
  

 

 
 
 
 
 
 
 

 
International Foundation 

High Altitude Research Stations 
Jungfraujoch + Gornergrat 

 
Activity Report 2001 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
International Foundation 
High Altitude Research Stations 
Jungfraujoch + Gornergrat 
Sidlerstrasse 5 
CH-3012 Bern / Switzerland 
 
 
Telephone  +41 (0)31 631 4052 
Fax  +41 (0)31 631 4405 
URL:  http://www.ifjungo.ch 
 
 
February 2002 



 International Foundation HFSJG 
Annual Report 2001 

 

Table of contents 
 

 
 
Message of the President..............................................................................................  i 
Report of the Director..................................................................................................  iii 
 
High Altitude Research Station Jungfraujoch 

Statistics on research days 2001.........................................................................  1 
Long-term experiments and automatic measurements.......................................  3 
Activity reports: 
! High resolution, solar infrared Fourier Transform Spectrometry 

(Institute of Astrophyiscs and Geophysics,  
Université de Liège, Belgium) ....................................................................  5 

! Lidar project (Air pollution laboratory, EPFL, Switzerland).......................  9 
! Global Atmospheric Watch Radiation Measurements  

(MétéoSuisse, Switzerland)..........................................................................  11 
! Forschungsarbeiten an der Photovoltaikanlage Jungfraujoch der HTA 

Burgdorf  (Hochschule für Technik und Architektur, Switzerland) ............  13 
! Monitoring of halogenated greenhouse gases  

(EMPA, Switzerland) ...................................................................................  15 
! NABEL: National Air Pollution Monitoring Network 

(EMPA, Switzerland) ...................................................................................  17 
! GAW Aerosol Project (Laboratory of Atmospheric Chemistry, Paul 

Scherrer Institut, Switzerland)......................................................................  19 
! Palaeo atmospheric chemistry studies using high-altitude glacier ice  

cores and show samples (Laboratory of Radio and Environmental 
Chemistry, Paul Scherrer Institut, Switzerland)...........................................  23 

! Solar UV irradiance (Institut für Medizinische Physik,  
Universität Innsbruck, Austria) ....................................................................  25 

! Micowave remote sensing of the middle atmosphere (Institute of  
Applied Physics, University of Bern, Switzerland) .....................................  27 

! Cosmic ray induced failures in biased power semiconductor devices  
(ABB Switzerland Ltd., Semiconductors, Switzerland) ..............................  29 

! Automated GPS Network in Switzerland AGNES  
(Bundesamt für Landestopographie, Switzerland).......................................  33 

! AEROCARB (Climate and Environmental Physics 
Universität Bern, Switzerland).....................................................................  37 

! Glaciology: stability of hanging glaciers (Laboratory of Hydraulics, 
Hydrology and Glaciology, Swiss Federal Institute of Technology,  
Switzerland) .................................................................................................  41 

! Glacier measurements on Aletschgletscher (Glaciology, Swiss Federal 
Institute of Technology, Switzerland)..........................................................  45 

! Solar and terrestrial radiation measurements  
(Physikalisch-Meteotologisches Observatorium Davos,  
World Radiation Center, Switzerland) .........................................................  47 

! Operation of a 70 cm amateur Baken transmitter (Relaisgemeinschaft  
HB9F Bern, Switzerland).............................................................................  49 



International Foundation HFSJG 
Annual Report 2001 

 

! Production systematics of in situ produced cosmogenic nuclides on the 
Earth’s surface (Institute for Isotope Geology and Mineral Resources,  
Swiss Federal Institute of Technology, Switzerland)...................................  51 

! Applied physiology; “Physiological responses to high altitude  
exposure” (Physiologisches Institut, Universität Zürich, Switzerland) .......  53 

! FREETEX 2001  .........................................................................................  55 
! Atmospheric physics and chemistry (Belgian Institute for Space  

Aeronomy BIRA-IASB, Belgium)...............................................................  57 
! Measurement and modelling of rock-surface temperatures in steep alpine 

rock faces (Department of Geography, Glaciology and  
Geomorphodynamics Group, University of Zürich, Switzerland)...............  59 

! Neutron Monitors – Study of solar and galactic cosmic rays 
(Physikalisches Institut, Universität Bern, Switzerland)..............................  61 

! Influence of cosmic rays on solid-state imagers  
(Philips Semiconductors, The Netherlands).................................................  63 

! RADAIR: An Automatic Network for Air Radioactivity Monitoring 
(Bundesamt für Gesundheit) ........................................................................  65 

! The weather station of MeteoSwiss on Jungfraujoch (MeteoSwiss) ...........  67 
! 85Kr activity determination in tropospheric air (samples measured in 

Freiburg i. B.) (Climate and Environmental Physics, Universität Bern, 
Switzerland) .................................................................................................  71 

! Tropospheric Ozone and Precursors (Climate and Background Ozone, 
Physical Geography, University of Bern, Switzerland) ...............................  73 

High Altitude Research Station Gornergrat  
! KOSMA (I. Physikalisches Institut, Universität zu Köln, Germany) ..........  75 
! TIRGO (Centro per l’Astronomia Infrarossa et lo Studio  

del Mezzo Interstellare, Florenz, Italy) ........................................................  79 
! SONTEL (Physikalisches Institut, Universität Bern, Switzerland) .............  81 
! Solar Flares at mm- and sub-mm Wave Lengths (Institute of Applied 

Physics, Universität Bern, Switzerland).......................................................  83 
The International Foundation HFSJG in the news...................................................  87 
Publications...................................................................................................................  89 
Index of research institutes..........................................................................................  97 
Index of projects ...........................................................................................................  99 
Acknowledgements.......................................................................................................  101 
 
 



International Foundation HFSJG 
  Activity Report 2001 

 i 

Message of the President 
 
It seems as if one has to write an annual report every six months. But the wealth of 
data contained in this report reminds one that again an active year has elapsed.  

The existence of the International Foundation “Hochalpine Forschungsstationen 
Jungfraujoch und Gornergrat” (HFSJG) is vindicated by the users' research activities. 
Progress reports of 31 research groups are included in the present report; they give 
testimony of what excellent use has been made of the unique conditions at the 
research stations at Jungfraujoch and Gornergrat. 

This annual report was written by Prof. Erwin Flückiger, Director of the research 
stations. His untiring efforts to keep their environments clean and to make them a 
success – as well as his longstanding devotion to the Foundation – have made the 
President’s life easy.  

The Foundation has found the essential support and understanding of the Swiss 
National Science Foundation (SNF). The latter has granted the necessary funds for the 
Swiss contribution until the end of 2003. Constructive exchanges have taken place be-
tween the SNF, the Foundation, the Swiss Academy of Sciences (SAS) and its Jung-
fraujoch Commission, and Secretary of State, Dr. Charles Kleiber of the Swiss Sci-
ence Agency, how hopefully to integrate the Swiss contribution beyond 2003 into a 
long-term finance plan. It has also been decided that workshops or conferences shall 
be organized to make the scientific results of the research stations more visible. The 
next workshop, organized jointly with the SAS, will take place in September 2002. 

In October 2001, the Board of the Foundation held its bi-annual meeting in Zermatt. 
The meeting was opened with a welcome address by our Honorary President, Prof. 
Hermann Debrunner; it was read due to his stay in the United States. The fully 
represented member organizations adopted the budget until the end of 2003. Their 
continued understanding for the needs of the Foundation is gratefully acknowledged. 
A substantial part of the meeting was devoted to some of the scientific highlights from 
the research stations. The dinner and an excursion to the facilities at Gornergrat gave 
the Board members an opportunity for discussions with the representatives of the SNF 
and SAS and to meet the newly elected representatives of the Burgergemeinde Zer-
matt. The friendly atmosphere conveyed confidence that the Foundation can count on 
as much goodwill and support from the Burgergemeinde as it has enjoyed in the past.  

The meeting in Zermatt was also the farewell for two old friends. Erwin 
Aufdenblatten, the former President of the Burgergemeinde Zermatt, received the 
warmest thanks for all his help during the construction phase and the continued 
operation period of the astronomic observatories at Gornergrat.  Gisbert Winnewisser, 
as retiring Professor at the University of Cologne, gave his pet telescope, which has 
contributed so much to the understanding of interstellar molecules, into the hands of 
his successor, Prof. Jürgen Stutzki. In his good-bye speech Gisbert Winnewisser 
quoted Huckleberry Finn's friend who wondered about the stars "whether they was 
made or only just happened." The answer to this question in its widest sense and in 
various scientific fields is what we all are still working on.  

 
 
 
Basel, February 18, 2002     G.A. Tammann 
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Report of the Director 
 
This report covers the second year under the new management of the Foundation and 
after significant changes in its administration. The last report (for 1999/2000) was 
intentionally comprehensive and detailed, one reason for this being its presentation at 
the bi-annual meeting of the board HFSJG held in October 2001. For this intermediate 
year we aimed for a briefer report. Recognizing the positive feedback we received 
after publication of the 1999/2000 report, we decided to adopt this sequence of 
reporting at least for the near future. 
 
The Foundation HFSJG 
On October 5, 2001, the Board of the Foundation HFSJG met at the Grand Hotel 
Zermatterhof in Zermatt for its regular meeting held every odd numbered year. 
Parting from the traditional alternating between Zermatt and Interlaken as meeting 
locations, the 2001 meeting was held in Zermatt on occasion of the retirements of 
Prof. Gisbert Winnewisser from the 'I. Physikalisches Institut der Universität zu Köln', 
and Mr. Erwin Aufdenblatten, former President of the Burgergemeinde Zermatt, who 
have been enthusiastically leading and supporting scientific research at Gornergrat for 
many years. Beside the members of the board, attendance included the 'Jungfraujoch 
Commission' of the Swiss Academy of Natural Sciences, the 'Astronomic Commis-
sion HFSJG', representatives of the Swiss National Science Foundation (our main 
funding agency), and a number of distinguished guests. The annual activity reports of 
1999 and 2000 as well as the statement of accounts for both years were approved 
unanimously and with no abstentions. The extensive and excellent scientific output 
which resulted from the research at Jungfraujoch and Gornergrat was recognized with 
great pleasure and satisfaction. Recognizing also with satisfaction the assured 
financing for 2002/2003 of the Swiss contribution to the Foundation by the Swiss 
National Science Foundation, the budget was adopted until the end of 2003. The 
president informed about constructive exchanges that have taken place between the 
Foundation HFSJG, the Swiss National Science Foundation, the Swiss Academy of 
Sciences, and Dr. Charles Kleiber, Secretary of State for Science and Research and 
Director of the Swiss Science Agency, how hopefully to integrate the Swiss contri-
bution beyond 2003 into a long-term finance plan. For his outstanding services 
rendered to the Foundation, Prof. Winnewisser was elected Corresponding Member of 
the Foundation HFSJG. The dinner and the excursion to Gornergrat gave ample 
opportunity for discussions among all participants and, in particular, with the repre-
sentatives of the Burgergemeinde Zermatt and the Gornergratbahn. 

In the management and administration of the Foundation no changes had to be noted.  

The Astronomic Commission, which has the function of a users' committee to streng-
then the Foundation's internal and external communication, had a regular spring and 
autumn meeting. 

 

The High Altitude Research Station Jungfraujoch 
The individual progress reports and the statistics of research stays for 2001 give an 
impressive demonstration of the exciting and lively use of the High Altitude Research 
Station Jungfraujoch. Figure 1 summarizes the number of working days spent by 
scientists at Jungfraujoch since 1989. Figure 2 shows the relative number of working 
days for 2001 by country. With the exception of Germany, all member countries of 
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the Foundation benefited from the excellent research conditions offered at 
Jungfraujoch. Researchers from Germany and Italy are working extensively at the 
astronomical observatories at Gornergrat. The United Kingdom was represented at 
Jungfraujoch again within a measurement campaign on tropospheric photochemistry 
(FREETEX 2001). Scientists from Belgium, in particular from the 'Institut 
d'Astrophysique et Géophysique de l'Université de Liège' and from the LIDAR group 
of the 'Air Pollution Laboratory' of the Swiss Federal Institute of Technology in 
Lausanne (EPFL), continue to be prime users.  

 
Figure 1: Number of working days spent by scientists at the High Altitude Research Station 
 Jungfraujoch during the past years. 
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ENVINET European Network for Arctic-Alpine Multidisciplinary 
Environmental Research 

ANETZ automatic measuring network of MeteoSwiss 
RADAIR Swiss network for the survey of radioactivity in air 
NABEL Nationales Beobachtungsnetz für Luftfremdstoffe 
FREETEX Free Tropospheric Experiment  
EUROTRAC-2  EUREKA Project on the Transport and Chemical Trans-

formation of Environmentally Relevant Trace Constituents 
in the Troposphere over Europe 

AEROCARB Airborne European Regional Observations of the Carbon 
Balance 

ASRB Alpine Surface Radiation Budget Network 
 

The extensive research conducted at Jungfraujoch during 2001 is summarized in the 
reports of the individual groups.  

As in previous years, the scientific work again attracted a number of visitors. Several 
groups initiated meetings of international scientific committees in the Jungfrau region 
and combined these meetings with an excursion to Jungfraujoch, e.g.  

- Joint SOHO-ACE Workshop 2001 on Solar and Galactic Composition 
- ENVINET Workshop (European Network for Arctic-Alpine Multidisciplinary 

Environemental Research)  
- EUROTRAC (European Experiment on Transport and Transformation of 

Trace Gases in the Troposphere) 
- CERN - European School for High Energy Physics 2001 
- GLOREAM Workshop (Global and Regional Atmospheric Modelling)  

As a very special event we note the acceptance of the Jungfrau-Aletsch-Bietschhorn 
region to the UNESCO World Heritage List in December 2001. The area thus be-
comes the first-ever World Natural Heritage in the Alps to achieve UNESCO World 
Heritage status. This honor of course brings new responsibilities for the Foundation 
HFSJG as specifications for the management of the World Heritage Site are being 
drawn up. 

In order to provide the researchers with optimal working conditions, the infrastructure 
needs continuous maintenance. In 1999 we started the first of three phases to replace 
the old and leaky windows at the research station. During 2001 the last phase was 
successfully completed. As in previous years, discussions took place with the manage-
ment of the Jungfraubahnen in order to avoid or minimize disturbances of the scien-
tific measurements by emissions in connection with ongoing and planned construction 
work. With only a few exceptions, no combustion engines were used for the con-
struction of the new Plateau exit and tourist hall, which are expected to be inaugurated 
in 2002. We highly appreciate these efforts and are grateful to the Jungfraubahnen for 
their willingness to cover the significant additional costs involved. 

Optimal working conditions are, however, for the most part also 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. Mrs. Staub was highly esteemed for her warm-hearted spirit and her 
helpfulness; Mr. Staub was appreciated by scientists as an allrounder who found a 

http://www.eureka.be/
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solution to every problem. In addition, both were well-liked interview partners for 
journalists and thus helped a lot in making the research station Jungfraujoch present in 
the media. The new main custodians, Mrs. Joan Fischer and Mr. Martin Fischer, 
worked in at the research station during several stays in November and December. As 
former custodians at the Schilthorn they have experience in living and working at high 
altitude, and they started the new challenge with enthusiasm. 
 
The High Altitude Research Station Gornergrat 
Due to its unique location, its clean environment, and the good infrastructure, the 
High Altitude Research Station Gornergrat, including the two astronomical observa-
tories Gornergrat South and Gornergrat North as well as a 'container laboratory', con-
tinued to serve as an excellent basis for astrophysical research.  

The Astronomical Observatory Gornergrat North is subleased to the Italian 'Consiglio 
Nazionale delle Ricerche (CNR)'. It is equipped with a 1.5m Cassegrain-Infrared 
Telescope (TIRGO). The telescope and related instrumentation are run by the 'Centro 
per l'Astronomia Infrarossa e lo Studio del Mezzo Interstellare (CAISMI)' with the 
assistance of the 'Osservatorio Astrofisico di Arcetri' and the 'Dipartimento di Astro-
nomia e Scienza dello Spazio of the Università di Firenze'. TIRGO is used very 
actively with the near-infrared camera ARNICA, the fast photometer FIRT, and the 
long-slit spectrometer LONGSP. As an example, the long-term project of lunar 
occultations reached the world record of 400 recorded events. The year 2001 was 
characterized by the final implementation of the new mid-infrared camera TIRCAM2. 
With this new equipment, TIRGO has a bright future despite the increasing number of 
infrared instruments that recently became accessible for online remote operation (e.g. 
at the new 3.5m Telescopio Nazionale Galileo (TNG) at the Canary Island La Palma). 

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.  

Both instruments at Gornergrat are accessible to guest investigators. In a project in 
collaboration with the Institute of Applied Physics of the University of Bern, KOSMA 
was also used for solar observations. For the first time ever, a solar flare could be 
observed above 300 GHz. 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, these observations will contri-
bute significantly to a better understanding of the temporal and spatial evolution of 
electron acceleration in solar flares. 

Since 1998, on the Belvedere plateau, the Space Research and Planetary Sciences 
Research Division of the University of Bern has been operating a solar neutron 
telescope (SONTEL). This detector is the European cornerstone of a worldwide 
network initiated by the Solar-Terrestrial Environment Laboratory of the Nagoya Uni-

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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versity 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 during the maximum and declining phase of the present solar cycle. In 
association with the large solar flare on April 12, 2001, the Gornergrat and Mt. 
Aragats (Armenia) neutron telescopes found weak evidence for a simultaneous obser-
vation of solar neutrons at the Earth. On April 15, 2001, a cosmic ray intensity 
increase due to a solar flare event was recorded.  This GLE (ground level enhance-
ment) was the largest observed so far in the present solar cycle 23.   

The scientific results achieved at Gornergrat during the past years have found world-
wide recognition. Details of the activity during 2001 can be found in the individual 
reports.  

An extremely important help for the very successful scientific work done at Gorner-
grat is the continued support provided by the Burgergemeinde Zermatt, as the owner 
of the Gornergrat Kulm Hotel, and the Gornergratbahn. In spring 2001, Mr. Uli 
Schwall and his wife as the new director of the Kulm Hotel succeeded Mr. Daniel 
Kern, who up to then managed the Gornergrat Kulm Hotel. A very special event also 
in spring 2001 was that we had the honor of having all members of the new 'Burgerrat' 
of the Burgergemeinde Zermatt, under the presidency of Mr. Andreas Biner, as our 
guests at the astronomical observatories at Gornergrat and to be able to show them the 
research instruments and the scientific work done at this outstanding location. We are 
confident that the good relations between the Foundation HFSJG and the Burger-
gemeinde Zermatt will continue. 
 
Summary and Acknowledgements  
Following the high standards set in previous years, the research conducted at the High 
Altitude Research Stations Jungfraujoch and Gornergrat in 2001 was again extensive 
and internationally well recognized. Due to the unique observational and measuring 
conditions, the Jungfraujoch station has strengthened 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 out-
standing astronomical and astrophysical research. The Foundation HFSJG, therefore, 
confirmed its excellent performance and ensured the perspectives for a bright future. 
The hard work and the efforts of all who contributed to this success are highly appre-
ciated 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 secre-
tariat Division II), and Dr. Jean-Bernard Weber (Head Coordination and Interdivi-
sional Tasks), for the good and benevolent collaboration.  

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

For the Jungfraujoch station, our thanks go to our custodians, Mr. and Mrs. Staub, Mr. 
and Mrs. Jenni. 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 sub-
stantial help the research station at Jungfraujoch could hardly be operated. Both the 
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Board of the Jungfrau Railway Holding Ltd under its president Dr. Georg Krneta, 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 technical services and maintenance, for his continuous support. 

For Gornergrat our thanks go first to all the scientists of the 'Centro per l'Astronomia 
Infrarossa e lo Studio del Mezzo Interstellare (CAISMI)', the 'I. Physikalisches Institut 
der Universität zu Köln', and 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 Bruno P. Melnik and 
his successor 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 new presidency of Mr. Andreas Biner, the new 
members of the 'Burgerrat', and to Mr. Fernando Clemenz, Director, from 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. My final 
words of thanks, however, go to our secretary, Mrs. Louise Wilson. It is to a great 
deal due to her competence and kindness in the daily contacts with staff and scientists, 
to her excellency in running all the administrative affairs, and to her devotion to the 
Foundation HFSJG that we can successfully pursue our goal in supporting top-class 
research in the alpine environment. 

