 01/04/2000 and 08/04/2002 at an average value of 9724 mV, and 
was 436 mV between 10/04/2000 and 30/11/2002 at an average value of 6958 mV. 
Such drift is important and needs to be compensated for, which is possible with the 
Langley plot method. At 778 nm, the drift is 54 mV between 01/04/1999 and 
01/06/2002 at an average value of 2254 mV. This represents less than one percent per 
year; however, compensating this drift still allows a significant reduction of 
uncertainty. At other wavelengths, e.g. Figure 1b and 1d, the drifts are negligible 
(~ 0.1 % per year or less). 

Significant scatter is visible in Figure 1, and mainly depends on atmospheric stability 
during the half-days selected for Langley plot analysis. The main condition for 
allowing Langley plot analysis to succeed is that the atmosphere should be stable 
during the length of time considered. The Harrison and Michalsky (1994) selection 
algorithm is tuned to select half-day subsets fulfilling this condition. The more stable 
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the atmosphere is during a half-day, the more precise the corresponding V0 
extrapolation will be. In Figure 1, most outliers exhibit error bound estimates (from 
the Langley analysis) that are larger than error bounds for other V0 values. It is an 
indication that most outliers result from Langley analysis less successful than 
average. Further analysis will be conducted to explore whether the selection criteria 
from the Harrison and Michalsky algorithm can be further tuned so that such subsets 
are rejected. 

In order to estimate the uncertainty in the Langley plot analysis, the residuals between 
the V0 values and the linear regression were computed. Figure 2 shows the cumulative 
distribution of the residuals on a normal probability plot for the 500 nm channel. The 
residuals are compatible with a normal distribution between approximately the 20th 
and the 80th percentile (they follow a straight line on a normal probability plot). It is 
seen that the residual distribution departs from the normal distribution beyond the 
above limits, and is due to outliers. Most probably, these outliers are due to selection 
of half-days that are not suitable for Langley plot analysis, and lead to erroneous V0 
values. In any case, 80% of the residuals (from the 10th to the 90th percentile) are 
within ±25 mV from zero. Given that the average V0 at 500 nm is 1631 mV, this 
represents a ±1% scatter. This is representative of the dispersion of the residual 
distribution, but the linear regression fit value, which is the result of an averaging 
process, is much more accurate, depending on the number of V0 values considered for 
the fit. 

Figure 2: Cumulative probability distribution of residuals for channels at 500 nm. 

The analysis applied to 10 wavelengths showed that the CHARM PFR at the 
Jungfraujoch exhibited good stability for the majority of channels. In two cases where 
drift was present, corrections using Langley calibration can be conducted. The fact 
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that a subset of V0 values from the second half of 2002 seems to be consistently lower 
than the rest of the values at many wavelengths remains to be explained. During the 
next year, such analysis will be continued and improved. First, we will check whether 
such lower values continue to be seen. Second, refinements will be introduced that 
can decrease the uncertainty of Langley analysis (reducing the scatter of V0 values) 
and allow consideration of wavelengths influenced by ozone or water vapor. 

References 
Schmid, B. and C. Wehrli, 1995. “Comparison of sun photometer calibration by use 
of the Langley technique and the standard lamp”. Applied Optics 34, pp. 4500-4512 

Schmid, B; P. R. Spyak; S. F. Biggar; C. Wehrli; J. Sekler; T. Ingold; C. Mätzler; N. 
Kämpfer, 1998. “Evaluation of the applicability of solar and lamp radiometric 
calibrations of a precision Sun photometer operating between 300 and 1025 nm” 
Applied Optics 37, pp. 3923-3941 

Harrison L. and J. Michalsky, 1994. “Objective algorithms for the retrieval of optical 
depths from ground-based measurements” Applied Optics 33, pp. 5126-5132 

Wehrli, C. 2002. World Radiation Center, Dorfstrasse 33, 7260 Davos, Switzerland 
(private communication). 
 
Key words: 

Solar irradiance, ultraviolet, visible, infrared, spectral irradiance, precision filter 
radiometer (PFR), pyranometer, pyrheliometer, UV biometer, total aerosol optical 
depth (AOD), total column water vapor (CWV), total ozone column. 
 
Internet data bases: 
 
Collaborating partners/networks: 
Data responsibility of the Word Radiation Center/Physikalisch-Meteorologisches 
shared with the Alpine Surface Radiation Budget network under the Observatorium 
Davos. 
 
Scientific publications and public outreach 2002: 
Philipona, R., C. Wehrli, A. Heimo, and L. Vuilleumier, Radiation Measurements and 
Climate Change in the Alps, Proc. Workshop on ‘Atmospheric Research at the 
Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 54-55, 2002. 
 
Address: 
MétéoSuisse 
Station Aérologique 
Les Invuardes 
CH-1530 Payerne 
 
Contacts: 
Laurent Vuilleumier 
Tel. +41 26 662 63 06  
Fax +41 26 662 62 12 
e-mail: mailto:laurent.vuilleumier@meteoswiss.ch 
URL: http://www.meteoschweiz.ch/de/index.shtml 
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Name of research institute or organization: 
Berner Fachhochschule, Hochschule für Technik und Architektur 
(HTA) Burgdorf 
 
Title of project: 
Photovoltaic (PV) Plant Jungfraujoch 
 
Project leader and team: 
Prof. Dr. H. Haeberlin 
Ch. Renken 
 
Project description: 
Abstract: The highest grid connected 
photovoltaic (PV) plant in the world at 
Jungfraujoch (3454 meters above sea level) 
was planned and realised by HTA Burgdorf 
during summer and fall 1993. It has operated 
successfully with a 100% availability of 
energy production 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. 
2002, the plant has operated successfully with 
a 100% availability of energy production and 
monitoring data for more than 110 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, 1330kWh/kWp in 1999, 
1372kWh/kWp in 2000, 1325kWh/kWp in 2001 and 1400kWh/kWp in 2002. In 
1999, 2000 and 2001, energy production was affected by the replacement of the 
windows of the research station. In spring 2001, energy production was relatively low 
due to a long snow coverage of half of the PV array. Winter energy fraction in all 
these years was between 44.6% and 50.7%. 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 connected to the Swiss national grid and thus 
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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. 
 

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. 
 

 
Fig. 2: Block Diagram of the grid connected PV Plant (1.152kWp nominal, 1.13kWp 
effective) of HTA Burgdorf at Jungfraujoch (3454m). 
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Every day, data are transmitted to HTA Burgdorf early in the morning via a telephone 
line and a modem for further analysis and storage. 
To get a maximum reliability, appropriate mechanical and electrical design is 
essential. Wind loads encountered at this location are extremely high, and due to the 
quite frequent thunderstorms lightning and overvoltage protection is a very important 
issue. 
 

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 reflection 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. 

In Summer 1999, 2000 and 2001 the windows at the façade of the research station 
had to be replaced. For this purpose a scaffold had to be erected, which caused partial 
shadowing in August, September and October of these years. During the work carried 
out in 2001, a module of the PV array was mechanically damaged. 
When this module was replaced, it was discovered that at another module 
delaminations were developing at the lower edge of the PV array of the west 
generator. During a visual check two years ago nothing was noticed, therefore this 
delamination seemed to have appeared quite rapidly. This delaminaion was probably 
caused by moisture entering the module through the lower module edge causing 
electrolytic degradation of the neighbouring cells. No measurable power loss of the 
whole PV array was noted so far, but as a measure of precaution this delaminated 
module was also replaced in autumn 2001. 
Thus it can be noted that in more than 9 years of operation under extreme climatic 
conditions only one module out of 24 showed visual signs of degradation that were 
caused by natural influences. However, no degradation of electrical module per-
formance was registered before it was replaced. 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 up to a few weeks per 
year. 
 

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%. 
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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. Average annual energy production and performance ratio from 1994 - 2002 
5.1 Normalized Energy Yields 
To compare performance of PV plants of different size and at different locations, 
normalized quantities are very useful. By dividing energy production in a given 
period (month, year) by peak PV generator power (at Jungfraujoch: 1.13kWp), array 
yield Ya (DC) and final Yield Yf (AC) is obtained. Reference yield Yr is calculated by 
dividing irradiation in the same period by 1kW/m2 and performance ratio PR is Yf /Yr 
(details see [1]). Using avarage daily values eliminates the influence of different 
lengths of months. 
In Fig. 3 a normalized yearly analysis for the average year for the time period 
between 1994 and 2002 with monthly values of Yf , Ya and Yr . is shown. All values 
are referred to effective PV generator power. Capture losses LC = Yr -Ya , system 
losses LS = Ya - Yf  and performance ratio PR = Yf /Yr (number on top of bar) are also 
indicated [1]. In fig. 3 irradiance was measured with a reference cell. 
5.2 Normalized monthly energy production for the average year between 1994 - 
2002  

 
Fig. 3: Normalized monthly energy production for the average year between 1994-
2002 for PV plant Jungfraujoch. Partial snow covering of the solar generator in spring 
causes higher LC and lower PR values especially in the month of May and June. 
Production in August till October is also somewhat reduced due to the partial 
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shadowing of the PV array by the replacement of the windows in 1999-2001. 
Monthly PR-values are between 79% and 88%, annual average is 84.1%. 

6. Annual energy production of PV plant Jungfraujoch compared to other Swiss 
PV plants 
Fig. 4 shows normalized monthly energy production referred to peak array power in 
the years 1994 to 2001 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 
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 50.7% . 
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Fig. 4: 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 2001.  
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7. Conclusion 
In more than nine years of successful 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. 4), usually 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 often 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.  
Energy production and performance ratio of the high alpine PV plant at Jungfraujoch 
reached very high values in the last nine 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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EMPA Dübendorf, Swiss Federal Laboratories for Materials 
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Stefan Reimann, project leader; Konrad Stemmler, scientist; Daniel Schaub, scientist; 
Andrea Weiss, scientist. 
 
Project description: 
Abstract 
In this project the Central European emissions of a wide range of halogenated 
greenhouse gases are investigated by high-quality measurements at the High Alpine 
Research Station Jungfraujoch. The dominant European source regions of the 
individual trace gases are identified and quantified by meteorological models. Within 
an EU-project, designed in the course of this project, a European network consisting 
of four monitoring stations has been developed in order to observe the emissions of 
these greenhouse gases from entire Western Europe. This approach has the potential 
to control compliance of European countries with important international protocols 
(Montreal, Kyoto). 

Background 
Halogenated gases are important industrial products, which are used in a wide variety 
of applications, such as refrigeration, foam blowing, cleaning and fire extinction. 
Many of these halocarbons are very persistent in the environment and therefore 
accumulate in the atmosphere. They act as greenhouse gases and contribute to the 
radiative forcing of the atmosphere depending on their emissions, their atmospheric 
lifetimes and their infrared-absorption coefficients. 
With regard to their environmental impact the halogenated substances can be divided 
into two groups. First, substances containing chlorine and bromine (i.e. chlorofluoro-
carbons (CFCs), hydrochlorofluorocarbons (HCFCs), halones and long-lived chlori-
nated solvents), which are responsible for the depletion of the stratospheric ozone 
layer. They are regulated under the Montreal Protocol and will be banned in 2010. 
Second, fluorocarbons (i.e. hydrofluorocarbons (HFCs), perfluorocarbons (PFCs)), 
and SF6, which do not affect the earth's ozone layer. These compounds often have 
long atmospheric lifetimes and are listed, among carbon dioxide, methane and nitrous 
oxide in the Kyoto Protocol as anthropogenic greenhouse gases. Halocarbons in total 
are estimated to be responsible for about 14% of the radiative forcing of all anthro-
pogenic greenhouse gas emissions. 

Results 
In January 2000 we began to measure halogenated greenhouse gases continuously by 
gaschromatography-mass spectrometry (GCMS) at the High Alpine Research Station 
Jungfraujoch. The instrument is designed to monitor the increasingly important 
fluorocarbons in ambient air, which was not possible with previous analytical 
methods. The instrument is one of only five units of this type worldwide. Four instru-
ments (Monte Cimone, Italy; Spitsbergen, Norway; Jungfraujoch, Switzerland; and 
Mace Head, Ireland) were combined in the network of the EU-project SOGE (System 
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for Observation of Halogenated Greenhouse Gases in Europe) with the aim to model 
the emissions of halogenated greenhouse gases of large parts of Western Europe. 
Additionally, the measurement at the Jungfraujoch is used for the Swiss National 
project HALCLIM, with the aim of estimating the Swiss emissions of these gases. 

The 3 years of measurement data of the different halocarbons show a stabilization of 
the concentrations of Montreal Protocol regulated substances, whereas the newer 
HFCs exhibit a rapid growth in their atmospheric concentrations. As an example for 
an important hydrofluorocarbon, Fig. 1 shows the increase of the atmospheric 
background mixing ratio of refrigerant HFC 134a, the major replacement product for 
the forbidden CFC 12. Remarkably, deviations from the background concentration 
are higher in the data series from the Jungfraujoch than in those from Ireland and 
Spitsbergen. This is due to the vicinity of the Jungfraujoch to the most important 
European source regions. 

By combining measurements at Jungfraujoch with backward trajectories in a 
statistical model, potential source regions can be detected. Thus, in Fig. 2 potential 
source regions and their temporary evolution are shown. Thereby, a decline in the 
source strength of the cooling agent HFC 134a has been observed in Southern Europe 
within the last 2 years. On the other hand, source strengths of the foam propellant 
HFC 152 have been increased considerably over Europe in the same time period. 

In future the modeling activities at the four SOGE stations will be combined in order 
to reach an integral and quantitative emission source allocation over Europe. 
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Fig. 1: Data series of the refrigerant HFC 134a at the European background sites of 
Jungfraujoch, Mace Head (Ireland) and Ny-Alesund (Spitsbergen). 
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Fig. 2: Source allocation of the refrigerant HFC 134a and the foam blowing agent 
HFC 152a achieved with a statistical trajectory model of the data series at 
Jungfraujoch. 
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Name of research institute or organization: 
EMPA Dübendorf, Swiss Federal Laboratories for Materials 
 
Title of project: 
National Air Pollution Monitoring Network (NABEL) 
 
Project leader and team: 
Dr. Christoph Hüglin, project leader 
Dr. Konrad Stemmler, Beat Schwarzenbach 
 
Project description: 
The national air pollution monitoring network NABEL consists of 16 monitoring 
stations distributed all over Switzerland. It is operated by EMPA (Air Pollution/ 
Environmental Technology Laboratory) under the supervision of the Swiss Agency 
for Environment, Forests and Landscape (BUWAL). The NABEL monitoring stations 
represent all important levels of air pollution. The monitoring station at Jungfraujoch 
is of special importance within NABEL as it represents a very low  polluted site. It 
serves as a background station for the lower free troposphere in central Europe. In 
addition, the Jungfraujoch site is used for field tests and comparisons of trace gas 
monitors at low concentration levels. The experience gained by operating instruments 
at such low pollution conditions is extremely valuable for the operation of the whole 
NABEL network.   

The main task of NABEL is to provide high quality long-term measurements of air 
pollutants. The data series allow to detect trends in the air pollution levels, i.e. they 
reveal the degree of success of taken reduction measures. The measurement 
programme at Jungfraujoch includes the continuous measurement of the following 
gaseous pollutants: Ozone (O3), carbon monoxide (CO), nitrogen monoxide (NO), 
nitrogen dioxide (NO2), and the sum of nitrogen oxides (NOx). In addition, a selection 
of VOC’s (alkanes, aromatics) are measured with a time resolution of four hours. 
Daily samples are taken for determination of gaseous SO2 and for particulate sulphur. 
Finally, 48-hours samples of total suspended particulate matter (TSP) are collected 
and analysed for total mass as well as for lead and cadmium concentrations (yearly 
means). 

As during the years before, the measurements were carefully continued in 2002, 
leading to a high data availability. E.g., for the continuously measured compounds O3 
and CO, 94% of the 10min mean values are available. For the nitrogen oxides, the 
data availability is lower (NO: 87%, NO2: 70%, and NOx: 80%) which is due to the 
complexity of the highly sensitive instrument (CRANOX-system, EcoPhysics). 
NABEL data are freely available for scientific use, requests should be addressed to 
BUWAL. 

In February 2002, one of the frequent Saharan dust events was observed (Saharan 
dust events occurs about 5-10 times per year). As shown in Figure 1, the 48hours-TSP 
measurements were elevated from 13.02.-20.02.02 due to dust-loaded airmasses. 
Evaluation of 48h backward trajectories confirmed that the airmasses arriving during 
that period at Jungfraujoch had its origin over the Saharan desert (not shown).  
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Figure 1. Left: 48 hours-measurements of total suspended particulate matter (TSP) at 
Jungfraujoch and daily PM10 at the rural and elevated NABEL sites Chaumont and 
Rigi-Seebodenalp from 10.02.02 to 22.02.02. Airmasses loaded with dust from the 
Saharan region were arriving in Switzerland at 13.02.02 and caused a distinct increase 
of the TSP and PM10 level. Right: Secondary electron microscopy image from a 
Saharan dust particle collected at Jungfraujoch (Filter from 13./14.02.02. Courtesy of 
Ralf Kägi, EMPA Dübendorf). The rounded rod-shaped gypsum crystals are nicely 
visible.  
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(GAW). 
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Name of research institute or organization: 
Laboratory of Atmospheric Chemistry, Paul Scherrer Institut 
 
Title of project: 
The Global Atmosphere Watch Aerosol Program at the Jungfraujoch 
 
Project leaders and team: 
PD Dr. Urs Baltensperger, project leader 
Dr. Ernest Weingartner, co-leader 
Dr. Craig Corrigan, Dr. Silvia Henning, Anne-Marie Baribeau, Martin Gysel, 
Remo Nessler 
Dr. M. Collaud Coen, MeteoSwiss, Payerne 
 
Project description: 
Airborne aerosols affect our climate primarily by influencing the atmospheric energy 
budget through direct and indirect effects. Direct effects refer to the scattering and 
absorption of radiation and their influence on planetary albedo and the climate 
system. Indirect effects refer to the increase in available cloud condensation nuclei 
(CCN) due to an increase in anthropogenic aerosol concentration. This is believed to 
change the cloud droplet number concentration for a constant cloud liquid water 
content (LWC), and the resulting increase in cloud albedo influences the Earth’s 
radiation budget. Cloud lifetimes and precipitation frequencies are also thought to be 
affected. Despite the uncertainty, it is believed that in regions with high 
anthropogenic aerosol concentrations, aerosol forcing may be of the same magnitude, 
but opposite in sign to the combined effect of all greenhouse gases.  

The Global Atmosphere Watch (GAW) program is an activity overseen by the World 
Meteorological Organization (WMO). It is the goal of GAW to ensure long-term 
measurements in order to detect trends and to develop an understanding of these 
trends. With respect to aerosols, the objective of GAW is to determine the spatio-
temporal distribution of aerosol properties related to climate forcing and air quality up 
to multi-decadal time scales. Since the atmospheric residence time of aerosol particles 
is relatively short, a large number of measuring stations are needed. The GAW 
monitoring network consists of 22 Global and some 300 Regional stations. While 
Global stations are expected to measure as many of the key variables as possible, the 
Regional stations generally carry out a smaller set of observations. 

According to the recommendations of the SAG, Regional stations should measure the 
optical depth, light scattering coefficient, the mass concentration and major chemical 
components in two size fractions. Those stations wanting to add aerosol number 
concentrations for health effects are advised to do so. At Global stations, a larger 
number of measurements are envisaged. These include the Regional parameters list 
and in addition, the light scattering and hemispheric backscattering coefficients at 
various wavelengths, the light absorption coefficient, aerosol number concentration, 
cloud condensation nuclei (CCN) concentration at 0.5% supersaturation, and diffuse, 
global and direct solar radiation. Additional parameters, such as the aerosol size 
distribution, detailed size fractionated chemical composition, dependence of aerosol 
properties on relative humidity, CCN concentration at various supersaturations, and 
the vertical distribution of aerosol properties should be measured intermittently at 
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Global stations. Data are delivered to the World Data Centre for Aerosols (WDCA, 
located in Ispra, Italy) using the NARSTO data format. The Institute for Tropospheric 
Research in Leipzig has agreed to host a World Calibration Centre (WCC) for 
physical aerosol parameters, while a host for the calibration of chemical parameters 
still must be located.  

The Jungfraujoch aerosol program is among the most complete ones worldwide. The 
parameters that are measured continuously are available on-line at 
http://www.psi.ch/gaw. As an example, Figure 1 gives the temporal evolution of the 

scattering coefficient, measured 
with a nephelometer at three wave-
lengths. The seasonal variation 
with summer maxima and winter 
minima are clearly visible, and are 
explained by the seasonal vari-
ability of thermal convection.  

During dedicated extensive field 
campaigns, important questions 
such as the hygroscopic growth of 
aerosol particles are addressed. 
The particles hygroscopic pro-
perties play a crucial role in air 
quality, acid deposition, biochem-
ical cycles, visibility reduction, 
and the formation of clouds and 
precipitation. At the Jungfraujoch 

temperatures are typically below 0°C. At these temperatures, semi-volatile 
compounds (such as nitrate or lower-molecular-weight organics) may be adsorbed 
and considerably alter aerosol hygroscopic properties. To minimize artefacts due to 
volatilization, aerosol hygroscopic behavior must be measured at ambient conditions. 
It was therefore the goal to develop an instrument capable of measuring the 
hygroscopic growth at these low temperatures. A detailed description of the so-called 
low-temperature hygroscopicity tandem differential mobility analyzer (H-TDMA) is 
found in Weingartner et al. (2002) and Gysel et al. (2002). Briefly, this instrument 
selects a narrow aerosol size range from a polydisperse aerosol under dry conditions 
using a differential mobility analyzer (DMA). Particles are then humidified to a 
specified high relative humidity (RH) and the new size distribution is then measured 
with a second DMA at this particular RH. The new H-TDMA is capable of measuring 
the particles hygroscopic growth factor down to a temperature of –10°C i.e., typical 
of ambient temperatures at the Jungfraujoch. Such measurements at sub-zero 
temperatures are thus representative of ambient conditions, as the aerosol is not 
heated to room temperature before analysis. 

