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Summary 

 

The first International Symposium on "Atmospheric Chemistry and Physics at Mountain Sites" 

was held at Interlaken from June 8 to June 10, 2010. The Symposium was organized by the 

Commission of Atmospheric Chemistry and Physics (ACP) of the Swiss Academy of Sci-

ences (scnat).  

Almost 100 leading atmospheric scientists from 22 countries and four continents representing 

more than 30 elevated observatories shared their research results. From the data presented, 

it became clear that high elevation mountain atmospheric observatories provide a unique op-

portunity to study long range transport of air pollutants and dust, to investigate chemical reac-

tions in the atmosphere and to get crucial information on background concentrations of trace 

gases and aerosols influencing ozone concentrations, and those that drive climate change. 

Special emphasis was given to the fact that long-term time series represent an inestimable 

value for natural and human caused global change investigations. It was shown that these 

data can also provide critical data for extreme episodes (e.g. biomass burning, radionuclide 

releases, etc.). Such studies, together with satellite observations, are relevant for societal, 

ecological and economical issues as recently demonstrated by the ash cloud movement 

originating from the erupting volcano under the Eyjafjalla glacier in Iceland, and its implication 

on European air traffic.  

A follow up meeting is offered to be organized by US scientists who contributed with their re-

search results from elevated sites to the Interlaken meeting. 
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Introduction 

During the second week in June (8-10, 2010), the first International Symposium on "Atmos-
pheric Chemistry and Physics at Mountain Sites" was held at Interlaken, Switzerland. The 
Symposium was organized by the ACP-commission (Atmospheric Chemistry and Physics) of 
the Swiss Academy of Sciences.  
One of the main goals was to intensify a closer cooperation of the “observing” and “model-
ling” community which was achieved successfully. Both communities were well represented 
and the targeted interdisciplinary discussions were successfully initiated as the meeting 
brought together scientists from all over the world (see also chapter participants) with expert 
knowledge in air constituent measurements and/or experience in modelling transport as well 
as in dynamic processes at mountain sites.  

Scientific content and discussions 

More than 100 contributions were submitted and the schedule allowed 46 of the participants 
to present their results by an oral presentation (see attached programme). All the others 
showed their results during two poster sessions, each 1.5 hours which allowed even more 
profound discussions. The numerous registrations documented the strong demand of the sci-
entific community for such an opportunity, and this was reinforced by very lively contribution 
of the participants during the whole meeting. In addition, side meeting were held to discuss 
specific results and/or prepare new projects.  
The scientific programme triggered by the shared scientific questions, in the particular cir-
cumstances and requirements of elevated sites, was organized in the following sessions (for 
the details, see attached final programme): 

Session 1: Effects of the planetary boundary layer on measurements at mountain sites and 
transport modelling 

Session 2: Background baseline observations at mountain sites 

Session 3:  Carbon monoxide and carbon dioxide 

Session 4: NMHC, PAN, and ammonia 

Session 5: Long-term changes of ozone and its precursors 

Session 6: Aerosol optical depth and other aerosol properties 

Session 7: Aerosols at high-elevation sites in Asia 

Session 8: Nucleation and clouds 

Session 9:  Aerosol chemical composition 
 
From the data presented, it became clear that high elevation mountain atmospheric observa-
tories provide a unique window on long range transport of air pollution and dust, chemical re-
actions in the atmosphere, and crucial information on background concentrations of trace 
gases and aerosols influencing ozone concentrations, and those that drive climate change. 
Special emphasis was given to the fact that long-term time series represent an inestimable 
value for natural and human caused global change investigations. 
It was shown that these data can also provide critical information for extreme episodes (e.g. 
biomass burning, radionuclide releases, etc.). Such studies, together with satellite observa-
tions, are relevant for societal, ecological and economical issues as recently demonstrated by 
the ash cloud movement originating from the erupting volcano under the Eyjafjalla glacier in 
Iceland, and its implication on European air traffic.  
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Moreover, it became clear that high mountain observatories allow analyses of the radiation 
reflecting properties, the so called albedo effects associated with clouds in more detail. In 
particular, the mixed clouds, i.e. the clouds containing both water drops and ice crystals, are 
rather poorly understood and need dedicated attention. The Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change IPCC from 2007 is pointing out that the uncer-
tainty in the knowledge about this cloud albedo feedback on the climate should be reduced.  