 

 

Bern, February 18, 2002            Erwin O. Flückiger 
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Research statistics for 2001 
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 296  

University of East Anglia, Norwich United Kingdom 114  
Laboratoire de Pollution 
Atmosphérique et Sol,  
École Polytechnique Fédérale de 
Lausanne, Lausanne 

Switzerland 113 7 

Institut für Medizinische Physik, 
Universität Innsbruck 

Austria 54  

University of Leicester United Kingdom 51  
Geographisches Institut, Universität 
Bern 

Switzerland 44  

University of Leeds United Kingdom 42  
VAW Glaziologie, ETH Zentrum, 
Zürich 

Switzerland 38 8 

Paul Scherrer Institut, Villigen Switzerland 37 6 
Institut d’Aéronomie Spatiale de 
Belgique, Bruxelles 

Belgium 35  

Observatoire Royal de Belgique, 
Bruxelles 

Belgium 22  

Institut für Angewandte Physik, 
Universität Bern 

Switzerland 20 18 

University of York United Kingdom 10  
Eidg. Materialprüfungs- und 
Forschungsanstalt, Dübendorf 

Switzerland 9 19 

Institut Français pour la Recherche et 
la Technique Polaires, Plouzané 

France 8  

Universität Zürich, Geographisches 
Institut 

Switzerland 6  

Gruppe Kosmische Strahlung, 
Physikalisches Institut, Universität 
Bern 

Switzerland 4 1 

MétéoSuisse, Payerne Switzerland 4 19 
Gruppe für Rüstungsdienst, Thun Switzerland 2  
EMD, Stans Switzerland 2  
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Institute Country Research with 

overnight stay 
Research during 

the day only  

Bundesamt für Landestopographie, 
Wabern 

Switzerland 1  

Bundesamt für Gesundheit, Freiburg Switzerland 1 1 
Institut für Klima- und Umweltphysik, 
Universität Bern 

Switzerland 14 

Hochschule für Technik und 
Architektur, Burgdorf 

Switzerland 5 

Relais Gemeinschaft HB9F, Bern Switzerland 5 
ABB Schweiz AG, Semiconductors, 
Lenzburg 

Switzerland 5 

Physikalisches Meteorogisches 
Observatorium, Davos 

Switzerland 3 

Geographisches Institut, Universität 
Bern 

Switzerland 2 

Philips Semiconductors The Netherlands 1 

TOTAL  913 114 
 

 Overnight stays Days with no overnight stay 

Workers, Jungfrau railway, and 
visitors 

124 7 

HFSJG administration 16 5 
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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 

Institut Suisse de Météorologie  
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 
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 

Ecole Polytechnique Fédéral de 
Lausanne  
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 Krypton 85 measurements 

Bundesamt für Gesundheit 
CH-1700 Freiburg 

Measurements of radioactivity: 
NADAM 
RADAIR  

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 
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Name of research institute or organization: 
Institute of Astrophysics and Geophysics, 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:  
Dr. Rodolphe Zander, project leader 
Prof. em. Luc Delbouille, Dr. Ginette Roland, Dr. Christian Servais, Dr. Emmanuel 
Mahieu, Philippe Demoulin, Pierre Duchatelet, Jacqueline Bosseloirs, Vincent Van 
De Weerdt, Guy Buntinx 
Observatoire Royal de Belgique: Dr. Jacques Sauval, Dr. Ronnie Blomme, 
Joan Vandekerckhove 
 
Project description: 
During 2001, the Liège group, together with colleagues from the Institut d’Aéronomie 
Spatiale de Belgique and from the Observatoire Royal de Belgique, was present at the 
Jungfraujoch during 275 days, among which good weather conditions enabled 
observations on 133 days. 

The main activity on the site was to pursue the long-term monitoring of the Earth 
atmosphere.  The spectra recorded at the Jungfraujoch with the 2 high-performance 
infrared spectrometers allowed to derive total abundances of the following 
constituents: 

a. - Those permitting to quantify the impact of human activities on the erosion of the 
ozone layer in the stratosphere, in particular HCl, ClONO2, HNO3, NO, NO2, HF, COF2 
and O3. The budget of the chlorine-containing species (see figure below) has been re-
evaluated (new spectroscopic parameters for ClONO2); the analysis confirms that the 
chlorine contents of the atmosphere is decreasing since 1998, as a result of the 
restrictions imposed by the Montreal Protocol and its successive amendments in the 
production of various chlorine-bearing source gases (in particular the CFCs).  Proposed 
substitution species (notably HFCs and FCs) affect the fluorine budget and 
consequently, we don’t see any stabilization of its atmospheric contents. As the time 
span of the database lengthens, the evolution of the budget of nitrogen-containing 
species can be more accurately defined; however no trend is observed yet, in spite of the 
small increase of the tropospheric N2O source gas. 

b. - A series of greenhouse gases, directly affecting the radiation balance of the Earth’s 
atmosphere.  Their tropospheric abundances are recommended to be monitored by the 
Kyoto protocol.  Among these, a particular interest is devoted to N2O, CH4, CO2, SF6, 
CCl2F2 and CHClF2. 

c. - Various atmospheric constituents released at the ground, i.e. CO, C2H2, C2H6, OCS, 
HCN, H2CO and H2O, affecting the oxidization processes in the troposphere and the 
stratosphere, or appearing as important precursors in tropospheric ozone production. 
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Until now, the retrieved data have consisted in total abundances.  However, new 
retrieval algorithms are currently tested and will provide some information on the 
distribution versus altitude for a number of the species listed above. A complete re-
analysis of all archived spectra will be undertaken as soon as these retrieval tools have 
been tested and adopted by the NDSC. 

To be able to extract the most information on the vertical distribution of the 
atmospheric constituents, we need to very accurately know the instrumental profile of 
the spectrometers; for that purpose, we have acquired 2 calibration cells, one sealed 
and filled with HBr gas, the other to be filled with N2O. 
A new detector has also been tested and installed; its greater sensitivity in the 13 µm 
spectral region will allow better determination of some constituents, for  example 
ClONO2 and C2H2. 
 
Key words 
Earth atmosphere, ozone layer, greenhouse gases, long-term monitoring, infrared 
spectroscopy 
 
Collaborating partners/networks:  
Main collaborations : IASB (Institut d’Aéronomie Spatiale de Belgique) / NDSC 
(archiving centers at NOAA [http://www.ndsc.ncep.noaa.gov/] and NILU 
[http://www.nilu.no/projects/nadir] ) / SOGE partners (e.g. EMPA) 
[http://www.nilu.no/niluweb/services/soge] / NASA Langley Research Center / 

Evolution above the Jungfraujoch station of the two main chlorine reservoirs, HCl and
ClONO2.  The inorganic chlorine (Cly) budget has been estimated by summing the
contributions of these two gases.  The Cly curve peaks at the end of 1997. 
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NASA JPL / University of Oslo / satellites : MOPPIT, ENVISAT and ACE validation 
/ … 
 
Scientific publications and public outreach 2001: 
Anderson, J., J. M. Russell III, R. Zander, C. P. Rinsland, F. J. Murcray, J. Notholt, N. 
B. Jones, E. Mahieu and P. Duchatelet, A Unified Stratospheric Column HCl 
Climatology Constructed from HALOE and NDSC Measurements, poster presented at 
the NDSC 2001 Symposium, Arcachon, Sept. 24-27, 2001. 

Barret, B., M. De Mazière, P. Demoulin, E. Mahieu, F. Mélen, B. J. Connor and N. 
Jones, Investigation of height-resolved information in ground-based, high-resolution 
Fourier infrared solar spectra above the Jungfraujoch, in Proceedings of the 
"Quadriennial Ozone Symposium", Sapporo, Japan, 3-8 July 2000, pp. 301-302, 2000. 

Barret, B., M. De Mazière, E. Mahieu, and P. Demoulin, Characterisation of ozone 
profiles retrieved from solar infrared spectra at the Jungfraujoch, poster presented at 
the EGS XXVI Assembly, Nice, March 25-30, 2001 

Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch, poster presented at the NDSC 
2001 Symposium, Arcachon, Sept. 24-27, 2001.  
Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch”, submitted to J. Geophys. 
Res., 2001. 

Bell, W., C. Murphy, P. Woods, P. Demoulin, B. Galle, J. Mellqvist, W. Arlander, J. 
Notholt, A. Goldman, G. C. Toon, J.-F. Blavier, B. Sen, M. T. Coffey, J. W. 
Hannigan, W. G. Mankin, N. Jones, D. Griffith, A. Meier, T. Blumenstock, H. Fast, 
R. Mittermeier and Y. Makino, Validation of NDSC FTIR Measurements of Ozone, 
Reservoir Compounds, and Dynamical Tracers: Results of a Series of Side-by-Side 
Instrument Intercomparisons, poster presented at the NDSC 2001 Symposium, 
Arcachon, Sept. 24-27, 2001. 

Demoulin, P., E. Mahieu, R. Zander, B. Rognerud, I. Isaksen, and M. De Mazière, 
The NOy budget above the Jungfraujoch: Long-term evolution, family partitioning 
and model comparison, poster presented at the NDSC 2001 Symposium, Arcachon, 
Sept. 24-27, 2001. 

Kurylo, M. J. and R. J. Zander, The NDSC-Its status after ten years of operation, in 
Proceedings of the the "International Quadrennial Ozone Symposium", Sapporo, 
Japan, 3-8 July 2000, pp. 167-168, 2000. 

Mahieu, E., R. Zander, F. Mélen, P. Demoulin, C. P. Rinsland and J. M. Russel III, 
Monitoring the stratospheric chlorine budget during the past decades: the Montreal 
Protocol at work, in Proceedings of the "International Quadrennial Ozone 
Symposium", Sapporo, Japan, 3-8 July 2000, pp. 149-150, 2000. 

Mahieu, E., R. Zander, F. Mélen, P. Demoulin, P. Duchatelet, C. Servais, B. 
Rognerud, I. Isaksen, C. P. Rinsland and D. B. Considine, FTIR Observations and 
Model Calculations of the Evolution of Inorganic Chlorine and Fluorine above the 
Jungfraujoch, poster presented at the NDSC 2001 Symposium, Arcachon, Sept. 24-27, 
2001.  

Ricaud, P., M. Chipperfield, J. M. Russell III, E. Mahieu, R. Zander and P. Demoulin, 
Studies of Stratospheric Halogen Evolution, poster presented at the NDSC 2001 
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Symposium, Arcachon, Sept. 24-27, 2001. 

Rinsland, C. P., A. Goldman, B. J. Connor, T. M. Stephen, N. B. Jones, S. W. Wood, 
F. J. Murcray, S. J. David, R. D. Blatherwick, R. Zander, E. Mahieu, and P. 
Demoulin, Correlation relationships of stratospheric molecular constituents from high 
spectral resolution, ground-based infrared solar absorption spectra, J. Geophys. Res., 
105, 14637-14652, 2000. 

Rinsland, C. P., A. Goldman, R. Zander, and E. Mahieu, Enhanced Tropospheric 
HCN Columns above Kitt Peak during the 1982-1983 and 1997-1998 El Niño Warm 
Phases, J. Quant. Spectrosc. Radiat. Transfer, 69, 3-8, 2001. 

Rinsland, C. P., R. Zander, E. Mahieu, P. Demoulin, N. B. Jones, A. Goldman, T. M. 
Stephen, F. J. Murcray, L. S. Chiou, J. M. Russell III, J. Anderson, R. Sussmann and 
J. Notholt, Stratospheric Inorganic Chlorine Decline from Ground-Based IR HCl and ClONO2 
Measurements at 6 NDSC Stations, poster presented at the NDSC 2001 Symposium, 
Arcachon, Sept. 24-27, 2001. 

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, accepted fo publication. 

Russell III, J. M., J. Anderson, R. Zander, C. P. Rinsland, F. Murcray, N. Jones and P. 
Demoulin, HALOE and NDSC Comparisons of Long-Term Changes in Stratospheric 
Constituents, poster presented at the NDSC 2001 Symposium, Arcachon, Sept. 24-27, 
2001. 
 
Address: 
Institute of Astrophysics and Geophysics 
Université de Liège 
5, avenue de Cointe 
B-4000 Liège (Belgique) 
 
Contacts:  
Luc Delbouille Tel. +32 4 342 2594 e-mail: delbouille@astro.ulg.ac.be 
Philippe Demoulin Tel. +32 4 254 7585 e-mail: demoulin@astro.ulg.ac.be 
Emmanuel Mahieu Tel. +32 4 254 7586 e-mail: mahieu@astro.ulg.ac.be 
Ginette Roland Tel. +32 4 342 2594 e-mail: roland@astro.ulg.ac.be 
Christian Servais Tel. +32 4 254 7584 e-mail: servais@astro.ulg.ac.be 
Rodolphe Zander Tel. +32 4 254 7556 e-mail: zander@astro.ulg.ac.be 
 
URL: http://sunset.astro.ulg.ac.be/girpas/girpasf.html 
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Name of research institute or organization: 
Air Pollution Laboratory, Swiss Federal Institute of Technology, 
EPFL 
 
Title of project:  
LIDAR project 
 
Project leader and team:  
Prof. Bertrand Calpini, project leader 
Ph.D. Ioan Balin, Ph.D. Gilles Larchevêque, Dr. Valentin Simeonov, Ph.D. Remo 
Nessler, lidar team 
 
Project description: 
The EPFL lidar system was operated systematically (each odd week) during the year 
2001 in order to take measurements of aerosols and water vapor in the upper 
troposphere-lower stratosphere region. Algorithms and software protocols were made 
and tested within the EARLINET [4] community for data base treatment in order to 
obtain the aerosols optical properties (backscatter and extinction coefficients at 355, 
532 and 1064 nm) with a vertical resolution of 100-200m up to the lower stratosphere 
(10-12km ASL) [1, 5]. The EPFL lidar signal was compared to the Neuchatel Ob-
servatory lidar signal (at 532nm) during an inter-comparison campaign (7-12.05.2001 
at Jungfraujoch) and the results were in very good agreement. Water vapor mixing 
ratio profiles (1-2h time average, 75-150m vertical resolution, detection limit ~1E-2 
g/kg) were regularly measured at nighttime based on 387nm for N2 and 408nm for 
H2O Raman backscattered signals and compared to the Payerne radiosondes measure-
ments [2,3]. The ability of this system for studying clouds/contrails or observing 
Saharan/volcanic “dust” events was also proven [4]. A detailed study of the aerosols 
microphysical properties is on going. Future developments such as temperature 
profiles and tropospheric/stratospheric ozone are planned.  
 
Key words 
multi-wavelength lidar system, Raman, aerosols, vertical profiles, troposphere, water- 
vapor mixing ratio, backscatter and extinction coefficients, Jungfraujoch site, EPFL 
 
Collaborating partners/networks:  
PSI Institute: concerning the link between “in situ” and lidar aerosols measurements  
ISM: Payerne station for H2O radiosondes measurements and Jungfraujoch station for 
the local meteorological parameters 
Institute of Mathematics, Potsdam Univ., for algorithms calculation of aerosols 
size/volume distribution based on lidar signals inversion.  
EARLINET project: EPFL lidar at Jungfraujoch is part of the European Aerosols 
Lidar Network since May 2000 
GAME: H2O network measurements: French, Swiss (IAP Bern), Italian, German, etc 
institutions (submitted to the European Union, Sept’2001) 
NDSC: Network for Detecting Stratospheric Changes (candidature application in 
preparation) 
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Scientific publications 2001: 
[1] Gilles Larchevêque, Ioan Balin, Remo Nessler, Philippe Quaglia, Valentin 
Simeonov, Hubert van den Bergh, and Bertrand Calpini, “Development of a 
multiwavelength aerosol and water vapor lidar at the Jungfraujoch Alpine 
Station (3580m ASL) in Switzerland”, Submitted to Applied Optics, October 2001. 
[2] B. Lazzarotto, M. Frioud, G. Larchevêque, V. Mitev, P. Quaglia, V. Simeonov, A. 
Thompson, H. van den Bergh, and B. Calpini, “Raman-DIAL O3 and H2O 
measurements in the planetary boundary layer”; Applied optics, 40, 18, pp.2985-
2997, 2001[3] Ioan Balin, Gilles Larchevêque, Philippe Quaglia, Valentin Simeonov, 
Hubert van den Bergh, and Bertrand Calpini, “Water vapor vertical profile by 
Raman lidar in the free troposphere from the Jungfraujoch Alpine Station”, In 
press: Advances in global change research, Kluwer Academic Publishers, Dordrecht 
(The Netherlands) and Boston (USA), vol.9, 2001. 
[4] A. Papayannis and EARLINET community, “First continental-scale vertical 
profile measurements of free tropospheric Saharan dust particles performed by 
a coordinated ground-based European lidar network (EARLINET Project)”, 
submitted to Journal of Geophysical Research (Nov 2001) . 
[5] Gilles Larchevêque, “Development of the Jungfraujoch multi-wavelength lidar 
system for continuouos bservations of the aerosol optical properties in the free 
troposphere “, Ph.D Thesis to be submitted in February 2002). 
[6] Francois Jeanneret, Frank Kirchner, Alain Clappier, Hubert van den Bergh, and 
Bertrand Calpini.Total VOC Reactivity in the Planetary Boundary Layer, Part 
One: Estimation by a Pump and Probe OH Experiment; J. Geophys. Res., 106, pp. 
3083-3094, 2001. 
Public outreach 2001: 
Guided Visits: ENVINET (April’2001), students (e.g. Uni.Bern, EPFL-DGR, etc), 
associations/clubs (CALISTA), and many lidar related scientists over the world 
(USA, Japon, etc) 
TV/Radio: TSR, Tele24, Fr3, etc 
Professional Photos/Videos, Clips (mpg) of lidar system at Jungfraujoch 
Contribution to the “Brochure Jungfraujoch” (in preparation) 
WEB dedicated site: http://dgrwww.epfl.ch/PAS/lidar/Jungfrau.html 
Video Cassette EPFL and Lidat at Jungfraujoch (French) 
Video Cassette EPFL and Lidar at Jungfraujoch (English) 
CD EPFL and Lidar at Jungfraujoch (French and English, mpg clips)  
 
Address: 
EPFL-DGR-LPAS 
CH-1015 Lausanne 
 
Contacts:  
Bertrand Calpini   Tel. +41 21 693 6186 ;  Fax: +41 21 693 5145   
E-mail: bertrand.calpini@epfl.ch; URL: http://dgrwww.epfl.ch/PAS/lidar/ 

http://dgrwww.epfl.ch/PAS/lidar/Jungfrau.html
mailto:bertrand.calpini@epfl.ch
http://dgrwww.epfl.ch/PAS/lidar/
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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 
Operation: Armand Vernez, Serge Brönnimann, Jean-Marc Aellen, Dr. Alain Heimo 
 
Project description 
During 2001, MeteoSwiss continued operating a station from the Swiss Atmospheric 
Radiation Monitoring network (CHARM) at the Jungfraujoch scientific station. In the 
framework of the Global Atmosphere Watch (GAW) program of the World 
Meteorological Organization, the CHARM network is aimed at monitoring radiation 
at the ground, covering a spectrum from the ultraviolet to the infrared.  Both total and 
direct solar radiation is measured, and both broadband and spectral measurements are 
included. Instruments measuring direct solar radiation are an absolute cavity 
radiometer PMO6 (PMOD/WRC), a pyrheliometer CH1 (Kipp & Zonen), a Uvee 
Biometer (Solar Light Co) mounted in a tube for the measurement of the direct 
component and one set of Precision Filter Radiometers (PMOD/WRC) measuring at 
16 wavelengths from 305 to 1024 nm.  Instruments measuring total radiation are a 
UVee Biometer, a UV-A Biometer, a pyranometer CM21 (Kipp & Zonen) and a 
pyrgeometer PIR (Eppley) upgraded by PMOD/WRC for more accurate 
measurements.  More details about the instruments and measurements are given in the 
2000 report1 to the International Foundation HFSJG. 

In 2001, the set of instrument used remained identical to those used in 2000.  A 
careful operation and maintenance program allowed good data availability. 
Instruments measuring direct radiation are located in a dome protecting the sun 
tracking system, which opens only when meteorological conditions allow.  A failure 
of the operating system prevented good operation of the dome for about 15% of the 
time in 2001.  This precluded data acquisition for the instruments located in the dome.  
A temporary solution was applied to fix the dome operating system, and a new 
upgrade is now being installed.  For the instruments located outside the dome, data 
were successfully retrieved for 93-95% of the time. 

Data from the radiation monitoring instruments at Jungfraujoch are made available to 
the scientific community by MeteoSwiss and contribute to various scientific studies.  
Spectral direct irradiance data were used to compute total aerosol optical depth and 
total water vapor column in the framework of a Ph.D. thesis2 at the University of 
Bern. Shortwave (visible) and longwave (IR) total irradiance measurements from the 
Jungfraujoch station are also included in the Alpine Surface Radiation Budget 
                                                 
1 A. Heimo, A. Vernez, A. Lehmann, B. Hoegger, R. Philipona, C. Marty, C. Wehrli and T. Ingold. The 
Jungfraujoch Station as part of the Swiss Atmospheric Radiation Monitoring CHARM program.  2000 
report to the International Foundation HFSJG. 
2 Ingold T., 2000.  Monitoring atmospheric parameters from ground-based remote sensing networks in 
Switzerland.  Ph.D. thesis, Bern University, Institute of Applied Physics, Sidlerstrasse 5, CH-3012 
Bern, Switzerland. 
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(ASRB) network under the responsibility of the Word Radiation Center/Physikalisch-
Meteorologisches Observatorium Davos.  They were used for computation of surface 
radiation flux in the framework of a study of the relationships between surface 
radiation, cloud forcing and greenhouse effect for a Ph.D. thesis3 at the Swiss Federal 
Institute of Technology Zurich.  UV direct and total irradiance as well as aerosol total 
optical depths derived from direct spectral irradiance measurements were used in a 
study of the ground irradiance of the part of the UV spectrum that affects the most the 
human body (erythemally-weighted UV).  This research was also conducted in the 
framework of a Ph.D. thesis4 at the Swiss Federal Institute of Technology Zurich. 
 
Key words 
Solar irradiance, ultraviolet, visible, infrared, spectral irradiance, filter radiometer, 
pyranometer, pyrheliometer, UV biometer, total aerosol optical depth, total water 
vapor column, total ozone column. 
 
Collaborating partners/networks: 
Data shared with the Alpine Surface Radiation Budget network under the respon-
sibility of the Word Radiation Center/Physikalisch-Meteorologisches Observatorium 
Davos. 
 
Scientific publications and public outreach 2001: 
Ingold T., 2000.  Monitoring atmospheric parameters from ground-based remote 
sensing networks in Switzerland.  Ph.D. thesis, Bern University, Institute of Applied 
Physics, Sidlerstrasse 5, CH-3012 Bern, Switzerland. 
Marty, C. A., 2000.  Surface radiation, cloud forcing and greenhouse effect in the 
Alps.  Ph.D. thesis, Swiss Federal Institute of Technology Zurich, Institute for 
Atmospheric and Climate Science, Winterthurerstrasse 190, CH-8057 Zurich, 
Switzerland. 
Lehmann, A., 2001.  Direct and diffuse components of erythemal irradiance: measure-
ments and modelling for clear-sky conditions.  Ph.D. thesis, Swiss Federal Institute of 
Technology Zurich, Institute for Atmospheric and Climate Science, 
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland. 
 