The H-TDMA was deployed in two field experiments at the Jungfraujoch. 
Hygroscopic growth factors at T = -10°C were measured at Do = 50, 100 and 250 nm. 
Figure 2 shows humidograms measured on two different days during the winter 
campaign (Weingartner et al., 2002). The acquisition of the spectra in Figure 3 over 
the range 20% < RH < 80% took only 3 hours on each of the two days. 

Figure 1. Screenshot from http://www.psi.ch/gaw
showing the temporal evolution of the scattering
coefficient measured by a three-wavelength
nephelometer (at λ = 450, 550 and 700 nm).  
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It is interesting to note that the humido-
grams are characterized by a continuous 
increase of D/Do as a function of RH - 
no distinct deliquescence behavior is 
observed during these increasing RH 
scans which means that the particles 
were always present in a liquid state in 
the H-TDMA. It is well known that 
multi-component aerosols may exhibit 
hysteresis behavior different from that of 
pure salts, i.e. the deliquescence relative 
humidity DRH of mixed salts is always 
lower than the DRH of the individual 
salts in the particle. A RH of <10% in 
the first DMA was obviously not low 
enough to dry the particles completely. 
The solid line in Figure 2 is an empirical 
model. This model fits the data well and 
can be used to extrapolate the 
hygroscopic growth to RH = 90% 
yielding D/Do = 1.55, 1.62, and 1.67 for 
Do = 50, 100, and 250 nm, respectively. 
The lower growth factor at Do = 50 nm 
is mainly due to the Kelvin effect. 

Figure 3 shows the hygroscopic growth distribution for three different aerosol types, 
i.e., for an urban aerosol (Milan), as well as for the Jungfraujoch during the winter 
and the summer campaign. 
The Milan aerosol exhibits a 
bimodal distribution of the 
growth curve, with a less- 
and more-hygroscopic mode 
(see, e.g. Baltensperger et al., 
2002). In contrast, the Jung-
fraujoch is characterized by a 
narrow monomodal growth 
distribution. This implies that 
the particles in the observed 
size range were to a large 
extent internally mixed with 
regards to their hygroscopic 
and chemical properties. It 
can also be seen that the 
winter aerosol at the Jung-
fraujoch presents the highest 
hygroscopicity, followed by 
the summer Jungfraujoch aerosol, and the Milan aerosol, which is close to the aerosol 
sources. This indicates that atmospheric aging processes lead to a substantial increase 
in particle hygroscopicity.  
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Figure 2.  Humidograms of Do = 50, 100 and
250 nm particles measured at T = -10°C
during increasing RH scans at the high-alpine
site Jungfraujoch. The greater scatter for the
Do = 250 nm particles is due to very low
number concentrations. The data points were
acquired with a temporal resolution of 5 min. 
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Figure 3. Typical examples of measured hygroscopic growth
distribution at RH = 85% in Milan and at the Jungfraujoch.
The dotted line is the distribution of the originally dry,
monodisperse aerosol particles with a modal diameter of Do
= 100 nm (data from Weingartner et al. (2002) and
Baltensperger et al. (2002)). 
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The measured hygroscopic properties are also important for the continuously 
measured GAW aerosol parameters. Since these in situ measurements are performed 
by sampling through an inlet tube into the laboratory at room temperature (typically 
25°C) and thus dry conditions (RH < 10%), the measured aerosol properties may 
differ from the properties determined at ambient conditions (with temperatures 
typically < 0°C and RH > 40%). This bias was quantified in Nessler et al. (2003): As 
an example, Figure 4 shows number size distributions measured at indoor and 
outdoor conditions together with the corresponding values obtained by correcting the 
indoor values according to the outdoor relative humidity and resulting hygroscopic 
growth factors (Figure 2). It is seen that this correction is quite significant for 
enhanced RH. 
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Key words: 
Aerosol particle, cloud condensation nuclei, direct and indirect aerosol effect, 
radiative forcing, hygroscopic growth 
 
Internet data bases: 
http://www.psi.ch/gaw 
 
Collaborating partners/networks: 
Prof. T. Peter, Institute for Atmospheric and Climate Science, ETH Zürich 

Dr. V. Simeonov, Laboratory of Air and Soil Pollution Studies, EPFL, Lausanne 

Prof. H. Burtscher, Institut für Sensoren und Signale der Fachhochschule Aargau 
(FHA), Windisch 

Prof. J. Heintzenberg, Institut für Troposphärenforschung, Leipzig, Germany 

Dr. G. Kiss, Air Chemistry Group of the Hungarian Academy of Sciences, University 
of Veszprém, Hungary 

Dr. H. Coe, University of Manchester Institute of Science and Technology (UMIST), 
Atmospheric Physics, Manchester, England 
 
Scientific publications and public outreach 2002: 
Refereed journal articles 
Baltensperger, U., N. Streit, E. Weingartner, S. Nyeki, A.S.H. Prévôt, R. Van 
Dingenen, A. Virkkula, J.P. Putaud, A. Even, H. ten Brink, A. Blatter, A. Neftel, and 
H.W. Gäggeler, Urban and Rural Aerosol Characterization of Summer Smog Events 
during the PIPAPO field campaign in Milan, Italy, J. Geophys. Res., 107, doi: 
10.1029/2001JD001292, 2002. 

Gysel, M., E. Weingartner, and U. Baltensperger, Hygroscopicity of aerosol particles 
at low temperatures. 2. Theoretical and experimental hygroscopic properties of 
laboratory generated aerosols, Environ. Sci. Technol., 36 (1), 63-68, 2002. 

Henning, S., E. Weingartner, M. Schwikowski, H.W. Gäggeler, R. Gehrig, K.-P. 
Hinz, A. Trimborn, B. Spengler, and U. Baltensperger, Seasonal Variation of Water 
Soluble Ions of the Aerosol at the High-Alpine Site Jungfraujoch (3580 m asl), J. 
Geophys. Res., 107, doi: 10.1029/2002JD002439, 2002. 

Henning, S., E. Weingartner, S. Schmidt, M. Wendisch, H.W. Gaggeler, and U. 
Baltensperger, Size-dependent aerosol activation at the high-alpine site Jungfraujoch 
(3580 m asl), Tellus, 54 (1), 82-95, 2002. 

Nessler, R., N. Bukowiecki, S. Henning, E. Weingartner, B. Calpini, and U. 
Baltensperger, Simultaneous dry and ambient measurements of aerosol size 
distributions at the Jungfraujoch, Tellus, in press, 2003. 

Weingartner, E., M. Gysel, and U. Baltensperger, Hygroscopicity of aerosol particles 
at low temperatures. 1. New low-temperature H-TDMA instrument: Setup and first 
applications, Environ. Sci. Technol., 36 (1), 55-62, 2002. 

Chevillard, A., P. Ciais, U. Karstens, M. Heimann, M. Schmidt, I. Levin, D. Jacob, R. 
Podzun, V. Kazan, H. Sartorius, and E. Weingartner, Transport of 222Rn using the 
regional model REMO: A detailed comparison with measurements over Europe, 
Tellus, 54B, 850-871, 2002. 

http://psi.ch/gaw
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Thesis 
Henning, S., Aerosol and Cloud Microphysics at the High-Alpine Site Jungfraujoch 
(3580 m asl), PhD Thesis, Universität Bern, 2002. 
 
Magazine and Newspaper articles   
Neues Klimamessgerät auf dem Jungfraujoch, NZZ, 3 July, 2002. 

Wenn kleine Partikel älter werden / Aerosolmessungen auf dem Jungfraujoch, NZZ, 
July 24, 2002. 

Die geheimnisvollen Regenmacher, St. Galler Tagblatt, 23 July, 2002. 

Staubteilchen und der Klimawandel – auf Spurensuche, Generalanzeiger, 12 July 
2002. 

Spurensuche hoch auf dem Jungfraujoch, Blick, 6 July, 2002. 

Several smaller articles in other newspapers. 
 
Interviews for Radio and Television  
Klimaforschung auf dem Jungfrajoch, Tagesschau SFDRS, 20 July 2002 

Zweischneidiger Verschmutzungseffekt - Schweizer Forscher erkunden die Wirkung 
von Aerosolen in der Atmosphäre, Deutschlandfunk, 21 November, 2002 
 
Address: 
Laboratory of Atmospheric Chemistry 
Paul Scherrer Institut (PSI) 
CH-5232 Villigen 
Switzerland 
 
Contacts: 
Ernest Weingartner Urs Baltensperger 
Tel: 0041 56 310 2405 Tel: 0041 56 310 2408 
Fax: 0041 56 310 4525 Fax: 0041 56 310 4525 
e-mail: ernest.weingartner@psi.ch e-mail: urs.baltensperger@psi.ch 
URL:   http://www.psi.ch/gaw 
            http://www.psi.ch/lac 
 

mailto:ernest.weingartner@psi.ch
http://www.psi.ch/gaw
http://www.psi.ch/lac
mailto:urs.baltensperger@psi.ch
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Name of research institute or organization: 
Institut for Medical Physics, University Innsbruck 
 
Title of project:  
Solar UV irradiance 
 
Project leader and team:  
Univ-Prof. Dr. Mario Blumthaler, project leader 
Dr. Martin Huber, Prof. Dr. Monika Ritsch-Marte, Josef Schreder,  
Michael Schwarzmann, Wolfgang Singer, Barbara Schallhart, Roland Silbernagl 
 
Project description: 
Since 1980 variability and trend of solar UV irradiance have been observed at the 
High Alpine Research Station Jungfraujoch in annual campaigns of about 8 weeks 
duration. Especially the biologically significant erythemally weighted UV-irradiance 
is of interest, as it can be taken as a general indicator of harmful reactions on humans. 
The erythema dose is measured with broadband detectors, and long-term variations 
are investigated within our long-term project. 

Furthermore, spectral measurements between 280 nm and 500 nm with a resolution of 
0.25 nm are carried out with a double-monochromator spectroradiometer. Total ozone 
column and spectral extinction by aerosols is derived from direct sun irradiance. Close 
international cooperation guarantees high quality of the UV measurements. 

In 2002, the measurements at Jungfraujoch took place between 05.03.2002 and 
18.04.2002. During the whole period at least one scientific collaborator from the 
Institute for Medical Physics was taking care of the measurements at Jungfraujoch for 
continuous quality control and for manual ancillary measurements on clear sky days. 
With the spectroradiometer, spectral global flux and actinic flux density from the 
upper hemisphere were measured continuously, as the actinic flux density is 
especially important for tropospheric chemistry. First analyses show significant 
differences in the relation to global irradiance, when compared with similar results at 
valley stations, which mostly are a consequence of the snow covered surrounding, 
which was especially pronounced during this spring-time measurement period.  

Also in the following years the measurement campaigns at Jungfraujoch will be 
continued. Thereby further specific sensitivity studies on the influence of individual 
parameters on solar UV irradiance will be carried out. Furthermore, it will be of 
special interest, if in the next years 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 any long-term trend may be masked by the natural strong 
short-term variations of the various atmospheric parameters, which influence UVB-
irradiance at the earth's surface. 

 
Key words 
UV, erythemal irradiance, ozone, aerosols, albedo effects, actinic flux density 
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Collaborating partners/networks:  
Close contact to Meteo Schweiz concerning radiation measurements and to BUWAL 
concerning ground level ozone measurements. International cooperation in several 
EC-projects concerning spectral UV measurements. 
 
Scientific publications and public outreach 2002: 
Blumthaler M., M. Huber, J. Schreder (2002) Spectral measurements of vertically and 
horizontally polarized UV sky distribution; Remote Sensing of the Atmosphere, 
Ocean, Environment, and Space, Hangzhou, China, 23-27. 10. 2002, Ultraviolet 
ground- and space-based measurements, models, and effects II, J.R. Slusser, 
J.R.Herman, W. Gao (Eds), Proceedings of SPIE Vol. 4896. 
 
Address: 
Institute for Medical Physics 
University Innsbruck 
Müllerstrasse 44 
A-6020 Innsbruck 
 
Contacts:  
Mario Blumthaler    Tel. +43 512 507 3556   e-mail: Mario.Blumthaler@uibk.ac.at 
URL: http://www.uibk.ac.at/projects/uv-index/index.html 

mailto:Mario.Blumthaler@uibk.ac.at
http://www.uibk.ac.at/projects/uv-index/index.html
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Name of research institute or organization: 
Institute of Applied Physics, University of Bern 
 
Title of project:  
Microwave remote sensing of the middle atmosphere 
 
Project leader and team:  
Prof. Niklaus Kämpfer, project leader 
Dr. Dietrich Feist, Daniel Gerber, Vladimir Vasic 
 
Project description: 
The research topic of our group is to investigate middle atmospheric constituents by 
means of microwave radiometry. Depending on the tropospheric opacity in the 
microwave region it is possible to detect rotational transition lines from the ground, 
e.g. from sites at low altitude. Some molecular lines however are so weak that 
observations from high altitudes are required in order to avoid attenuation of the 
middle atmospheric signal by tropospheric water vapour.  

Under favorable conditions it is possible to measure water vapor in the middle 
atmosphere in the microwave region from the Jungfraujoch site. Two microwave 
radiometers have been operated on Jungfraujoch in the past: AMSOS and EMCOR. 
AMSOS operates at a frequency of 183.31 GHz in order to measure the rotational line 
of watervapor, H2O. It is an uncooled receiver in contrast to EMCOR which is cooled 
by liquid helium in order to operate a superconducting microwave mixer thus achie-
ving a higher signal to noise ratio. EMCOR can be used in the frequency range of 
approx. 200 to 210 GHz and was originally aimed at observing the ClO line at 204 
GHz. It has then been tuned to 203.41 GHz for the detection of the line of the 
watervapor isotope H2O18.  

The AMSOS instrument has been moved to Bern for a major refurbishment in order 
to be operated adequately from aircraft. This is a rather complex work in the field of 
quasioptics and this work still is pursued. The EMCOR instrument suffered from 
several electrical and mechanical problems, particularly in the cryostat for the liquid 
Helium. This instrument has been operated in the frame of a dissertation and as the 
Ph.D. student has to finish his thesis and no successor is yet determined, work on 
EMCOR has been put to a hold. It is now planned that work on EMCOR is continued 
at the IAP in Bern in the frame of a diploma thesis. As a consequence EMCOR 
probably will not be put back on Jungfraujoch before the end of 2003. 
 
Key words 
Watervapor, microwave radiometry, remote sensing,  
 
Collaborating partners/networks:  
GAW (Global Atmosphere Watch), NDSC (Network for the Detection of Strato-
spheric Change), Université de Bordeaux 
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Scientific publications and public outreach 2002: 
Conference papers  
Gerber D., O. Lezeaux, N. Kämpfer, "A profile of the isotopic abundance of (18)0 in 
stratospheric water vapour", EGS 27th General Assembly, Nice, France, April 2002.  

Gerber, D., O. Lezeaux, A. Siegenthaler, N. Kämpfer, and G. Nedoluha. "First 
Ground-Based Microwave Profiling of the Isotopic Ratio (18)O:(16)O in 
Stratospheric Water Vapour", in preparation for ACP-EGS, 2003. 

Vasic V., N.Kämpfer und D.G.Feist, “AMSOS - Airborne Millimeter- and Submilli-
meter Observing System”, Second International Microwave Radiometer Calibration 
Workshop, Barcelona, Spain, October, 2002. 
 
Address: 
Institute of Applied Physics 
University of Bern 
Sidlerstrasse 5 
CH-3012 Bern 
 
Contacts:  
Niklaus Kämpfer  Tel. Tel. +41 31 631 8911   e-mail: kaempfer@mw.iap.unibe.ch 
URL:  http://www.iapmw.unibe.ch/ 

mailto:kaempfer@mw.iap.unibe.ch
http://www.iapmw.unibe.ch/
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Name of research institute or organization: 
Bundesamt für Landestopographie / Swiss Federal Office of 
Topography 
 
Title of project: 
Automated GPS Network in Switzerland (AGNES) 
 
Project leader and team: 
Dr. Elmar Brockmann, 
Dr. Urs Wild, Daniel Ineichen, Simon Grünig  
 
Project description: 
The Swiss Federal Office of Topography (swisstopo) has been building up and 
operating the Automated GPS Network for Switzerland (AGNES) since 1998. The 
final expansion of 29 permanently operating GPS tracking stations was reached at the 
end of 2001. AGNES is a multipurpose network which serves as reference for 
surveying, real-time positioning services and for scientific applications. 

 
Since 2002 an operational service called swipos-GIS/GEO (Swiss positioning 
service for GIS and geodetic applications) is in place. The service allows a navigation 
in the field with cm arruracy in real time in the new Swiss geodetic reference frame 
CHTRF95. The GPS data of all sites are transfered every second via the federal 
network KOMBV to Bern and from there after data processing via GSM to the user in 
the field. 
 

The station Jungfraujoch (Sphinx) is one of the 
AGNES sites. The GPS antenna is heated in order 
to avoid snow coverage. The construction is identi-
cal to the one of the measurement instruments of 
Meteo Swiss. In summer 2002 the relative position 
of the antenna with respect to several other local 
markers was determined with classical geodetic 
measurements. 
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The data of the AGNES sites are being monitored since the end of 1998 on a daily 
basis (for geotectonics; see annual report 2001) and since Dec. 2001 on an hourly 
basis (near real-time) as an additional information to numerical weather prediction 
(Meteo Swiss). As a result of the GPS data processing zenith total delay (ZTD) 
parameters are estimated every hour for every station. These values can be converted 
to integrated water vapor (IVW) with known pressure and temperature values. A 
comparison of ZTD values for Jungfraujoch achieved in near real-time compared 
with postprocessed values is given below. The agremment is of the order of 1 cm 
ZTD (rms), which roughly corresponds to 1/6 cm IVW. 
 

 
 

 
Since 1999 the Swiss Federal 
Office of Topography has 
been active in the European 
project COST 716 (exploi-
tation of ground-based GPS 
for climate and numerical 
weather prediction applica-
tion). 63 European sites are 
hourly processed by 
swisstopo. The web site 
http://www.knmi.nl/samenw/

cost716/ nicely shows the 
contribution of totally 7 
European analyses centers. 
The project will be finished 
in 2003. 
 

 
In Switzerland (collaboration of Meteo Swiss, Institute of Applied physics of the 
University of Bern and swisstopo) 3 time periods (Sept. 2001, Jan 2002, June 2002) 
were selected in order to analyze the impact of GPS derived ZTD parameters to 
numerical weather prediction. The results were promising. More details can be found 
in [Guerova et al, 2002b]. 
 
Key words: 
GPS, Meteorology, Positioning, Intergrated Water Vapour, Zenith Path Delay, 
Geodynamics, Geotectonics 

http://www.knmi.nl/samenw/cost716/
http://www.knmi.nl/samenw/cost716/
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Internet data bases: 
http://www.swisstopo.ch; http://www.knmi.nl/samenw/cost716/ 
 
Collaborating partners/networks: 
Astronomical Institute (AIUB), University of Berne 
MeteoSwiss, Zurich 
Institute of Applied Physics (IAP), University of Berne 
 
Scientific publications and public outreach 2002: 
Brockmann E., R. Hug and Th. Signer (2002a): Geotectonics in the Swiss Alps using 
GPS. In: Torres J.A. and H. Hornik (Eds): Subcommission for the European 
Reference Frame (EUREF). EUREF Publication No. 11 (in prep.). 

Brockmann, E. and M. Troller (2002b): GPS Meteorology in the Swiss Alps: 
Interpolation Accuracy for different Alpine Areas and Near Real-time Results, COST-
716 workshop Potsdam, Jan. 28-29 2002. 

Brockmann, E., S. Grünig, D. Schneider, A. Wiget and U. Wild (2002c): Applications 
of the real-time Swiss GPS permanent network AGNES. In Proceedings of the EGS 
XXVII General Assembly Nice, 21 - 26 April 2002, Session 9 on Evolving  Space 
Geodesy Techniques, Physics and Chemistry of the Earth (in prep.) 

Guerova G., J.-M. Bettems, E. Brockmann and Ch. Matzler (2002a): Assimilation of 
GPS in the Alpine Model: sensitivity experiment. Proceedings of the COST-716 
workshop Potsdam, Jan. 28-29 2002. 

Guerova, G., Bettems, J-M., Brockmann, E., Matzler, Ch. (2002b). Assimilation of 
the GPS-derived Integrated Water Vapour (IWV) in the MeteoSwiss Numerical 
Weather Prediction model - a first experiment. In Proceedings of the EGS XXVII 
General Assembly Nice, 21 - 26 April 2002, Session 9 on Evolving  Space Geodesy 
Techniques, Physics and Chemistry of the Earth (in prep.) 

Troller M., Brockmann E., Cocard M. and Geiger A. (2002): GPS Derived 
Pathdelays Versus Four-Dimensional Meteorological Modelling; COST-716 
workshop Potsdam, Jan. 28-29 2002. 
 
Address: 
Bundesamt für Landestopographie (swisstopo) 
Seftigenstrasse 264 
CH-3084 Wabern 
 
Contacts: 
Elmar Brockmann     
Tel.: +41 31 963 2111    
Fax.: +41 31 963 2459    
e-mail: elmar.brockmann@swisstopo.ch 
URL: http://www.swisstopo.ch 

http://www.swisstopo.ch/
http://www.knmi.nl/samenw/cost716/
mailto:urs.wild@lt.admin.ch
http://www.swisstopo.ch/
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Name of research institute or organization: 
Abteilung für Klima- und Umweltphysik, Physikalisches Institut, 
Universität Bern 
 
Title of project: 
AEROCARB: Airborne European Regional Observations of the Carbon Balance 
 
Project leader and team: 
PD Dr. Markus Leuenberger, project leader 
Patrick Sturm, Peter Nyfeler, Hans-Peter Moret 
 
Project description: 
AEROCARB, which is a EU-funded project of the CARBOEUROPE cluster, 
involves 13 institutions in 8 European countries. The prime objective is to estimate 
and monitor the net European carbon balance on monthly to decadal time scales, as a 
means to corroborate EU-wide controls of CO2 emissions. Closely connected to this 
is the study of spatial and temporal variations of the CO2 sources and sinks over the 
European continent.  
 