Address: 
Station Aérologique 
MétéoSuisse 
Les Invuardes 
CH-1530 Payerne 
 
Contacts: 
Laurent Vuilleumier tel. +41 26 662 63 06  email: laurent.vuilleumier@meteoswiss.ch 
URL: http://meteoswiss.ch 

                                                 
3 Marty, C. A., 2000.  Surface radiation, cloud forcing and greenhouse effect in the Alps.  Ph.D. thesis, 
Swiss Federal Institute of Technology Zurich, Institute for Atmospheric and Climate Science, 
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland. 
4 Lehmann, A. A., 2001.  Direct and Diffuse Components of Erythemal Irradiance: Measurements and 
Modeling for Clear-Sky Conditions.  Ph.D. thesis, Swiss Federal Institute of Technology Zurich, 
Institute for Atmospheric and Climate Science, Winterthurerstrasse 190, CH-8057 Zurich, Switzerland. 

mailto:pierre.viatte@meteosuisse.ch
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Name of research institute or organization: 
Hochschule für Technik und Architektur Burgdorf   
 
Title of project:  
Yield and reliability of the highest grid-connected PV-Plant in the world 
 
Project leader and team:  
Prof. Dr. Heinrich Haeberlin, project leader 
 
Project description: 
Der Betrieb der hochalpinen PV-Anlage Jungfraujoch wurde in den letzten 2 Jahren 
durch Schneeverschattungen und Arbeiten an der Fassade massgeblich beeinträchtigt. 
Im Zeitraum vom 28.03.2001 – 27.06.2001 sind die bisher langwierigsten und 
massivsten Verschattungen des Solargenerators bedingt durch Schneeansammlungen 
vor dem Gebäude der hochalpinen Forschungsstation aufgetreten. Über viele Tage 
wurde kaum noch Energie vom Ost-Solargenerator geliefert (siehe Bild 1 und 2). Die 
Performance Ratio PR ist somit im Monat April um ca. 22%, im Mai um ca. 23% und 
im Juni um ca. 16% gesunken. Hochgerechnet hatte dies eine Ertragseinbusse von ca. 
120kWh zur Folge. 

 

Weitere Energieverluste entstanden, weil zur Sanierung der Gebäudefassade wieder ein 
Baugerüst vor dem Ost-Generator vom 22.08.2001 – 13.09.2001 aufgestellt wurde. Bei 
den dabei durchgeführten Arbeiten wurde das Glas eines Moduls beschädigt. Das 
betroffene Modul wurde am 19.09.2001 ausgetauscht. 

Im selben Zuge wurde ein weiteres Modul des West-Generators ersetzt. Bei diesem 
traten mehrere Delaminationen an einigen unteren Zellen zum Modulrand hin auf. 
Offenbar war die Modulkante defekt und somit konnte sich der Delaminationsprozess 
durch Luft- und Feuchteeintritt innert weniger Monate sichtbar fortsetzen. An den 
übrigen Modulen der Anlage konnten auch in diesem achten Betriebsjahr keine 
Alterungserscheinungen visuell festgestellt werden. Der Wechselrichter funktionierte 
störungsfrei und die Messtechnik hatte auch wieder eine Verfügbarkeit von 100%.  

 
 
Bild 1: Ansicht des Ost-Generators am 07.05.2001.  
Im Monat April, Mai und Juni 2001 wurde der 
Generator zeitweise massiv durch Schneeansamm-
lungen verschattet. Die Solarmodule der Anlage 
Jungfraujoch sind immer in horizontaler Richtung zu 
Strängen von je 4 Module verschaltet. Bei Ver-
schattung der hinteren Module, wie hier auf dem Foto 
zu sehen, liefern die einzelnen Stränge kaum noch 
Energie. 
Beim Bau von alpinen PV-Anlagen ist dem Abstand 
zwischen Solargenerator und Boden besondere 
Beachtung zu schenken. Der Abstand sollte aus-
reichend sein, sodass selbst Schneeverwehungen von 
mehreren Metern Höhe den Solargenerator nicht 
verschatten können.   
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Nach den nun endlich abgeschlossenen Sanierungsarbeiten an der Gebäudefassade der 
hochalpinen Forschungsstation Jungfraujoch hofft die HTA Burgdorf nun wieder auf 
Jahresrekorderträge der bisher äusserst erfolgreichen PV-Anlage Jungfraujoch.  
 

 

Bild 2: In der normierten 
Monatsstatistik Mai 2001 
ist die Verschattung des 
Solargenerators durch 
Schnee sehr gut zu er-
kennen. Am 07.05.2001, an 
dem Bild 1 aufgenommen 
wurde, erreichte die Anlage 
nur ein Performance Ratio 
PR von 43%. Gut zu er-
kennen, ist auch das lang-
same Abschmelzen des 
Schnees im Laufe des 
Monats, d.h. die Feld-
verluste Lcm sinken wieder 
und die Performance Ratio 
PR steigt. 

                

Betriebsjahr 1994 1995 1996 1997 1998 1999 2000 

Energieproduktion in 
kWh/kWp 

1272 1404 1454 1504 1452 1330 1372 

Temperatur-Korrekturfaktor kT 
in % 102,2 101,2 101,0 100,5 101,4 101,3 101,2

Generator-Korrekturfaktor kG in 
% 88,3 88,8 89,2 88,9 90,2 87,6 87,4 

Wechselrichter-Nutzungsgrad 
nI in % 89,6 89,9 90,6 91,8 91,8 91,6 91,7 

Performance Ratio in % 80,9 80,7 81,6 82,0 84,0 81,3 81,0 

Tabelle 1: Messdatenauswertung der Anlage Jungfraujoch in den Betriebsjahren 1994 
bis 2000 (Referenz-Strahlungsmessung: Pyranometer), Energieerträge normiert auf 
effektive Solargenerator-Spitzenleistung von 1,13 kWp. 
 
Scientific publications and public outreach 2001: 
Der vorliegende Bericht stellt einen Auszug aus dem Jahresbericht 2001 über das 
Projekt „Langzeitverhalten von netzgekoppelten Photovoltaikanlagen 2 (LZPV2)” zu 
Handen des Bundesamtes für Energie dar. Separate Publikationen über die Photo-
voltaikanlage Jungfraujoch erfolgten im Jahre 2001 keine. 
 
Address: 
Hochschule für Technik und Architektur 
Jlcoweg 1 
CH-3400 Burgdorf 
 
Contacts:  
Heinrich Haeberlin   Tel. +41 34 426 6853   e-mail: heinrich.haeberlin@hta-bu.bfh.ch 
URL: www.pvtest.ch 
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Name of research institute or organization: 
EMPA Dübendorf, Swiss Federal Laboratories for Materials 
 
Title of project:  
Monitoring of halogenated greenhouse gases 
 
Project leader and team:  
Stefan Reimann, project leader; Konrad Stemmler, scientist; Daniel Schaub, scientist; 
Andrea Weiss, scientist. 
 
Project description: 
Since January 2000 halogenated greenhouse gases are continuously measured by 
gaschromatography-mass spectrometry (GCMS) at the high Alpine station of 
Jungfraujoch. These measurements are a part of a Swiss National project to estimate 
the Swiss source strengths of these gases as well as a part of the EU-project SOGE 
(System for Observation of Halogenated Greenhouse Gases in Europe). 

Both projects have the aim of estimating emissions of these gases down to a regional 
scale. At Jungfraujoch as the receptor, the emission source strengths of these gases 
from different parts of Europe are represented by distinct fluctuations of the 
concentrations. Figure 1 shows the time series of the mixing ratios of HFC 125, CFC 
115, and halone 1211 from July 2000 to October 2001 as illustrative examples for our 
measurements. It is apparent that the time series of the specific compounds differ with 
respect to the magnitude and frequency of pollution events monitored at the 
Jungfraujoch station. For example CFC's or halones show no major excursions from 
the tropospheric background concentrations anymore, reflecting their strongly reduced 
emissions since the regulations of the Montreal protocol.  
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In combination with trajectory models the polluted cases are used to estimate the 
emissions of these gases down to the regional European scale. First results of the 
relative contribution of different European source regions to the concentrations 

Fig.1 
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observed at the Jungfraujoch station for these gases are shown in Figure 2 as an 
example for the hydrofluorocarbon 134a. 

HFC 134a is the most frequently used hydrofluorocarbon in Europe. It is mainly used 
as a refrigerant. Figure 2a shows that the mixing ratios of this compound can 
occasionally reach several hundred ppt at the Jungfraujoch station. During the 
measurement period from January 2000 to December 2001 its tropospheric 
background concentration has risen from 14 ppt in the beginning of 2000 to 23 ppt at 
the end of 2001 (i.e. an increase of ca. 30 % per year), which reflects its wide use. 
Figure 2B shows preliminary results from a simple trajectory statistic model applied 
to the whole data set for HFC 134a. The results of the model indicate that the main 
source regions of the HFC 134a pollution at the Jungfraujoch lie in southern direction 
(e.g. Po valley) or in south-western direction. A weaker source region may lie in 
northern direction (e. g. Germany, Benelux or Great Britain). HFC 134a is a purely 
anthropogenic pollutant. Therefore the regions indicated as off-shore sources of HFC 
134a (e.g. Adriatic and Tyrenic Sea) are thought to result from the restricted distance 
resolution of this model in combination with a single observation site. Therefore an 
improvement of the results in the future is expected from a refinement of the model 
and from the incorporation of the data of the other SOGE-observation sites located at 
Mace Head, Ireland; at Spitsbergen, Norway; and at Monte Cimone (2000 m asl.), 
Italy. Furthermore, it is planned to use these data together with a particle model, 
which also would lead to a better spatial resolution of the estimated emissions. 

0

20

40

60

80

100

120

140

160

180

200

Jan 00 Apr 00 Jul 00 Okt 00 Feb 01 Mai 01 Aug 01 Dez 01 Mrz 02

[p
pt

]

>

<  
Key words 
Greenhouse gases, halogenated hydrocarbons, CFC, HCFC, HFC, trajectory model, 
Kyoto Protocol 
Collaborating partners/networks: 
EU-project: SOGE (System for observation of greenhouse gases in Europe) 
Scientific publications and public outreach 2001: 
Preliminary results presented at the 8th European Symposium on the Physico-
Chemical Behaviour of Atmospheric Pollutants; 17-20 September 2001, Torino (It). 
Address: 
EMPA Dübendorf 
Ueberlandstrasse 129 
CH-8600 Dübendorf 
Contacts:  
Stefan Reimann   Tel. +41 1 823 5511   e-mail: stefan.reimann@empa.ch 
SOGE hompage: www.nilu.no/niluweb/services/soge/ 

Fig. 2A Fig. 2B 
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Name of research institute or organization: 
EMPA Dübendorf, Swiss Federal Laboratories for Materials 
 
Title of project:  
NABEL; National Air Pollution Monitoring Network 
 
Project leader and team:  
Brigitte Buchmann (project leader) 
Konrad Stemmler; Beat Schwarzenbach, Claudia Zellweger (responsible for the 
Jungfraujoch monitoring station). 
 
Project description: 
The NABEL data acquisition network comprises 16 monitoring stations distributed 
over the whole country. The main aims of the NABEL system are the assessment of 
the air quality and its development in Switzerland and to control the success of 
measures taken to reduce air pollution. With its extremely low level of air pollution, 
the Jungfraujoch monitoring station takes on special significance in the NABEL 
network, it serves as a "background" station for the lower free troposphere in central 
Europe.  

At the moment the analytical programme at the Jungfraujoch includes the continuous 
monitoring of following gaseous pollutants: ozone, carbon monoxide, nitric oxide 
(NO), nitrogen dioxide (NO2) and the sum of the oxides of nitrogen (NOy).  
Additionally specific VOC's (alkanes, aromatics) are monitored with a time resolution 
of 4 hours, two-day grab samples are taken continuously for respirable particulate 
matter, which are further analysed for Lead and Cadmium (yearly means), and one-
day grab samples are taken for gaseous SO2 and for the sulphur content in particulate 
matter. The analytical results are reviewed on a monthly basis and combined with 
meteorological data. The Swiss Agency for the Environment, Forests and Landscape 
(SAEFL/BUWAL) is responsible for governing a NABEL database and for the 
publication of the data. 

Daily mean Mixing Ratios for Carbon Monoxide at the Jungfraujoch
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Figure 1 shows as an example for NABEL data a 5-year time series of the mixing 
ratio of carbon monoxide at the Jungfraujoch. The NABEL data is available upon 
request from BUWAL or EMPA. 

The Swiss Federal Laboratories for Materials Testing (EMPA) use the Jungfraujoch 
Station additionally for field tests and comparisons of the performance of trace gas 
monitors under low pollution conditions. In this context this year a comparison of 
three types of CO-Monitors (i.e. using gas chromatography, non dispersive infrared 
spectroscopy and vacuum ultraviolet fluorescence, respectively, as analytical 
principles) had been performed. 

Due to the in respect to air pollution remote position, but the geographically central 
position in the middle of Europe the Jungfraujoch Station can not only be used to 
measure background concentrations of pollutants, but also to obtain information on 
European emissions of long living air pollutants. Beneath the ongoing measurements 
of halogenated greenhouse gases, EMPA has investigated this year a method for the 
high frequency measurements of hydrogen in the atmosphere. As hydrogen is a very 
stable gas under tropospheric conditions and as hydrogen may become a very 
important energy source in the future, it is important to investigate its present natural 
and anthropogenic sources and its atmospheric behaviour in more detail.  

 
Key words 
Air quality assessment, criteria aior pollutants, meteorology, long-term measurement 
series, control instrument for air quality policy. 
 
Collaborating partners/networks: 
Swiss Agency for the Environment, Forests and Landscape (SAEFL/BUWAL) 
 
Scientific publications and public outreach 2001: 
NABEL, Luftbelastung 2000; Schriftenreihe Umwelt Nr. 330 Luft; Bundesamt für 
Umwelt, Wald und Landschaft, Bern 2001. 
Technischer Bericht zum Nationalen Beobachtungsnetz für Luftfremdstoffe 
(NABEL); Eidgenössische Materialprüf- und Forschungsanstalt, Dübendorf 2000. 
 
Address: 
EMPA Dübendorf 
Ueberlandstrasse 129 
CH-8600 Dübendorf 
 
Contacts:  
Brigitte Buchmann Tel. +41 1 823 55 11 e-mail: brigitte.buchmann@empa.ch 
NABEL home page: www.empa.ch/nabel 
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Name of research institute or organization: 
Paul Scherrer Institut, Laboratory of Atmospheric Chemistry 
 
Title of project:  
GAW Aerosol Project 
 
Project leader and team:  
PD Dr. Urs Baltensperger, project leader 
Dr. Ernest Weingartner, co-leader 
Silvia Henning, Dr. Stephan Nyeki, Nicolas Bukowiecki, Dr. Werner Graber, Martin 
Gysel, David Imhof, Rémo Nessler, Rene Richter, Severin Weber 
 
Short project description: 
The Global Atmosphere Watch (GAW) Programme has been established by the 
World Meteorological Organisation (WMO) to provide measurements, scientific 
assessments, and other information on changes in the global chemical composition 
and related physical characteristics of the atmosphere. Concerning aerosols, the 
objective of the GAW program is to determine the spatio-temporal distribution of 
aerosol properties related to climate forcing and air quality up to multi-decadal time 
scales. Presently, GAW consists of some 20 Global stations, which cover different 
types of aerosols: Clean and polluted continental, marine, arctic, dust, biomass 
burning, and free troposphere. The Swiss contribution to GAW is sponsored by 
Meteoswiss. 

The European GAW Baseline station comprises the Zugspitze/Hohenpeissenberg 
(2962 m, Germany), the Jungfraujoch  (3454 m, Switzerland) and Sonnblick (3106 m, 
Austria) high-alpine stations. The National Weather Institutes of all three countries 
have agreed to combine measurements under the DACH (Germany, Austria, 
Switzerland) agreement. In order to obtain as extensive a database as possible, each 
station will focus on a particular physical/chemical aspect of climatically important 
aerosol parameters. 

The following aerosol parameters are continuously measured on the Jungfraujoch: 
optical depth, major ionic components in two size fractions, scattering and 
hemispheric backscattering coefficient at various wavelengths, absorption coefficient 
at various wavelengths, and the aerosol number concentration. For most parameters a 
continuous 7-year record is now available. Data are managed by the World Data 
Centre for Aerosols in Ispra (Italy), and it is planned to establish a World Calibration 
Centre under the auspices of the Institute for Tropospheric Research in Leipzig, to 
ensure global data comparability. With the global coverage of the sites and the large 
number of aerosol parameters measured, the GAW aerosol program is believed to be 
an excellent candidate for ground truthing of satellite data. 
 
Key words: 
Aerosol particles, direct and indirect climate forcing, Global Atmosphere Watch, 
WMO 
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Collaborating partners/networks:  
H. Burtscher, University of Applied Sciences, Windisch, Switzerland 
B. Calpini, EPFL, Lausanne, Switzerland 
S.G. Jennings, University of Galway, Ireland 
J. Heintzenberg, Institute for Tropospheric Research (IfT), Leipzig, Germany 
J. Wilson, Joint Research Centre, Ispra, Italy 
 
Scientific publications and public outreach 2001: 
Peer-reviewed publications: 
Burtscher, H., U. Baltensperger, N. Bukowiecki, C. Hüglin, M. Mohr, U. Matter, S. 
Nyeki, N. Streit, E. Weingartner, Separation of volatile and non-volatile aerosol 
fractions by thermodesorption: Instrumental development and applications, J. Aerosol 
Sci., 32, 427-442 (2001). 
Ehrman, S.H., M. Schwikowski, U. Baltensperger, H.W. Gäggeler, Sampling and 
chemical analysis of ice crystals as a function of size, Atmos. Environ., 35, 5371-5376 
(2001). 
Krivácsy, Z., A. Gelencsér, G. Kiss, E. Mészáros, Á. Molnár, A. Hoffer, T. Mészáros, 
Z. Sárvári, D. Temesi, B. Varga, U. Baltensperger, S. Nyeki, E. Weingartner, Study 
on the chemical character of water-soluble organic compounds in fine atmospheric 
aerosol at the Jungfraujoch, J. Atmos. Chem., 39, 235-259 (2001). 
Krivácsy, Z., A. Hoffer, Zs. Sárvári, D. Temesi, Baltensperger, S. Nyeki, E. 
Weingartner S. Kleefeld, S.G. Jennings, Role of organic and black carbon in the 
chemical composition of atmospheric aerosol at European background sites, Atmos. 
Environ., 39, 6231-6244 (2001). 
 
Other publications: 
Baltensperger, U., The art of aerosol measurement and modelling within AEROSOL, 
Proc. Eurotrac-2 Symposium 2000, Garmisch-Partenkirchen, Germany, Springer-
Verlag Berlin Heidelberg 2001, 39-44 (2001). 
Henning, S., E. Weingartner, S. Schmidt, H.W. Gäggeler, U. Baltensperger, Aerosol-
clouds interactions at the high alpine site Jungfraujoch (3580 m asl) - experimental 
data and modelling results, Proc. European Geophysical Society XXVI General 
Assembly, Nice, France, CD-ROM (2001). 
Henning, S., E. Weingartner, S. Schmidt, M. Wendisch, U. Baltensperger, Results 
from simultaneous measurements of aerosol and cloud parameters at the Jungfraujoch, 
J. Aerosol Sci., 32, Suppl. 1, S975-S976 (2001). 
Hoffer, A., A. Gelencser, A. Molnar, E. Weingartner, U. Baltensperger, Comparative 
study on the concentration and mass absorption of black carbon aerosol at the 
Jungfraujoch, J. Aerosol Sci., 32, Suppl. 1, S679-S680 (2001). 
Nessler, R., G. Larcheveque, I. Barlin, N. Bukowiecki, E. Weingartner, U. 
Baltensperger, H. van den Bergh, B. Calpini, Study of the tropospheric aerosol at the 
Jungfraujoch alpine station by mean of simultaneous lidar and in-situ measurements, 
J. Aerosol Sci., 32, Suppl. 1, S447-S448 (2001). 
Weingartner, E., S. Henning, M. Gysel, N. Bukowiecki, U. Baltensperger, 
Hygroscopicity of aerosol particles at low temperatures, J. Aerosol Sci., 32, Suppl. 1, 
S977-S978 (2001). 
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Address: 
Paul Scherrer Institut 
Laboratory of Atmospheric Chemistry 
CH-5232 Villigen PSI 
 
Contacts:  
Urs Baltensperger  Tel. +41 56 310 2408 e-mail: urs.baltensperger@psi.ch 
Ernest Weingartner  Tel. +41 56 310 2405 e-mail: ernest.weingartner@psi.ch 
URL: www.psi.ch/gaw 

mailto:urs.baltensperger@psi.ch
mailto:urs.baltensperger@psi.ch
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Name of research institute or organization: 
Paul Scherrer Institut, Laboratory of Radio and Environmental 
Chemistry 
 
Title of project:  
Palaeo atmospheric chemistry studies using high-altitude glacier ice cores and snow 
samples 
 
Project leader and team:  
Dr. Margit Schwikowski, project leader 
Dr. Stella Eyrikh, Dr. Nand Lal Misra, Maria Angelica Godoi, Diego Soto, Susanne 
Olivier, Dr. Takayuki Shiraiwa (ETH Zürich) 
 
Short project description: 
The study of mercury (Hg) concentrations in snow and ice samples from high-
mountain glaciers allows assessing long-range atmospheric transport and 
reconstructing past and recent changes in the global biogeochemical cycle of this 
element. In order to develop sampling and analysis methods for determination of Hg 
concentrations in snow and ice, snow samples were collected from a 1.3 m snow pit at 
the high-alpine research station Jungfraujoch (3450 m asl, Swiss Alps) on 31 January 
2001. All samplings were carried out following recommendation of a protocol for 
ultra-clean work. Precautions have been taken to avoid mercury losses/contamination 
on each stage from sampling to analysis. Mercury was analysed by Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS ELEMENT, Finnigan MAT) equipped 
with a Hydrogen Generator having a membrane gas-liquid separator (Cold Vapour 
technique). The detection limit of the method, calculated as 3 times the standard 
deviation of the blank, is 0.4 ng L-1 (for 20 blank samples). The results obtained by 
this method, using SnCl2 as reducing agent, are operationally defined as “reactive 
mercury”, that is Hg in ionic or weakly bonded form. 