In addition to the CO2 measurements highly precise atmospheric O2 concentration 
measurements are performed. Atmospheric O2 is a powerful tracer of the carbon cycle 
that brings key information on the ocean versus land partitioning of carbon fluxes. O2 
measurements will be used for evaluating how much CO2 of marine origin is present 
in the European air shed. The flask samples for precision O2/N2 measurements are 
collected at 6 ground-based stations (Jungfraujoch (CH), Puy-de-Dôme (F), Lutjewad 
(NL), Schauinsland (D), Hegyhatsal (HU), Mace Head (IRL)) as well as at 6 vertical 
profile stations (Orléans (F), Griffin (UK), Thüringen (D), Schauinsland (D), 
Hegyhatsal (HU), Bialystok (P)). 
 

Our laboratory undertook the commitment to perform high precision O2/N2 
measurements. Additionally we are responsible for running the flask sampling station 
at Jungfraujoch. At this high altitude research station the measured O2/N2 ratios 
represent “background” values independent of direct local anthropogenic influences. 
 

Routine biweekly flask sampling was performed throughout the year 2002. Figure 1 
shows measurements of the O2/N2 ratio at the Jungfraujoch from October 2000 to 
October 2002.  

All samples taken at ambient pressure at Jungfraujoch are highly influenced by flask 
storage drift. Permeation of air components through the Viton O-ring sealings of the 
flasks results in a significant change in O2/N2 when the samples are stored too long. 
This permeation effect has masked any real atmospheric signal. The corrected O2/N2 
ratios, however, show a seasonal amplitude of 0.15 per mil. 

The flask storage drift is in particular dependent on the pressure difference of the 
sample air and the ambient air at the storage location. To minimize such permeation 
influences we therefore modified the sampling box in order to be able to pressurize 
the samples to about 950mbar, which corresponds to ambient storage pressure at 
Bern. Additionally 1000ml flasks instead of 500ml flasks have been used to further 
reduce any adverse effects. This new sampling procedure was started in August 2002. 
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Figure 1: O2/N2 ratio at the Jungfraujoch from October 2000 to October 2002. The 
values are reported as deviations from a reference gas (LK560944) in per mil. 
Samples taken at ambient pressure are influenced by flask storage drift (open circles). 
The values corrected for this permeation effect show a seasonal amplitude of about 
0.15 per mil (blue dots). To minimize gas permeation through the Viton sealings of 
the flasks the sample air is pressurized to 950mbar since August 2002 (orange dots). 
 

However, we encountered still some difficulties with sampling. Several flasks were 
damaged due to shipping problems despite careful packing. Another uncertainty 
arises from samples, which seem to be locally influenced by polluted air (In Figure 1 
only samples regarded as representative of “background” air conditions are shown). 
Future measurements will reveal if a different location of the air intake has to be 
chosen. 
 

Figure 2 shows the CO2 concentration of the same samples from October 2000 to 
October 2002. The measurements are not corrected for flask storage drift, because the 
permeation influence on CO2 concentration is small compared to the seasonal 
amplitude and of the same magnitude as the analytical precision.  
 

In 2003 we will set up continuous O2/N2 and CO2 analysers at Jungfraujoch. With 
these state-of-the-art instruments it will be possible to monitor O2/N2 and CO2 
continuously and to prevent any flask storage and sampling problems. 



International Foundation HFSJG 
Activity Report 2002 

53 

360

365

370

375

380

385

390

2000-07-03 2001-01-01 2001-07-03 2002-01-01 2002-07-03 2003-01-01

C
O

2 [
pp

m
]

 
Figure 2: CO2 concentration from October 2000 to October 2002.  
 
Key words: 
European Carbon Balance, High precision O2/N2 measurements, CO2, Flask sampling 
 
Internet data bases: 
http://www.aerocarb.cnrs-gif.fr/ 
 
Collaborating partners/networks: 
Centrum voor IsotopenOnderzoek, Groningen, The Netherlands 
 
Scientific publications and public outreach 2002: 
 
Address: 
Climate and Environmental Physics 
Physikalisches Institut 
Universität Bern 
Sidlerstrasse 5  
CH-3012 Bern 
 
Contacts: 
Markus Leuenberger                          or                      Patrick Sturm 
Tel.: +41 31 631 44 70                                                 Tel.: +41 31 631 85 64 
Fax: +41 31 631 87 42                                                 Fax: +41 31 631 87 42 
e-mail:  leuenberger@climate.unibe.ch                       e-mail: sturm@climate.unibe.ch    
URL: http://www.climate.unibe.ch/ 
          http://www.aerocarb.cnrs-gif.fr/ 
          http://www.bgc-jena.mpg.de/public/carboeur/  

http://www.aerocarb.cnrs-gif.fr/
mailto:pierre.viatte@meteosuisse.ch
mailto:leuenberger@climate.unibe.ch
mailto:sturm@climate.unibe.ch
http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.bgc-jena.mpg.de/public/carboeur/
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Name of research institute or organization: 
Institut für Umweltphysik, Universität Heidelberg  
 
Title of project: 

Long-term observations of 14CO2 at Jungfraujoch 
 
Project leader and team: 
Ingeborg Levin, project leader 
Bernd Kromer 
 
Project description: 
Introduction: 

Budgeting Europe’s anthropogenic greenhouse gases emissions in the frame of the 
Kyoto Protocol is generally performed by so-called bottom-up source estimates 
derived from statistical emissions inventories. A completely independent method to 
estimate trace gas emissions is the so-called top-down approach using atmospheric 
observations. In the case of CO2 from burning of fossil fuels, a difficulty to derive its 
surface fluxes are co-emissions from biogenic sources. However, it is possible to 
clearly distinguish fossil fuel CO2 from recent biogenic emissions via its lack of 14C.  
14C is the natural radioactive carbon isotope which is produced in the atmosphere 
through cosmic ray induced reactions with atmospheric nitrogen. The radioactive half 
life of 14C is 5730 years. The natural equilibrium level of atmospheric 14CO2 has been 
disturbed by man’s activities in the last century, via the ongoing input of fossil fuel 
CO2 into the atmosphere known as Suess effect (Suess, 1955), and through nuclear 
detonations in the atmosphere in the 1950s and early 1960s (14C bomb effect, Figure 
1a). CO2 from burning of fossil fuels, due to its age of several hundred million years, 
is free of 14C; adding fossil fuel CO2 to the atmosphere, therefore, not only leads to an 
increase of its mixing ratio but also to a decrease of the 14C/12C ratio in atmospheric 
CO2. From this decrease we can directly calculate the contemporary fossil fuel CO2 
surplus at the measurement site, e.g. on the European continent, if the undisturbed 
marine background level is known.  

Results: 

Figure 1b shows monthly mean values of 14CO2 at Jungfraujoch in comparison to 
those at the marine background station Izaña, Tenerife (28°18'N, 16°29'W, 2367 m 
a.s.l.) and at Schauinsland observatory in the Black Forest (47°55'N, 7°55'E, 1205 m 
a.s.l.). Particularly during the winter months, mean ∆14CO2 is frequently depleted at 
Jungfraujoch and Schauinsland by about 10 to 20‰ if compared to the marine 
reference level. Using a two-component mixing approach, these ∆14CO2 depletions 
from marine background translate into monthly mean fossil fuel contributions of 3 to 
6 ppm (Figure 1c&d) during this time of the year. During summer, fossil fuel 
contributions to the continental CO2 level are generally lower due to enhanced 
vertical mixing and respective atmospheric dilution of ground-level pollutants but 
also due to reduced domestic heating emissions. Annual mean fossil fuel 
contributions are smaller by about a factor of two at the high alpine site Jungfraujoch 
than at Schauinsland station, the latter being frequently influenced by pollution from 
the nearby Rhine valley. The measured fossil fuel CO2 concentrations can now be 
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compared to respective results derived from atmospheric transport model estimates 
based on statistical emissions inventories. 

Figure 1: (a) Development of ∆14C in atmospheric CO2 in the Northern Hemisphere 
in the last 50 years. Data before 1959 have been derived from tree rings (Stuiver and 
Quay, 1981). From 1959 to 1983 measurements were performed at the Alpine site 
Vermunt (Levin et al., 1985) subsequent data from 1984 onwards are from the GAW 
station Izaña (Tenerife). (b) 14CO2 observations performed at Jungfraujoch and 
Schauinsland. The smooth line is a harmonic fit curve through the Izaña data and is 
used as marine reference for Jungfraujoch and Schauinsland. (c) Monthly mean 
continental fossil fuel surplus at Jungfraujoch and (d) at Schauinsland. 
 
References 

Levin, I., B. Kromer, H. Schoch-Fischer, M. Bruns, M. Münnich, D. Berdau, J.C. 
Vogel, and K.O. Münnich, 1985. 25 Years of tropospheric 14C observations in Central 
Europe. Radiocarbon 27, 1-19. 
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Stuiver, M. and P. Quay, 1981. Atmospheric 14C changes resulting from fossil fuel 
CO2 release and cosmic ray flux variability. Earth and Planetary Science Letters 53, 
349-362. 

Suess, H.E., 1955. Radiocarbon concentration in modern wood. Science 122, 415. 
 
Key words: 
carbon dioxide, Radiocarbon, fossil fuel emissions, climate, Kyoto Protocol 
 
Internet data bases: 
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/ 
 
Collaborating partners/networks: 
CARBOEUROPE, AEROCARB (http://www.aerocarb.cnrs-gif.fr/) 
 
Scientific publications and public outreach 2002: 
Refereed journal article 
Levin, I. and V. Hesshaimer, Radiocarbon – a unique tracer of global carbon cycle 
dynamics. Radiocarbon 42, 69-80, 2000. 
 
Conference paper 
Levin, I and B. Kromer, Long-term measurements of 14CO2 at Jungfraujoch: 
Observing fossil fuel CO2 over Europe, Proc. Workshop on ‘Atmospheric Research 
at the Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 19-20, 2002. 
 
Address: 
Institut für Umweltphysik 
Universität Heidelberg 
Im Neuenheimer Feld 229 
D-69120 Heidelberg 
 
Contacts: 
Ingeborg Levin  
Tel.: +49 6221 546330  
Fax: +49 6221 546405 
e-mail: mailto:Ingeborg.Levin@iup.uni-heidelberg.de 
URL: http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/ 

http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/
mailto:Ingeborg.Levin@iup.uni-heidelberg.de
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Name of research institute or organization: 
University of Zürich, Department of Geography,  
Glaciology and Geomorphodynamics Group 
 
Title of project: 
Measurement and modelling of rock-surface temperatures in steep alpine rock faces 
 
Project leader and team: 
Stephan Gruber, MSc,  project leader 
Marco Peter, MSc candidate 
Martin Hoelzle, Dr. 
Wilfried Haeberli, Prof. Dr. 
 
Project description: 
Knowledge on the spatial distribution of rock surface temperatures and a reliable 
method for their parameterisation is required for 2D and 3D ground temperature 
models as well as the retrieval of climate signals from deep permafrost boreholes. The 
virtual absence of winter snow cover on steep rock faces combined with the direct 
coupling of surface and subsurface energy balance (without complex thermal offset in 
a mixed-media active layer) is a unique chance for the calibration and verification of 
surface energy-balance models. Practical relevance is added to this topic by the 
influence of warm or degrading permafrost on the stability of rock walls in cold-
mountains suggested by recent research.  
A strategy for the measurement of rock surface temperatures in the Swiss Alps has 
been designed and in summer and autumn 2001, more than 20 specially redesigned 
UTL-1 data loggers were placed at locations between 2000 and 4500 m a.s.l. Sites 
were selected in order to cover a wide range of temperatures and expositions and 
mostly comprised near-vertical faces. Temperatures are recorded several times per 
day with a capacity to store more than a years worth of data. Test sites included the 
surroundings of Jungfraujoch, the Schilthorn area, Corvatsch, Gornergrat/Stockhorn, 
Kleinmatterhorn and Colle Gnifetti on Monte Rosa. In the context of safe and 
efficient access of our measurement sites, the research station Jungfraujoch was of 
key importance. In autumn 2002, 14 complete time series were recovered. The data 
collected is of good quality and will suffice as a basis for the intended analysis and 
modeling of the spatial distribution of Alpine rock-face temperatures. This is 
expected to provide necessary information for research related to the stability of 
frozen rock-walls under a warming climate and to be beneficial for investigations of 
weathering and landform evolution.  
 
Key words: 
Permafrost, rock faces, mean annual ground surface temperature, energy balance  
 
Internet data bases: 
    
Collaborating partners/networks: 
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Scientific publications and public outreach 2002: 
The Thermal Regime of Steep Alpine Rock Faces. 2002. Gruber, S, Haeberli, W and 
Noetzli, J. American Geophysical Union, 2002 Fall Meeting, San Francisco. 
 
Address: 
University of Zürich 
Department of Geography 
Glaciology and Geodynamics Group 
Winterthurerstrasse 190 
CH-8057 Zürich 
 
Contacts: 
Stephan Gruber   Tel. +41 1 635 5114  e-mail: stgruber@geo.unizh.ch 
URL: http://www.geo.unizh.ch/ 
 

http://www.geo.unizh.ch/
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Name of research institute or organization: 
Versuchsanstalt für Wasserbau, Hydrologie und Glaziologie,  
ETH Zentrum 
 
Title of project: 
Forecasting the time of breaking off of large ice masses from hanging glaciers 
 
Project leader and team: 
Antoine Pralong, Martin Funk, and Martin Lüthi 
 
Project description: 
The prediction of large ice falls from hanging glaciers can reduce loss of life and 
damage to settlements. A common predictive method is based on the regular 
acceleration observed on large ice masses prior to the collapse. The time of breaking-
off was forecasted recently quite accurately on a hanging glacier located on the south 
face of  Mönch (Valais, Switzerland). The velocity-time function measured on the 
unstable glacier during the months preceding the ice fall was extrapolated. 
Continuum damage mechanics describes the progressive deterioration of material 
subjected to loading. Jointly used with a level set method, it proves to be a promising 
approach to compute the interface motion of a damaged material. 
For polycrystalline ice, a local isotropic damage evolution law (generalized 
Kachanow's law) applied to Glen's flow law allows the description of tertiary creep 
and facilitates the modeling of crevasse opening using a failure criterion based on 
damage accumulation. The use of a level set method permits to describe in a 
continuum approach the motion of a fractured glacier surface. 
Using these methods, a model is developed. The ability of this model to describe 
phenomena connected to crevasse opening is presented. Therefore, the rupture of a 
large ice block from a hanging glacier is computed and analyzed. The regular 
acceleration of such an unstable ice block prior to his collapse is calculated and 
compared to the acceleration function obtained from measurements on the Mönch 
hanging glacier. A good agreement between both acceleration functions was found. 
 
We could demonstrate the capability of continuum damage mechanics and level set 
methods to compute crevasses openings in glaciers. It does not offer a rigorous 
validation, but focuses on the similarities observed in nature and computed with the 
model.  
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Figure 1 
Evolution of an unstable ice chunk detached from a hanging glacier located at the 
south face of the Mönch (Bernese Alps, Switzerland). (a)~(9.06.2000) The large 
crevasse behind the ice block is well developed. (b)~(25.07.2000). Two secondary 
crevasses penetrate in the block (c)~(1.08.2000). The block is disintegrated due to the 
secondary crevasses. 
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Figure 2 
(a) Initial geometry of the ice block and global computational domain.  
(b) Crevasse after 152 days. The arrow indicates the production of damage at the 
upstream side of the large crevasse. 
(c) Unstable ice block before failure (199 days). Numbers 1 and 2 indicate the 
location of the points where velocities are discussed. 
 
Key words: 
 
Internet data bases: 
 
Collaborating partners/networks: 
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Scientific publications and public outreach 2002: 
 
Address: 
Versuchsanstalt für Wasserbau  
Hydrologie und Glaziologie  
ETH Zentrum 
CH-8092 Zürich 
Switzerland 
 
Contacts: 
http://www.vaw.ethz.ch/ 
 

http://www.vaw.ethz.ch/
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Name of research institute or organization: 
Physikalisch-Meteorologisches Observatorium Davos,  
World Radiation Center 
 
Title of project: 
Solar and terrestrial radiation measurements 
 
Project leader and team: 
Dr. Rolf Philipona, project leader 
Hansjörg Roth, Bruno Dürr, Christoph Wehrli 
 
Project description: 
General  
Within the Swiss Atmospheric Radiation Monitoring (CHARM) program, 
PMOD/WRC in collaboration with MeteoSwiss and IACETH conducts solar and 
terrestrial surface radiation measurements at Jungfraujoch and Gornergrat mainly for 
radiation budget, UV-radiation and aerosol optical depth (AOD) investigations. 
Within the CHARM program, Jungfraujoch and Gornergrat are key stations of the 
Alpine Surface Radiation Budget (ASRB) network, where shortwave solar and long-
wave terrestrial radiation is accurately measured to determine the altitude dependence 
of the radiation budget and possible changes related to climate change. Jungfraujoch 
being the highest site within CHARM is also extensively used as reference and cali-
bration station and for comparisons of radiation instruments.  
 
Alpine surface radiation budget and greenhouse effect investigations 
The ASRB network, comprising ten stations (the station Les Diablerets was 
discontinued in September 2002) from Locarno-Monti (370 m a.s.l.) to Jungfraujoch 
(3580 m a.s.l.), primarily measures downward and upward fluxes of shortwave and 
longwave radiation. Temperature and humidity at screen level height are also 
measured at each station. Measurements at the individual stations started in 1994 and 
an extensive radiation climatology over the Alps with data from 1995-1998 has now 
been bublished [Marty et al., 2002]. Clear-sky longwave radiation measured at the 
individual ASRB stations have been compared to radiative transfer model 
calculations. Nighttime calculated and measured values are in very good agreement, 
whereas daytime calculated downward longwave radiation is lower than measured 
values. Surface longwave radiation measurements (1996-2001) in combination with 
radiative transfer model calculations allowed to determine the greenhouse effect and 
its altitude dependnce over the Alps. A considerable larger greenhouse effect is found 
during daytime which is due to shortwave radiative heating.   
 
Ultraviolet radiation in the Alps: the altitude effect 
As part of the CHARM program solar direct and global broadband UVB (erytemally 
effective) as well as global broadband UVA radiation is continuously measured at 
Jungfraujoch since 1997. Together with UV measurements from Davos and 
Weissfluhjoch the altitude effect of UV radiation was investigated. Solar UV 
radiation increases with altitude mainly due to decreasing amounts of air molecules, 
ozone, aerosols and clouds in the atmosphere. The altitude effect plays an important 
role in the understanding of the UV radiation field in mountainous terrain. Under 
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clear-sky conditions, the altitude effect of daily noon-time yearly mean values of 
direct, diffuse and global erythemal UV radiation results in 17.4%/1000 m (direct), 
8.5%/1000 m (diffuse) and 10.7%/1000 m (global). Seasonal variations of the altitude 
effect are mainly influenced by changes of solar elevation, albedo values and 
turbidity levels during the year. Measured altitude effects well compare to calculated 
altitude effects obtained by application of the MODTRAN radiative transfer model 
[Schmucki and Philipona, 2002]. 
 
Underestimation of solar shortwave radiation measured at Earth’s surface 
At the World Radiation Center at Davos reinvestigations of pyranometer calibration 
in conjunction with thermal offsets and pyranometer thermal control, demonstrated an 
underestimation of clear-sky solar global as well as diffuse irradiance by 8 to 20 Wm-
2, caused by pyranometer differential cooling [Philipona, 2002]. Field measurements 
with ‘conditioned’ and ‘unconditioned’ pyranometers demonstrated that the so-called 
“night offset” is present and considerably larger during daytime measurements, and 
this not only for diffuse but as well, and as important, for global pyranometer 
measurements. Long-term comparisons between traditional ‘unconditioned’ and well 
‘conditioned’ pyranometer measurements at Davos (midlatitude, 1580 m a.s.l.) show 
differences of several percent on the annual mean of global irradiance. Even though it 
is known that measurements at higher altitude are subject to larger thermal offsets and 
not representative for the global average, the results of these experiments lead to 
believe that surface solar irradiance, measured in the past throughout the globe by 
traditional ‘unconditioned’ pyranometers, is underestimated. Fortunately, at Jungfrau-
joch and at other ASRB stations pyranometers are installed with proper ventilation 
and heating systems that guarantee accurate measurements. 
 
Key words: 
Surface radiation budget; Radiative cloud forcing; Greenhouse effect; Spectral UV 
radiation; Aerosol optical depth. 
 
Internet data bases: 
http://www.pmodwrc.ch/ 
 
Collaborating partners/networks: 
MeteoSwiss (MCH) 
Institute for Atmospheric and Climate science at ETH (IACETH) 
 
Scientific publications and public outreach 2002: 
Refereed journal articles 
Marty, CH., R. Philipona, C. Fröhlich, and A. Ohmura, Altitude dependence of 
surface radiation fluxes and cloud forcing in the alps: results from the alpine surface 
radiation budget network, Theor. Appl. Climatol. 72, 137-155, 2002. 

Schmucki, D., and R. Philipona, Ultraviolet radiation in the Alps: the altitude effect, 
Opt. Eng. 41 (12), 2002. 