The snow samples from the Jungfraujoch showed a comparatively constant Hg level 
of 2.3-2.9 ng L-1, which is higher than that observed in snow from the Belukha glacier 
in the Siberian Altai (49°48’49”N, 86°32’29”E, 3895 m asl), but lower than in Aktru 
snow (50°05’26”N, 87°42’08”O, 3150 m asl), also in the Siberian Altai (Figure 1).  
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Fig. 1: Hg concentrations in snow pits from different sites. 

These are the first data on concentrations of Hg in snow from the Swiss Alps and the 
Siberian Altai mountains. This project will continue with analyses of Hg 
concentrations in an ice core from the Belukha glacier, in order to reconstruct past 
atmospheric concentration levels of the toxic element Hg in the Siberian Altai. For the 
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interpretation of the data, further experiments on the Jungfraujoch are needed to 
investigate the atmosphere/snow transfer of Hg and its preservation in the snow cover. 
 
Key words: 
Mercury, snow, air pollution, ice core record 
 
Collaborating partners/networks:  
S. Eyrikh, T. Papina, Institute for Water and Environmental Problems, Siberian 
Branch of the Russian Academy of Sciences, 105 Papanintsev Str., Barnaul. 656099, 
Russia 
 
Scientific publications and public outreach 2001: 
Ehrman, S.H., M. Schwikowski, U. Baltensperger, and H.W. Gäggeler, Sampling and 
analysis of ice crystals as a function of size, Atmospheric Environment, Atmospheric 
Environment 35, 5371-5376 (2001). 

Address: 
Paul Scherrer Institut 
Laboratory of Radio and Environmental Chemistry 
CH-5232 Villigen PSI 
 
Contacts:  
Margit Schwikowski  Tel. +41 56 310 4110 e-mail: margit.schwikowski@psi.ch 
URL: http://www1.psi.ch/www_lch_hn/ 
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Name of research institute or organization: 
Institute 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 long-term variation of the biologically significant erythemally 
weighted UV-irradiance is of interest, as it can be taken as a general indicator of 
harmful reactions on humans.  

With a double-monochromator spectroradiometer spectral measurements between 280 
nm and 500 nm with a resolution of 0.25 nm are carried out. 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 2001, the measurements at Jungfraujoch took place between 18.07.2001 and 
30.08.2001. 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. 
This year for the first time spectral actinic flux density from the upper hemisphere 
was measured too, which 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. These results will also be presented at the 
EUROTRAC-meeting in Garmisch-Partenkirchen in March 2002.  

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 strong short-term 
variations of various atmospheric parameters. 

 
Key words 
UV, erythemal irradiance, ozone, aerosols, albedo effects 
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Collaborating partners/networks:  
Close contact to Meteo Schweiz concerning radiation measurements and to BUWAL 
concerning ozone measurements. International cooperations in several EC-projects 
about spectral UV measurements. 
 
Scientific publications and public outreach 2001: 
 
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: 

mailto:Mario.Blumthaler@uibk.ac.at
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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. Andreas Siegenthaler, Dr. Dietrich Feist, Daniel Gerber, Vladimir Vasic 
 
Project description: 
The objectives of our research in 2001 was to measure the altitude distribution of 
water vapor in the middle atmosphere from approx. 25km up to 70km. Water vapor 
plays a crucial role in atmospheric processes through its radiative, chemical and 
dynamical properties. In the upper troposphere it is one of the main greenhouse gases 
that absorbs longwave terrestrial radiation. Its distribution is strongly influenced by 
both the large scale circulation and localized convection. Chemically, water vapor is a 
major source of the hydroxyl radical, the primary oxidant in the troposphere that is 
able to react with most pollutants. Water vapor is also a valuable tracer of atmospheric 
motion due to its long chemical lifetime. Part of water vapor enters the stratosphere by 
vertical transport in the tropical tropopause with the air being freeze dried by the low 
tropopause temperature and spreads to middle latitudes with a certain phase lag.  

Measurements of water vapor in the upper troposphere and in the stratosphere 
require an enormous technical effort due to large gradients around the tropopause and 
the stratospheric mixing ratios of a few ppmv in contrast to the moist tropospheric air 
masses. In addition, in the stratosphere, the spatial and temporal variability of the H2O 
abundance is relatively small, i.e. changes of a few tenths of 1 ppmv need to be 
detected with a similar accuracy of the measurement. No single existing instrument is 
capable of H2O measurements at all altitudes, with adequate global and temporal 
coverage. Therefore a combination of different techniques is necessary in order to 
investigate the spatial and temporal variability of water vapor. 

Under favorable conditions it is possible to measure water vapor in the middle 
atmosphere in the microwave region also from the ground. Two microwave 
radiometers are operated on Jungfraujoch: 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 achieving 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.  

One aspect is to determine from the same location the altitude profile of H2O and 
H2O18 at the same time. These investigations will help to understand transport of 
water vapor from the troposphere to the stratosphere as the isotopic ratio is affected 
by the temperature history. The other aspect is to complement our data above approx. 
15 km by data from the newly installed water vapor Lidar from the ETH Lausanne 
under lead of Prof. B. Calpini. The microwave instrument together with the lidar on 
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Jungfraujoch will thus give the unique opportunity to determine the water profile from 
the ground up to 75km. 

It was possible to detect the extremley weak transition of the isotope on a few days 
and measurements of normal water vapor were succesful under very dry conditions. 
The main work was to analyse the data also from earlier periods. Out of this work two 
publications resulted. Unfortunately we suffered from severe instrumental problems in 
the helium cooled instrument which made it impossible to gain more usable data. The 
EMCOR instrument will have to go through a refurbishment at the institute in Bern. 
The AMSOS instrument has been removed from Jungfraujoch as it was used in a 
flight campaign to the arctic in the fall. It is planned to operate both systems on 
Jungfraujoch again after the needed modifications have been performed. 
 
Key words 
Watervapor, microwave radiometry, remote sensing  
 
Collaborating partners/networks:  
GAW (Global Atmospheric Watch), NDSC (Network for the Detection of 
Stratospheric Change), Universite de Bordeaux 
 
Scientific publications and public outreach 2001: 
Siegenthaler, A., O.Lezeaux, D.Feist and N.Kämpfer, First water vapor measurements 
at 183 GHz from the high alpine station Jungfraujoch, IEEE Trans. on Geosci. and 
remote sensing, Vol. 39, No. 9, pp. 2084-2087, 2001. 
Gerber, D., O.Lezeaux and N.Kämpfer, Ground based microwave measurements of 
midlatitude startospheric H2O18 and derivation of the isotopic ratio, Proc. Quadrennial 
Ozone Symp., Sapporo, Japan, pp. 399-400, July 2000. 
Gerber, D., O.Lezeaux, A.Siegenthaler and N.Kämpfer, Deriving the isotopic ratio of 
18O in stratospheric watervapor from ground based microwave measurements on 
Jungfraujoch in the Swiss Alps., submitted to J. Geophys. Res. 
 
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: 
ABB Switzerland Ltd, Semiconductors 
 
Title of project:  
Cosmic ray induced failures in biased power semiconductor devices 
 
Project leader and team:  
Charles Findeisen 
Egon Herr, Thomas Stiasny 
 
Project description: 
For several years it is known that biased high power semiconductor devices like 
diodes, thyristors or IGBTs might fail suddenly without any previous device wear-out 
or electrical overload condition. Normally this phenomenon is explained by cosmic 
rays that trigger inside the biased silicon bulk a localized breakdown event, finally 
destroying the devices [1-4]. The failure rates increased with the applied bias. 
Adequate test series for studying device designs are of long duration and expensive. 
Accelerated tests are feasible at locations with enhanced cosmic ray fluxes (e.g. at 
Jungfraujoch) or with particle beams. The purpose of the tests at Jungfraujoch is 
firstly to check the cosmic ray withstand of available devices, secondly to compare 
these results to corresponding tests at high-flux proton or neutron beams and thirdly to 
establish suitable design rules for developing future devices.  
The test setup was located on a platform (area 0.7 m2) just below a wooden roof of the 
Sphinx observatory. The 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]. In 2001 
about half a dozen different types of power semiconductor devices were tested on this 
platform. 

The typical bias for applications was always around half of the device voltage ratings 
Vnom. Here the requested failure rates due to cosmics should be smaller than one 
failure every 109 cm2⋅h (=device area times test period). Due to the limited number of 
devices and exposure times the accessible failure rates were limited to biases larger 
than (0.7 – 0.8)⋅Vnom. The bias range was extended to > 0.5⋅Vnom by using neutron or 
proton beams. 

The measured failure rates due to cosmics and particle beams were comparable for 
biases larger than 0.7⋅Vnom. Also for the same bias range the predictions for most of 
the device types were in fair agreement with the test results. As a typical example the 
failure rates due to cosmics of an IGBT device were compared to the test results at a 
proton beam and model calculations [4] (Fig. 1).  

Up to now the sharp drop of the failure rates below a characteristic bias were only 
observed with proton and neutron beams. The poor statistics with cosmic tests did not 
allow to reproduce this drop-off. The model did not predict the sharp drop of the 
failure rates. 

The cosmic rays withstand tests for other device types will also continue in year 2002. 
In addition a proposal was prepared to clarify the possible drop of the failure rates due 
to cosmics below a characteristic bias. 
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Glossary 
IGBT: Insulated Gate Bipolar Transistor; voltage controlled power transistor. 
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Fig. 1: Failure rates of an IGBT type due to cosmics and protons of 300 MeV kinetic 
energy. For biases < 850 V the measured failure rates are significantly smaller than 
the predicted rates. 1 FIT/ cm2 was one failure every 109 device⋅hour normalized to 
one cm2 silicon area. 
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Collaborating partners/networks:  
 
Scientific publications and public outreach 2001: 
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Name of research institute or organization: 
Bundesamt für Landestopographie 
 
Title of project:  
Automated GPS Network in Switzerland (AGNES) 
 
Project leader and team:  
Dr. Urs Wild, Project manager 
Dr. Elmar Brockmann, Simon Grünig, René Hug,  
 
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. 
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The spatial distribution of the 29 AGNES stations over Switzerland had to fulfil to the 
largest possible extent the requirements of all these three applications. The mean 
distance between two AGNES stations is about 50-60 km, in order to keep the 
maximum distance between the user and the reference station below 30 km 
(maximum distance for high-precision real-time differential positioning). Where 
possible, the AGNES stations are collocated with meteo stations (ANETZ) of 
MeteoSwiss (such as the station Jungfraujoch). 

AGNES is the new on-line realisation of the GPS-based geodetic reference frame 
CHTRF95 in Switzerland, which will replace the existing triangulation networks in 
the mean term. Surveyors may use the AGNES data for post-processing applications 
as well as for real-time positioning (accuracy 0.01 - 0.1 m), using GSM as the data 
channel between the reference stations and the rover. 

The data of the AGNES stations are analysed on a daily basis to validate the stability 
of the reference frame. An example of the coordinate time series of the Jungfraujoch 
GPS receiver is given in Figure 2. Monitoring sites over a long time interval will 
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allow the detection of possible tectonic movements in the Swiss Alps with an 
accuracy of approximately 2-3 mm/year. 

Since Dec. 2001 the GPS data are additionally processed on an hourly basis. So-called 
zenith total delay estimates (ZTD) are derived every hour with a time delay of about 
1:15 hours: With known surface pressure and temperature these values can be 
converted to integrated water vapour (IWV). The ZTD values are submitted to the 
European COST-716 project (Exploitation of Ground Based GPS for Climate and 
Numerical Weather Prediction). A web site (http://www.knmi.nl/samenw/cost716) 
displays the actual situation in terms of ZTD and IVW in Europe derived from 
presently 4 processing centres. In collaboration with MeteoSwiss and the Institute of 
Applied Physics (Univ. Bern), an attempt was made (Dec. 2002) to use this infor-
mation for numerical weather prediction. Comparisons of the GPS-derived ZTD 
values with values from the weather prediction model (local model LM of 
MeteoSwiss) already prooved the potential of GPS in the field of meteorology. 

 
Fig. 2: Coordinate time series (North, East, Up) of the Jungfraujoch GPS receiver 

(from mid of 1998 till end of 2001). This information is updated weekly at 
http://www.swisstopo.ch/de/geo/pnac_results.htm. 

 
Key words 
GPS, Meteorology, Positioning, Intergrated Water Vapour, Zenith Path Delay, 
Geodynamics 
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Name of research institute or organization: 
Climate and Environmental Physics, University of Bern 
 
Title of project:  
AEROCARB 
 
Project leader and team:  
PD Dr. Markus Leuenberger, project leader 
Patrick Sturm, Peter Nyfeler, Hanspeter 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. The project is based on a synergy of atmospheric measurements, 
mesoscale atmospheric transport models, surface emission data, and diagnostic 
models of land ecosystems carbon exchange. The unified European network of 
atmospheric CO2 and related tracers concentration measurements consists of ground 
level monitoring stations (Figure 1) and a transect of regular biweekly aircraft CO2 
soundings between the Atlantic and Eastern Europe.  

 
Figure 1: Ground level monitoring stations of the network of atmospheric CO2 and 
related tracer measurements within AEROCARB. 
 
Additional to the CO2 measurements highly precise atmospheric O2 concentration 
measurements are performed. Atmospheric O2 is a powerful tracer of the carbon cycle 
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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), Jena (D), Schauinsland (D), Hegyhatsal 
(HU), Poland site). 

Our laboratory undertook the commitment to perform high precision O2/N2 
measurements in collaboration with the Centrum voor Isotopen Onderzoek (CIO) in 
Groningen (NL). 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. 

After some preliminary tests during June and July 2000, we started routine biweekly 
flask sampling in October 2000. Since August 2001 the glass flasks are sent from 
Bern to Jungfraujoch and back in a specially designed sampling box. The sampling 
procedure is carried out by the custodian of the research station. 

We use 500ml glass flasks equipped with stop-cocks containing Viton O-rings. To dry 
the air during sampling, we use a U-shaped tube filled with magnesium perchlorate as 
a drying means. A diaphragm pressure pump transfers the air from outside through the 
drying unit and the two flasks connected in series. The flasks are flushed for 10min at 
a flow rate of 3l/min. 

The flasks are analysed in our laboratory in Bern with a DELTAplusXL Isotope Ratio 
Mass Spectrometer (IRMS) from Thermo-Finnigan. In order to be able to measure the 
O2/N2 ratio to the required accuracy, we have developed a new gas inlet system, 
manly based on glass (see Publications section below).  

Because atmospheric N2 is much less variable than O2, changes in the O2/N2 ratio 
primarily reflect changes in O2. The atmospheric O2 concentration varies seasonally 
due to variations of the net O2 production of the terrestrial and marine biosphere and 
due to a temperature dependent solubility of O2 in the ocean. 

Figure 2 shows first measurements of the O2/N2 ratio at the Jungfraujoch from 
October 2000 to January 2001. The measurements show a decrease of the atmospheric 
O2 concentration towards winter months.  

However, these preliminary measurements exhibit different problems. First, the 
drying unit worked not as well as expected resulting in water contamination of the 
sampled air that lowered the reproducibility of the measurements. Secondly, we 
experienced that the permeation flux of air components through the Viton O-ring 
sealings is a crucial problem when the samples are stored too long. This effect can be 
larger than the real atmospheric signal.  

It is our task to minimize these effects in order to reach our goal of precise O2/N2 
records at different locations in Europe. 
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Figure 2: First measurements of the O2/N2 ratio at the Jungfraujoch from October 
2000 to January 2001 
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Contacts:  
Markus Leuenberger  Tel. +41 31 631 44 70  e-mail:  leuenberger@climate.unibe.ch  
URL:  http://www.climate.unibe.ch/ 
 http://www.aerocarb.cnrs-gif.fr/ 

http://www.bgc-jena.mpg.de/public/carboeur/   
 

δδδδO2/N2 at Jungfraujoch

2.640

2.660

2.680

2.700

2.720

2.740

2.760

2.780

1. Okt. 00 22. Okt. 00 12. Nov. 00 3. Dez. 00 24. Dez. 00 14. Jan. 01

O
2 /

N
2  [

‰
] 

mailto:pierre.viatte@meteosuisse.ch
mailto:leuenberger@climate.unibe.ch
http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.bgc-jena.mpg.de/public/carboeur/


International Foundation HFSJG 
Activity Report 2001 

 41

 
 
Name of research institute or organization: 
Laboratory of Hydraulics, Hydrology and Glaciology, Swiss Federal 
Institute of Technology, Zürich 
 
Title of project:  
Glaciology : Stability of hanging glaciers 
 
Project leader and team:  
Dr. Martin Funk, project leader 
Antoine Pralong, Hermann Bösch, Thomas Wyder, Aurel Schwerzmann, Dr. Andreas 
Bauder 
 
Project description: 

Goal of the project 
The prediction of the breaking off time of unstable ice masses can be important if 
settlements or other installations (roads, railway, etc) exist within the potential hazard 
zones of a glacier. Until now predictions of the failure time of hanging glaciers is 
based on three studies: two studies (Röthlisberger, 1977 and Flotron, 1977) propose 
an empirical formula for the determination of the failure time. The third study (Iken, 
1977) is a theoretical validation (with a numerical model) of the formula proposed by 
the two other studies for the special case of calving glaciers. 

 
Failure time formula by Röthlisberger and Flotron 

 
The aim of the present project is a better prediction of breaking off events. The 
empirical formula (by Röthlisberger, 1977 and Flotron, 1977) for the determination of 
the failure time has to be validated in two ways: theoretically with a numerical model, 
and experimentally with measurements done on several hanging glaciers. Two types 
of hanging glaciers with different ice temperatures and different volumes of unstable 
ice blocks are considered (see Figure 1).  
 
Measurements  
All measurements listed in this section will be used in the present project. Two types 
of glaciers are -or have been- observed (see Figure 1). The first is a ramp-type glacier 
(ice slab frozen on the bedrock). In this classification are the hanging glacier on the 
Weisshorn north face (measurement were performed in 1973) and the hanging glacier 
on the south face of les Grandes Jorasses (measurements in 1997-98). The second 
type of observed glaciers are break-type glaciers (ice segment failure at the front of 
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the glacier). Among those are the hanging glacier of the Eiger west face (1990 and 
measurements in progress) and the Mönch south face glacier (in progress). 

Temperature, ice thickness and velocity measurements have been performed on all 
glaciers mentioned above.  Boreholes were drilled to determine the depth of the ice 
(radio echo sounding cannot be applied dire to the high density of cracks in such 
glaciers) and thermistors are installed into these holes to measure the ice temperature. 
The measurements are performed to determine the parameters for the numerical 
model computation aiming to simulate the movement of the glacier. The third 
measurement is the determination of the position in function of time of a finite 
number of points on the glacier. The points are marked with reflectors and the 
position measured with a theodolite-laser distometer. Acceleration curves are derived 
from these measurements. 
 

Figure 1 : The two principal types of hanging glaciers 
 

Figure 2 : Typical acceleration of ice mass before breaking off 
 

This measurement has been performed on the Eiger glacier in 2001. The predicted failure time was on 
August 22 + or -1 day. Because of fracturation of the unstable ice mass, the first pieces of the unstable 
ice mass began to fall five days before the predicted time. The failure process continued over an entire 
week. This example illustrates the limitation of a forecast. 
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Six boreholes have been drilled in summer 2001 during a field campaign on the 
Mönch glacier. Ice thickness varied between 63 m and 82 m. Thermistor chains 
equipped with 8 thermistors were installed in each borehole. Temperature was 
measured during three month. The measurements showed that the glacier is temperate. 
Seven reflectors have been installed and an automatic theodolite-laser distometer 
measures their position every hour. One reflector is used to measure the surface 
velocity of the stable part of the glacier and the others to measure the displacement of 
unstable ice masses. Four reflectors have registred breaking off events and the two 
others are still measuring. The data processing is still in progress. 

Two reflectors have been installed in July 2001 on an unstable ice mass at Eiger 
glacier. Figure 2 shows the result of these measurements. After breaking off, two 
other reflectors have been installed and are still measuring. Temperature 
measurements as well as the determination of the geometrical tongue profile have 
been performed in 1993 on this glacier (Lüthi, 1994). 
 
Modeling 
In addition to the validation of the failure time determination method, a special goal of 
the modeling is a better physical understanding of the breaking off process. The 
numerical model is a finite element model, in which a implemented continuum 
damage mechanics model is used to compute the progressive fracturation of ice. First 
results from this model are expected within half a year. 
 
Key words 
hanging glacier, prediction of breaking off, damage mechanics 
 
Collaborating partners/networks:  
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Name of research institute or organization: 
Glaciology, Swiss Federal Institute of Technology, Zürich 
 
Title of project:  
Glacier measurements on Aletschgletscher 
 
Project leader and team:  
Dr. Andreas Bauder, project leader 
2-4 coworkers and field assistents 
 
Project description: 
Long-term glacier observations have been carried out to document glacier variations 
of Grosser Aletschgletscher:  
- Since the 1880's the length changes at the glacier tongue were recorded annually. 
- Starting in September 1918, the firn accumulation and mass balance was measured 

on Jungfraufirn.  These are the second longest time series of in-situ stake measure-
ments. 

- Two detailed, high precision topographic maps exist for 1926/27 and 1957, 
covering the whole catchment area of the branched glacier system. 

 
In an ongoing project the length, area, and volume changes of the Alps largest glacier 
are continuously observed applying modern remote sensing techniques as well as 
direct field measurements.  To calculate volume changes of high spatial resolution, 
digital elevation models (DEM) were generated by digitizing elevation contours of the 
maps. A comparison to the current situation will be possible with photogrammetrical 
results from recent aerial photographs.  The changes in mass on Jungfraufirn are con-
tinuously measured twice per year in spring after the accumulation season and in late 
summer after the ablation season.  The variation of snow accumulation and melting is 
recorded monthly. 
 
Key words 
Glacier measurements, firn accumulation, mass balance 
 
Collaborating partners/networks:  
 
Scientific publications and public outreach 2001: 
 
Address: 
ETH Zürich 
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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 investigations 

The ASRB network (1), comprising eleven stations from 370 m (Locarno-Monti) to 
3580 m (Jungfraujoch), primarily measures downward and upward fluxes of short-
wave 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 (2) over the Alps is now available based on 10 
minutes data from 1995-1998. Longwave radiation, combined with surface tem-
perature and humidity measurements also allow to separate clear-sky from cloudy-sky 
situations (3), which is very important to investigate the effects of clouds, the so-
called cloud forcing, on the radiation budget. In conjunction with radiative transfer 
models longwave measurements and the cloud forcing was finally used to determine 
the greenhouse effect at the individual ASRB stations and its altitude dependence (4).  
Sustained high quality measurements at ASRB stations may allow in the future to 
monitor possible changes of the greenhouse radiative forcing in a changing climate. 