Philipona, R., Underestimation of solar and diffuse radiation measured at Earth’s 
surface, J. Geophys. Res., 107, 4654, 2002. 

http://www.pmodwrc.ch/
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Conference papers 
Philipona, R., and Ch. Wehrli, Towards radiometric standards for longwave radiation 
and aerosol optical depth measurements, Third GAW-CH Conference: Ozone, 
Radiation and Aerosols, Zürich, 76-79, 2002. 

Marty, Ch., Surface radiation budget and cloud forcing in the Alps, Third GAW-CH 
Conference : Ozone, Radiation and Aerosols, Zürich, 85-87, 2002. 
 
Address: 
Physikalisch-Meteorologisches Observatorium Davos 
World Radiation Center 
Dorfstrasse 3 
CH-7260 Davos Dorf 
 
Contacts: 
Rolf Philipona   
Tel.:   +41 81 417 5131 
FAX: +41 81 417 5100 
e-mail: rphilipona@pmodwrc.ch 
URL: http://www.pmodwrc.ch/ 

mailto:rphilipona@pmodwrc.ch
http://www.pmodwrc.ch/
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Name of research institute or organization: 
Relaisgemeinschaft HB9F Bern  
 
Title of project: 
Operation of a 70 cm amateur beacon transmitter, 
operation of a 23 cm voice repeater station, 
study of high frequency propagation conditions. 
 
Project leader and team: 
Roland Moser, HB9MHS; project leader 
Jürg Furrer, HB9APG; Christian Schmocker, HB9DUU; Heinz Burkhard, HB9MOA; 
Ruedi Wyss, HB9BEN 
 
Project description: 
The “Relaisgemeinschaft HB9F Bern” has been operating two amateur radio stations 
at the Sphinx observatory for more than twenty years. 
 

Our 70 cm beacon at 432.984 MHz has been working incessantly since 1980. No 
maintenance was necessary since. 
 

The 23 cm repeater is operating at Tx 1258.900 MHz and Rx 1293.900 MHz since 
1992. During summer we exchanged the hybrid-quad by the collinear omnidirectional 
antenna which was used before 2001. As part of the total renewal of the HB9F 
amateur radio station network we also replaced the old repeater by a newly designed 
type. It consists of a Motorola MC-Micro 70 cm transmitter connected to an up-
converter to 23 cm. The self-made 23 cm amplifier reaches 20 W prior to the 
interdigital filter. The latter was built by HB9MHS, using a 4 GHz wave guide with 
silver-plated brass cavities and two notch filters. Behind the down-converter a 
Motorola MC-Micro 2 m with 25 kHz ZF bandwidth is used as receiver. The power 
supply consists of a toroid transformer, a cooled rectifier, and two DC/DC converters 
with 12 V output voltage. A final repeater output of 10 W ERP is reached. To key the 
repeater a carrier during minimum 2 s is necessary. 
 

Our group homepage http://www.relais-hb9f.ch, providing complementary 
information on technical equipment and activities, was added by a WAP portal 
http://wap.relais-hb9f.ch. The most important information on our amateur radio 
stations can be retrieved on WAP capable mobile devices. 
 

For the hospitality for over twenty years the “Relaisgemeinschaft HB9F Bern” 
expresses its thanks to the “Foundation High Altitude Research Stations Jungfraujoch 
and Gornergrat”. 
 
Key words: 
Amateur radio beacon, repeater 
 
Internet data bases: 
URL: http://www.relais-hb9f.ch 
WAP: http://wap.relais-hb9f.ch  

http://www.relais-hb9f.ch/
http://wap.relais-hb9f.ch/
http://www.relais-hb9f.ch/
http://wap.relais-hb9f.ch/
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Collaborating partners/networks: 
USKA – Union of Swiss Short Wave Amateurs, Section Bern 
 
Scientific publications and public outreach 2002: 
 
Address: 
Relaisgemeinschaft HB9F Bern 
c/o Roland Moser 
Zeerlederstrasse 2 
CH-3006 Bern 
 
Contacts: 
Roland Moser 
Tel.: +41 31 3 510 510 
e-mail: roland.moser@bluewin.ch  
URL: http://www.relais-hb9f.ch 
 

mailto:roland.moser@bluewin.ch
http://www.relais-hb9f.ch/
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Name of research institute or organization: 
Institute of Physiology, University of Zurich 
 
Title of project: 
Applied physiology: “Physiological responses to high altitude exposure” 
 
Project leader and team: 
Prof. Dr. Jana Kohl, project leader 
Prof. Dr. Heini Murer, PD Dr. Hugo Marti 
 
Project description: 
The yearly expedition to the Jungfraujoch is organized for medical students in their 
4th semester as part of their practical education in physiology. In self observation and 
self experiments as well as in experiments with their colleagues the students have the 
opportunity to experience the effects of hypoxia at different altitudes: Grindelwald 
1’050 m.ü.M., Kleine Scheidegg 2’061 m.ü.M., Jungfraujoch 3450 m.ü.M. The 
students measured various respiratory parameters, heart rate and analyzed urin to 
asses the changes in acide-base balance. They experienced shortage of breath, 
sleeplessness and headaches among other sensations. Their results were later 
discussed in physiological lessons and contributed substantially to the students 
understanding of physiological regulations. The visit of the HFSJG facilities is one of 
the most impressive parts of the expedition and the possibility to carry out 
physiological measurements is gratefullly acknowledged. 52 participants have visited 
the “Forschungsstation” in 2002. 
 
Key words: 
Hypobaric hypoxia, hypoxia-induced respiratory and circulatory responses 
 
Collaborating partners/networks: 
The results from this expedition were solely used for teaching 
 
Address: 
Universität Zürich 
Physiologisches Institut 
Winterthurerstr. 190 
CH-8057 Zürich 
 
Contacts: 
Jana Kohl Tel. +41 1 635 50 11 e-mail: jana@physiol.unizh.ch 
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Name of research institute or organization: 
Departement Medizin, Naturwiss. Fakultät, Universität Fribourg  
 
Title of project: 
Physiological observation on high altitude adaptation   
 
Project leader and team: 
Prof. Jean-Pierre Montani,  
Prof. Jürg Geiser,  
Prof. Marco R. Celio 
 
Project description: 
The project consisted in the measurement of various cardiovascular parameters at 
different altitutes. Eighty medical students of both sexes measured their pulse rate, 
blood pressure, oxygen saturation (and urine pH) under normal conditions and after 
exercise. At high altitude the most impressive adaptation consisted in a significant 
increase of the pulse rate. This practical journey in physiology was closed with a 
lecture on high-altitude edema and a presentation by a renowned climber. 
 
Key words: 
High altitude physiology 
Pulse rate 
Medical students 
 
Internet data bases: 
 
Collaborating partners/networks: 
 
Address: 
Departement Medizin 
c/o Abtl. Histologie 
Universität Fribourg 
Ch. du Musée 14 
CH-1705 Fribourg 
 
Contacts: 
M. Celio  
Tel.: +41 26 300 84 90 
Fax: +41 26 300 97 32 
e-mail: marco.celio@unifr.ch 
URL: www.unifr.ch/med 

http://www.unifr.ch/med
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Name of research institute or organization: 
Department of Chemistry, University of Leeds 
 
Title of project: 
Free Tropospheric Experiment 2002 (FREETEX 02): Study of non-methane hydro-
carbons in the free troposphere using gas chromatography 
 
Project leader and team: 
Dr Alastair Lewis, project leader 
Dr James Hopkins, Katie Read, Ruth Purvis 
 
Project description: 
Introduction: The fourth FREETEX (Free Troposphere Experiment 02) campaign 
took place between 4th and 24th January 2002 at the Jungfraujoch High Alpine 
Research Station, Switzerland at 3580m (7.98°, 46.55°), with previous campaigns at 
this site proving to be successful. {Zanis, 2000 #88;Zanis, 1999 #86;Zanis, 1999 
#87;Forrer, 2000 #85}  The main objectives of this experiment were to increase our 
understanding of the role of reactive non-methane hydrocarbons (NMHCs) in the 
lower free troposphere and their influence on tropospheric ozone and to implement 
and test the performance of the new and improved instrument under these extreme 
conditions as preparation for an Antarctic Campaign. 

Experimental: The Jungfraujoch High Alpine Research Station is an ideal site to 
investigate background concentrations of NMHCs in the free troposphere. There are 
little local pollution sources to influence results and so the majority of species seen 
which may have an impact on the ozone concentrations are due to long-range 
transport.  In addition the minimum temperature of –20°C at this time of year and 
lower atmospheric pressure conditions due to the high altitude provide an ideal test 
bed for the Antarctic. Sampling was via a heated inlet, through a 3.1m long, 8cm ID 
stainless steel tube to a shared glass manifold.  A metal bellows pump pulled the air 
through 5 m of 1/8” stainless steel tubing and pushed it into a Gas Chromatograph 
with Flame Ionisation detection (GC-FID).  1 litre samples were taken hourly using a 
dual carbon sorbent trapping technique and a total of 26 C2-C8 non-methane 
hydrocarbons were detected and measured.  For the first time, air was used as the 
drying gas through the nafion to dry the sample flow and a completely automated 
valve system was implemented for the sampling, blanks and calibration.   

Results: It is common in hydrocarbon analysis to run a 5-day back trajectory analysis 
to determine a possible source, as this considers the lifetimes for most of the observed 
compounds.  The analysis was done at intervals of 4 hours using the vertical motion 
method, which uses the meteorological model’s vertical velocity fields.  Four types of 
air mass can be used to classify the air arriving during the experimental period.   
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Southerly Anticyclonic (A): The Southerly Anticyclonic air was seen from JD 8.50 to 
JD 11.70, the start of the campaign and then again from JD 22.00 to JD 22.33 at the 
end. It is “Anticyclonic” because the air mass travels in a clockwise direction before 
arrival at the sampling point.  The classification of the air mass is only based on the 
previous 24 hours although 5-day back trajectories have been calculated and 
observations show that in this time-span the origin of the air ranges from polar areas 
to Europe and even to North America.  Southerly air will approach the Jungfraujoch 
Station over the Aletsch glacier, and is one of the predominant winds to this site.  
This airmass has continental influences; it originates over Europe and spends the 5 
days prior to sampling there, contaminated by hydrocarbons with lifetimes of a few 
days.  This air is therefore the most polluted of the campaign showing levels of 
between 114 pptv and 335 pptv for n-butane.  Ethene and propene and 1, 3-butadiene 
have maximums of 490 pptv, 174 pptv and 17.5 pptv respectively (figure 1).  
However with respect to short-lived alkenes such as these if the pollution levels are 
high then the few hours prior to sampling provide more information than the origin of 
the air over the previous 5 days.  Considering the height at which we were at, these 
levels were likely due to a very local source, maybe from smoking pollution.  There is 
a period towards the end of this air-mass JD 11.62-12.22 and also at some times 
during the westerly (B) (JD13.24-13.81), that the O3 drops out with the CO and 
hydrocarbons (figure 3) which would indicate a well processed air-mass with no 
stratospheric influence, for example one with a maritime history, and indeed this 
mainly ascending air does have an oceanic background.   
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Figure 1: Time-series of ethene and propene. 

Westerly (B): Although the last 24 hours classifies these days as westerly, there are 
clearly 2 distinct types of air mass. The air sampled JD 11.17 to JD 12.33 originates 
in the sub-tropical Atlantic Ocean and the second, from JD 19.17 to JD 22.00, was in 
North America during the previous 5 days to sampling, and some of the trajectories 
show it was as recent as 2 days before.  There appears to be some long-range 
transport occurring during this time, as it is more polluted than the earlier westerly air 
mass.  JD 12.00 to JD 12.17 spends some time over Great Britain but this doesn’t 
seem to affect the pollution levels.  Elevated pollution levels of 455 pptv, 211 pptv, 
2877 pptv, 1542 pptv are seen for n-butane, iso-butane, ethane and propane 
respectively between JD 20.17 to JD 20.67 which is possibly due to the air ascending 
from North America over the Atlantic Ocean to Jungfraujoch in Switzerland. This is 
the air-mass classification for the majority of the campaign. 
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North-Westerly (C): The air arriving at Jungfraujoch JD 12.33 to JD 14.17 and then 
from JD 17.17 to JD 19.17 was given a north-westerly classification.  This is similar 
to the Westerly air mass in that it also originates in the sub-tropical Atlantic but 
instead of passing over France chooses Great Britain before arriving at Jungfraujoch 
from the north.  This is a common wind direction due to the effect of the NE-SW 
alpine ridge on which the station is situated, creating a channelling effect.  During JD 
13.83 to JD 14.00 the air shows elevated concentrations of iso- and n-butane, iso- and 
n-pentane (figure 2), and acetylene with maximums being 166 pptv, 300 pptv, 167 
pptv, 84.7 pptv, and 427 pptv, respectively.  This air is of oceanic origin as before but 
has a local wind direction from the north-east which brings it over Norway and 
Sweden before arriving in Switzerland.  These elevated levels may possibly be due to 
the fuel oil used to power the ferries across the Baltic Sea and or the fishing trawlers 
for the enormous fishing industry in these Scandinavian countries.  It ascends 
originally but then descends to Jungfraujoch perhaps bringing ozone from the 
stratosphere which would account for the increased levels we see from JD 18.44 to 
JD 19.34 (figure 3), but this could also be due to long-range transport of 
hydrocarbons.  During JD 17.17 to JD 19.17 the air again had a 5-day back trajectory 
extending into the sub-tropical Atlantic.  For the first half of this period the air passes 
over France and then rises north to give the northwesterly classification.  In the 
second half it rises earlier to pass again over Great Britain.  Some of this air has a 
back trajectory to North America so is again fairly polluted.  The back trajectory of 
the air arriving on JD 17.92 to JD 18.00 has a polar influence as it travels over 
Iceland 3 days previous to sampling.   
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Figure 2: Time-series of  iso- and n- pentane 

North-Easterly Cyclonic (D): This is a very distinctive air mass and occurs from the 
back trajectories of JD 14.17 to JD 17.17.  It is “Cyclonic”, hence the air travels in an 
anti-clockwise direction before arrival at Jungfraujoch.  The air is from the east and 
has spent 5 days over continental Europe however; it is generally very clean due to it 
descending.  The air for JD 16.00 to JD 16.17 has a 5-day back trajectory in Great 
Britain, JD 16.92 is very cyclonic and JD 17.00 originates in Iceland and therefore 
has a polar influence.  During periods of “clean” air, when the airmass was 
descending in a cyclonic way from the northeast (D), the CO mixing ratios dropped to 
its lowest values of 100 ppbv whilst the ozone remained at 50 ppbv.  This can be 
taken as a background concentration for ozone in the free troposphere in this area.   
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Figure 3: Time series of ozone, carbon monoxide and iso-pentane. 

Conclusions: The instrument ran continuously through the campaign to allow a 
thorough testing of the new drying technique and automated valve system.  
Automated air samples, zeros, blanks, and calibration standards were run successfully 
and the air was dried to a dew point of -10°C.  The campaign provided an opportunity 
to experiment with various interpretation techniques, for example, the use of back 
trajectory analysis.  This particular dataset has been classified into four air types, 
which has enabled possible explanations for what was observed.  As illustrated, long-
range transport from a wide range of sources, has led to higher concentrations than 
would be expected for this region of the atmosphere and so the monitoring of 
NMHCs in the troposphere continues to be of major interest especially with respect to 
their role in tropospheric ozone production.   
 
Key words: 
Free Troposphere, non-methane hydrocarbons, ozone, gas chromatography, air 
analysis 
 
Internet data bases: 
http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html 
 
Collaborating partners/networks: 
No published papers as yet 
 
Address: 
Department of Chemistry 
University of Leeds 
Woodhouse Lane 
Leeds LS2 9JT 
 
Contacts: 
Katie Read   
Tel: +44 (0) 113 343 6550 
Fax: +44 (0) 113 343 6716 
e-mail: katier@chem.leeds.ac.uk 

http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html
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Name of research institute or organization: 
Belgian Institute for Space Aeronomy (BIRA-IASB) 
 
Title of project:  
Atmospheric physics and chemistry 
 
Project leader and team:  
Dr. Martine De Mazière: project leader FTIR 
Dr. M. Van Roozendael: project leader UV-Vis 
Brice Barret, Caroline Fayt, François Hendrick, Christian Hermans, Jean-Christopher 
Lambert: team scientists 
Pierre Gérard, José Granville: team support engineers 
 
Project description: 
UV-Vis  
BIRA-IASB operates a zenith-sky looking UV-visible spectrometer installed on the 
Sphinx platform since June 1990. Of the French CNRS SAOZ (Système d’Analyse 
par Observations Zénithales) design, this instrument has been qualified for operation 
within the international NDSC (Network for the Detection of Stratospheric Changes). 
Twice daily at twilight, it provides measurements of the ozone and nitrogen dioxide 
total columns suitable for long-term climatological studies and for satellite validation. 
In 2002, the SAOZ NO2 and O3 column data have been submitted to the ENVISAT 
Cal/Val data base and used for the initial validation of the SCIAMACHY data 
products within the ESA CINAMON project (coordination at IASB). Besides this, an 
algorithm for the vertical profile inversion of stratospheric NO2 has been designed as 
part of the EU project QUILT. After an initial phase of evaluation and validation, this 
algorithm will be applied to the Jungfraujoch data series. 

FTIR solar absorption spectrometry 
BIRA-IASB participates in the observations of the atmospheric composition by 
Fourier transform infrared spectrometry coordinated by the University of Liege (see 
report by ULg). In 2002, BIRA has focused on the development and characterisation 
of vertical inversion techniques. In 2001, we carried out a complete characterisation 
of the vertical profiles of ozone retrieved from the FTIR spectra. In 2002, a similar 
procedure has been to FTIR measurements of CO. The retrieved vertical profiles and 
total columns have been compared with in-situ surface measurements of CO done by 
EMPA and with observations of CO from the satellite instrument MOPITT onboard 
Terra. Overall the agreements are very good, taking into account the limits of each 
measurement technique. The results prove the sensitivity of the FTIR measurements 
of CO from the lower stratosphere down to the surface. This shows that the FTIR 
spectrometry has a unique capability to derive tropospheric abundances for a number 
of species for which hardly any other experimental data exist at present. Long-term 
records of other species (N2O, CH4, some CFC) will be re-analysed using the vertical 
inversion methods. 
  
Key words 
Ozone, nitrogen dioxide, CO, atmospheric composition, long-term monitoring, 
optical remote sensing, vertical inversion methods 
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Internet databases 
The data are archived in the NDSC database (http://www.ndsc.ncep.noaa.gov/) and in 
the NADIR/NILU database (http://www.nilu.no/projects/nadir). 
 
Collaborating partners/networks:  
Collaborations with University of Liège, and NDSC partners. 
Both the UV-Vis and FTIR observations contribute to the NDSC, international 
Network for Detection of Stratospheric Change.  
Collaboration with B. Buchmann, EMPA. 
 
Scientific publications and public outreach 2002: 
Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch”, J. Geophys. Res., 
10.1029/2001JD001298, 2002. 

De Mazière, M., and B. Barret, Retrieval of tropospheric information from ground-
based FTIR observations, supported by synergistic exploitation of various ground-
based and space-borne measurement techniques and data, in “Annual Report 2001- 
TROPOSAT: The Use and Usability of Satellite Data for Tropospheric Research”, 
EUROTRAC-2 International Scientific Secretariat (ISS), GSF-National Research 
Centre for Environment and Health,  Munich, Germany, p. 146-150, May 2002.  

De Mazière, M., R. Colin, D. de Muer, R. Zander, The Earth Observing System: 
Synergy between Ground-based and Satellite Observations and Model Experiments, 
in Space Scientific Research in Belgium, Volume 3: Earth Sciences, Part III, 1994-
2000, pp. 9-32, 2002. 

Lambert, J.-C., M. Van Roozendael, M. De Mazière, Development, Validation and 
Exploitation of ERS-2 GOME Satellite Data: Overview and Perspectives for 
ENVISAT, in Space Scientific Research in Belgium, Volume 3: Earth Sciences, Part 
III, 1994-2000, pp. 47-66, 2002. 

Newman, P.A., N. R. P. Harris, A. Adriani, G. Amanatidis, J. Anderson, G. Braathen, 
W. Brune, K. Carslaw, M. Craig, P. DeCola, M. Guirlet, S. Hipskind, M. Kurylo, H. 
Küllmann, N. Larsen, G. Mégie, J.-P. Pommereau, L. Poole, M. Schoeberl, F. Stroh, 
B. Toon, C. Trepte, and M. Van Roozendael, An overview of the SOLVE-THESEO 
2000 campaign, J. Geophys. Res., in press, 2002. 

Zander, R., E. Mahieu, C. Servais, G. Roland, P. Duchatelet, P. Demoulin, L. 
Delbouille, C.P. Rinsland, M. De Mazière and R. Blomme, Potential of the NDSC in 
support of the Kyoto Protocol: Examples from the station Jungfraujoch, Switzerland, 
in Proceedings of  "The Third International Symposium on Non-CO2 Greenhouse 
Gases: Scientific Understanding, Control Options and Policy Aspects", Maastricht, 
Netherlands, 21-23 January 2002, J. Van Ham et al. Eds., Millpress-Rotterdam Publ., 
ISBN 90 77017-70-4, pp. 305-310, 2002. 
 
Poster Presentations 
De Mazière, M. and B. Barret, Retrieval of tropospheric information from ground-
based FTIR observations, supported by synergistic exploitation of various ground-
based and spaceborne measurement techniques and data, Poster presented at the 
EUROTRAC-2 2002 Symposium, Garmisch-Partenkirchen, March 11-15, 2002. 

 

http://www.ndsc.ncep.noaa.gov/
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Duchatelet, P., E. Mahieu, R. Zander, P. Demoulin, B. Barret and  C.P. Rinsland, 
Updating the Jungfraujoch FTIR databases: current status, Poster presented at the 6th 
European Symposium on Stratospheric Ozone, Göteborg, Sweden, Sept. 2-6, 2002. 

Hendrick, F., M. Van Roozendael, C. Fayt, C. Hermans, J.-C. Lambert, and M. De 
Mazière, Long-term total column NO2 SAOZ measurements at the Jungfraujoch, as 
part of the NDSC, Poster presentation at the Workshop on Atmospheric Research at 
the Jungfraujoch and in the Alps, 182th Annual Congress of the Swiss Academy of 
Sciences, Davos, Switzerland, 24-27 September 2002 

Lambert, J.-C., J. Granville, V. Soebijanta, and M. Van Roozendael, Preliminary 
Evaluation of GOME Data Processor Upgrade to Version 3.0, Invited talk at the 
GOME User Consultation Meeting, ESA/ESRIN, Frascati, Italy, 28-29 January 2002. 

Lambert, J.-C., A Review of Observational Data on Stratospheric NO2, Sollicited 
oral presentation at the World Space Congress II/34th COSPAR Scientific Assembly, 
Special Session on COSPAR International Reference Atmospheres (CIRA), Houston, 
Texas (USA), 10-19 October 2002. 

Lambert, J.-C., J. Granville, F. Hendrick, M. P. Chipperfield, and M. Van 
Roozendael, Diurnal cycle of stratospheric NO2 and its effects on the interpretation 
of multi-platform measurements, Poster presentation at the World Space Congress 
II/34th COSPAR Scientific Assembly, Session on Trace Constituents in the 
Troposphere and Lower Stratosphere, Houston, Texas (USA), 10-19 October 2002. 

Mahieu, E., C.P. Rinsland, R. Zander, P. Duchatelet, C.Servais and M. De Mazière, 
Tropospheric and Stratospheric Carbonyl Sulfide (OCS): Long-term Trends and 
Seasonal Cycles above the Jungfraujoch Station, Poster presented at the 6th European 
Symposium on Stratospheric Ozone, Göteborg, Sweden, Sept. 2-6, 2002. 
 
Address: 
Belgian Institute for Space Aeronomy 
Ringlaan 3 
B-1180 Brussels 
Belgium 
 
Contacts:  
Martine De Mazière   
Tel. +32 2 373 03 63    
Fax: +32-2-374 84 23 
e-mail: martine@oma.be 
 
Michel Van Roozendael  
Tel. +32 2 373 04 16 
Fax: +32-2-374 84 23 
e-mail: michelv@oma.be 
 
URL: http://www.oma.be/BIRA-IASB/ 
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Name of research institute or organization: 
ABB Switzerland Ltd, Semiconductors 
 
Title of project: 
Cosmic ray induced failures in biased high power semiconductor devices  
 
Project leader and team: 
Charles Findeisen, project leader 
Thomas Stiasny, Hansruedi Zeller 
 
Project description: 
Biased high power semiconductor devices like diodes, thyristors or IGBTs might fail 
suddenly without any previous device wear-out or electrical overload condition. This 
phenomenon is explained by cosmic rays where one particle triggers inside the biased 
silicon bulk a localized breakdown event, finally destroying the devices [1-4]. 
Accelerated tests reducing costs and time are feasible at locations with enhanced 
cosmic ray fluxes (e.g. at Jungfraujoch) or with particle beams.  
The test setup was located on a platform (area 0.7 m2) just below a wooden roof of 
the Sphinx observatory. About 10 to 500 devices of one or two different types or 
designs were tested in parallel.  Failed devices due to cosmic rays were identified by 
observing a constant leakage current until the occurance of the failure and by 
characteristic defects like small spots somewhere on the silicon chip [5,6]. The 
measured failure rates and the characteristic defects of the chips depended on the 
device types and the applied biases but were in first order independend on the 
incident particle type (neutron or proton beams and cosmics).  
The sharp drop of the failure rates below a characteristic bias Uc was observed for all 
device types but so far only with proton and neutron beams (Fig. 1). The poor 
statistics with cosmic tests did not allow to reproduce this drop-off. The predictions 
for most of the device types were in fair agreement with the test results except for the 
sharp drop of the failure rates [4].  
The biases for typical device applications are normally below Uc. The capital goods 
industry demands that the failure rates of power devices due to cosmics are smaller 
than one failure every 109 hour and every 1 cm2 device area. Thus it is of vital interest 
to know if the failure rates due to cosmics exhibit a similar drop-off behaviour similar 
to those due to neutron or proton beams.  
In 2002 a test sequence with an increased number of devices was started to clarify the 
possible drop of the failure rates due to cosmics below Uc. It will continue in 2003. 
 
Glossary 
IGBT: Insulated Gate Bipolar Transistor; voltage controlled power transistor. 
 
References 
[1] H. Kabza et al., Proc IEEE Intern. Symp. Power Semicond. Devices and ICs, 

Davos, pp. 9-12, 1994 
[2] H.R. Zeller, Proc IEEE Intern. Symp.Power Semicond. Devices and ICs, Davos, 

pp. 339-340, 1994 
 H.R. Zeller, Solid State Electronics, 38, No.12, 2041-2046, (1995) 
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[4] H.R. Zeller, Microelectron. Reliab., Vol. 37, No. 10/11, pp. 1711-1718, 1997 
[5] Ch. Findeisen et al., Microelectron. Reliab., Vol. 38 (1998), pp. 1335-1339 
[6] Ch. Findeisen et al., Annual report of the Foundation HFSJG, 1998, 2000, 2001 
 
 

 

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1200 1400 1600 1800 2000

blocking bias (V)

fa
ilu

re
 ra

te
 [F

IT
/c

m
2 ]

cosmics

protons (PIF)

neutrons
(LANSCE)

prediction

IGBT

ABB Switzerland Ltd
Semiconductors

 
 
 
Fig. 1: Failure rates of a certain IGBT device due to cosmics, protons (PSI-PIF, 300 
MeV) and neutrons (LANSCE, energy spectrum proportional to 1/E and with E < 800 
MeV).  Here the application bias was well below the characteristic bias Uc = 1500 V. 
All failure rates were normalized to New York City and to a temperature of 25 °C. 
One FIT/cm2 corresponded to one failed chip every 109 chip⋅hour normalized to one 
cm2 silicon area. 
 
 
Key words: 
cosmics, power semiconductor devices, failures 
 
Internet data bases: 
 
Collaborating partners/networks: 
 
Scientific publications and public outreach 2002: 
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Address: 
ABB Switzerland Ltd 
Semiconductors 
Fabrikstrasse 3 
CH-5600 Lenzburg 
 
Contacts: 
Thomas Stiasny  
Tel.: +41 58 58 61 314  
Fax: +41 58 58 61 305 
e-mail: thomas.stiasny@ch.abb.com 
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Name of research institute or organization: 
DALSA 
 
Title of project: 
Study of the influence of cosmic rays on the reliability of solid-state image sensors  
 
Project leader and team: 
Prof. dr. ir. Albert J.P. Theuwissen 
 
Project description: 
60 high-quality CCD image sensors (with 500,000 pixels each) were stored during 3 
months at the station at an altitude of about 3500 meters.  All devices were very 
carefully characterized before they were brought up to the station and after they came 
back.  The measurements before and after the exposure to the cosmic rays were 
analyzed on a pixel-to-pixel basis.  The outcome of the measurements confirms the 
theory about cosmic rays.  They really have a negative influence on the quality and 
reliability of these image sensors.  The effects measured on the devices stored at 
Jungfraujoch were an order of magnitude worse than the effect obtained on devices 
stored at sea-level during the same time. 
 
Key words: 
Image sensors, cosmic rays 
 
Internet data bases: 
 
Collaborating partners/networks: 
 
Address: 
DALSA 
Prof. Holstlaan, 4, bldg. WZ-08, 
5656AA Eindhoven, the Netherlands 
 
Contacts: 
Albert Theuwissen  
Tel.:  +31 40 274 2734  
Fax: +31 40 274 4090 
e-mail: albert.theuwissen@dalsa.nl 
URL: http://www.dalsa.com/  
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Name of research institute or organization: 
Section for Environmental Radioactivity 
Swiss Federal Office of Public Health 
 
Title of project: 
RADAIR: An Automatic Network for Air Radioactivity Monitoring 
 
Project leader and team: 
Prof. Dr. Hansruedi Völkle, Section Head 
Pierre Beuret, Projet leader 
 
Project description: 
In order to decide rapidly on protective measures for the population in case of 
increased radioactivity the responsible emergency authorities need a rapid and 
automatic air-monitoring network. Therefore the Swiss Federal Office of Public 
Health (FOPH) is operating an automatic national air radioactivity monitoring 
system. This network, called RADAIR, is a reliable instrument to detect rapidly and 
automatically any dangerous increase of radioactivity in the air. The artificial gross 
beta radioactivity is determined with a detection limit of 0.5 Bq/m3. 11 automatic 
monitoring stations of the type «FHT 59S» are operating at the following locations: 
Fribourg, La Chaux de Fonds/NE, Geneva (CERN), Sion/VS, Lugano/TI, 
Weissfluhjoch-Davos/GR, Vaduz / FL, Güttingen/TG, Villigen-PSI/AG, Basle and 
one at the High Altitude Research Station Jungfraujoch.  

Gross Alpha and Beta radioactivity is measured continuously on aerosols collected on 
a filter tape and the artificial Beta radioactivity is calculated using the Alpha Beta 
compensation method. The measuring range is 0.3 to 5x105 Bq/m3 for 30 minutes 
sampling intervals. The data are transmitted every 30 minutes to the data center at the 
Environmental Radioactivity Section (SUER) of the FOPH at Fribourg University. If 
one of the pre-selected warning thresholds (1, 5 and 30 Bq/m3) is reached, alarm 
messages are produced, the highest of them (30 Bq/m3) being transmitted 
automatically to the National Emergency Center (NAZ) in Zurich.  

Three of the above mentioned locations (Fribourg, Lugano and Villigen-PSI) are 
equipped additionally with Iodine monitors of the type «FHT 1700» to measure the 
gaseous 131I in the air (measuring range 1 to 5 x 105 Bqh/m3). One location (Fribourg) 
is equipped with a spectroscopic monitor of the type «FHT 59N1» using a Ge 
detector to measure the isotopic composition of the air radioactivity. The minimum 
detectable activity for a 2 hours sampling and measurement period is 0.01 Bq/m3.  
 
Aerosol Monitoring Station FHT59S at the Jungfraujoch 
This aerosol monitoring station is, for two reasons, of particular interest: 

- to detect artificial radioactivity in the air at high altitude, 
- as the Radon concentration is very low at 3400 m a detection limit for 

artificial radioactivity as low as 100 mBq/m3 is reached, i.e. five times lower 
than for monitoring stations in the rest of the country.  

 
Gross Alpha and gross Beta radioactivity of the air is continuously measured and 
registered. The artificial aerosols radioactivity, i.e. the net Beta radioactivity is 
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calculated by the so-called α/β compensation technique. For this purpose a certain 
amount (based on an empirical compensation factor) of the gross Alpha activity, 
supposed to be natural, is subtracted form the gross Beta radioactivity.  

For the Jungfraujoch station a detection limit for artificial Beta radioactivity of 100 
mBq/m3 is reached. As shown in the histogram (Figure 1) below, which contains the 
results of December 2002, 90 % of the values are below 70 mB/ m3. 

Due to extreme meteorological conditions at 3400 m, despite a powerful heating 
device, it happens from time to time that ice obstructs the air aspiration line (Figure 
1). As a consequence the Mylar membrane breaks due to the partial vacuum within 
the line (Figure 2) and air from inside the building showing a higher Radon 
concentration than outside is collected and measured. Hence the measurements show 
abrupt increases which can not be compensated by the above mentioned algorithm 
unless the Mylar membrane is replaced. Remedial actions for this minor technical 
problem are on the way. 

 
Figure 1: Net Beta radioactivity of the air at the Jungfraujoch Research Station in 
December 2002 (Histogram) 
 
Due to extreme meteorological conditions at 3400 m, despite a powerful heating 
device, it happens from time to time that ice obstructs the air aspiration line (Figure 
2). As a consequence the Mylar membrane broke due to the partial vacuum within the 
line (Figure 3) and air from inside the building showing a higher Radon concentration 
than outside is collected and measured. Hence the measurements show abrupt 
increases which can not be compensated by the above mentioned algorithm unless the 
Mylar membrane is replaced. Remedial actions for this minor technical problem are 
on the way. 
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                   Figure  2: Air aspiration device                   Figure 3: Mylar membrane 
 
 
Key words: 
Aerosol Air Radioactivity 
 
Internet data bases: 
 
Collaborating partners/networks: 
H. Völkle, M. Gobet (Editors): Environmental radioactivity and radiation exposure in 
Switzerland 2001; Federal Office of Public Health, Bern, June 2002 
 
Address: 
c/o Physics Department, Universitiy of Fribourg, 
Chemin du Musée 3, CH-1700 Fribourg / Switzerland 
 
Contacts: 
Prof. H. Völkle : 
Tel.:  +41 26 300 9161  
Fax:  +41 26 300 9743 
e-mail: hansruedi.voelkle@bag.admin.ch 
Pierre Beuret: 
Tel.: +41 26 300 9176 
Fax:  +41 26 300 9743 
e-mail: pierre.beuret@bag.admin.ch  
URL: 
http://www.bag.admin.ch/strahlen/ionisant/radio_env/documentation/d/document200
1.php  

mailto:hansruedi.voelkle@bag.admin.ch
mailto:pierre.beuret@bag.admin.ch
http://www.bag.admin.ch/strahlen/ionisant/radio_env/documentation/d/document2001.php
http://www.bag.admin.ch/strahlen/ionisant/radio_env/documentation/d/document2001.php
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Name of research institute or organization: 
Physikalisches Institut, Universität Bern  
 
Title of project: 
Neutron Monitors  -  Study of solar and galactic cosmic rays  
 
Project leader and team: 
Prof. E.O. Flückiger, project leader 
Dr. R. Bütikofer  
 
Project description: 
The Cosmic Ray Group of the Division for Space Research and Planetary Sciences of 
the Physikalisches Institut at the University of Bern, Switzerland, operates an 18-IGY 
neutron monitor (NM, since 1958) and a 3-NM64 neutron monitor (since 1986) at 
Jungfraujoch. Neutron monitors provide key information about the interactions of the 
galactic cosmic radiation with the plasma and the magnetic fields in the heliosphere 
and about the production of energetic cosmic rays at the Sun, as well as about 
geomagnetic, atmospheric, and environmental effects. They ideally complement 
space observations. The neutron monitors at Jungfraujoch are part of a worldwide 
network of standardized cosmic ray detectors. By using the Earth’s magnetic field as 
a giant spectrometer, this network determines the energy dependance of primary 
cosmic ray intensity variations in the GeV range. Furthermore, the high altitude of 
Jungfraujoch provides good response to solar protons ≥ 4.6 GeV and to solar neutrons 
with energies as low as ~250 MeV.  

Figure 1 presents the measurements of the IGY neutron monitor at Jungfraujoch 
(lower panel) since 1958. This unique dataset reflects the variations of the primary 
cosmic radiation over four solar sunspot cycles. The galactic cosmic ray intensity 
shows an 11-year variation in anticorrelation with the solar activity characterized by 
the sunspot numbers plotted in the upper panel of the figure. The relative count rate of 
the IGY NM for 2002 is shown in Figure 2. In order to compare the cosmic ray 
variations with other solar-terrestrial phenomena, the Bartels solar rotation interval is 
chosen for the period of one cycle of the plot. The high variability of the data reflects 
the still active phase of sunspot activity cycle 23. However, no distinct 27-day 
recurrent variations can be identified. The records of the two NMs at Jungfraujoch are 
published in the form of data books, of special reports, and on a webpage 
(http://kspc4.unibe.ch/nm). In addition, the data are submitted to the World Data 
Centers in Boulder and Tokyo in electronic form. Together with the recordings of the 
worldwide network of neutron monitors they are used by the scientific community for 
a broad range of cosmic ray and solar-terrestrial research. 

In spring 2002 the whole datataking software of both neutron monitors were renewed 
and the datataking PCs were connected to internet. These improvements make it 
possible for the neutron monitor measurements to be analysed in real-time and that 
breaks in the operation of a detector be reported instantly. In case of an interruption, 
repairs can now be made much faster. For better control of the stability of the 
electronics of the two neutron monitors, temperature and relative humidity probes 
were installed close to the detector and to the counter electronics. The modifications 
led to a clearly improved reliability in the operation of the two detectors.  
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Figure 1: Smoothed sunspot numbers (top pannel), and pressure corrected monthly 
average counting rates of the IGY neutron monitor at Jungfraujoch (bottom pannel) 
for the years 1958-2002. The neutron monitor count rate is expressed in relative units 
with respect to May 1965. 

 
In September 2002 a radiation-monitoring unit “Gamma Tracer” manufactured by 
Genitron Instruments GmbH, Frankfurt am Main, Germany, was installed in the 
housing of the NM64 neutron monitor. The measurements of this additional “Gamma 
Tracer” unit will be used to compare the environmental radioactivity at Jungfraujoch 
on the one hand with cosmic ray measurements made by the neutron monitors at 
Jungfraujoch and on the other hand with the environmental radioactivity measure-
ments made at Gornergrat where an identical unit of “Gamma Tracer” is installed.  

In 2002 the scientific work of our group with the Jungfraujoch neutron monitor data 
and with the data of the neutron monitors of the worldwide network was concentrated 
on the analysis of Forbush decreases and on research in the field of space weather. 
From this work, several contributions resulted for the 18th European Cosmic Ray 
Symposium in Moscow, Russia, in 2002. 

As in previous years, we organized a training course for the “Institut Polaire Français 
- Paul Emile Victor, IPEV” (formerly “Institut Français pour la Recherche et la 
Téchnologie Polaires, IFRTP”) for technicians assigned to be responsible for the 
French NMs at Kerguelen and Terre Adelie during one year. Four technicians were 
trained at Jungfraujoch in the operation and maintenance of these detectors from 
October 22-24, 2002. 
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Figure 2: Pressure corrected relative hourly counting rate of the IGY neutron monitor 
at Jungfraujoch for 2002, plotted as the relative deviation from the average counting 
rate of the respective 27-day Bartels solar rotation period. 

 

This research is supported by the Swiss National Science Foundation (grant NF 20-
067092.01).  

 
Key words: 
Astrophysics, cosmic rays, neutron monitors; solar, heliospheric and magnetospheric 
phenomena 
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Internet data bases: 
http://kspc4.unibe.ch/nm 
 
Collaborating partners/networks: 
International Council of the Scientific Union’s (ICSU) Scientific Committee on 
Solar-Terrestrial Physics (SCOSTEP) 
World Data Centers A (Boulder), B (Moscow), C (Japan), International GLE database 
 
Scientific publications and public outreach 2002: 
Conference papers 
Flückiger, E.O., On the Role of Cosmic Ray Measurements in a European Space 
Weather Programme, 18th European Cosmic Ray Symposium, Moscow, Russia, 8-12 
July 2002, Symposium Program and Abstracts, 2002. 

Despotashvili, M.A., E.O. Flückiger, and N.A. Nachkebia, Forbush Decreases and 
Solar Activity Dependence of the Galactic Cosmic Ray Recurrent Variation, 18th 
European Cosmic Ray Symposium, Moscow, Russia, 8-12 July 2002, Symposium 
Program and Abstracts, 2002. 

Belov, A.V., R. Bütikofer, E.A. Eroshenko, E.O. Flückiger, V.A. Oleneva, and V.G. 
Yanke, Interplanetary Magnetic Field Disturbances with Particularly High Cosmic 
Ray Modulation Efficiency, 18th European Cosmic Ray Symposium, Moscow, 
Russia, 8-12 July 2002, Symposium Program and Abstracts, 2002. 

Flückiger, E.O., R. Bütikofer, and M.R. Moser, Cosmic Ray Measurements at 
Jungfraujoch and Gornergrat, Proc. Workshop on ‘Atmospheric Research at the 
Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 54-55, 2002. 

Watanabe, T., Cosmic-Ray Data Center Activity for Space Weather, Proc. 22nd ISTC 
Japan Workshop on Space Weather Forecast in Russia/CIS, Nagoya, Japan, 5-6 June 
2002, Nagoya University STE Laboratory,Vol. 2, 109, 2002. 

Data books and reports 
Data Reports:  Data of the 18IGY-Neutron Monitor Jungfraujoch, 01.01.-30.06.2002 
 Data of the 18IGY-Neutron Monitor Jungfraujoch, 01.07.-31.12.2002 
 Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.01.-30.06.2002 
  Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.07.-31.12.2002 
 
Address: 
Physikalisches Institut 
Universität Bern 
Sidlerstrasse 5 
CH-3012 Bern 
 
Contacts: 
Dr. Rolf Bütikofer  
Tel.: +41 31 631 4058  
Fax: +41 31 631 4405 
e-mail: rolf.buetikofer@phim.unibe.ch 
URL: http://kspc4.unibe.ch/nm   
http://www.phim.unibe.ch/cr/index.html 

http://kspc4.unibe.ch/nm
http://kspc4.unibe.ch/nm
http://www.phim.unibe.ch/cr/index.html
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Name of research institute or organization: 
Climate and Environmental Physics, University of Bern 
 
Title of project: 
85Kr activity determination in tropospheric air 
 
Project leader and team: 
Hartmut Sartorius and Wolfgang Weiss, Institut für atmosphärische Radioaktivität, 
Freiburg i.Br., Germany 
Heinz Hugo Loosli, Universität Bern 
 
Project description: 

The collection of air samples for 85Kr activity measurements has been continued in 
2002. A few cc of Krypton are collected in weekly samples from about 10 m3 of air at 
Jungraujoch. These samples are sent to Freiburg i.Br. for Krypton purification and 
activity measurement. 

This isotope is unique because it contributes the major part of the present-day 
artificial activity in air, and because up to now it is one of the rare isotopes which 
shows an increase in its atmospheric activity. Jungfraujoch is preferred as sampling 
site because there the equilibrium tropospheric activity can best be determined, since 
the sources (reprocessing plants) are at sea level. 