Spectral UV-radiation measurements 

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. In 1999 PMOD/WRC installed a UV Precision Filter Radi-
ometer (UV-PFR) measuring direct solar spectral UV radiation within a bandwidth of 
1.5 nanometer at wavelength of 305, 311, 318 and 332 nanometers. These spectral 
UV-PFR measurements have been compared with spectral measurements of the Uni-
versity of Innsbruck spectroradiometer, which were taken during their intensive UV-
measurement campaigns in 1999, 2000 and 2001. Direct solar spectral UV radiation 
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was found to agree within better than 5% for the four wavelength over the two years 
period of the comparisons. A paper on these results is in preparation. Within the 
CHARM program MeteoSwiss has now permanently installed UV-PFR instruments at 
Jungfraujoch, Davos, Locarno-Monti and Payerne with the aim to provide spectral 
direct solar UV-radiation measurements from divers locations in Switzerland.   

Aerosol Optical Depth calibration and test measurements 

Within WMO’s Global Atmosphere Watch (GAW) program, PMOD/WRC also acts 
as the World Optical depth Research and Calibration Center (WORCC). Tasks within 
WORCC are: to develop accurate radiometric references for spectral solar radiometry 
used to determine optical depth; develop procedures to ensure world-wide homo-
geneity of optical depth measurements; test new instrumentation and methods for the 
determination of optical depth. Since 1998 three newly built Precision Filter Radi-
ometers (PFRs) are permanently located at Jungfraujoch for Langley calibration and 
long-term tests of stability and performance of PFRs under harsh environmental 
conditions.    
 
Key words 
Surface radiation budget; Radiative cloud forcing; Greenhouse effect; Spectral UV 
radiation; Aerosol optical depth. 
 
Collaborating partners/networks:  
MeteoSwiss (MCH) 
Institute for Atmospheric and Climate science at ETH (IACETH) 
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Alps. Zürcher Klima-Schriften, Institut für Klimaforschung ETH, Diss. ETHZ 13'609, 
pp.122, ISBN 3 906 148 27 0 (2001).  
Christoph Marty and Rolf Philipona: The clear-sky Index to separate Clear-Sky from 
Cloudy-Sky situations in Climate Research. Geophysical Research Letters, 27, 2649-
2652 (2000).  
Rolf Philipona and Christoph Marty: The Greenhouse Effect and its altitude Gradients 
– by Accurate Surface Longwave Radiation Measurements. Accepted for publication 
in Geophysical Research Letters.  
 
Address: 
Physikalisch-Meteorologisches Observatorium Davos 
World Radiation Center 
Dorfstrasse 3 
CH-7260 Davos Dorf 
 
Contacts:  
Rolf Philipona  Tel. +41 81 417 5131   e-mail: rphilipona@pmodwrc.ch 
URL: www.pmodwrc.ch 

mailto:rphilipona@pmodwrc.ch
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Name of research institute or organization: 
Relaisgemeinschaft HB9F Bern 
 
Title of project:  
Operation of a 70 cm amateur Baken transmitter 
Operation of a 1296 MHz repeater 
Study of “HF-Ausbreitungsbedingungen” 
 
Project leader and team:  
Roland Moser HB9MHS, Jürg Furrer HB9APG, Christian Schmocker HB9PZB,  
Heinz Burkhard HB9MOA   
 
Project description: 
The "Relaisgemeinschaft HB9F Bern" has been operating two amateur radio stations 
at the Sphinx observatory for more than twenty years.  

Our 70cm beacon has been working incessantly since 1980 at 432.984 MHz and had 
never to be repaired. 

 
 

 

The 23cm repeater is operating at Tx 1258.900 MHz and Rx 1293.900 MHz. It has 
been working more or less satisfactorily during the last two years. During summer we 
had to improve the stability of the frequency of the transmitter and of the receiver. We 
also replaced the collinear omnidirectional antenna by a hybrid-quad. The study of 

This picture taken on September 17, 2001, at the top of the Sphinx Observatory shows the 70cm corner-
reflector (below) and the 23cm hydrid-quad antenna (above). 
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propagation conditions around 1300 MHz also shows an extremely weather 
depending behaviour. 

Lately we created a new homepage at www.relais-hb9f.ch where the technical 
specifications and the current operational states of our stations are published. 

The "Relaisgemeinschaft HB9F Bern" expresses its thanks to the "Foundation High 
Altitude Reasearch Stations Jungfraujoch and Gornergrat" for the hospitality of many 
years. 
Key words 
Beacon, Repeater 
 
Collaborating partners/networks:  
USKA; Union Schweizerischer Kurzwellenamateure 
 
Scientific publications and public outreach 2001: 
 
Address: 
Relaisgemeinschaft HB9F Bern 
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 
 
 
  

http://www.relais-hb9f.ch/
http://www.relais-hb9f.ch/
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Name of research institute or organization: 
Institute for Isotope Geology and Mineral Resources, Swiss Federal 
Institute of Technology 
 
Title of project:  
Production systematics of in situ produced cosmogenic nuclides on the Earth’s surface 
 
Project leader and team:  
Peter Oberholzer, project leader 
Dr. Heinrich Baur 
Dr Jörg Schäfer  
Prof. Rainer Wieler 
 
Project description: 
Surface exposure dating using in situ produced cosmogenic nuclides are an important 
tool for absolute dating of various geomorphic processes. A major source of 
uncertainty are the production rates and their variation with geomagnetic latitude and 
elevation. To improve production rates and their scaling, we have exposed artificial 
targets at various latitudes and elevations for up to two years. By measuring the 
number of cosmogenic nuclides produced in this timespan, we will be able to 
determine production rates accurately. 
 
Key words 
cosmogenic nuclides, production rate determination, production rate scaling 
 
Collaborating partners/networks:  
Dr. Jörg Schäfer, Lamont-Doherty Earth Observatory, Columbia University, New 
York 
 
Scientific publications and public outreach 2001: 
(none this year; measurements have not been completed yet) 
 
Address: 
Institute for Isotope Geology and Mineral Resources 
ETH Zürich 
NO CO 61.7 
Sonneggstrasse 5 
CH-8092 Zürich 
 
Contacts:  
Peter Oberholzer   Tel. +41 1 632 0732    e-mail: peter.oberholzer@erdw.ethz.ch 
URL: http://www.erdw.ethz.ch/institutes/iimr/Halliday/halliday_intro.html 
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Name of research institute or organization: 
Physiologisches Institut, University of Zürich 
 
Title of project:  
Applied physiology: “Physiological responses to high altitude exposure” 
 
Project leader and team:  
Prof. Dr. Jana Kohl, project leader 
 
Project description: 
The yearly expedition to the Jungfraujoch is organized for medical students in their 
4th semester as a part of the 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 in high altitude. The visit of the 
HFSJG facilities belongs to the most impressive parts of the expedition and the 
possibility to carry out there even apparatively quite complicated physiological 
measurements is gratefully acknowledged. In 2001 over 100 participants have visited 
the “Forschungsstation”. The students measured various respiratory parameters, heart 
rate and analyzed urine to assess the changes in acid-base balance. The results were 
discussed later on in physiological lessons and contributed substantially to students 
understanding of physiological regulations. 
 
Key words 
hypobaric hypoxia, hypoxia-induced respiratory and circulatory responses 
 
Collaborating partners/networks:  
Prof. Dr. H. Murer, Prof. Dr. Ch. Bauer, Prof. Dr. E. Berger, Prof. Dr. F. Verrey 
 
Scientific publications and public outreach 2001: 
The results from the 2001 expedition were used solely for teaching 
 
Address: 
Physiologisches Institut 
Universität Zürich 
Winterthurerstrasse 190 
CH-8057 Zürich 
 
Contacts:  
Jana Kohl    Tel. +41 1 635 5011   e-mail: jana@physiol.unizh.ch 
URL: http://www.unizh.ch/physiol/index.shtml# 

mailto:jana@physiol.unizh.ch
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Name of research institute or organization: 
FREETEX 2001 (see below for individual organisations) 
 
Title of project:  
Free Troposphere Experiment 2001 – studying the photochemical processes  
controlling ozone lifetime and production rates in the free troposphere. 
 
Project leader and team:  
University of East Anglia: 
Dr. Timothy Green, project leader, Dr. Graham Mills, Dr. Neil Brough, Prof. Stuart 
Penkett  
University of Leicester: Dr. Andrew Rickard, Dr Paul Monks 
University of York: Dr. Lucy Carpenter 
University of Leeds: Dr. Alastair Lewis, Ruth Purvis, Dr. Jim McQuaid 
University of Bern: Dr. Prodromos Zanis, Dr Evi Schuepbach 
 
Project description: 
FREETEX 2001 – The Free Troposphere EXperiment, builds on two successful 
earlier FREETEX experiments run at the Jungfraujoch Observatory in 1996 and 1998, 
this latest experiment being conducted as part of TROTREP. 

The goals of FREETEX 2001 are to map out the chemical changes in the free 
troposphere as the atmosphere transitions from winter to spring.  It is hoped to begin 
to understand the chemical conditions that influence the lifetime of ozone and 
understand more about the productivity of this region of the atmosphere with respect 

to in-situ production of ozone.  How the free troposphere responds to changing levels 
of pollution could be critical to the development of future abatement strategies. 

We added to the suite of chemical instrumentation deployed in the previous 
experiments, the most significant enhancement being a comprehensive suite of 
hydrocarbon measurements provided by the University of Leeds and a Spectral 
Radiometer provided by the University of Leicester. 

Another opportunity presented by the experiment was to use the free-tropospheric 
location of the Jungfraujoch to test an improved, free radical instrument (a PEroxy 
Radical Chemical Amplifier or Perca) being developed jointly by the University of 
East Anglia and the University of Leicester.  The ability to sample free tropospheric 
air for long periods of time, combined with the project teams’ past experience in 
making peroxy radical measurements with the Perca technique at the Jungfraujoch, 
made the site a logical location for such tests. 

The experiment was slightly detrimentally affected by particularly unseasonal, warm 
weather, but the long duration of the experiment meant that in spite of that we had 
periods of clear sky, free-tropospheric conditions which are crucial to getting useful 
photochemical data. 

The main progress in 2001 has been the establishment of a comprehensive database of 
the experimental data which will allow all the institutions involved to begin detailed 
analysis of the data.  
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Key words 
Photochemistry, ozone, peroxy radicals, free troposphere. 
 
Collaborating partners/networks:  
Project members (TROTREP) 
 
Scientific publications and public outreach 2001: 
Schuepbach E., T.K. Friedli, P. Zanis, P.S. Monks, and S.A. Penkett. State space 
analysis of trends and seasonalities of lower free tropospheric ozone (1988-1997) at 
the high elevation site at Jungfraujoch; Journal of Geophysical Research, 106(D17), 
20,413-20,427, 2001. 
Schuepbach E., S.S. Liebermann, D. Schneiter, P. Zanis, P. Jeannet, P.S. Monks, and 
S.A. Penkett. Establishing the transport history of trace gases measured in the Alps. 
Atmospheric Environment, submitted, 2001.  
P. Zanis, P. S. Monks, E. Schuepbach, L. J. Carpenter, T. Green, G. Mills, and S. A. 
Penkett, Photochemical control of ozone on a seasonal basis at the Jungfraujoch based 
on observations and model calculations, in Proceedings "A Changing Atmosphere"- 
8th European Symposium on the Physico-Chemical Behaviour of Atmospheric 
Pollutants, Torino, Italy, 17-20 September 2001, in press, 2001. 
 
Address: 
Dr. Timothy Green 
School of Environmental Sciences 
University of East Anglia 
Norwich, NR4 7TJ 
UK 
 
Contacts:  
Tim Green   Tel. +44 1603 592016   e-mail: t.green@uea.ac.uk 
URL: http://www.uea.ac.uk/env/ 
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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 (main results, significance of results, progress in 2001) 

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 2001, the homogenised 1991-2000 time-series of NO2 observations have been used 
to test results from the three-dimensional chemical transport model of the University 
of Leeds (SLIMCAT). The study shows that the model is able to simulate the daily 
and seasonal variations of the stratospheric NO2 column as well as the impact of 
volcanic aerosols, but that it fails to correctly reproduce the observed long-term 
evolution of NO2. 

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 2001, BIRA has focused on the development and characterisation 
of vertical inversion techniques. It has been demonstrated for ozone that one can 
derive reliable profile information from the ground up to about 40 km altitude. The 
procedure is being extended for other species like N2O, CH4, CO... 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 will be re-analysed using the vertical inversion methods. 
 
Key words 
Ozone, nitrogen dioxide, atmospheric composition, long-term monitoring, optical 
remote sensing 
 
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. The data are archived in the NDSC 
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database (http://www.ndsc.ncep.noaa.gov/) and in the NADIR/NILU database 
(http://www.nilu.no/projects/nadir). 
 
 
Scientific publications and public outreach 2001: 
De Mazière, M., Invited seminar at the Institut für Meteorologie und Klimaforschung, 
Forschungszentrum Karlsruhe, Trace gas measurements at the Jungfraujoch by 
Fourier transform infrared and UV-Visible spectrometry, Jan. 16, 2001. 
Barret, B., M. De Mazière, E. Mahieu, and P. Demoulin, Characterisation of ozone 
profiles retrieved from solar infra red spectra at the jungfraujoch, poster presented at 
the EGS XXVI Assembly, Nice, March 25-30, 2001 
Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch, poster presented at the NDSC 
2001 Symposium, Arcachon, Sept. 24-27, 2001.  
Demoulin, P., E. Mahieu, R. Zander, B. Rognerud, I. Isaksen, and M. De Mazière, 
The NOy budget above the Jungfraujoch: Long-term evolution, family partitioning 
and model comparison, poster presented at the NDSC 2001 Symposium, Arcachon, 
Sept. 24-27, 2001. 
Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch”, submitted to JGR, 2001. 
Van Roozendael, M., F. Hendrick, M. De Mazière, D. Fonteyn, B.-M. Sinnhuber, and 
M. Chipperfield, Comparison between time-series of measurements and 3D model 
simulations of NO2 slant columns at Jungfraujoch (46°N), Observatoire de Haute 
Provence (44°N) and Harestua (60°N),  poster presented at the NOx/NOy workshop, 
Heidelberg, Germany, 19-22 March 2001. 
 
Address: 
Belgian Institute for Space Aeronomy 
Ringlaan 3 
B-1180 Brussels 
Belgium 
 
Contacts:  
Martine De Mazière  Tel. +32 2 3730363   e-mail: martine@oma.be 
Michel Van Roozendael  Tel. +32 2 3730416  e-mail: michelv@oma.be 
URL: http://www.oma.be/BIRA-IASB/ 

http://www/
mailto:martine@oma.be
mailto:michelv@oma.be
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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 student 
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 calibra-
tion and verification of 
surface energy-balance 
models. Practical rele-
vance is added to this 
topic by the influence of 
warm or degrading per-
mafrost 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 rede-
signed UTL-1 data log-
gers were placed at lo-
cations between 2000 
and 4500 m a.s.l. Sites 
were selected in order to 
cover a wide range of 
temperatures and expo-
sitions and mostly com-
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prised near-vertical faces. Temperatures are recorded several times per day with a 
capacity to store more than a year’s worth of data. Four main considerations in 
campaign planning are: 1) sampling strategy and site selection based on an existing 
regional ground temperature model 2) logistics involved in safely and efficiently 
accessing sites 3) criteria for the local placement of dataloggers and 4) logger design.  

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.   

The results of this project are not only expected to provide knowledge on the 
distribution of permafrost in rock faces but also to further the understanding of the 
processes involved and to promote model development. 
 
Key words 
Permafrost, rock faces, mean annual ground surface temperature, energy balance  
 
Collaborating partners/networks:  
 
 
Scientific publications and public outreach 2001: 
 
 
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: www.geo.unizh.ch 
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Name of research institute or organization:�! �"�# $ %�&�' $ # () +*�#-, .�# / $ / 0�/ 1�23.�$ 4�*�5�# $ / 6�/879*�5�.

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:

Despite their decades of tradition neutron monitors (NMs) remain the state-of-the-art
instrumentation for measuring GeV cosmic rays that cannot be measured in the same
simple, inexpensive, and statistically accurate way by space experiments. By
continuously monitoring the cosmic ray intensity near Earth in a worldwide network
since the International Geophysical Year 1957/58, they have been providing key
information about the interactions of the galactic cosmic radiation with the plasmas
and magnetic fields in the heliosphere, and about the production of energetic cosmic
rays at the Sun.

At Jungfraujoch we are operating an IGY neutron monitor (installed in 1958) and a
NM64 neutron monitor (installed in 1985). These NMs, located at mountain altitude
for improved response, fill the latitude gap between the stations in Rome and
Dourbes. Thus, the NMs of Western Europe (Oulu, Turku, Kiel, Dourbes,
Jungfraujoch, and Rome) are well distributed in latitude for measuring the rigidity
dependence of the intensity/time variations of the primary cosmic radiation in the
rigidity range from ~1.5 GV to ~6.5 GV.

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). The relative count
rate of the IGY NM for 2001 is shown in Figure 1. The high variability of the data
reflects the maximum phase of sunspot activity cycle 23. The worldwide network of
NMs recorded four ground level enhancements (GLEs), i.e. short-time cosmic ray
intensity increases due to the arrival of relativistic solar particles: GLE#60 on April
15, GLE#61 on April 18, GLE#62 on November 4, and GLE#63 on December 26.
Only on April 15 were solar particles with rigidities above the Jungfraujoch
geomagnetic cutoff rigidity of 4.63 GV present, causing a NM count rate increase of
~7% in the 5-minute data as illustrated in Figure 2 (see also our report in this volume
on the SONTEL measurements at Gornergrat). In association with the passage of
interplanetary shocks several significant global decreases in the cosmic ray intensity
(Forbush decreases) were recorded, the largest of them on April 11/12, with an
amplitude of more than 10% in the hourly data. Analysis of these events has been
initiated worldwide.

As in previous years, we organized a training course for the “ 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 23-25, 2001.
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Figure 1:  Pressure corrected relative
daily counting rate of the IGY neutron
monitor at Jungfraujoch for 2001.

Figure 2:  The relativistic solar particle
event of April 15, 2001, as recorded by
the neutron monitors at Jungfraujoch
(relative 5-minute counting rate).

This research is supported by the Swiss National Science Foundation (grant NF 20-
057175.99).

Key words

Astrophysics, cosmic rays, neutron monitors; solar, heliospheric and magnetospheric
phenomena

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 2001:

Bieber, J.W., E. Eroshenko, P. Evenson, E.O. Flückiger, and R. Kallenbach (editors),²8³ ´ µ·¶ ¸-¹+º »�´9ºd¼�½¿¾+º À Á Â
, Space Science Series of ISSI, Ã Ä , Kluwer, 2000. (ISBN 0-

7923-6712-X)

Belov, A.V., R. Bütikofer, E.A. Eroshenko, E.O. Flückiger, and V.G. Yanke;
Analysis of the July 14, 2000, GLE; Proc. 27th International Cosmic Ray ConferenceÅ
, 3362, 2001

Data Reports: Data of the 18IGY-Neutron Monitor Jungfraujoch,  01.01. - 30.06.2001
Data of the 18IGY-Neutron Monitor Jungfraujoch,  01.07. - 31.12.2001
Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.01. - 30.06.2001
Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.07. - 31.12.2001
Neutron Monitor Data for Jungfraujoch and Bern During the Ground-

 Level Solar Cosmic Ray Event on 15 April 2001

Address:

Physikalisches Institut, Universität Bern
Sidlerstrasse 5, CH-3012 Bern

Contacts:

Rolf Bütikofer    Tel. +41 31 631 4058   e-mail: rolf.buetikofer@phim.unibe.ch
URL: http://kspc4.unibe.ch/nm
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Name of research institute or organization: 
Philips Semiconductors 
 
Title of project:  
Influence of cosmic rays on solid-state imagers 
 
Project leader and team:  
Dr. Albert Theuwissen 
 
Project description: 
Solid-state image sensors were stored at the Jungfraujoch to look after the influence of 
cosmic rays on the performance and reliability of solid-state image sensors.  High-
quality devices, intended to be used as image sensors for the broadcast application, 
were stored at room temperature in the Jungfraujoch's laboratory.  The devices we 
characterised before they were brought up to Jungfraujoch, stayed there for about 1 
year, and are characterised after they came into the lab of Philips in Eindhoven.  The 
comparison of the measurements before and after the storage can gives more insight 
in the effect of the cosmic rays, because cosmic rays are more present at higher 
altitudes. 

The measurements indeed show the higher flux of cosmic rays at Jungfraujoch.  The 
effects are clearly visible.  Based on further experiments, which still are going on at 
other locations, the theory of the interaction of cosmic rays on solid-state image 
sensors needs further to be developed. 
 
Key words 
 
Collaborating partners/networks:  
 
Scientific publications and public outreach 2001: 
 
Address: 
Philips Semiconductors Image Sensors 
Prof. Holstlaan, 4, WAG05 
NL-5656 AA Eindhoven (The Netherlands) 
 
Contacts:  
Albert Theuwissen   Tel. +31 40 274 2734   e-mail: albert.theuwissen@philips.com 
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Name of research institute or organization: 
Bundesamt für Gesundheit  
 
Title of project:  
RADAIR: An Automatic Network for Air Radioactivity Monitoring 
 
Project leader and team:  
Prof. Dr. H. Völkle, project leader 
Pierre Beuret 
 
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 (see map below).  
 

b  BAG / OFSP

 

Station du réseau aérosols Station spectroscopiqueStation Iode  
 
 
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 
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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.  
 
Key words 
 
 
Collaborating partners/networks:  
 
 
Publications 2001: 
 
 
Address: 
Bundesamt für Gesundheit 
Chemin du Musée 3 
CH-1700 Fribourg 
 
Contacts:  
Hansruedi Völkle   Tel. +41 26 300 9161   e-mail: hansruedi.voelkle@bag.admin.ch 
URL: http://www.bag.admin.ch/strahlen/ion/radsurvey/f/radair.htm 



International Foundation HFSJG 
Activity Report 2001 

 67

 
 
Name of research institute or organization: 
MeteoSwiss 
 
Title of project:  
The Weather Station of MeteoSwiss on Jungfraujoch 
 
Project leader and team:  
Dr. Rudolf Dössegger, project leader 
 
Project description: 
Since November 1922, MeteoSwiss has been operating a weather station on the 
Jungfraujoch for meteorological data collection and observation. The initial location 
near the railway terminal and the restaurant proved less than ideal, since the recorded 
data were influenced by the local environment. As soon as was possible the weather 
station was moved to the new Sphinx Observatory which was opened in 1938. Until 
1980 the entire collection of data as well as all observations were made by observers, 
first by staff of the Jungfrau railway, later by caretakers of the research station. In 
1980/81 the weather station on Jungfraujoch was automated and since then most of 
the data have been recorded and transferred automatically. However, this has not 
made the post of observer obsolete, since important data, such as cloud amount, cloud 
type and meteorological visibility cannot, to the present day, be measured by 
instruments.  

The programme of recordings on Jungfraujoch comprises at present the following 
parameters: 
 

Data type Frequency of data 
collection Means of recording 

wind direction and speed every 10 minutes automatic 
air temperature every 10 minutes automatic 
humidity every 10 minutes automatic 
atmospheric pressure every 10 minutes automatic 
global radiation every 10 minutes automatic 
duration of sunshine every 10 minutes automatic 
luminance  every 10 minutes automatic 
lightning at close and distant 
range 

every 10 minutes automatic 

radioactivity every 10 minutes automatic 
   
cloud amount at daytime every 3 hours by observer 
cloud type at daytime every 3 hours by observer 
cloud below weather station at daytime every 3 hours by observer 
meteorological visibility at daytime every 3 hours by observer 
present weather phenomena at daytime every 3 hours by observer 
past weather phenomena at daytime every 3 hours by observer 
condition of ground at daytime every 3 hours by observer 
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A noticeable increase in
mean temperature in the
80’s followed by a
marked increase shortly
before 1990 seems to be
consistent with a real
climatic development.
Records of other high
alpine stations in
Switzerland show an
identical trend. 

The collection of data, however, has proved to be very difficult from the start. The 
fact that the station is built on an exposed, high alpine ridge, the often extreme 
temperatures and strong winds: all these factors have a greater or lesser impact on 
measurements. At certain times, measuring instruments have been covered in ice or 
hoarfrost and during these periods have not been able to provide any correct data, 
even though they have been constructed with a view to withstand such difficult 
conditions (e.g. with inbuilt heating system). Wind data are occasionally recorded 
incorrectly because of oblique upwinds or strong turbulent anomalies are registered. 

It is due to these difficulties, especially in connection with extreme wind conditions, 
that MeteoSwiss has decided not to measure the following data on Jungfraujoch: 
amount of precipitation, increase of snow through recent snowfall, total snow depth. 

A central computer at MeteoSwiss in Zurich retrieves the data transmitted every 10 
minutes and transfers them to be processed in the usual way. On the one hand, data 
from Jungfraujoch along with those from other Swiss weather stations are transferred 
on-line to national and international users. On the other hand, they are fed into the 
data banks of MeteoSwiss where they are tested for plausibility and if necessary 
corrected/interpolated electronically or manually. This completed, they are compiled 
into daily, monthly, and annual datasets and can then be accessed by users, especially 
by research scientists.  

In order to facilitate correct deductions from long-term data series in the field of 
climatology, MeteoSwiss has been carrying out research into the lack of homogeneity 
in a selection of data series. Under scrutiny were particularly irregular conditions due 
to a relocation of the weather station in question or to a change of instruments. If 
necessary, adjustments have been made. 
 
The figures below show two examples of evaluation of the homogenous temperature 
series recorded on Jungfraujoch:  
 
Fig.1: Temperature Jungfraujoch: annual mean temperatures 1961 to 2001 
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Evaluation of the homo-
genous series of the cli-
mate period 1961 to
1990. The two extreme
divergences in the curve
refer to real events: a
warm June 1983 (2.7°C
monthly mean temper-
ature) and a cold
October 1974 (-14.6° C
monthly mean temper-
ature). 

 
Fig.2: Temperature Jungfraujoch: normal 1961 to 1990 
 

 
 
 
 
Key words 
 
 
Collaborating partners/networks:  
 
 
Publications 2001: 
 
 
Address: 
MeteoSchweiz 
Krähbühlstrasse 58 
CH-8044 Zürich 
 
Contacts:  
Rudolf Dössegger    Tel. +41 1 256 9423    
e-mail: rudolf.doessegger@meteoschweiz.ch 
URL: http://www.meteoschweiz.ch/de/ 

mailto:rudolf.doessegger@meteoschweiz.ch
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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 (samples measured in Freiburg i. B.) 
 
Project leader and team:  
Prof. H. Loosli, project leader 
 
Project description: 

The collection of air samples for 85Kr measurements has been continued also in 2001.  
This isotope is unique because it contributes the major part of the present-day 
artificial activity in the air, and because up to now it showed an increasing trend.  
Jungfraujoch is preferred as a sampling site because there the equilibrium atmospheric 
activity can best be measured, since sources (reprocessing plants) are at sea level.  
The measured activities for three sampling sites are plotted in the figure below.  The 
lowest level corresponding to the tropospheric activity is about 1.3 Bq/m3 of air, as it 
was also measured in the year 2000.  The spikes up to 2.9 Bq/m3 are attributed to air 
masses which are coming from a source (Sellafield or LaHague) without sufficient 
dilution with uncontaminated air.  From the measurements it is also obvious that 
increased levels are lower at Jungfraujoch than at Freiburg im Breisgau or at 1000 m 
asl (Schauinsland).  Since the release rates at LaHague were lower in the last three 
years than before, it will be interesting to continue the survey of activity at 
Jungfraujoch; possibly more precise conclusions about atmospheric mixing will be 
possible. 
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Key words 
85Kr, artificial radioactivity, atmosphere 
 
Collaborating partners/networks:  
University of Heidelberg, Bundesamt für Strahlenschutz Freiburg i.Br. 
 
Scientific publications and public outreach 2001: 
 
 
Address: 
Climate and Environmental Physics 
Physikalisches Institut 
Universität Bern 
Sidlerstrasse 5 
CH-3012 Bern 
 
Contacts:  
H. Loosli  Tel. +41 31 631 4463  e-mail:  loosli@climate.unibe.ch  
URL:  http://www.climate.unibe.ch/ 

mailto:pierre.viatte@meteosuisse.ch
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Name of research institute or organization: 
Climate and Background Ozone, Physical Geography,  
University of Bern, Switzerland 
 
Title of project:  
Tropospheric Ozone and Precursors – Data Quality Control, Trends, and Seasonal 
Cycles 
 
Project leader and team:  
Dr. Evi Schüpbach, Project Leader 
Team: Dr. Prodromos Zanis, René Kernen 
Sub-Contractor: Thomas K. Friedli, Institute of Mathematical Statistics and Actuarial 
Sciences, University of Bern 
 
Project description: 
Data quality control, trends and changes in the seasonal cycle. In climatological time 
series, data quality control is important if trends want to be estimated. Homogeneity 
tests have traditionally been developed for meteorological time series; serial 
correlations are, however, stronger in tropospheric ozone records, and hence the 
classical homogeneity tests cannot be used. We developed a state space approach 
which provides a suitable statistical methodology to simultaneously account for 
autocorrelation structures of the regression residual, changing seasonal components, 
and stochastic trend components. Application of this state space methodology to 
Jungfraujoch surface ozone data (1988-97) reveals that statistically significant 
decreases in the estimated seasonal components for May ozone concentrations have 
occurred at Jungfraujoch over the last decade. It is believed that this decrease is due to 
chemical changes in the background atmosphere over continental Europe. 
 
Key words 
tropospheric ozone, data quality control, trends, seasonal cycles, spring ozone 
maximum 
 
Collaborating partners/networks:  
EU-Project TROTREP (U.K., Norway, Sweden, The Netherlands, Switzerland). 
Swiss-British Collaboration on the Jungfraujoch Studies: Prof. Stuart A. Penkett 
(University of East Anglia, Norwich, U.K.), Dr. Paul S. Monks (University of 
Leicester, U.K.). 
Laboratory of Atmospheric Physics, University of Thessaloniki, Greece (Dr. 
Prodromos Zanis). 
TOR-2 (Tropospheric Ozone Research) Sub-Project in EUROTRAC-2. 
 
Scientific publications and public outreach 2001: 
Schuepbach, E., T.K. Friedli, P. Zanis, P.S. Monks, and S.A. Penkett, 2001: State 
space analysis of changing seasonal ozone cycles (1988-97) at Jungfraujoch (3, 580 m 
asl) in Switzerland. J. Geophys. Res., 106 (D17), 20,413-20,427. 
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Address: 
Climate and Background Ozone (CABO) 
Physical Geography 
University of Bern 
Hallerstrasse 12 
CH-3012 Bern 
 
Contacts:  
Evi Schüpbach    Tel. +41 31 631 8843   e-mail: cabo@giub.unibe.ch 
URL: www.giub.unibe.ch/~evi/cabo/ 

mailto:cabo@giub.unibe.ch
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Name of research institute or organization: 
I. Physikalisches Institut, Universität zu Köln 
 
Title of project:  
KOSMA 
 
Project leader and team:  
Prof. Dr. Jürgen Stutzki, Dr. M. Miller,  
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   
High spectral resolution observations where done with the KOSMA telescope and 
other telescopes in S106, in some regions of the galactic ring, in Cepheus B, and in 
the Orion region. These sources were observed in the transitions of 12CO(3→2), 
(2→1), 13CO(3→2), (2→1), and some in 12CO(7→6) and CI (1→0), (2→1).  Multi-
line-analysis was done to get more information about heating and cooling mechanisms 
in these clouds. 
 
 

 
 
 
Figure 1: The star forming region S106. The colorized map of the integrated 
intensities of the line radiation of atomic Carbon [CI] shows two peaks east and west 
of the map center. The 12CO (2→1) intensities (black contours) and the radiation of 
the ionizised atomic Carbon [CII] (white contours) are well correlated to each other 
and to the position of the exciting star (white star). The CI-measurements were done 
with the new KOSMA receiver SMART.  
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The KOSMA Galactic Ring observations: 
This ongoing project, the KOSMA Galactic Ring multiline and -molecular 
observations, started in autumn 1999 in collaboration with the Boston University. It is 
based on on-the-fly observations of a 0.25 deg2 extended region around the Galactic 
position l=45.0 / b=0.0deg. Using the KOSMA dual-frequency receiver we currently 
implement on a 30 arcsec grid otf-maps of the CO (3→2) and 13CO (2→1) low-J 
transitions. In addition a multi-transitions- and chemistry-survey at selected positions 
is currently implemented. 
 
Interstellar matter and massive stars  
In this project we study the influence of the UV radiation field of massive stars to the 
surrounding molecular clouds. Because of the intense UV radiation a photon 
dominated region  (PDR) is formed where we can observe the fine structure lines of 
atomic Carbon and the rotation transition lines of CO. With the new array receiver 
SMART we can measure the relative line strenghts of CI(1→0) and CI(2→1) 
simultanously with a very good calibration accuracy. This gives us informations about 
physical parameters in the clouds: temperature and density. Observations were done 
e.g. in the W3 giant molecular cloud. 
 
Structure of interstellar clouds 
In molecular clouds we observe a very complex structure related to the star forming 
process. We try to understand the formation of these fractal structures with 
simulations of numerical models comparing the observed line intensities of molecular 
transitions with the predicted intensities of the model. The models were tested with 
large maps of the Polaris flare, the S106 region, S140, W3, and of the Orion 
starforming regions:  BN/KL, NGC1977, NGC2024, NGC2068, Orion Bar. These 
sources were observed with the KOSMA telescope in the transitions of 12CO, 13CO, 
J=2→1 and J=2→1.  
 
Study of the structure and chemistry of galactic cirrus clouds 
For this project of the Radio Astronomical Institute of the University of Bonn we 
made observations of 12CO (3→2), (2→1) in the Draco Nebula and in several IVC�s. 
The observations will be continued in the next winter period with measurement in 
12CO (4→3) and inCI(1→0).  
 
SMART, the new Sub-Millimeter Array Receiver for Two Frequencies 
The new dual frequency SIS array receiver SMART is operational since September 
2001 at the KOSMA 3 m  telescope on Gornergrat. The receiver consists of two 2x4 
pixel subarrays. One subarray operates at a frequency of 490 GHz, the other one at 
810 GHz. Both subarrays are pointed at the same position in the sky. We can thus 
observe eight spatial positions in two frequencies simultaneously. For the first year of 
operation we installed only one half of each subarray, i.e. one row of 4 mixers at each 
frequency.  This is worldwide the first two frequency channel array receiver. It allows 
the observation of the two astrophysical important transitions of CI (1→0) and CI 
(2→1) simultaneously. We can thus measure the relative intensity of the two lines 
with a very high accuracy.  
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Figure 2: Sample spectra obtained simultaneously toward W3 IRS5 during a single 

160 sec integration with 
SMART at the KOSMA tele-
scope. The lower row of panels 
shows the 492 GHz fine 
structure transition of neutral 
atomic carbon (CI) at vlsr≈-40 
km/s, the upper row shows the 
810 GHz fine structure line of 
CI and the 807 GHz J=7→6 
transition of CO from the other 
sideband (at an apparent vlsr≈75 
km/s).  
 

 
A project in collaboration with the University of Bern:  Observation of Solar flares in 
the Submillimeter range with KOSMA 
The university of Bern operates six telescopes dedicated to solar flare monitoring at 
frequencies from 8.4 to 89.4 GHz. During early April 2001 additional observations at 
230 GHz and 345 GHz were made using the KOSMA telescope.  On April 12, a X-
class flare was observed at all 8 frequencies, extending the frequency range of solar 
flare observations into the high millimeter- and submillimeter region which is still 
nearly unexplored. 

 
 
Figure 3: Unlike the patrol telescopes which cover the whole sun with their beams, 
KOSMA produces also spatially resolved images of the sun. This feature is used to 
find the most active region which will then be tracked to obtain flux time profiles 
simultaneously at 230 and 345 GHz. Roughly one hour before and after the flare two 
maps were made which clearly show a strongly increased brightness temperature 
following the impulsive phase of the event. 
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Key words 
Interstellar matter, millimeter, submillimeter wave telescopes, solar flares, SIS 
receiver, array receiver 
 
Collaborating partners/networks:  
Astronomisches Institut der Universität Bonn; MPI für Radioastronomie Bonn; 
Universität Bern, Institut für angewandte Physik; Center for Astrophysics, Boston, 
USA 
 
Scientific publications and public outreach 2001: 
Diploma Thesis: 
S. Bedorf: Strukturanalyse von Molekülwolken am Beispiel der Sternentstehungs-
region S106, Mai 2001 
A. Müller: Kohlenstoff in Photonen-dominierte Regionen, Juli 2001 
Ph.D. Thesis: 
M. Brüll: Großräumige CO-Kartierung von Teilen des Galaktischen Rings mit 
KOSMA 
KOSMA relevant publications: 
Bensch F., Panis J.-F., Stutzki J., Heithausen A., Falgarone E.: 2001, The IRAM key-
project: Small-scale structure of pre-star forming regions. III. Influence of and 
correction for the error beam pick-up, A&A, 365, 275 
Bensch F., Stutzki J., Heithausen A.: 2001, Methods and constraints for the 
correction of the error beam pick-up in single dish radio observations, A&A, 365, 
285 
Stutzki J.: 2001, The structure of molecular clouds and their global emission 
properties, APSS, 277, 39 
Tieftrunk, A., et al., 2001, 13CI in high-mass star-forming clouds, A&A 375, L23 
Tieftrunk, A., S. Thorwirth, T. Megeath, 2001, High-Mass Stars as Early Signpost of 
Cluster Formation, The Earliest Phases of Massive Star Birth, ASP Conf. Series, 
Boulder 2001 
Wilson T. L., Muders D., Kramer C., Henkel C.:  2001, Submillimeter CO Line 
Emission from Orion, AP.J., 557, 240 
 
Address: 
I. Physikalisches Institut 
Universität zu Köln 
Zülpicher Strasse 77 
D-50937 Köln 
 
Contacts:  
Jürgen Stutzki  (observatory director) Tel. +49 221 470 3494  
e-mail:  stutzki@ph1.uni-koeln.de  
Martin Miller (station manager):, Tel. +49 221 470 3558 
e-mail: miller@ph1.uni-koeln.de 
URL: http://www.ph1.uni-koeln.de 
 

mailto:Mario.Blumthaler@uibk.ac.at
http://www.ph1.uni-koeln.de/
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Name of research institute or organization: 
Centro per l'Astronomia Infrarossa et lo Studio del Mezzo 
Interstellare 
 
Title of project:  
TIRGO 
 
Project leader and team:  
Prof. Gianni Tofani 
 
Project description: 
The year 2001 was characterised by the final implementation of the new mid-IR 
camera TIRCAM2. This camera is based on a 128x128 pixel array sensitive between 
2 and 26 micron over a field of view of 74x74 arcsec. Its performances permit a 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 vapour content 
(making the atmosphere particularly transparent). The camera is now publicly 
available.  

The observations with the other instruments (the near-IR camera ARNICA, the fast-
photometer FIRT and the long-slit spectrometer LONGSP) are very active. As an 
example, the long term project of lunar occultations have reached the world record of 
400 recorded events. All the ARNICA images and the LONGSP spectra, available to 
the astronomical community after a proprietary period of one year, now can be 
automatically downloaded from the web site: http://tirgo.arcetri.astro.it 
 
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 2001: 
Richichi, A.; Calamai, G.: Infrared high angular resolution measurements of stellar 
sources. V. Angular diameters of ten late-type stars, in press. 
Masetti, N., et al:  GRB010222: Afterglow emission from a rapidly decelerating shock 
2001, A&A 374, 382 
Carraro, G.; Hassan, S. M.; Ortolani, S.; Vallenari, A.: An optical and near IR study of 
the old open cluster NGC 2141, 2001, A&A 372, 879 
Moriondo, G., et al.: Near-infrared observations of galaxies in Pisces-Perseus. IV. 
Color maps of 41 cluster spirals, 2001, A&A 370, 881 
Mannucci, F.: The TIRGO telescope, presentation at the Italian Nation Congress on 
Infrared Astromy, Perugia, 4-7 Dec. 2001 
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Address: 
On 2002, Jan, 1st, the institute has changed its name to: 

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

mailto:Mario.Blumthaler@uibk.ac.at
http://www.arcetri.astro.it/irlab/tirgo


International Foundation HFSJG
Activity Report 2001

81

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

Project description:

Since 1998 a cosmic ray detector conceived as a Solar Neutron Telescope (SONTEL)
has been in operation at Gornergrat as the European cornerstone of a worldwide
network for the study of high energy neutrons produced during energetic processes at
the Sun. Observations of solar neutrons can provide unique information on the
acceleration of particles in association with solar flares and coronal mass ejections.

In 2001 operation of SONTEL has
been continued, in collaboration
with our Japanese colleagues. Only
minor maintenance work on the
hardware was necessary. The
laboratory container had to be
slightly modified for additional
cooling during the summer season.

From March 29 to April 15, 2001,
nine large solar flares were reported
by the GEOS satellit es with
magnitude X > 1.0. For six of them,
the most suitable positions to detect
solar neutrons by detectors of the
global solar neutron network were
on the European continent. In
association with the large solar flare
on April 12, 2001, weak evidence
was found for a simultaneous
observation of solar neutrons near
Earth by the Gornergrat and Mt.
Aragats (Armenia) neutron
telescopes. During the solar event of
April 15, 2001, the worldwide
network of neutron monitors
recorded a ground level enhance-
ment (GLE). An increase in the
counting rate due to relativistic solar
particles was also observed by
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SONTEL, similar to the count rate increase of the neutron monitors at Jungfraujoch,
as ill ustrated in the figure. As the event occurred around 15 UT, the detector at
Gornergrat was in a favorable position to detect solar neutrons. However, in the
analysis made so far no evidence was found for the presence of high energy solar
neutrons near Earth during this event.

Within a special campaign in spring 2001 the environmental radioactivity was
measured at Gornergrat in order to identify the cause of unusual increases in the
SONTEL count rate which occur mainly during periods with precipitations. For the
GLE on April 15, 2001, the corresponding recordings are also shown in the graph.
The increase in the SONTEL and neutron monitor count rates due to solar particles
occurred after 15 UT (marked by the vertical dashed line). However, the count rate of
the proportional counters as well as the intensity of the environmental radioactivity
show an increase that started several hours before the solar event and that lasted
almost half a day. A study has been initiated to investigate the unknown reasons for
this interesting phenomenon.