 
Figur
in 19
the a
atmos

 
 Figure 1: Time series of weekly 85Kr activity in air (1990-2002).
99 

e 1 shows the increasing trend: the ground level increased from about 1 Bq/m3 
90 to about 1.4 Bq/m3 in 2002. To compensate for the yearly loss of activity in 
tmosphere by radioactive decay and to account for the linear increase of the 
pheric inventory, a yearly emission rate of 5 .1017 Bq can be estimated. 



International Foundation HFSJG 
Activity Report 2002 
 

100 

Superimposed are irregular spikes of higher activity, when air masses from a repro-
cessing plant reaches Jungfraujoch without enough dilution with uncontaminated air. 
These spikes are visible in Figure 1 and also in more detail for the last two years in 
Figure 2. In Figure 2 activity values are compared from three sampling sites with 
different altitudes above sea level. From the measurements it is obvious that increased 
levels are lower at Jungfraujoch (3500m) than at Schauinsland (1000m) and Freiburg 
i.Br. (200m) and that at Jungfraujoch the frequency of increased levels is lower. 

 
 
 
In the week from August 12 to 19, 2002, also at Jungfraujoch a relatively high 
activity of 2,3 Bq/m3 +/– 0,2 % has been measured. To determine the origin of this 
activity, backward trajectories have been used twice per day. They clearly show that 
in this week some sea level air from Great Britain reached Jungfraujoch, indicating 
Sellafield as origin of the excess 85Kr activity. 
 
Key words: 
Krypton, 85Kr, radioactivity in air, reprocessing plants 
 
Internet data bases: 
 
Collaborating partners/networks: 
 
Scientific publications and public outreach 2002: 

Sartorius, H., W. Weiss, and H.H. Loosli: 10 years of 85Kr Results on Samples from 
Jungfraujoch, and still it is very interesting, Workshop on ‘Atmospheric Research at 
the Jungfraujoch and in the Alps’, Davos, 20 September 2002, Swiss Academy of 
Sciences SAS, 56-57, 2002 

Figure 2: Comparison of 85Kr activities in Krypton extracted at three different altitudes 
above sea level. 
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Address: 
Climate and Environmental Physics 
Physikalisches Institut 
Universität Bern 
Sidlerstrasse 5 
CH-3012 Bern 
 
Contacts: 
H.H. Loosli 
loosli@climate.unibe.ch 
 
http://www.climate.unibe.ch 

mailto:loosli@climate.unibe.ch
http://www.climate.unibe.ch/
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Name of research institute or organization: 
Labor für Radio- und Umweltchemie der Universität Bern und des 
Paul Scherrer Instituts  
 
Title of project: 
Palaeo atmospheric chemistry studies using high-altitude glacier firn and ice cores 
 
Project leader and team: 
Dr. Margit Schwikowski 
Dr. Stella Eyrikh 
Prof. Heinz W. Gäggeler 
Andrea Schmitz 
Martin Jöri 
 
Project description: 
The investigation of mercury’s role as a global pollutant is of immense interest, 
because of its high toxicity and the severe effects of mercury poisoning on biota, 
animals and human beings. The main transport pathway for mercury is the 
atmosphere, where it prevails in the elemental state (Hg0). Hg0 has a residence time of 
about one year, leading to global distribution of this heavy metal. The remainder 
consists of gaseous or particle bound divalent mercury (HgII) with residence times of 
days to weeks. After transformation of Hg0 to soluble HgII, it is mainly removed from 
the atmosphere by wet or dry deposition.  

Preliminary investigation of snow samples from the Swiss Alps showed 
concentrations of mercury in the low ng/L range. However, it is still unclear whether 
concentrations in snow indeed reflect atmospheric concentrations, which is a 
prerequisite for interpreting ice core records of mercury. A recent study suggested 
that mercury in fresh snow is not stable, but re-enters the atmosphere, possibly as a 
result of radiation-induced reduction of HgII to Hg0. In order to study the behaviour of 
mercury in fresh snow at high-alpine conditions, we collected samples at the 
Jungfraujoch (3500 m asl) during a four-day period from 25 to 28 November 2002.  
Preliminary results show Hg concentrations in the low ng/L range, which decrease 
slightly after a snowfall, even without direct UV-irradiation. Hg analyses were 
performed by cold vapour inductively coupled plasma mass spectrometry (CV-ICP-
MS). 
 
Key words: 
Mercury, snow, air pollution, ice core record 
 
Internet data bases: 
http://lch.web.psi.ch/ 
 
Collaborating partners/networks: 
T. Papina, S. Eyrikh, Institute for Water and Environmental Problems, Siberian 
Branch of the Russian Academy of Sciences, 105 Papanintsev Str., Barnaul, 656099, 
Russia 
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Scientific publications and public outreach 2002: 
Refereed journal articles 
Ginot, P., F. Stampfli, D. Stampfli, M. Schwikowski, H.W. Gäggeler, FELICS, a new 
ice core drilling system for high-altitude glaciers. Proc. of the workshop “Ice Drilling 
Technology 2000”, Memoirs of National Institute of Polar Research, Special Issue, 
56, 38-48 (2002).  
Ginot, P., M. Schwikowski, H.W. Gäggeler, U. Schotterer, Ch. Kull, M. Funk, A. 
Rivera, F. Stampfli, W. Stichler, First results of a palaeoatmospheric chemistry and 
climate study of Cerro Tapado, Chile. The Patagonian Icefields, A Unique Laboratory 
for Environmental and Climate Change Studies, Eds. G. Casassa, F. Sepulveda, R.M. 
Sinclair, Kluwer Academic/Plenum Publishers, New York, p. 157-167 (2002). 

Ginot, P., M. Schwikowski, U. Schotterer, H.W. Gäggeler, R. Gallaire, B. Pouyaud, 
Potential for climate variability reconstruction from Andean glaciochemical records, 
Annals of Glaciology 35, 35A120 (2002). 

Knüsel, S., P. Ginot, U. Schotterer, M. Schwikowski, H. W. Gäggeler, B. Francou, J. 
R. Petit, J. C. Simões, J. D. Taupin, Dating of two nearby ice cores from the Illimani, 
Bolivia, J. Geophys. Res. 107, doi:10.1029/2001JD002028 (2002). 

Data books and reports 
Tobler, L., Ch. Schnabel, P.W. Kubik, M. Schwikowski, H.W. Gäggeler, Messung 
von atmosphärischem 7Be, 10Be und 210Pb an der hochalpinen Station Jungfraujoch, 
Umweltradioaktivität und Strahlendosen in der Schweiz 2001, Ed. H. Völkle, M. 
Gobet, Bundesamt für Gesundheitswesen, Abteilung Strahlenschutz, B. 4.5.1-4.5.5 
(2002). 

Magazine and Newspapers articles 
Der Bund, Klimaforscher lesen im Archiv des ewigen Gletschereises, 30 March 2002. 

Tagesanzeiger, Im tiefen Eis stecken geblieben, 7 June 2002. 

Magazin Umwelt, Umweltgedächtnis im Gletschereis, Winter 2002, BUWAL. 
 
Address: 
Paul Scherrer Institut 
Labor für Radio- und Umweltchemie 
CH-5232 Villigen PSI 
Switzerland 
 
Contacts: 
Margit Schwikowski 
Tel.: +41 56 310 4110 
Fax: +41 56 310 4435 
e-mail: margit.schwikowski@psi.ch 
URL: http://lch.web.psi.ch/ 

mailto:margit.schwikowski@psi.ch
http://lch.web.psi.ch/
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Name of research institute or organization: 
I. Physikalisches Institut, Universität zu Köln  
 
Title of project: 
KOSMA  - Kölner Observatorium für Submm-Astronomie  
 
Project leader and team: 
Prof. Dr. Jürgen Stutzki,  project leader 
Dr. M. Miller, station manager 
Dr. C. Kramer, Dr. S. Jeyakumar, Dr. B. Mookerjea, M. Brüll, H. Jakob   
 
Project description: 
The large scale distribution, physical and chemical conditions of the interstellar 
matter 
The central topic is the spectrally resolved observation of the global distribution of 
the interstallar matter in the Milky Way and nearby external galaxies, using the 
important mm-, submm-lines of CO (and its isotopomers), and atomic carbon ([CI] 
492 and 809 GHz. These observations have been carried out with the KOSMA 3m-
telescope. Two SIS receivers were used, a dual channel receiver operating at 230 
GHz and 350 GHz (the transitions CO(3-2) and CO(2-1) can be observed simul-
taneously), and the new  dual frequency array receiver SMART which allowed a 
series of successful observations of both [CI]-lines simultaneously. 
Observations were done in the star forming regions W3, S140, S106, Orion BN/KL, 
NGC2068, NGC2023, NGC2024, Cepheus B, and other sources, in the Cygnus X 
region, in several dark clouds, in the galactic plane near l=45° (galactic ring survey), 
in galactic cirrus clouds, intermediate-velocity clouds (IVCs), and high-velocity 
clouds (HVCs) (Project of university of Bonn), and at the positions of 250 IRAS 
point sources (project of our guest observer Prof. Wu, university of Beijing). 
 
The KOSMA Galactic Ring observations 
We nearly finished the observations of the first selected field in the Galactic 
Molecular Ring. It is layed at l=45° ,…, 46°, b=-0.1°,…,+0.2° galactic coordinates at 
the outer part of the ring.  We are able to compare the transitions CO(J=3-2), CO(J=2-
1), 13CO(J=2-1) and 13CO(1-0) (from the Boston University survey). Analysing the 
structure of the different maps, we see the influence of star formation on the structure 
of the whole cloud. This winter we started the observations of a second field 
containing a cloud at the inner part of the ring. 
 
The Photon Dominated Region W3 Main 
Our observations of W3 Main are covering a region of 360" x 220" (4.2 pc x 2.6 pc). 
We observed the two [CI] fine structure lines and in the CO(4-3) (7-6) rotational lines 
with the SMART@KOSMA receiver (Sub-Millimeter Array Reveiver for Two 
Frequencies) on the Gornergrat. The observations were done in Dual-Beam-Switch 
mode with a 6' chop throw in azimuth. Additional larger scale observations at low-J 
CO transitions (see Table 2) were done in On-The-Fly mode with the dual channel 
230/345 GHz SIS receiver. 
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Species Transition Frequency[GHz] Points Beamwidth [“] 
13CO 
  CO 
  CO 
  CO 
  C0 
  C0 

J = 3  2 
J = 3  2 
J = 4  3 
J = 7  6 
3P1   3P0 
3P2   3P1 

  330.588 
  345.796 
  461.041 
  806.652* 
  492.1607* 
  809.3420* 

 1091 
 1091 
   192 
   192 
   192 
   192 

       85 
       85  
       57 
       42 
       55 
       42 

* Simultaneous observation 
 
                           Table: KOSMA observational  parameters 
 
Cygnus X 
Cygnus X is one the most active, nearby Giant Molecular Cloud (GMC) complex 
with ongoing high-mass star formation. In order to investigate the relationship 
between the global GMC complex structure and the star formation activity, we draw 
the global view of the high-density regions of Cygnus X based on a complete 13CO(3-
2)/(2-1) survey with KOSMA. We also started large scale [CI] 1-0 and 2-1 obser-
vations of selected regions in Cygnus X during the winter period 2002/2003. 
 
 

 
 
Left panel: Extinction map derived from 2MASS data for the Cygnus X region. The 
dotted polygon boxes correspond to a total area of ~ 8 square degrees to be mapped in 
13CO with KOSMA. Right panel: Close-up view of the Cyg-North/DR21 complex. 
The image displays the MSX 8.3 µm emission. The white contour map shows the 
total integrated intensity in 13CO(3-2) already imaged with KOSMA. The triangles 
display 33 compact millimeter sources which are high-mass protostar candidates. 

 



International Foundation HFSJG 
Activity Report 2002 

107 

Galactic Cirrus clouds, IVCS, and HVCs 
For this ongoing project of the Radio Astronomical Institute of the University of 
Bonn we made observations of 12CO(3-2),(2-1) and the [CI] transitions at 492Ghz 
and 809 GHz in the Draco nebula. Several excellent submm-weather periods allowed 
to map 4 extented parts of the cloud in the [CI](1-0)-line. This was the first time that 
the lower [CI] transition was observed in galactic cirrus clouds. 
 
Key words: 
Interstellar matter, ISM, PDR, millimeter, submillimeter wave telescope, SIS 
reciever, array reciever 
 
Internet data bases: 
http://www.ph1.uni-koeln.de/gg 
 
Collaborating partners/networks: 
Astronomisches Institut der Universität Bonn,  MPI für Radioastronomie Bonn, 
Universität Bern, Institut für angewandte Physik, Center of Astrophysics, Boston, 
USA, Observertoire de Bordeaux 
 
Scientific publications and public outreach 2002 (KOSMA relevant only): 
Refereed journal articles 
Ossenkopf, V. and Mac Low, M.-M., Turbulent velocity structure in molecular clouds 
A&A 390, 307, 2002.  

Ossenkopf, V., Molecular line emission from turbulent clouds, A&A, 391, 295, 2002. 

Schneider, N., Simon, R., Kramer, C., Stutzki, J. and Bontemps, S., A multiwave-
length study of the S106 region. I. Structure and dynamics of the molecular gas , 
A&A, 384, 225, 2002. 

Conference papers 
Kramer, C., Alves, J., and Lada C., The Physical Structure of a Prestellar Core in IC 
5146, The Origins of Stars and Planets: The VLT View. Proceedings of the ESO 
Workshop held in Garching, Germany, 24-27 April 2001, 45., 45, 2002. 
 
Address: 
1. Physikalisches Institut 
Universität zu Köln 
Zülpicher Str. 77 
D-50937 Köln 
 
Contacts: 
Jürgen Stutzki (observatory director) Martin Miller (station manager) 
Tel.: +49 221 470 3494  Tel.: +49 221 470 3558 
Fax:  +49 221 470 5162 Fax: +49 221 470 5162 
e-mail: stutzki@ph1.uni-koeln.de e-mail: miller@ph1.uni-koeln.de 
 
URL: http//www.ph1.uni-koeln.de/kosma.html 

mailto:stutzki@ph1.uni-koeln.de
http://www.ph1.uni-koeln.de/kosma.html
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Name of research institute or organization: 
Institut für Angewandte Physik, Universität Bern  
 
Title of project: 
Solar Sub-Millimeter Flare Observations with KOSMA  
 
Project leader and team: 
Dr. A. Magun, project leader 
Thomas Lüthi, Dr. Axel Murk 
 
Project description: 
The process of electron acceleration during solar flares is still unknown and only few 
observations are available that allow its investigation at relativistic energies. The sub-
millimeter wave emission  is due to synchrotron radiation from relativistic electrons 
and thus carries important information about the electron distribution at high energies. 
Observations of the sub-millimetric flare spectrum with KOSMA (Köln Observatory 
for Sub-Millimeter and Millimeter Astronomy) at Gornergrat, together with our 
observations at millimetric wave lengths,  are carried out to study the dynamics of 
electron acceleration.  
So far one event has been observed at 230 and 345 Ghz (see activity report 2001), its 
analysis recently being completed. The most important results are: (a) that the sub-
millimeter emission spectrum during one of the several acceleration phases was very 
flat (spectral index -0.9) and (b) that a late thermal phase persisted over several hours. 
Our analysis also showed that the accuracy of flux measurement can be considerably 
improved by using a multi beam setup that allows to pinpoint the location of the sub-
mm flare source with an accuracy of better than a few arc seconds. As the position 
measurements can be made with millisecond sampling times also flare fragmentation 
can be studied. For this purpose a 3 beam receiver at 212 Ghz and optics for its 
incorporation into the KOSMA telescope was designed. Flare observation with this 
new instrumentation are planned during early summer 2003.  
 
Key words: 
 
Internet data bases: 
 
Collaborating partners/networks: 
 
Scientific publications and public outreach 2002: 
Report 
Thomas Lüthi und Andreas Magun, Rekonstruktion der Flussdichte des Flares vom 
12. April 2001 bei 230 und 345 Ghz, IAP-Forschungsbericht Nr. 2002-6. 
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Institut für Angewandte Physik 
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Contacts: 
Andreas Magun 
Tel.: +41 31 631 8914 
Fax: +41 31 631 3765 
e-mail: magun@mw.iap.unibe.ch 
URL: http://www.iapmw.unibe.ch/ 
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Name of research institute or organization: 
Istituto di Radioastronomia  -  CNR 
Sezione di Firenze 
 
Title of project:  
TIRGO 
 
Project leader and team:  
Prof. Gianni Tofani 
 
Project description: 
The observations proceeded as usual by using the near-IR camera ARNICA, the near-
IR photometer FIRT and the mid-IR camera TIRCAM2.  
In February 2002 a new instrument was tested at the telescope. It is based on a 
cryogenic heterodyne receiver for 809 GHz developed in collaboration with the 
University of Canterbury and RAL (UK).  
 
Key words 
infrared astronomy, infrared instrumentation 
 
Collaborating partners/networks:  
Several Italian institutions are collaborating with us in the development of new 
instruments: among the others, the Turin Astronomical Observatory and two institutes 
of the CNR located in Rome, IAS and IFSI. 
 
Scientific publications and public outreach 2002: 
Buat, V., Boselli, A., Gavazzi, G., Bonfanti, C., "Star formation and dust extinction in 
nearby star forming and starburst galaxies" 2002, AA, 393, 801.  

Busso, M.; Tosti, G.; Persi, P.; Ferrari-Toniolo, M.; Ciprini, S.; Corcione, L.; 
Gasparoni, F.; Dabalà, M. "The IRAIT Project" 2002, Publications of the Astro-
nomical Society of Australia, Volume 19, Issue 3, pp. 306-312.  

Hunt, L, Giovanardi, C. Helou G., "Hot dust in normal star-forming galaxies: JHKL' 
photometry of the ISO Key Project Sample" 2002, A&A 394, 873.  

Mannucci, F., Masetti, N.; Pian, E.; Ranfagni, P.; Covino, S.; Israel, G.L. "Near-
infrared observations of GRB020322 at TIRGO" GCN 1309 1.  

Pierini, D., Gavazzi, G., Franzetti, P., Scodeggio, M., and Boselli, A. "1.65 micron 
(H-band) surface photometry of galaxies. VIII: the near-IR k-space at z=0" 2002, 
MNRAS, 332, 422.  
Pierini, D., "New clues to the evolution of dwarf early-type galaxies" 2002, MNRAS, 
330, 997. 

Richichi, A.; Calamai, G.; Stecklum, B. "New binary stars discovered by lunar 
occultations. VI." 2002, A&A 382, 178. 

M. Scodeggio, G. Gavazzi, P. Franzetti, A. Boselli, S. Zibetti, D. Pierini "1.65 micron 
(H-band) surface photometry of galaxies. IX: photometric and structural properties of 
galaxies" 2002, A&A, 384, 812.  
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S. Zibetti, G. Gavazzi, M. Scodeggio, P. Franzetti, A. Boselli "1.65 micron H-band 
Surface Photometry of Galaxies. X: Structural and Dynamical Properties of Elliptical 
Galaxies, 2002, ApJ, 579, 261.  

 
Address: 
On January 1, 2002, the institute has changed its name in: 
CNR, Istituto di Radioastronomia, sezione di Firenze 
Largo Enrico Fermi 5 
I-50125 Firenze 
 
Contacts:  
Gianni Tofani    Tel. +39 055 275 2217   e-mail: tofani@arcetri.astro.it 
Filippo Mannucci, Tel. +39 055 2752 230 e-mail: filippo@arcetri.astro.it 
URL: www.arcetri.astro.it/irlab/tirgo:     Tirgo home page  
          tirgo.arcetri.astro.it/:                      Tirgo data archive 
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Name of research institute or organization: 
Physikalisches Institut, Universität Bern  
 
Title of project: 
SONTEL  - Solar Neutron Telescope for the identification and the study of high-
energy neutrons produced in energetic eruptions at the Sun 
 
Project leader and team: 
Prof. E.O. Flückiger, project leader 
Dr. R. Bütikofer 
Mr. M.R. Moser 
Dr. L. Desorgher 
 
Project description: 
The Solar Neutron Telescope (SONTEL) has been in operation at Gornergrat since 
1998. It represents the European cornerstone of a worldwide network of low- and 
medium-latitude, high-altitude detectors (as shown in Figure 1) for the identification 
and the study of high-energy neutrons produced in energetic eruptions 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.  

 

Figure 1: The worldwide network of Solar Neutron Telescopes. 

 

Although SONTEL was in continuous operation during 2002, no solar neutron events 
were recorded. However, in December 2002, with the Sun showing no evidence for 
high-energy activity, we again observed a period of increased count rates in 
association with enhanced environmental radioactivity. This event is similar to the 
one recorded in April 2001, the cause of which is still unknown. 

Several additions were made to the instrumentation. The installation of a new and 
more powerful uninterruptible power supply (UPS) in March 2002 has clearly 
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improved the reliability in the operation of the detector. The interesting 
environmental radioactivity measurements made during a campaign in spring 2001 
prompted us to permanently operate a radioactivity monitoring unit in the laboratory 
container of SONTEL. We installed the same type of environmental radioactivity 
monitoring unit as used during the 2001 campaign, i.e. a “Gamma Tracer” unit 
manufactured by Genitron Instruments GmbH, Frankfurt am Main, Germany. For 
comparison, another “Gamma Tracer” unit was placed in the detector housing of the 
NM64 neutron monitor at Jungfraujoch. We are convinced that additional 
measurements will finally help us in identifying the cause of these intensity increases. 