This research is supported by the Swiss National Science Foundation (grant NF 20-
057175.99) 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

Collaborating partners/networks:

Solar Neutron Telescope Network  (http://stelab.nagoya-u.ac.jp/ste-www1/div3/CR/
Neutron/index.html)

Prof. Y Muraki , Prof. Y. Matsubara, Dr. T. Sako, Dr. H. Tsuchiya, Solar Terrestrial
Environment Laboratory, Nagoya University, Nagoya 464-8601, Japan

T. Sakai; Physical Science Lab., College of Industrial Technology, Nihon University,
2-11-1 shin-ei, Narashino-shi, Chiba 275, Japan

Prof. A. Chili ngarian, Cosmic Ray Divison, Yerevan Physics Institute, Yerevan,
375036, Armenia

Scientific publications and public outreach 2001:

Bütikofer, R., E.O. Flückiger, Y. Muraki, Y. Matsubara, T. Sako, H. Tsuchiya, and
T. Sakai; The upgraded solar neutron detector at Gornergrat, Proc. 27th International
Cosmic Ray Conference 8, 3053-3055, 2001

Flückiger, E.O., R. Bütikofer, A. Chili ngarian, G. Hovsepyan, Y. Muraki, Y.
Matsubara, T. Sako, H. Tsuchiya, and T. Sakai; Search for solar neutrons in
association with large solar flares in July 2000 and March/April 2001, Proc. 27th
International Cosmic Ray Conference 8, 3044-3047, 2001

Address:

Physikalisches Institut, Universität Bern
Sidlerstrasse 5, CH-3012 Bern

Contacts:

Rolf Bütikofer    Tel. +41 31 631 4058   e-mail: rolf.buetikofer@phim.unibe.ch
URL: http://kspc4.unibe.ch/sontel.html
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Name of research institute or organization: 
Institute of Applied Physics, University of Bern 
 
Title of project: 
Solar Flares at mm- and sub-mm Wave Lengths 
 
Project leader and team: 
Dr. Andreas Magun, project leader 
Thomas Lüthi, phd  student, Axel Murk, researcher, Andreas Lüdi, PhD student 
 
Project description 
Introduction 
Our research concerns the mechanism that accelerates electrons to relativistic energies 
during solar flares, the measurement of their gyro/synchrotron emission at mm- and 
sub-mm wavelengths [2] and the development of mm/submm-techniques for the 
instrumentation necessary for measurements in this frequency range [1]. The 
mm/submm-part of the electromagnetic spectrum has been covered only little for solar 
flare observations. Therefore one of our main goals is to observe and analyze the flare 
related emission over a wide wavelength range, between 30 and .3 mm (10 - 1000 
Ghz), with our own and other instruments, and to compare our results with theoretical 
models developed elsewhere. Another focal point of our research is the study of 
atmospheric turbulence at mm- and sub-mm wavelengths.   

Observations with KOSMA 
For the first time a solar flare could be observed above 300 GHz with KOSMA at 
Gornergrat [3]. This confirms that electrons are accelerated to relativistic energies 
during the flash phase and the late formation of a thermal plasma. The intensity 
profiles of the radio emission between 8 and 345 Ghz show the typical signatures 
expected for gyro/synchrotron (1) and thermal emission (3). The latter becomes 
visible as a strong source above the active region. 

 
 
                   First observation of a sub-mm flare with KOSMA on April 12, 2001 
 
For a detailed interpretation, our radio observations are currently correlated with hard 
and soft x-ray observations from YOHKOH.  For a better understanding of the 
temporal evolution of the accelerated MeV electrons and the spatial relation of the 
different spectral components a detailed modelling is planned. 
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An effort has also been made to measure with KOSMA the elusive mm/sub-mm solar 
recombination lines for which only theoretical calculations exist. So far, no lines 
could be detected.  
Due to the excellent atmospheric (low water vapour content) conditions at Gornergrat 
and the excellent infrastructure of KOSMA further observations of flares and 
recombination lines are planned during next summer, when the telescope can not be 
used for non-solar work. The new 400 and 800 Ghz receivers of KOSMA will give us 
a unique opportunity to extend solar observations to even higher frequencies. 
 
Atmospheric Turbulence 
For the investigation of radio propagation in a turbulent atmosphere effects of 
anisotropy were taken into account and our theoretical results compared with angle of 
arrival measurements (with sub-arcsecond and milli second resolution) carried out in 
Switzerland and Argentina. From their time spectra outer scale lengths L0 in vertical 
and horizontal directions could be simultaneously determined. Our measurements 
demonstrate that their values vary between a few and approximately 100 m, and that 
scale length anisotropy strongly depends on meteorological conditions and location. 
In a stable atmosphere the horizontal scale length can even be 2 orders of magnitude 
larger than in vertical direction whereas under unstable conditions the vertical scale 
length dominates [4]. 
 
Key words 
sun flare radio mm sub-mm radio observation 
 
Collaborating partners/networks: 
data exchange and collaboration with several institutions 
 
Scientific publications and public outreach 2001: 
[1] A. Murk, A. Magun, N. Kämpfer et al., “Characterisation of various quasii-optical 
Components for the Submillimeter Limb-Sounder SMILES”,12th Int. Symp. On 
Space Terahertz Technology, San Diego, USA, 2001. 
 
[2] C.G. Castro, J.P. Raulin, C.H. Mandrini, P. Kaufmann and A. Magun, “Multi-
resolution wavelet analysis of high time resolution millimeter wave observations of 
solar bursts”, Astron. & Astrophys., 366, 317-325, 2001.  
 
[3] Th. Lüthi, M. Miller, A. Magun and A. Murk, “First observations of a solar x-class 
flare in the submillimeter range with KOSMA”, CESRA Workshop on Particle 
Acceleration in the Solar Corona, 2-6 July, Ringberg Castle, Germany, 2001. 
 
[4] A. Luedi and A. Magun, “Near Horizontal Line-of-Sight mm-Wave Propagation 
Measurements for the Determination of Outer Length Scales and Anisotropy of 
Turbulent Refractive-Index Fluctuations in the lower Troposphere”, accepted for 
publication in Radio Science. 
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The International Foundation HFSJG in the News  
 

“Hauswart-Wechsel in der Forschungsstation Jungfraujoch” (article about Mr. and 
Mr. Staub and their replacements, Mr. and Mrs. Fischer) / Bähnler-Rövü 
(Jungfraubahn newspaper), No. 39, December 2001.  

“Der Eismann vom Joch: Hansruedi Staub arbeitete gestern in der Sphinx bei –23°”, 
Blick, December 15, 2001. 

“So kalt war es lange nicht mehr”, Weather report from Jungfraujoch, Neue Luzerner 
Zeitung, Neue Schwyzer Zeitung, Neue Urner Zeitung, Neue Nidwaldner Zeitung, 
Neue Obwaldner Zeitung, Neue Zuger Zeitung, December 15, 2001. 

 “La Svizzera nella morsa de gelo!” TSI 1, telegiornale. Film presentation from the 
research station at Jungfraujoch, December 14, 2001. 

“Detektiv auf dem Jungfraujoch”, Report on Haclim project EMPA at Jungfraujoch, 
Mittelthurgauer Tagblatt, Appenzeller Volksfreund, Der Rheintaler, Bodensee 
Tagblatt, Der Toggenburger, Wiler Zeitung Volksfreund, St. Galler Tagblatt, 
Ostschweizer Tagblatt, November 6, 2001. 

“Même les reptiles ont cherché de l’ombre”, Le Temps. Weather and climate report. 
August 3, 2001. 

“Am Jungfraujoch taut es mehr als es gut ist”, SF 1 + SF 2 Tagesschau. Report on the 
weather with H. Staub, August 2, 2001. 

Paradiesische Einsamkeit, Halo, Mai 2001. (MeteoSchweiz) (Article about Paul 
Kuster, retired custodian at the Research Station Jungfraujoch). 

“Températures glaciales”, TSR 1, Tj-soir. Inteview with H. Staub at the weather 
station Jungfraujoch. April 14, 2001. 

“Technikkollaps aus heiterem Himmel”, Neue Zürcher Zeitung. Report on 
semicondutor testing at the Research station Jungfraujoch. April 11, 2001. 

“Laserstrahlen am Himmel”, Tages Anzeiger. Report on LIDAR experiment at 
Jungfraujoch. April 4, 2001. 

“Daheim in der dünnen Luft”, Tele 24. Report on H. Staub and his job as custodian at 
the Research Station Jungfraujoch. March 20, 2001. 

Ein Laser am Himmel, Schweizerischer Nationalfonds: Horizonte, März 2001 / 
Forschung in Kürze 

Alpine atmosphere helps ozone research; Swiss Radio International, 23.03.2001, 
09:46 h; FREETEX experiment at Jungfraujoch. 

Staub und Staub / Hochalpine Forschungsstation Jungfraujoch; Schweizer Radio DRS 
1 / Sendung von H. Rhyn / 22. März 2001, Custodians at the Research Station 
Jungfraujoch and Paul Scherrer Institut. 

“Eine unglaubliche Gleichgültigkeit”, Editorial on an interview with H. Staub about 
the climate changes. Wohler Anzeiger, Bremgartner Bezirks-Anzeiger, Feburary 6, 
2001. 

Schüpbach, E.; FREETEX 2001 - ein internationales Feldexperiment auf dem 
Jungfraujoch, Unipress intern, Februar 2001. 
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“Hommage au créateur du Fonds de la recherche scientifique”. Le Temps. Report on 
the former president of the Foundation HFSJG, Alexandre de Muralt. January 26, 
2001. 

 “L’ex direttore lascia la scuola”, la Regione Ticino. Report on the retirement of 
Claudio Beretta, former astrophysicist at Gornergrat. January 16, 2001. 

“Wächter auf der Sphinx”, Tages Anzeiger. Report on H. Staub and his job as 
custodian at the Research Station Jungfraujoch. January 9, 2001. 
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Publication list    
 
 
Refereed Publications 
Balin, I., Gilles Larchevêque, Philippe Quaglia, Valentin Simeonov, Hubert van den 
Bergh, and Bertrand Calpini, “Water vapor vertical profile by Raman lidar in the free 
troposphere from the Jungfraujoch Alpine Station”, in: “Advances in global change 
research”, Kluwer Academic Publishers, Dordrecht (The Netherlands) and Boston 
(USA), vol. 9, 2001. 

Baltensperger, U., The art of aerosol measurement and modelling within AEROSOL, 
Proc. Eurotrac-2 Symposium 2000, Garmisch-Partenkirchen, Germany, Springer-
Verlag Berlin Heidelberg 2001, 39-44 (2001). 

Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch”, submitted to J. Geophys. 
Res., 2001. 

Bensch F., Panis J.-F., Stutzki J., Heithausen A., Falgarone E.: 2001, The IRAM key-
project: Small-scale structure of pre-star forming regions. III. Influence of and 
correction for the error beam pick-up, A&A, 365, 275. 

Bensch F., Stutzki J., Heithausen A.: 2001, Methods and constraints for the 
correction of the error beam pick-up in single dish radio observations, A&A, 365, 
285. 

Brockmann E. and Wiget A. (2001): LAC Analysis Center Report. EUREF 
Permanent Networks. 3rd Local Analysis Center Workshop 31 May - 1 June 2001, 
Reports on Geodesy, No. 3 (58), 2001. 

Brockmann E., Calais E., Nocquet J.-M., Caporali A., Vespe F., Weber G., Weber R. 
and Stangl G. (2001): Alpine Network. EUREF Permanent Networks. 3rd Local 
Analysis Center Workshop 31 May - 1 June 2001, Reports on Geodesy, No. 3 (58), 
2001. 

Brockmann E., Grünig S., Schneider D., Wiget A. and Wild U. (2001): National 
report of Switzerland: Introduction and first applications of a Real-Time Precise 
Positioning Service using the Swiss Permanent Network 'AGNES'. In Torres, J.A. 
and H. Hornik (Eds): Subcommission for the European Reference Frame (EUREF). 
EUREF Publication Nr. 10, München 2001. 

Brockmann E., Guerova G. and Troller M. (2001): Swiss Activities in combining 
GPS with Meteorology. In Torres, J.A. and H. Hornik (Eds): Subcommission for the 
European Reference Frame (EUREF). EUREF Publication Nr. 10, München 2001. 

Burtscher, H., U. Baltensperger, N. Bukowiecki, C. Hüglin, M. Mohr, U. Matter, S. 
Nyeki, N. Streit, E. Weingartner, Separation of volatile and non-volatile aerosol 
fractions by thermodesorption: Instrumental development and applications, J. 
Aerosol Sci., 32, 427-442 (2001). 

Carraro, G.; Hassan, S. M.; Ortolani, S.; Vallenari, A.: An optical and near IR study 
of the old open cluster NGC 2141, A&A 372, 879, 2001. 
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Castro, C.G., J.P. Raulin, C.H. Mandrini, P. Kaufmann and A. Magun, “Multi-
resolution wavelet analysis of high time resolution millimeter wave observations of 
solar bursts”, A & A, 366, 317-325, 2001. 

Ehrman, S.H., M. Schwikowski, U. Baltensperger, H.W. Gäggeler, Sampling and 
chemical analysis of ice crystals as a function of size, Atmos. Environ., 35, 5371-
5376 (2001). 

Guerova G., Brockmann E., Quiby J., Schubiger F. and Matzler Ch. (2001): Valida-
tion of NWP mesoscale models with Swiss GPS Network AGNES. Accepted for 
publication in Journal of Applied Meteorology, 2001 (in prep.). 

Henning, S., E. Weingartner, S. Schmidt, M. Wendisch, U. Baltensperger, Results 
from simultaneous measurements of aerosol and cloud parameters at the 
Jungfraujoch, J. Aerosol Sci., 32, Suppl. 1, S975-S976 (2001). 

Henning, S., E. Weingartner, S. Schmidt, M. Wendisch,  H.W. Gäggeler, 
U. Baltensperger, Size-dependent aerosol activation at the high-alpine site Jungfrau-
joch (3580 m asl), Tellus 53B, in press (2001). 

Hoffer, A., A. Gelencser, A. Molnar, E. Weingartner, U. Baltensperger, Comparative 
study on the concentration and mass absorption of black carbon aerosol at the 
Jungfraujoch, J. Aerosol Sci., 32, Suppl. 1, S679-S680 (2001). 

Jeanneret, F., Frank Kirchner, Alain Clappier, Hubert van den Bergh, and Bertrand 
Calpini.Total VOC Reactivity in the Planetary Boundary Layer, Part One: Estimation 
by a Pump and Probe OH Experiment; J. Geophys. Res., 106, pp. 3083-3094, 2001. 

Krivácsy, Z., A. Gelencsér, G. Kiss, E. Mészáros, Á. Molnár, A. Hoffer, T. 
Mészáros, Z. Sárvári, D. Temesi, B. Varga, U. Baltensperger, S. Nyeki, E. 
Weingartner, Study on the chemical character of water-soluble organic compounds in 
fine atmospheric aerosol at the Jungfraujoch, J. Atmos. Chem., 39, 235-259 (2001). 

Krivácsy, Z., A. Hoffer, Zs. Sárvári, D. Temesi, Baltensperger, S. Nyeki, E. 
Weingartner S. Kleefeld, S.G. Jennings, Role of organic and black carbon in the 
chemical composition of atmospheric aerosol at European background sites, Atmos. 
Environ., 39, 6231-6244 (2001). 

Larchevêque, Gilles, Ioan Balin, Remo Nessler, Philippe Quaglia, Valentin 
Simeonov, Hubert van den Bergh, and Bertrand Calpini, “Development of a 
multiwavelength aerosol and water vapor lidar at the Jungfraujoch Alpine Station 
(3580m ASL) in Switzerland”, Submitted to Applied Optics, October 2001. 

Lazzarotto, B., M. Frioud, G. Larchevêque, V. Mitev, P. Quaglia, V. Simeonov, A. 
Thompson, H. van den Bergh, and B. Calpini, “Raman-DIAL O3 and H2O 
measurements in the planetary boundary layer”; Applied optics, 40, 18, pp.2985-
2997, 2001. 

Masetti, N., et al: GRB010222: Afterglow emission from a rapidly decelerating 
shock, A&A 374, 382, 2001. 

Moriondo, G., et al.: Near-infrared observations of galaxies in Pisces-Perseus. IV. 
Color maps of 41 cluster spirals, A&A 370, 881, 2001. 
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Nessler, R., G. Larcheveque, I. Barlin, N. Bukowiecki, E. Weingartner, U. 
Baltensperger, H. van den Bergh, B. Calpini, Study of the tropospheric aerosol at the 
Jungfraujoch alpine station by mean of simultaneous lidar and in-situ measurements, 
J. Aerosol Sci., 32, Suppl. 1, S447-S448 (2001). 

Papayannis, A., and EARLINET community, “First continental-scale vertical profile 
measurements of free tropospheric Saharan dust particles performed by a coordinated 
ground-based European lidar network (EARLINET Project)”, submitted to Journal of 
Geophysical Research (Nov 2001)  

Richichi, A.; Calamai, G.: Infrared high angular resolution measurements of stellar 
sources. V. Angular diameters of ten late-type stars, in press. 

Rinsland, C. P., A. Goldman, R. Zander, and E. Mahieu, Enhanced Tropospheric 
HCN Columns above Kitt Peak during the 1982-1983 and 1997-1998 El Niño Warm 
Phases, J. Quant. Spectrosc. Radiat. Transfer, 69, 3-8, 2001. 

Schuepbach E., S.S. Liebermann, D. Schneiter, P. Zanis, P. Jeannet, P.S. Monks, and 
S.A. Penkett. Establishing the transport history of trace gases measured in the Alps. 
Atmospheric Environment, submitted, 2001.  

Schuepbach E., T.K. Friedli, P. Zanis, P.S. Monks, and S.A. Penkett. State space 
analysis of trends and seasonalities of lower free tropospheric ozone (1988-1997) at 
the high elevation site at Jungfraujoch; Journal of Geophysical Research, 106(D17), 
20,413-20,427, 2001. 

Siegenthaler, A., O. Lezeaux, D. Feist and N. Kämpfer, First water vapor 
measurements at 183 GHz from the high alpine station Jungfraujoch, IEEE Trans. on 
Geosci. and remote sensing, Vol. 39, No. 9, pp. 2084-2087, 2001. 

Stutzki J.: The structure of molecular clouds and their global emission properties, 
APSS, 277, 39, 2001. 

Tieftrunk, A., et al., 13CI in high-mass star-forming clouds, A&A 375, L23, 2001. 

Wilson T. L., Muders D., Kramer C., Henkel C.: Submillimeter CO Line Emission 
from Orion, AP.J., 557, 240, 2001. 

 
 
Conference papers and presentations  
Anderson, J., J. M. Russell III, R. Zander, C. P. Rinsland, F. J. Murcray, J. Notholt, 
N. B. Jones, E. Mahieu and P. Duchatelet, A Unified Stratospheric Column HCl 
Climatology Constructed from HALOE and NDSC Measurements, poster presented 
at the NDSC 2001 Symposium, Arcachon, Sept. 24-27, 2001. 

Barret, B., M. De Mazière, E. Mahieu, and P. Demoulin, Characterisation of ozone 
profiles retrieved from solar infra red spectra at the Jungfraujoch, poster presented at 
the EGS XXVI Assembly, Nice, March 25-30, 2001. 
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Barret, B., M. De Mazière, E. Mahieu, and P. Demoulin, Characterisation of ozone 
profiles retrieved from solar infrared spectra at the Jungfraujoch, poster presented at 
the EGS XXVI Assembly, Nice, March 25-30, 2001. 

Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch, poster presented at the NDSC 
2001 Symposium, Arcachon, Sept. 24-27, 2001.  

Barret, B., M. De Mazière, P. Demoulin, Retrieval and characterisation of ozone 
profiles from solar infrared spectra at the Jungfraujoch, poster presented at the NDSC 
2001 Symposium, Arcachon, Sept. 24-27, 2001.  

Bell, W., C. Murphy, P. Woods, P. Demoulin, B. Galle, J. Mellqvist, W. Arlander, J. 
Notholt, A. Goldman, G. C. Toon, J.-F. Blavier, B. Sen, M. T. Coffey, J. W. 
Hannigan, W. G. Mankin, N. Jones, D. Griffith, A. Meier, T. Blumenstock, H. Fast, 
R. Mittermeier and Y. Makino, Validation of NDSC FTIR Measurements of Ozone, 
Reservoir Compounds, and Dynamical Tracers: Results of a Series of Side-by-Side 
Instrument Intercomparisons, poster presented at the NDSC 2001 Symposium, 
Arcachon, Sept. 24-27, 2001. 

Belov, A.V., R. Bütikofer, E.A. Eroshenko, E.O. Flückiger, and V.G. Yanke; 
Analysis of the July 14, 2000, GLE; Proc. 27th International Cosmic Ray Conference 
8, 3362, 2001. 

Bütikofer, R., E.O. Flückiger, Y. Muraki, Y. Matsubara, T. Sako, H. Tsuchiya, and 
T. Sakai; The upgraded solar neutron detector at Gornergrat, Proc. 27th International 
Cosmic Ray Conference 8, 3053-3055, 2001. 

De Mazière, M., Invited seminar at the Institut für Meteorologie und Klima-
forschung, Forschungszentrum Karlsruhe, Trace gas measurements at the 
Jungfraujoch by Fourier transform infrared and UV-Visible spectrometry, Jan. 16, 
2001. 

Demoulin, P., E. Mahieu, R. Zander, B. Rognerud, I. Isaksen, and M. De Mazière, 
The NOy budget above the Jungfraujoch: Long-term evolution, family partitioning 
and model comparison, poster presented at the NDSC 2001 Symposium, Arcachon, 
Sept. 24-27, 2001. 

Demoulin, P., E. Mahieu, R. Zander, B. Rognerud, I. Isaksen, and M. De Mazière, 
The NOy budget above the Jungfraujoch: Long-term evolution, family partitioning 
and model comparison, poster presented at the NDSC 2001 Symposium, Arcachon, 
Sept. 24-27, 2001. 

Flückiger, E.O., R. Bütikofer, A. Chilingarian, G. Hovsepyan, Y. Muraki, 
Y. Matsubara, T. Sako, H. Tsuchiya, and T. Sakai; Search for solar neutrons in 
association with large solar flares in July 2000 and March/April 2001, Proc. 27th 
International Cosmic Ray Conference 8, 3044-3047, 2001. 

Henning, S., E. Weingartner, S. Schmidt, H.W. Gäggeler, U. Baltensperger, Aerosol-
clouds interactions at the high alpine site Jungfraujoch (3580 m asl) - experimental 
data and modelling results, Proc. European Geophysical Society XXVI General 
Assembly, Nice, France, CD-ROM (2001). 
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Lüthi, Th., M. Miller, A. Magun and A. Murk, “First observations of a solar x-class 
flare in the submillimeter range with KOSMA”, CESRA Workshop on Particle 
Acceleration in the Solar Corona, 2-6 July, Ringberg Castle, Germany, 2001. 