For a proper interpretation of the SONTEL recordings, it is essential to know the 
relationship between the counting rates of the detector and the primary particle flux 
penetrating the Earth’s atmosphere. This relationship can hardly be determined 
experimentally. Within the scope of his diploma thesis, Michael Moser developed 
two Monte Carlo applications to determine the detector properties of SONTEL at 
Gornergrat theoretically. The Monte Carlo codes are based on CERN’s GEANT3 
libraries, which allow the simulation of the interaction processes of radiation with 
matter. With an unprecedented degree of particularization, the first application 
calculates the efficiencies of the various SONTEL channels for neutrons, protons, 
muons, electrons, and gamma-radiation in the energy range 40 MeV – 20 GeV. The 
second GEANT3 application determines the secondary particle spectra in the 
atmosphere above the detector as function of the primary neutron energy. Together, 
the two programs allow the simulation of the detector response to solar neutrons 
during solar cosmic ray events. The simulation of a solar neutron event of the same 
magnitude and type as the one on June 3, 1982, showed that the lowest energy 
neutron channel of SONTEL can identify solar neutrons above ~ 400 MeV with a 
significance of up to ~ 10σ in the one-minute values. In Figure 2 the simulated 
relative one-minute counting rates of the SONTEL neutron channels for the June 3, 
1982, solar neutron event are compared with the measurements of the 18-IGY 
neutron monitor at Jungfraujoch. As can be seen, the simulated response of SONTEL 
is comparable in amplitude with the response of the neutron monitor. In contrast to 
the neutron monitor recordings, however, the SONTEL data allow for a clear 
identification of the intensity increase as a solar neutron event via the comparison of 
the count rates in the SONTEL energy channels with and without anticoincidence of 
the scintillators and the proportional counters acting as a veto shield. The simulations 
also revealed certain limitations of SONTEL in its present configuration in providing 
information on the primary neutron spectrum and the solar neutron arrival direction. 

The developed Monte Carlo applications are a convenient tool to simulate possible 
improvements of the SONTEL detector such as the optimal choice of the 
discriminator levels or the installation of additional absorbers for an enhanced 
directional resolution. 
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Figure 2: Increase in the 18-IGY neutron monitor counting rate at Jungfraujoch 
recorded during the solar neutron event on June 3, 1982. The simulated relative 
increases in the SONTEL neutron channels > 40, > 80, > 120, and > 160 MeV are 
indicated for three one-minute intervals during the maximum of the solar neutron 
event. 

This research is supported by the Swiss National Science Foundation (grant NF 20-
067092.01) and the Grant-in-Aid for Scientific Research on Priority Area (B) of the 
Ministry of Education, Science, Sports and Culture, Japan. 

 
Key words: 
Astrophysics, cosmic rays, solar neutrons 
 
Internet data bases: 
http://kspc4.unibe.ch/sontel.html 
http://stelab.nagoya-u.ac.jp/ste-www1/div3/CR/ Neutron/index.html 
 
Collaborating partners/networks: 
Prof. Y. Muraki , Prof. Y. Matsubara, Dr. T. Sako, Dr. H. Tsuchiya, Solar Terrestrial 

Environment Laboratory, Nagoya University, Nagoya 464-8601, Japan 
Prof. T. Sakai; Physical Science Lab., College of Industrial Technology, Nihon 

University, 2-11-1 shin-ei, Narashino-shi, Chiba 275, Japan 
Prof. A. Chilingarian, Cosmic Ray Divison, Yerevan Physics Institute, Yerevan, 

375036, Armenia 
 
 

http://kspc4.unibe.ch/nm
http://stelab.nagoya-u.ac.jp/ste-www1/div3/CR/Neutron/index.html
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Scientific publications and public outreach 2002: 
Conference papers 
Flückiger, E.O., R. Bütikofer, and M.R. Moser, Cosmic Ray Measurements at 
Jungfraujoch and Gornergrat, Proc. Workshop on ‘Atmospheric Research at the 
Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 54-55, 2002. 

Watanabe, T., Cosmic-Ray Data Center Activity for Space Weather, Proc. 22nd ISTC 
Japan Workshop on Space Weather Forecast in Russia/CIS, Nagoya, Japan, 5-6 June 
2002, Nagoya University STE Laboratory, Vol. 2, 109, 2002. 

Muraki, Y., Space Weather Forecast with International Neutron Network, Proc. 22nd 
ISTC Japan Workshop on Space Weather Forecast in Russia/CIS, Nagoya, Japan, 5-6 
June 2002, Nagoya University STE Laboratory,Vol. 2, 101, 2002. 

Thesis 
Moser, M.R., Solar Neutron Telescope Gornergrat - Monte Carlo Simulation of 
Detector Properties, Diploma Thesis, Universität Bern, 2002. Available at 
http://kspc4.unibe.ch/sontel.html  

 
Address: 
Physikalisches Institut 
Universität Bern 
Sidlerstrasse 5 
CH-3012 Bern 
 
Contacts: 
Dr. Rolf Bütikofer  
Tel.: +41 31 631 4058  
Fax: +41 31 631 4405 
e-mail: rolf.buetikofer@phim.unibe.ch 
URL: http://kspc4.unibe.ch/sontel.html 
http://www.phim.unibe.ch/cr/index.html 
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The International Foundation HFSJG in the News  
 

“Heilige Nacht auf 3580 Metern über Meer”, interview with M. Fischer, custodian of 
the research station Jungfraujoch, Radio 24 Zürich, December 24, 2002. 

“Zweischneidiger Verschmutzungseffekt - Schweizer Forscher erkunden die Wirkung 
von Aerosolen in der Atmosphäre”, Deutschlandfunk, 21 November, 2002. 

“Wenn kleine Partikel älter werden”, Neue Zürcher Zeitung, July 24, 2002. (CLACE-
2 experiment July 2002.) 

“Die geheimnisvollen Regenmacher”, July 23, 2002. (CLACE-2 experiment July 
2002.) in: St. Galler Tagblatt, Appenzeller Zeitung, Ostschweizer Tagblatt, Der 
Rheintaler, Mittelthurgauer Tagblatt, Bodensee Tagblatt, Wiler Zeitung, St. Galler 
Tagblatt Gossau, Der Toggenburger. 

Klimaforschung auf dem Jungfrajoch, Tagesschau SFDRS, 20 July 2002. 

“Internationaler Kongress in Interlaken: Auch Ozon heizt die Atmosphäre auf”, 
Zeitung im Espace Mitteland, July 11, 2002. (Ozone conference organized by Dr. Evi 
Schüpbach.) 

“Spurensuche hoch auf dem Jungfraujoch”, Blick, July 8, 2002. (CLACE-2 experi-
ment July 2002.) 

“Neues Klimamessgerät auf dem Jungfraujoch”, Neue Zürcher Zeitung, July 3, 2002. 
(CLACE-2 experiment July 2002.) 

“Sie haben auf dem Jungfraujoch einen coolen Job gefunden”, Blick, June 19, 2002. 
(Interview with Martin and Joan Fischer, custodians.) 

“Die schönen Berge im Kopf”, Zeitung im Espace Mittelland, June 20, 2002. (Review 
of an exhibition in Alpines Museum Bern that included the Research Station 
Jungfraujoch.) 

“Im tiefen Eis stecken geblieben”, 7 June 2002, Tagesanzeiger. 
“Der Tunnel zum Universum”, by Alex Baur, Photos by Andri Pol, GEO (Schauplatz 
Schweiz), Juni 2002. (Photos and report on the Research Station Jungfraujoch and 
Jungfraubahn.) 

“Auf dem Trampelpfad”, Solothurner Zeitung, Oltener Tagblatt, Langenthaler 
Tagblatt, Grenchener Tagblatt, April 16, 2002. (Critique of the television report of 
April 14, 2002, ‘Jobs im Hochgebirge’.) 

“Jobs im Hochgebirge”, SF2, April 14, 2002. (Television report on high alpine jobs, 
including the custodians at Jungfraujoch.) 

“Klimaforscher lesen im Archiv des ewigen Gletschereises”, Der Bund, 30 March 
2002. 

“Umweltgedächtnis im Gletschereis”, Magazin Umwelt, Winter 2002, BUWAL. 
“Traumjob in eisiger Höhe”, Zeitung im Espace Mittelland, March 13, 2002. (Inter-
view with Martin and Joan Fischer, custodians.) 

“piccobello”, auf Reisen mit Massimo Rocchi, Berner Oberland, SF1, February 28, 
2002. (TV report including references to the Research Station at Jungfraujoch.) 
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“Stürmische Nacht mit ‘Jennifer’, Blick, January 28, 2002. (Report on the storm 
Jennifer and its wind velocity at Jungfraujoch.) 

“Bergführer gingen ans Limit”, Berner Zeitung, Stadt Bern und Region, Stadt Bern 
und Region Freiburg, Oberaargau, Burgdorf und Emmental, January 5, 2002. (Report 
on a dangerous mission to save two mountain climbers. The research station custo-
dians were mentioned for serving breakfast to the exhausted rescue team.) 
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Chevillard, A., P. Ciais, U. Karstens, M. Heimann, M. Schmidt, I. Levin, D. Jacob, 
R. Podzun, V. Kazan, H. Sartorius, and E. Weingartner, Transport of 222Rn using 
the regional model REMO: A detailed comparison with measurements over Europe, 
Tellus, 54B, 850-871, 2002. 
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Laboratory for Environmental and Climate Change Studies, Eds. G. Casassa, F. 
Sepulveda, R.M. Sinclair, Kluwer Academic/Plenum Publishers, New York, p. 157-
167 (2002). 

Ginot, P., M. Schwikowski, U. Schotterer, H.W. Gäggeler, R. Gallaire, B. Pouyaud, 
Potential for climate variability reconstruction from Andean glaciochemical records, 
Annals of Glaciology 35, 35A120 (2002). 
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Gysel, M., E. Weingartner, and U. Baltensperger, Hygroscopicity of aerosol particles 
at low temperatures. 2. Theoretical and experimental hygroscopic properties of 
laboratory generated aerosols, Environ. Sci. Technol., 36 (1), 63-68, 2002. 
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Soluble Ions of the Aerosol at the High-Alpine Site Jungfraujoch (3580 m asl), J. 
Geophys. Res., 107, doi: 10.1029/2002JD002439, 2002. 
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troposphere by lidar from Jungfraujoch station (3580 m ASL), in Lidar remote 
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Calpini, B., I. Balin, O. Couach, R. Jimenez, P. Ristori, P. Quaglia, H. van den Berg 
and V. Simeonov, Air pollution study over Grenoble-France in summer 1999: lidar 
measurements and model predictions, in Lidar remote sensing in atmospheric and 
Earth Sciences, 21st InternationalLaserRadar Conference-Quebec Canada, 8-12 July 
2002, 169-172, 2002. 

De Mazière, M. and B. Barret, Retrieval of tropospheric information from ground-
based FTIR observations, supported by synergistic exploitation of various ground-
based and spaceborne measurement techniques and data, Poster presented at the 
EUROTRAC-2 2002 Symposium, Garmisch-Partenkirchen, March 11-15, 2002. 

Despotashvili, M.A., E.O. Flückiger, and N.A. Nachkebia, Forbush Decreases and 
Solar Activity Dependence of the Galactic Cosmic Ray Recurrent Variation, 18th 
European Cosmic Ray Symposium, Moscow, Russia, 8-12 July 2002, Symposium 
Program and Abstracts, 2002. 

Duchatelet, P., E. Mahieu, R. Zander, P. Demoulin, B. Barret and C.P. Rinsland, 
Updating the Jungfraujoch FTIR databases: current status, Poster presented at the 6th 
European Symposium on Stratospheric Ozone, Göteborg, Sweden, Sept. 2-6, 2002. 

Duchatelet, P., E. Mahieu, R. Zander, P. Demoulin, B. Barret, and C.P. Rinsland; 
Updating the Jungfraujoch database: current status, in Proceedings of the 6th 
European Symposium on Stratospheric Ozone, Göteborg, Sweden, September 2-6, 
2002, in press, 2002. 

Flückiger, E.O., On the Role of Cosmic Ray Measurements in a European Space 
Weather Programme, 18th European Cosmic Ray Symposium, Moscow, Russia, 8-12 
July 2002, Symposium Program and Abstracts, 2002. 

Flückiger, E.O., R. Bütikofer, and M.R. Moser, Cosmic Ray Measurements at 
Jungfraujoch and Gornergrat, Proc. Workshop on ‘Atmospheric Research at the 
Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 54-55, 2002. 

Freudenthaler, V., et al, Intercomparison of 21 aerosol lidar systems in the frame of 
EARLINET, 21st InternationalLaserRadar Conference-Quebec Canada, 8-12 July 
2002, 297-300, 2002 

Gerber D., O. Lezeaux, and N. Kämpfer, A profile of the isotopic abundance of (18)0 
in stratospheric water vapour, EGS 27th General Assembly, Nice, France, April 2002. 

Gruber, S, W. Haeberli, and J. Noetzli, The Thermal Regime of Steep Alpine Rock 
Faces, 2002, American Geophysical Union, 2002 Fall Meeting, San Francisco. 
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Guerova G., J.-M. Bettems, E. Brockmann, and Ch. Matzler (2002a), Assimilation of 
GPS in the Alpine Model: sensitivity experiment. Proceedings of the COST-716 
workshop Potsdam, Jan. 28-29, 2002. 

Guerova, G., J.-M. Bettems, E. Brockmann, and Ch. Matzler (2002b), Assimilation 
of the GPS-derived Integrated Water Vapour (IWV) in the MeteoSwiss Numerical 
Weather Prediction model - a first experiment, in Proceedings of the EGS XXVII 
General Assembly Nice, 21 - 26 April, 2002, Session 9 on Evolving Space Geodesy 
Techniques, Physics and Chemistry of the Earth (in prep.) 

Hendrick, F., M. Van Roozendael, C. Fayt, C. Hermans, J.-C. Lambert, and M. De 
Mazière, Long-term total column NO2 SAOZ measurements at the Jungfraujoch, as 
part of the NDSC, Poster presentation at the Workshop on Atmospheric Research at 
the Jungfraujoch and in the Alps, 182nd Annual Congress of the Swiss Academy of 
Sciences, Davos, Switzerland, 24-27 September 2002. 

Kramer, C., J. Alves, and C. Lada, The Physical Structure of a Prestellar Core in IC 
5146, The Origins of Stars and Planets: The VLT View, Proceedings of the ESO 
Workshop held in Garching, Germany, 24-27 April 2001, 45., 45, 2002. 

Lambert, J.-C., A Review of Observational Data on Stratospheric NO2, Solicited oral 
presentation at the World Space Congress II/34th COSPAR Scientific Assembly, 
Special Session on COSPAR International Reference Atmospheres (CIRA), Houston, 
Texas (USA), 10-19 October, 2002. 

Lambert, J.-C., J. Granville, F. Hendrick, M.P. Chipperfield, and M. Van 
Roozendael, Diurnal cycle of stratospheric NO2 and its effects on the interpretation 
of multi-platform measurements, Poster presentation at the World Space Congress 
II/34th COSPAR Scientific Assembly, Session on Trace Constituents in the Tropo-
sphere and Lower Stratosphere, Houston, Texas (USA), 10-19 October 2002. 

Lambert, J.-C., J. Granville, V. Soebijanta, and M. Van Roozendael, Preliminary 
Evaluation of GOME Data Processor Upgrade to Version 3.0, Invited talk at the 
GOME User Consultation Meeting, ESA/ESRIN, Frascati, Italy, 28-29 January 2002. 

Levin, I. and B. Kromer, Long-term measurements of 14CO2 at Jungfraujoch: 
Observing fossil fuel CO2 over Europe, Proc. Workshop on ‘Atmospheric Research 
at the Jungfraujoch and in the Alps’, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 19-20, 2002. 

Mahieu, E., C. P. Rinsland, R. Zander, P. Duchatelet, C. Servais, and M. De Mazière, 
Tropospheric and stratospheric carbonyl sulfide (OCS): long-term trends and 
seasonal cycles above the Jungfraujoch station, in Proceedings of the 6th European 
Symposium on Stratospheric Ozone, Göteborg, Sweden, September 2-6, 2002, in 
press, 2002. 

Mahieu, E., C.P. Rinsland, R. Zander, P. Duchatelet, C. Servais and M. De Mazière, 
Tropospheric and Stratospheric Carbonyl Sulfide (OCS): Long-term Trends and 
Seasonal Cycles above the Jungfraujoch Station, Poster presented at the 6th 
European Symposium on Stratospheric Ozone, Göteborg, Sweden, Sept. 2-6, 2002. 

Marty, Ch., Surface radiation budget and cloud forcing in the Alps, Third GAW-CH 
Conference: Ozone, Radiation and Aerosols, Zürich, 85-87, 2002. 

Miller, John M., Past achievements and future direction of the GAW-CH 
Programme, Concluding Remarks at the Third GAW-CH Conference: Ozone, 
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Radiation and Aerosols, Zürich, 2002. 

Mironova, I., C. Böckmann and R. Nessler, Microphysical Parameters from 3-Wave-
length Raman Lidar, in Lidar remote sensing in atmospheric and Earth Sciences, 21st 

InternationalLaserRadar Conference, Quebec, Canada, 8-12 July 2002, 585-588. 

Muraki, Y., Space Weather Forecast with International Neutron Network, Proc. 22nd 
ISTC Japan Workshop on Space Weather Forecast in Russia/CIS, Nagoya, Japan, 5-6 
June 2002, Nagoya University STE Laboratory,Vol. 2, 101, 2002. 
Papalardo, G. et al, EARLINET measurements of the aerosol extinction-to-
backscatter ratio, 21st InternationalLaserRadar Conference, Quebec, Canada, 8-12 
July 2002, 301-304. 

Papayanis, A. et al, Two years of continuous observations of Saharan dust events 
over the European continent using a coordinated LIDAR Network in the frame of the 
EARLINET Project, in Lidar remote sensing in atmospheric and Earth Sciences, 21st 

InternationalLaserRadar Conference, Quebec, Canada, 8-12 July 2002, 309-31. 

Philipona, R. and Ch. Wehrli, Towards radiometric standards for longwave radiation 
and aerosol optical depth measurements, Third GAW-CH Conference: Ozone, 
Radiation and Aerosols, Zürich, 76-79, 2002. 

Philipona, R., C. Wehrli, A. Heimo, and L. Vuilleumier, Radiation Measurements 
and Climate Change in the Alps, Proc. Workshop on Atmospheric Research at the 
Jungfraujoch and in the Alps, Davos, Switzerland, 20 September 2002, Swiss 
Academy of Sciences SAS, 21-22, 2002. 

Reimann, S. et. al., Ambient air measurements of halogenated greenhouse gases at 
Jungfraujoch as a tool for verification of their anthropogenic emissions, IGAC 
meeting, Crete, Greece, 2002. 

Reimann, S. et. al., Emission estimates of halogenated greenhouse gases by analysis 
of on-line measurements at a high Alpine station (Jungfraujoch), EUROTRAC 
conference proceedings Garmisch-Partenkirchen, Germany, 2002. 

Reimann, S., et. al., Estimated emissions of halogenated greenhouse gases by analy-
sis of on-line measurements at a high Alpine station (Jungfraujoch), Conference on 
Non-CO2 Greenhouse Gases, Den Haag, Netherlands, 2002. 

Sartorius, H., W. Weiss and H.H. Loosli: 10 years of 85Kr Results on Samples from 
Jungfraujoch, and still it is very interesting, Workshop on ‘Atmospheric Research at 
the Jungfraujoch and in the Alps’, Davos, 20 September 2002, Swiss Academy of 
Sciences SAS, 56-57, 2002 

Simeonov, V. B. Calpini, and H. van den Bergh, New Raman-shifted sources for 
ozone DIAL applications, in Lidar remote sensing in atmospheric and Earth 
Sciences, 21st InternationalLaserRadar Conference, Quebec, Canada, 8-12 July 2002, 
19-22. 

Simeonov, V., B. Calpini, I. Balin, P. Ristori, R. Jimenez, and H. van den Bergh, UV 
ozone DIAL based on a N2 Raman converter, design and results during ESCOPMTE 
field campaign, in Lidar remote sensing in atmospheric and Earth Sciences, 21st 

InternationalLaserRadar Conference, Quebec, Canada, 8-12 July 2002, 403-406. 

Third GAW-CH Conference, Ozone, Radiation and Aerosols, Zürich, 23 October 
2002, Proceedings, Swiss Agency for the Environment, Forests and Landscape, 
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Environmental Documentation No. 153 Air, 2002. 

Troller, M., E. Brockmann, M. Cocard, and A. Geiger (2002), GPS Derived Path-
delays Versus Four-Dimensional Meteorological Modelling; COST-716 workshop 
Potsdam, Jan. 28-29, 2002. 

Vasic V., N. Kämpfer and D.G. Feist, AMSOS - Airborne Millimeter- and Submilli-
meter Observing System, Second International Microwave Radiometer Calibration 
Workshop, Barcelona, Spain, October, 2002. 

Watanabe, T., Cosmic-Ray Data Center Activity for Space Weather, Proc. 22nd ISTC 
Japan Workshop on Space Weather Forecast in Russia/CIS, Nagoya, Japan, 5-6 June 
2002, Nagoya University STE Laboratory,Vol. 2, 109, 2002. 

 
Book sections 
Balin, I., G. Larchevêque, P. Quaglia, V. Simeonov, H. van den Bergh, and 
B. Calpini, Water vapor vertical profile by Raman lidar in the free troposphere from 
the Jungfraujoch Alpine Station, in M. Beniston, (ed.), Climatic Change: Impli-
cations for the Hydrological Cycle and for Water Management, Advances in Global 
Change Research, 10. Kluwer Academic Publishers, Dordrecht and Boston, 123-138, 
2002. 

Flückiger, E.O., The High Altitude Research Station Jungfraujoch, in Ellis, N. and 
J. March-Russell (eds.), Proceedings, 2001 European School of High-Energy 
Physics, Beatenberg, Switzerland, 26 August – 8 September 2001, 385-394, 2002 
(ISBN 92-9083-194-4). 

Zander, R., E. Mahieu, C. Servais, G. Roland, P. Duchatelet, P. Demoulin, L. 
Delbouille, C. P. Rinsland, M. De Mazière, and R. Blomme, Potential of the NDSC 
in support of the Kyoto Protocol: Examples from the station Jungfraujoch, 
Switzerland, in Proceedings of The Third International Symposium on Non-CO2 
Greenhouse Gases: Scientific Understanding, Control Options and Policy Aspects, 
Maastricht, The Netherlands, January 21-23, 2002, J. Van Ham et al. (eds.), 
Millpress-Rotterdam Publishers, ISBN 90 77017-70-4, 305-310, 2002. 

 
Theses 
Henning, S., Aerosol and Cloud Microphysics at the High-Alpine Site Jungfraujoch 
(3850 m asl), PhD thesis, Universität Bern, 2002. 

Larchevêque, G., Development of the Jungfraujoch multiwavelength lidar system for 
continuous observations of the aerosol optical properties in the free troposphere, PhD 
thesis EPFL, N° 2539, 2002. 

Mahieu, E., L'évolution du chlore inorganique au-dessus du Jungfraujoch et le 
Protocole de Montréal, PhD Thesis, University of Liège, 17 Allée du 6 Août, 4000-
Liège, Belgium, pp. 1-172, December 2001. 

Moser, M.R., Solar Neutron Telescope Gornergrat - Monte Carlo Simulation of 
Detector Properties, Diploma Thesis, Universität Bern, 2002. Available at 
http://kspc4.unibe.ch/sontel.html 

 

http://kspc4.unibe.ch/sontel.html
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Data books and reports 
Annalen MeteoSchweiz 2001, June 2002. 

Brockmann E., R. Hug and Th. Signer (2002a): Geotectonics in the Swiss Alps using 
GPS. In: Torres J.A. and H. Hornik (Eds): Subcommission for the European 
Reference Frame (EUREF). EUREF Publication No. 11 (in prep.). 

Data of the 18IGY-Neutron Monitor Jungfraujoch, 01.01.-30.06.2002 

Data of the 18IGY-Neutron Monitor Jungfraujoch, 01.07.-31.12.2002 

Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.01.-30.06.2002 

Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.07.-31.12.2002 

De Mazière, M., and B. Barret, Retrieval of tropospheric information from ground-
based FTIR observations, supported by synergistic exploitation of various ground-
based and space-borne measurement techniques and data, in Annual Report 2001- 
TROPOSAT: The Use and Usability of Satellite Data for Tropospheric Research, 
EUROTRAC-2 International Scientific Secretariat (ISS), GSF-National Research 
Centre for Environment and Health,  Munich, Germany, p. 146-150, May 2002.  

De Mazière, M., R. Colin, D. de Muer, R. Zander, The Earth Observing System: 
Synergy between Ground-based and Satellite Observations and Model Experiments, 
in Space Scientific Research in Belgium, Volume 3: Earth Sciences, Part III, 1994-
2000, pp. 9-32, 2002. 

Global Change Abstracts: The Swiss Contribution, ProClim, 2002. 

Labor für Radio- und Umweltchemie der Univerität Bern und des Paul Scherrer 
Instituts, Annual Report 2001, 2002. 

Lambert, J.-C., M. Van Roozendael, M. De Mazière, Development, Validation and 
Exploitation of ERS-2 GOME Satellite Data: Overview and Perspectives for 
ENVISAT, in Space Scientific Research in Belgium, Volume 3: Earth Sciences, Part 
III, 1994-2000, pp. 47-66, 2002. 

Lüthi, Thomas und Andreas Magun, Rekonstruktion der Flussdichte des Flares vom 
12. April 2001 bei 230 und 345 Ghz, IAP-Forschungsbericht Nr. 2002-6. 

Mannucci, F., Masetti, N.; Pian, E.; Ranfagni, P.; Covino, S.; Israel, G.L. Near-
infrared observations of GRB020322 at TIRGO, GCN 1309 1, March 2002. 

Montzka, S. A., P. J. Fraser, J. H. Butler, D. Cunnold, J. Daniel, D. Derwent, P. S. 
Connell, S. Lal, A. McCulloch, D. E. Oram, C. E. Reeves, E. Sanhueza, P. Steele, G. 
J. M. Velders, and R. Zander, Controlled substances and other source gases, Chapter 1 
of WMO Scientific Assessment of Ozone Depletion: 2002, WMO-Geneva, in press, 
2002. 

NABEL, Luftbelastung 2001, Schriftenreihe Umwelt Nr. 343 Luft, Bundesamt für 
Umwelt Wald und Landschaft, Bern 2002. 

Tobler, L., Ch. Schnabel, P.W. Kubik, M. Schwikowski, H.W. Gäggeler, Messung 
von atmosphärischem 7Be, 10Be und 210Pb an der hochalpinen Station Jungfraujoch, 
Umweltradioaktivität und Strahlendosen in der Schweiz 2001, Ed. H. Völkle, M. 
Gobet, Bundesamt für Gesundheitswesen, Abteilung Strahlenschutz, B. 4.5.1-4.5.5 
(2002). 

Umweltradioaktivität und Strahlendosen in der Schweiz 2001, Bundesamt für 
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Gesundheit, June 2002. 

Zander, R., E. Mahieu, P. Demoulin, F. Mélen, C. Servais, and P. Duchatelet, 
Monitoring of the variability and long-term evolution of tropospheric constituents by 
infrared solar absorption spectrometry at the Jungfraujoch, Switzerland, in Annual 
Report 2001- TROPOSAT: The Use and Usability of Satellite Data for Tropospheric 
Research, EUROTRAC-2 International Scientific Secretariat, Munich, Germany, pp. 
192-196, 2002. 

 
Public outreach / Popular publications 
Jungfrau, Mönch & Eiger, Exhibition in the Schweizerisches Alpines Museum, 
Helvetiaplatz 4, CH-3005 Bern; including historical and current photos of the 
Research Station Jungfraujoch, June 20 – December 1, 2002. 

TV report on a Rumanian researcher at EPFL who works with the lidar experiment at 
Jungfraujoch, produced in June 2002 in Lausanne and at Jungfraujoch by Irina Luca 
and Sorin Popa, Televiziunea Romana, Bucarest, Rumania, broadcast on October 15, 
2002. 

Radio presentation “Atomes crochus”, Radio Suisse Romande 1, produced by Marc 
Bermann, July 31, 2002, with Ioan Balin of EPFL and member of the lidar experiment 
team at Jungfraujoch. 
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Index of research groups / institutes 
Research group / institute Project Page 

ABB Switzerland, Ltd., 
Semiconductors 

Cosmic ray induced failures in biased high power 
semiconductor devices 

85 

Belgian Institute for Space 
Aeronomy 

Atmospheric physics and chemistry  
http://www.oma.be/BIRA-IASB/ 
http://www.ndsc.ncep.noaa.gov/ 
http://www.nilu.no/projects/nadir 

81 

Berner Fachhochschule, 
Hochschule für Technik und 
Architektur (HTA) Burgdorf 

Photovoltaic Plant Jungfraujoch  
http://www.pvtest.ch/ 

23 

Bundesamt für 
Landestopographie 

Automated GPS Network in Switzerland (AGNES)  
http://www.swisstopo.ch 
http://www.knmi.nl/samenw/cost716/ 

47 

Climate and Environmental 
Physics, University of Bern  

AEROCARB: Airborne European Regional Observations 
of the Carbon Balance 
http://www.climate.unibe.ch/ 
http://www.aerocarb.cnrs-gif.fr/ 
http://www.bgc-jena.mpg.de/public/carboeur/ 

51 

Climate and Environmental 
Physics, University of Bern 

85Kr activity determination in tropospheric air 
http://www.climate.unibe.ch/ 

99 

DALSA, The Netherlands Study of the influence of cosmic rays on the reliability of 
solid-state image sensors 
http://www.dalsa.com/ 

89 

Departement Medizin, 
Universität Fribourg 

Physiological observation on high altitude adaptation 
http://www.unifr.ch/med/ 

73 

Department of Chemistry, 
University of Leeds 

Free Tropospheric Experiment 2002 (FREETEX 02): Study 
of non-methane hydrocarbons in the free troposphere using 
gas chromatography 
http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html 

75 

École Polytechnique Fédérale 
de Lausanne (EPFL) 

Study of the atmospheric aerosols, water vapor and 
temperature by LIDAR 
http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.ht
ml 

11 

EMPA Dübendorf, Swiss 
Federal Laboratories for 
Materials 

Monitoring of halogenated greenhouse gases 
http://www.nilu.no/niluweb/services/soge/ 

31 

EMPA Dübendorf, Swiss 
Federal Laboratories for 
Materials 

NABEL; National Air Pollution Monitoring Network  
http://www.empa.ch/ 

35 

I. Physikalisches Institut,  
Universität zu Köln 

KOSMA  - Kölner Observatorium für Submm-Astronomie 
http://www.ph1.uni-koeln.de 
http://www.ph1.uni-koeln.de/gg 

105 

Institut für Umweltphysik, 
Universität Heidelberg  

Long-term observations of 14CO2 at Jungfraujoch 
http://www.iup.uni-
heidelberg.de/institut/forschung/groups/kk/ 

55 

Institute for medical physics, 
University Innsbruck 

Solar UV irradiance 
http://www.uibk.ac.at/projects/uv-index/index.html 

43 

Institute of Applied Physics, 
University of Bern 

Microwave remote sensing of the middle atmosphere 
http://www.iapmw.unibe.ch 

45 

http://www.nilu.no/projects/nadir
http://www.pvtest.ch/
http://www.swisstopo.ch/
http://www.knmi.nl/samenw/cost716/
http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.bgc-jena.mpg.de/public/carboeur/
http://www.climate.unibe.ch/
http://www.dalsa.com/
http://www.unifr.ch/med/
http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html
http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.html
http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.html
http://www.nilu.no/niluweb/services/soge/
http://www.empa.ch/
http://www.ph1.uni-koeln.de/
http://www.ph1.uni-koeln.de/gg
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/
http://www.uibk.ac.at/projects/uv-index/index.html
http://www.iapmw.unibe.ch/
http://www.ndsc.ncep.noaa.gov/
http://www.oma.be/BIRA-IASB/
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Research group / institute Project Page 

Institute of Applied Physics, 
University of Bern 

Solar Sub-Millimeter Flare Observations with KOSMA 
http://www.iapmw.unibe.ch/ 

109 

Institute of Astrophyiscs and 
Geophysics, Université de 
Liège 

High resolution, solar infrared Fourier Transform 
Spectrometry.  Application to the study of the Earth 
atmosphere  
http://sunset.astro.ulg.ac.be/girpas/girpasf.html/ 
http://www.nilu.no/nadir/ 
ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/ 

5 

Institute of Physiology, 
University of Zurich 

Applied physiology: Physiological responses to high 
altitude exposure 
http://www.unizh.ch/physiol/index.shtml 

71 

Istituto di Radioastronomia - 
CNR,  sezione di Firenze 

TIRGO   
Tirgo home page www.arcetri.astro.it/irlab/tirgo:  
Tirgo data archive http://tirgo.arcetri.astro.it/ 

111 

Labor für Radio- und 
Umweltchemie der Universität 
Bern und des Paul Scherrer 
Instituts 

Palaeo atmospheric chemistry studies using high-altitude 
glacier firn and ice cores 
http://lch.web.psi.ch/ 
 

103 

Laboratory of Atmospheric 
Chemistry, Paul Scherrer 
Institut 

The Global Atmosphere Watch Aerosol Program at the 
Jungfraujoch 
www.psi.ch/gaw 
http://www.psi.ch/lac 

37 

MeteoSwiss, Payerne Global Atmosphere Watch Radiation Measurements  
http://www.meteoswiss.ch/ 

17 

Physikalisches Institut, 
Universität Bern 

Neutron Monitors  -  Study of solar and galactic cosmic 
rays   
http://kspc4.unibe.ch/nm   
http://www.phim.unibe.ch/cr/index.html 

95 

Physikalisches Institut, 
Universität Bern 

SONTEL  - Solar Neutron Telescope for the identification 
and the study of high-energy neutrons produced in 
energetic eruptions at the Sun 
http://kspc4.unibe.ch/sontel.html/ 
http://www.phim.unibe.ch/cr/index.html 

113 

Physikalisch-Meteorologisches 
Observatorium Davos, World 
Radiation Center 

Solar and terrestrial radiation measurements 
http://www.pmodwrc.ch/ 

65 

Relaisgemeinschaft HB9F Bern Operation of a 70 cm amateur beacon transmitter, operation 
of a 23 cm voice repeater station, study of high frequency 
propagation conditions. 
http://www.relais-hb9f.ch 

69 

Section for Environmental 
Radioactivity 
Swiss Federal Office of Public 
Health 

RADAIR: An Automatic Network for Air Radioactivity 
Monitoring 
http://www.bag.admin.ch/strahlen/ionisant/radio_env/docu
mentation/d/document2001.php 

91 

University of Zürich, 
Department of Geography, 
Glaciology and 
Geomorphodynamics Group 

Measurement and modelling of rock-surface temperatures 
in steep alpine rock faces  
http://www.geo.unizh.ch/ 

59 

Versuchsanstalt für Wasserbau, 
Hydrologie und Glaziologie,  
ETH Zentrum, Zürich 

Forecasting the time of breaking off of large ice masses 
from hanging glaciers  
http://www.vaw.ethz.ch/ 

61 

International Foundation HFSJG:  http://www.ifjungo.ch/ 

http://www.iapmw.unibe.ch/
http://sunset.astro.ulg.ac.be/girpas/girpasf.html/
http://www.nilu.no/nadir/
ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/
http://www.unizh.ch/physiol/index.shtml
http://www.arcetri.astro.it/irlab/tirgo
http://tirgo.arcetri.astro.it/
http://lch.web.psi.ch/
http://www.psi.ch/gaw
http://www.psi.ch/lac
http://www.meteoswiss.ch/
http://kspc4.unibe.ch/nm
http://www.phim.unibe.ch/cr/index.html
http://kspc4.unibe.ch/sontel.html/
http://www.phim.unibe.ch/cr/index.html
http://www.pmodwrc.ch/
http://www.relais-hb9f.ch/
http://www.bag.admin.ch/strahlen/ionisant/radio_env/documentation/d/document2001.php
http://www.bag.admin.ch/strahlen/ionisant/radio_env/documentation/d/document2001.php
http://www.geo.unizh.ch/
http://www.vaw.ethz.ch/
http://www.ifjungo.ch/
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Index of projects 
Project Research group / institute Page 

AEROCARB: Airborne European Regional Observations of 
the Carbon Balance 
http://www.climate.unibe.ch/ 
http://www.aerocarb.cnrs-gif.fr/ 
http://www.bgc-jena.mpg.de/public/carboeur/ 

Climate and Environmental 
Physics, University of Bern  

51 

Applied physiology: Physiological responses to high altitude 
exposure 
http://www.unizh.ch/physiol/index.shtml 

Institute of Physiology, 
University of Zurich 

71 

Atmospheric physics and chemistry  
www.oma.be/BIRA-IASB/ 
http://www.ndsc.ncep.noaa.gov/ 
http://www.nilu.no/projects/nadir 

Belgian Institute for Space 
Aeronomy 

81 

Automated GPS Network in Switzerland (AGNES)  
http://www.swisstopo.ch 
http://www.knmi.nl/samenw/cost716/ 

Bundesamt für 
Landestopographie 

47 

Cosmic ray induced failures in biased high power 
semiconductor devices 

ABB Switzerland, Ltd., 
Semiconductors 

85 

Forecasting the time of breaking off of large ice masses from 
hanging glaciers  
http://www.vaw.ethz.ch/ 

Versuchsanstalt für 
Wasserbau, Hydrologie und 
Glaziologie,  
ETH Zentrum, Zürich 

61 

Free Tropospheric Experiment 2002 (FREETEX 02): Study of 
non-methane hydrocarbons in the free troposphere using gas 
chromatography 
http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html 

Department of Chemistry, 
University of Leeds 

75 

Global Atmosphere Watch Aerosol Program at the 
Jungfraujoch 
www.psi.ch/gaw 
http://www.psi.ch/lac 

Laboratory of Atmospheric 
Chemistry, Paul Scherrer 
Institut 

37 

Global Atmosphere Watch Radiation Measurements  
http://www.meteoswiss.ch/ 

MeteoSwiss, Payerne 17 

High resolution, solar infrared Fourier Transform 
Spectrometry.  Application to the study of the Earth 
atmosphere  
http://sunset.astro.ulg.ac.be/girpas/girpasf.html/ 
http://www.nilu.no/nadir/ 
ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/ 

Institute of Astrophyiscs and 
Geophysics, Université de 
Liège 

5 

KOSMA  - Kölner Observatorium für Submm-Astronomie 
http://www.ph1.uni-koeln.de 
http://www.ph1.uni-koeln.de/gg 

I. Physikalisches Institut,  
Universität zu Köln 

105 

85Kr activity determination in tropospheric air 
http://www.climate.unibe.ch/ 

Climate and Environmental 
Physics, University of Bern 

99 

Long-term observations of 14CO2 at Jungfraujoch 
http://www.iup.uni-
heidelberg.de/institut/forschung/groups/kk/ 

Institut für Umweltphysik, 
Universität Heidelberg  

55 

Measurement and modelling of rock-surface temperatures in 
steep alpine rock faces  
http://www.geo.unizh.ch/ 

University of Zürich, 
Department of Geography, 
Glaciology and 
Geomorphodynamics Group 

59 

Microwave remote sensing of the middle atmosphere 
http://www.iapmw.unibe.ch 

Institute of Applied Physics, 
University of Bern 

45 

http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.bgc-jena.mpg.de/public/carboeur/
http://www.unizh.ch/physiol/index.shtml
http://www.ndsc.ncep.noaa.gov/
http://www.nilu.no/projects/nadir
http://www.swisstopo.ch/
http://www.knmi.nl/samenw/cost716/
http://www.vaw.ethz.ch/
http://www.chem.leeds.ac.uk/Atmospheric/Field/field.html
http://www.psi.ch/gaw
http://www.psi.ch/lac
http://www.meteoswiss.ch/
http://sunset.astro.ulg.ac.be/girpas/girpasf.html/
http://www.nilu.no/nadir/
ftp://ozone.wwb.noaa.gov/pub/ndsc/jungfrau/
http://www.ph1.uni-koeln.de/
http://www.ph1.uni-koeln.de/gg
http://www.climate.unibe.ch/
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/
http://www.iup.uni-heidelberg.de/institut/forschung/groups/kk/
http://www.geo.unizh.ch/
http://www.iapmw.unibe.ch/
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Project Research group / institute Page 

Monitoring of halogenated greenhouse gases 
http://www.nilu.no/niluweb/services/soge/ 

EMPA Dübendorf, Swiss 
Federal Laboratories for 
Materials 

31 

NABEL; National Air Pollution Monitoring Network  
http://www.empa.ch/ 

EMPA Dübendorf, Swiss 
Federal Laboratories for 
Materials 

35 

Neutron Monitors  -  Study of solar and galactic cosmic rays   
http://kspc4.unibe.ch/nm   
http://www.phim.unibe.ch/cr/index.html 

Physikalisches Institut, 
Universität Bern 

95 

Operation of a 70 cm amateur beacon transmitter, operation of 
a 23 cm voice repeater station, study of high frequency 
propagation conditions. 
http://www.relais-hb9f.ch 

Relaisgemeinschaft HB9F 
Bern 

69 

Palaeo atmospheric chemistry studies using high-altitude 
glacier firn and ice cores 
http://lch.web.psi.ch/ 
 

Labor für Radio- und 
Umweltchemie der 
Universität Bern und des 
Paul Scherrer Instituts 

103 

Photovoltaic Plant Jungfraujoch  
http://www.pvtest.ch/ 

Berner Fachhochschule, 
Hochschule für Technik und 
Architektur (HTA) Burgdorf 

23 

Physiological observation on high altitude adaptation 
http://www.unifr.ch/med/ 

Departement Medizin, 
Universität Fribourg 

73 

RADAIR: An Automatic Network for Air Radioactivity 
Monitoring 
http://www.bag.admin.ch/strahlen/ionisant/radio_env/docume
ntation/d/document2001.php 

Section for Environmental 
Radioactivity 
Swiss Federal Office of 
Public Health 

91 

Solar and terrestrial radiation measurements 
http://www.pmodwrc.ch/ 

Physikalisch-
Meteorologisches 
Observatorium Davos, 
World Radiation Center 

65 

Solar Sub-Millimeter Flare Observations with KOSMA 
http://www.iapmw.unibe.ch/ 

Institute of Applied Physics, 
University of Bern 

109 

Solar UV irradiance 
http://www.uibk.ac.at/projects/uv-index/index.html 

Institute for medical physics, 
University Innsbruck 

43 

SONTEL  - Solar Neutron Telescope for the identification and 
the study of high-energy neutrons produced in energetic 
eruptions at the Sun 
http://kspc4.unibe.ch/sontel.html/ 
http://www.phim.unibe.ch/cr/index.html 

Physikalisches Institut, 
Universität Bern 

113 

Study of the atmospheric aerosols, water vapor and 
temperature by LIDAR 
http://lpas.epfl.ch/lidar/research/LidarJungfrau/Jungfrau.html 

École Polytechnique 
Fédérale de Lausanne 
(EPFL) 

11 

Study of the influence of cosmic rays on the reliability of 
solid-state image sensors 
http://www.dalsa.com/ 

DALSA, The Netherlands 89 

TIRGO   
Tirgo home page www.arcetri.astro.it/irlab/tirgo:  
Tirgo data archive http://tirgo.arcetri.astro.it/ 

Istituto di Radioastronomia - 
CNR,  sezione di Firenze 

111 

International Foundation HFSJG:  http://www.ifjungo.ch/ 
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http://www.unifr.ch/med/
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