Mahieu, E., R. Zander, F. Mélen, P. Demoulin, P. Duchatelet, C. Servais, B. 
Rognerud, I. Isaksen, C. P. Rinsland and D. B. Considine, FTIR Observations and 
Model Calculations of the Evolution of Inorganic Chlorine and Fluorine above the 
Jungfraujoch, poster presented at the NDSC 2001 Symposium, Arcachon, Sept. 24-
27, 2001.  

Mannucci, F.: The TIRGO telescope, presentation at the Italian Nation Congress on 
Infrared Astromy, Perugia, 4-7 Dec. 2001. 

Marel H., Brockmann E., Calais E., Dousa J., Gendt G., Ge M., de Haan S., Higgins 
M., Johansson J., Offiler D., Pacione R., Rius A. And Vespe F. (2001): The COST-
716 Benchmark GPS Campaign for Numerical Weather Prediction Applications. 
EGS General Assembly, Nice, 29 March 2001. Geodesy and Meteorology, 
Publication in prep. 

Murk, A., A. Magun, N. Kämpfer et al., “Characterisation of various quasii-optical 
Components for the Submillimeter Limb-Sounder SMILES”, 12th Int. Symp. On 
Space Terahertz Technology, San Diego, USA, 2001. 

Ricaud, P., M. Chipperfield, J. M. Russell III, E. Mahieu, R. Zander and P. 
Demoulin, Studies of Stratospheric Halogen Evolution, poster presented at the NDSC 
2001 Symposium, Arcachon, Sept. 24-27, 2001. 

Rinsland, C. P., R. Zander, E. Mahieu, P. Demoulin, N. B. Jones, A. Goldman, T. M. 
Stephen, F. J. Murcray, L. S. Chiou, J. M. Russell III, J. Anderson, R. Sussmann and 
J. Notholt, Stratospheric Inorganic Chlorine Decline from Ground-Based IR HCl and 
ClONO2 Measurements at 6 NDSC Stations, poster presented at the NDSC 2001 
Symposium, Arcachon, Sept. 24-27, 2001. 

Russell III, J. M., J. Anderson, R. Zander, C. P. Rinsland, F. Murcray, N. Jones and 
P. Demoulin, HALOE and NDSC Comparisons of Long-Term Changes in 
Stratospheric Constituents, poster presented at the NDSC 2001 Symposium, 
Arcachon, Sept. 24-27, 2001. 

Tieftrunk, A., S. Thorwirth, T. Megeath, High-Mass Stars as Early Signpost of 
Cluster Formation, The Earliest Phases of Massive Star Birth, ASP Conf. Series, 
Boulder 2001. 

Van Roozendael, M., F. Hendrick, M. De Mazière, D. Fonteyn, B.-M. Sinnhuber, 
and M. Chipperfield, Comparison between time-series of measurements and 3D 
model simulations of NO2 slant columns at Jungfraujoch (46°N), Observatoire de 
Haute Provence (44°N) and Harestua (60°N),  poster presented at the Nox/Noy 
workshop, Heidelberg, Germany, 19-22 March 2001. 

Wegmann, M., M. Funk, A. Flotron and H.R. Keusen, Movement studies to forecast 
the time of breaking off of ice and rock masses, in proceedings of the IDNDR-
Conference on Early Warning Systems for the Reduction of Natural Disasters, in 
press, Springer Verlag. 



International Foundation HFSJG 
Activity Report 2001 

 94

 
Zanis, P., P. S. Monks, E. Schuepbach, L. J. Carpenter, T. Green, G. Mills, and S. A. 
Penkett, Photochemical control of ozone on a seasonal basis at the Jungfraujoch 
based on observations and model calculations, in Proceedings "A Changing 
Atmosphere"- 8th European Symposium on the Physico-Chemical Behaviour of 
Atmospheric Pollutants, Torino, Italy, 17-20 September 2001, in press, 2001. 

 
 
Theses 
Bedorf, S.: Strukturanalyse von Molekülwolken am Beispiel der Sternentstehungs-
region S106, Mai 2001 (Diploma thesis) (I. Physikalisches Institut, Universität zu 
Köln). 

Brüll, M., Großräumige CO-Kartierung von Teilen des Galaktischen Rings mit 
KOSMA (2001) (PhD Thesis) 

Lehmann, A., 2001.  Direct and diffuse components of erythemal irradiance: 
measurements and modelling for clear-sky conditions.  Ph.D. thesis, Swiss Federal 
Institute of Technology Zurich, Institute for Atmospheric and Climate Science, 
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland. 

Marty, Chr.: Surface Radiation, Cloud Forcing and Greenhouse Effect in the Alps. 
Zürcher Klima-Schriften, Institut für Klimaforschung ETH, Diss. ETHZ 13'609, 
pp.122, ISBN 3 906 148 27 0 (2001).  

Müller, A.: Kohlenstoff in Photonen-dominierte Regionen, Juli 2001 (Diploma 
thesis) (I. Physikalisches Institut, Universität zu Köln). 

Sturm, P., Hygroskopisches Verhalten und wasserlöslicher Anteil atmosphärischer 
Aerosolpartikel im Radiusbereich 5 nm bis 2 µm, (2001)(diploma thesis) Physi-
kalisches Institut, Universität Bern. 

 
 
Data books and reports 
10Be/7Be ratios at the high-alpine site Jungfraujoch; Schnabel, C., PSI Scientific 
report 2000, 1, Particles and Matter, page 185 (2001). 

Activity Report 1999/2000; International Foundation High Altitude Research 
Stations Jungfraujoch + Gornergrat; Bern, Switzerland, 2001. 

Annalen der MeteoSchweiz 2000; MeteoSchweiz, 2001. 

Annalen der Schweizerischen Meteorologischen Anstalt 1999; MeteoSchweiz, 2001. 

Annual report 2000: Labor für Radio- und Umweltchemie der Uni Bern und des PSI; 
(January 2001). 

Data of the 18IGY-Neutron Monitor Jungfraujoch,  01.01. - 30.06.2001. 

Data of the 18IGY-Neutron Monitor Jungfraujoch,  01.07. - 31.12.2001. 
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Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.01. - 30.06.2001. 

Data of the 3NM64 Neutron Monitor Jungfraujoch, 01.07. - 31.12.2001. 

Hygroskopisches Verhalten und wasserlöslicher Anteil atmosphärischer Aerosol-
partikel im Radiusbereich 5 nm bis 2 µm, Bernhard Busch, Förderschwerpunkt: 
Atmosphärische Aerosolforschung, Bericht 2000, GSF München (2001). 

Kenyeres A., Bosy J., Brockmann E., Bruyninx C., Caporali A., Hefty J., Jivall L., 
Kosters A., Poutanen M., Rui F. and Stangl G. (2001): EPN Special Project on “Time 
series analysis…” Preliminary Results and Future Prospects. EUREF Publication 
Nr. 10, München 2001. 

NABEL, Luftbelastung 2000; Schriftenreihe Umwelt Nr. 330 Luft; Bundesamt für 
Umwelt, Wald und Landschaft, Bern 2001. 

Neutron Monitor Data for Jungfraujoch and Bern During the Ground-Level Solar 
Cosmic Ray Event on 15 April 2001. 

North-south deposition gradients of trace species in the Alps, Eichler, A., PSI 
Scientific report 2000, 1, Particles and Matter, page 141 (2001). 

Probenahmeplan 2001: Überwachung der Umweltradioaktivität in der Schweiz; 
Bundesamt für Gesundheit; Ausgabe 12.01.2001. 

Star calibration of the HESSI roll angle system (RAS), Henneck, R., PSI Scientific 
report 2000, 1, Particles and Matter, page 40. (2001). 

Umweltradioaktivität und Strahlendosen in der Schweiz 2000; Bundesamt für 
Gesundheit, 2001. 

 
 
Public outreach / Popular publications 
Angewandte Forschung und Entwicklung an der HTA Burgdorf; Broschüre mit CD 
und Kontaktadressen. Presentation of the PV-Plant at the Research Station 
Jungfraujoch. 

CD EPFL and Lidar at Jungfraujoch (French and English, mpg clips).  

GPS-Meteorologie; Kolloquium, February 23, 2001; Landestopographie, Seftigen-
strasse 264, 3084 Wabern. 

HESSI Info; Ming, P., Information sheets from Paul Scherrer Institut, May 21 and 
28, 2001. 

“Jungfrau” Exhibition in the Heimatmuseum Wilderswil; presentation of current 
experiments at the Research Station Jungfraujoch; summer 2001. 

Jungfraujoch-Kommission: Internationale Klimaforschung auf dem Jungfraujoch; 
SANW Jahresbericht 2000 (2001). 

La radioactivité artificielle; Pour la Science: Nov 2001-Fév 2002, No. 9  "Les Curie"  
p. 61-62. 
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LIDAR Contribution to the “Brochure Jungfraujoch” (in preparation). 

LIDAR Guided Visits: ENVINET (April’2001), students (e.g. Uni.Bern, EPFL-
DGR, etc), associations/clubs (CALISTA), and many lidar related scientists over the 
world (USA, Japon, etc). 

LIDAR Professional Photos/Videos, Clips (mpg) of lidar system at Jungfraujoch. 

LIDAR TV/Radio: TSR, Tele24, Fr3, etc. 

LIDAR WEB dedicated site: http://dgrwww.epfl.ch/PAS/lidar/Jungfrau.html. 

Photo report on LIDAR experiment at Jungfraujoch; FLASH Journal interne 
d'information et d'opinion EPFL 10.04.2001 no. 5. 

Praktikumsbericht; Farina König, Tübingen, Germany; report on practical training at 
Observatory Gornergrat South, October 2001. 

Top of Europe Jungfraujoch; Ryf, Tschanz, Hostettler; Abschlussarbeit Berufsschule 
Bern, 2001. 

Video Cassette EPFL and Lidar at Jungfraujoch (English). 

Video Cassette EPFL and Lidar at Jungfraujoch (French). 

 
 

http://dgrwww.epfl.ch/PAS/lidar/Jungfrau.html
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Index of research groups / institutes 
 

Research group / institute Project Page 

ABB Switzerland, Ltd., Semiconductors Cosmic ray induced failures in biased power 
semiconductor devices 

29 

Air Pollution Laboratory, Swiss Federal 
Institute of Technology, EPFL 

LIDAR project 
http://dgrwww.epfl.ch/PAS/lidar/ 

9 

Belgian Institute for Space Aeronomy Atmospheric physics and chemistry  
http://www.oma.be/BIRA-IASB/ 

57 

Bundesamt für Gesundheit RADAIR: An Automatic Network for Air 
Radioactivity Monitoring 
http://www.bag.admin.ch/strahlen/ion/radsur
vey/f/radair.htm 

65 

Bundesamt für Landestopographie Automated GPS Network in Switzerland 
(AGNES)  
http://www.swisstopo.ch/ 

33 

Centro per l'Astronomia Infrarossa et lo 
Studio de Mezzo Interstellare, Florence 

TIRGO   
www.arcetri.astro.it/irlab/tirgo  (Tirgo home 
page)  
tirgo.arcetri.astro.it   (Tirgo data archive) 

79 

Climate and Background Ozone (CABO), 
Physical Geography, University of Bern 

Tropospheric Ozone and Precursors – Data 
Quality Control, Trends, and Seasonal 
Cycles 
http://www.giub.unibe.ch/~evi/cabo/ 

73 

Climate and Environmental Physics, 
University of Bern 

AEROCARB 
http://www.climate.unibe.ch/ 
http://www.aerocarb.cnrs-gif.fr/ 
http://www.bgc-
jena.mpg.de/public/carboeur/ 

37 

Climate and Environmental Physics, 
University of Bern 

85Kr activity determination in tropospheric 
air (samples measured in Freiburg i. B.) 
http://www.climate.unibe.ch/ 

71 

EMPA Dübendorf, Swiss Federal Laboratories 
for Materials 

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

17 

EMPA Dübendorf, Swiss Federal Laboratories 
for Materials 

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

15 

FREETEX 2001 (Various institutions)  Free Troposphere Experiment 2001 
http://www.uea.ac.uk/env/ 

55 

Glaciology, Swiss Federal Institute of 
Technology, Zürich 

Glacier measurements on Aletschgletscher 
http://www.vaw.ethz.ch/gz/ 

45 

Hochschule für Technik und Architektur 
Burgdorf 

Yield and reliability of the highest grid-
connected PV-Plant in the world 
http://www.pvtest.ch/ 

13 

Institute for Isotope Geology and Mineral 
Resources, Swiss Federal Institute of 
Technology 

Production systematics of in situ produced 
cosmogenic nuclides on the Earth's surface 
http://www.erdw.ethz.ch/institutes/iimr/ 
Halliday/halliday_intro.html 

51 

Institute for medical physics, University 
Innsbruck 

Solar UV irradiance 
http://medphysik.uibk.ac.at/ 

25 

 

http://dgrwww.epfl.ch/PAS/lidar/
http://www.oma.be/BIRA-IASB/
http://www.bag.admin.ch/strahlen/ion/radsurvey/f/radair.htm
http://www.bag.admin.ch/strahlen/ion/radsurvey/f/radair.htm
http://www.swisstopo.ch/
http://www.arcetri.astro.it/irlab/tirgo
http://www.giub.unibe.ch/~evi/cabo/
http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.climate.unibe.ch/
http://www.empa.ch/nabel
http://www.nilu.no/niluweb/services/soge/
http://www.uea.ac.uk/env/
http://www.vaw.ethz.ch/gz/
http://www.pvtest.ch/
http://www.erdw.ethz.ch/institutes/iimr/�Halliday/halliday_intro.html
http://www.erdw.ethz.ch/institutes/iimr/�Halliday/halliday_intro.html
http://medphysik.uibk.ac.at/
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Research group / institute Project Page 

Institute of Applied Physics, University of 
Bern 

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

27 

Institute of Applied Physics, University of 
Bern 

Solar flares and mm- and sub-mm wave 
lengths 
http://www.iapmw.unibe.ch/ 

83 

Institute of Astrophyiscs and Geophysics, 
Université de Liège 

High resolution, solar infrared Fourier 
Transform Spectrometry 
http://sunset.astro.ulg.ac.be/girpas/ 
girpasf.html 

5 

Laboratory of hydraulics, hydrology and 
glaciology, Swiss Fedeneral Institute of 
Technology, Zürich 

Glaciology: Stability of hanging glaciers 
http://www.vaw.ethz.ch/ 

41 

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

11 

MeteoSwiss, Zürich The weather station of MeteoSwiss on 
Jungfraujoch (MeteoSwiss) 
http://www.meteoschweiz.ch/de/ 

67 

Paul Scherrer Institut,  
Laboratory of Atmospheric Chemistry 

GAW Aerosol Project  
http://www.psi.ch/gaw 

19 

Paul Scherrer Institut, 
Laboratory of Radio and Environmental 
Chemistry 

Palaeo atmospheric chemistry studies using 
high-altitude glacier ice cores and snow 
samples  
http://www1.psi.ch/www_lch_hn/ 

23 

Philips Semiconductors, The Netherlands Influence of cosmic rays on solid-state 
imagers 

63 

Physikalisches Institut, Universität Bern Neutron Monitors  -  Study of solar and 
galactic cosmic rays   
http://kspc4.unibe.ch/nm 

61 

Physikalisches Institut, Universität Bern SONTEL - Solar Neutron Telescope 
http://kspc4.unibe.ch/sontel.html 

81 

I. Physikalisches Institut,  
Universität zu Köln 

KOSMA  
http://www.ph1.uni-koeln.de 

75 

Physikalisch-Meteorologisches Observatorium 
Davos, World Radiation Center 

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

47 

Physiologisches Institut, University of Zürich Applied physiology: "Physiological 
responses to high altitude exposure" 
http://www.unizh.ch/physiol/index.shtml 

53 

Relaisgemeinschaft HB9F Bern Operation of a 70 cm amateur Baken 
transmitter  
http://www.relais-hb9f.ch 

49 

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 

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

http://www.iapmw.unibe.ch/
http://www.iapmw.unibe.ch/
http://sunset.astro.ulg.ac.be/girpas/�girpasf.html
http://sunset.astro.ulg.ac.be/girpas/�girpasf.html
http://www.vaw.ethz.ch/
http://meteoswiss.ch/
http://www.meteoschweiz.ch/de/
http://www.psi.ch/gaw
http://www1.psi.ch/www_lch_hn/
http://kspc4.unibe.ch/nm
http://kspc4.unibe.ch/sontel.html
http://www.ph1.uni-koeln.de/
http://www.pmodwrc.ch/
http://www.unizh.ch/physiol/index.shtml
http://www.relais-hb9f.ch/
http://www.geo.unizh.ch/
http://www.ifjungo.ch/
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Index of projects  
 

Project Research group / institute Page 

AEROCARB 
http://www.climate.unibe.ch/ 
http://www.aerocarb.cnrs-gif.fr/ 
http://www.bgcjena.mpg.de/public/carboeur/ 

Climate and Environmental Physics, 
University of Bern 

37 

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

Physiologisches Institut, University of Zürich 53 

Atmospheric physics and chemistry 
http://www.oma.be/BIRA-IASB/ 

Belgian Institute for Space Aeronomy 57 

Automated GPS Network in Switzerland 
(AGNES)  
http://www.swisstopo.ch/ 

Bundesamt für Landestopographie 33 

Cosmic ray induced failures in biased power 
semiconductor devices 

ABB Switzerland, Ltd., Semiconductors 29 

Free Troposphere Experiment 2001 
http://www.uea.ac.uk/env/ 

FREETEX 2001 (Various institutions) 55 

GAW Aerosol Project  
http://www.psi.ch/gaw 

Paul Scherrer Institut, Laboratory of 
Atmospheric Chemistry 

19 

Glacier measurements on Aletschgletscher 
http://www.vaw.ethz.ch/gz/ 

Glaciology, Swiss Federal Institute of 
Technology, Zürich 

45 

Glaciology: Stability of hanging glaciers 
http://www.vaw.ethz.ch/ 

Laboratory of hydraulics, hydrology and 
glaciology, Swiss Fedeneral Institute of 
Technology, Zürich 

41 

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

MeteoSwiss, Payerne 11 

High resolution, solar infrared Fourier 
Transform Spectrometry 
http://sunset.astro.ulg.ac.be/girpas/ 
girpasf.html 

Institute of Astrophyiscs and Geophysics, 
Université de Liège 

5 

Influence of cosmic rays on solid-state 
imagers 

Philips Semiconductors, The Netherlands 63 

KOSMA  
http://www.ph1.uni-koeln.de 

I. Physikalisches Institut, Universität zu Köln 75 

85Kr activity determination in tropospheric 
air (samples measured in Freiburg i. B.) 
http://www.climate.unibe.ch/ 

Climate and Environmental Physics, 
University of Bern 

71 

LIDAR project 
http://dgrwww.epfl.ch/PAS/lidar/ 

Air Pollution Laboratory, Swiss Federal 
Institute of Technology, EPFL 

9 

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 

27 

http://www.climate.unibe.ch/
http://www.aerocarb.cnrs-gif.fr/
http://www.bgcjena.mpg.de/public/carboeur/
http://www.unizh.ch/physiol/index.shtml
http://www.oma.be/BIRA-IASB/
http://www.swisstopo.ch/
http://www.uea.ac.uk/env/
http://www.psi.ch/gaw
http://www.vaw.ethz.ch/
http://meteoswiss.ch/
http://sunset.astro.ulg.ac.be/girpas/�girpasf.html
http://sunset.astro.ulg.ac.be/girpas/�girpasf.html
http://www.ph1.uni-koeln.de/
http://www.climate.unibe.ch/
http://dgrwww.epfl.ch/PAS/lidar/
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 

15 

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

EMPA Dübendorf, Swiss Federal Laboratories 
for Materials 

17 

Neutron Monitors  -  Study of solar and 
galactic cosmic rays  
http://kspc4.unibe.ch/nm 

Physikalisches Institut, Universität Bern 61 

Operation of a 70 cm amateur Baken 
transmitter  
http://www.relais-hb9f.ch/ 

Relaisgemeinschaft HB9F Bern 49 

Palaeo atmospheric chemistry studies using 
high-altitude glacier ice cores and snow 
samples  
http://www1.psi.ch/www_lch_hn/ 

Paul Scherrer Institut, Laboratory of Radio 
and Environmental Chemistry 

23 

Production systematics of in situ produced 
cosmogenic nuclides on the Earth's surface 
http://www.erdw.ethz.ch/institutes/iimr/ 
Halliday/halliday_intro.html 

Institute for Isotope Geology and Mineral 
Resources, Swiss Federal Institute of 
Technology 

51 

RADAIR: An Automatic Network for Air 
Radioactivity Monitoring 
http://www.bag.admin.ch/strahlen/ion/ 
radsurvey/f/radair.htm 

Bundesamt für Gesundheit 65 

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

Physikalisch-Meteorologisches Observatorium 
Davos 

47 

Solar flares and mm- and sub-mm wave 
lengths  
http://www.iapmw.unibe.ch/ 

Institute of Applied Physics, University of 
Bern 

83 

Solar UV irradiance 
http://medphysik.uibk.ac.at/arbeit.html 

Institute for medical physics, University 
Innsbruck 

25 

SONTEL - Solar Neutron Telescope 
http://kspc4.unibe.ch/sontel.html 

Physikalisches Institut, Universität Bern 81 

TIRGO   
www.arcetri.astro.it/irlab/tirgo (Tirgo home 
page)  
tirgo.arcetri.astro.it   (Tirgo data archive) 

Centro per l'Astronomia Infrarossa et lo 
Studio de Mezzo Interstellare, Florence 

79 

Tropospheric Ozone and Precursors – Data 
Quality Control, Trends, and Seasonal 
Cycles 
http://www.giub.unibe.ch/~evi/cabo/ 

Climate and Background Ozone (CABO), 
Physical Geography, University of Bern 

73 

The weather station of MeteoSwiss on 
Jungfraujoch (MeteoSwiss) 
http://www.meteoschweiz.ch/de/ 

MeteoSwiss, Zürich 67 

Yield and reliability of the highest grid-
connected PV-Plant in the world 
http://www.pvtest.ch/ 

Hochschule für Technik und Architektur 
Burgdorf 

13 
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