In particular Session 1 (effects of the planetary boundary layer on measurements at mountain 
sites and transport modelling) illustrated that transport modelling has been strongly improved 
over the last decades due to better information in modern weather forecast models and de-
velopments in Lagrangian methods and higher spatial resolution. However, attribution to the 
free tropospheric and planetary boundary layer air is often a difficult task, particularly when 
convective transport is involved. Nevertheless, knowledge exchange during the symposium 
showed clearly that basic processes are often very similar among many mountain sites. This 
inspired participants to apply concepts presented at the symposium to their own sites. One 
aspect that is scientifically very attractive is the determination of source regions of anthropo-
genic species. Such methods can be applied to monitor emission source strengths of relevant 
compounds and can therefore be used to support and independently verify international regu-
lations. Source attribution methods strongly depend on highly complex transport pathways of 
pollutants from emission sources to mountain sites because air pollutant transport in moun-
tainous topography can be affected by many local processes, which themselves depend on 
the actual synoptic weather conditions. The following example shows clearly the benefit in 
combining model results with measurements from different platforms for cross validations 
purpose: 

 

 

Comparison of: 

- MOZAIC profiles above 
Frankfurt (black and 
grey) 

- surface stations data 
(blue) 

- 700 hPa MOPITT CO 
(JFJ, ZUG and PDM 
(red).  

Averaging period: June 
04–May 05 

 

 

 

F. Gheusi at al. 
Bold line and dots:  1-year averaged CO mixing ratio; bars: ±1 standard deviation.  

 

Session 2 (background baseline observations at mountain sites) revealed that monitoring of 
(anthropogenic) changes in atmospheric background composition with the required precision 
and accuracy is a great analytical challenge. It became evident that this often requires the 
most advanced techniques because of the very low concentrations of many of the important 
atmospheric constituents. In order to obtain valuable and reliable long-term measurements, 
fully automated techniques are often needed, which leads to additional challenges. Since 
mountain sites are usually remote locations, a suitable infrastructure is very helpful to sup-
port the work of the scientists. This issue was discussed following the scheduled programme. 
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The lack of support of long-term measurements makes it often impossible to investigate multi 
decadal time scales although this is often the basis of climate change research. An initiative 
to support observatories providing the required long term measurements drafted the relevant 
argumentation (see attached letter of support) for supporting these sites in general but in ad-
dition the scientist of this Symposium also provided a specific support letter for Mt. Fuji, 
which is suffering the required funding.  
Session 3 (carbon monoxide and carbon dioxide), Session 4 (NMHC, PAN, and ammonia) 
and Session 5 (long-term changes of ozone and its precursors) presented results of different 
reactive compounds. Mountainous observations of ozone, peroxyacetylnitrate (PAN), aero-
sols, and ozone precursors allowed to study intercontinental transport, which has developed 
into an important research topic in the northern hemisphere due to changes in continental 
emissions. 
Session 6 (aerosol optical depth and other aerosol properties), Session 7 (aerosols at high-
elevation sites in Asia), Session 8 (nucleation and clouds) and Session 9 (aerosol chemical 
composition) clearly demonstrated that mountain sites offer suitable conditions to study aero-
sol-cloud interactions, a further challenging topic in present climate research.  

On Friday, June 11, 2010, the symposium was followed by an excursion to Jungfraujoch and 
offered to the whole science community to visit of the High Altitude Research Station which is 
considered as one of the world leading high mountain observatories for environmental and 
climate research. This excursion complemented the theoretical part at the symposium with a 
practical deepening which was especially for the participants of the developing countries of 
additional educational value. 

Benefits of the symposium 

This symposium “Atmospheric Chemistry and Physics at Mountain Sites”, offered opportuni-
ties to exchange research experiences at elevated sites and fostered investigations of rele-
vant topics in climate change research as well as process analysis in the free troposphere. 
Because of the high costs related to long term measurements, it is crucial to make best sci-
entific use of such measurements. Thus it was very beneficial to bring together experts in 
measurements and models. Science benefit can even be improved by a more intensified en-
couragement of combined research projects in the future. 
We achieved to include young scientists and were able to provide capacity building for scien-
tist from developing countries. This was possible thanks to the support of TTORCH, Me-
teoSwiss and the strong involvement of the organizing institutions.  
A comprehensive abstract book was published and gives a nice overview about all contribu-
tions. 

Supported Scientists 

The support of TTOCH, ESF made it possible for 9 young scientists (master students, PhD 
students or young scientist from developing countries) to participate in the meeting and pre-
sent their results with a talk or a poster to experts who provided the expected feedback. Dur-
ing the meeting and the excursion on Friday, there were plenty of opportunities to discuss 
open questions and future collaborations.  
 
Additional support was provided by MeteoSwiss to support five more experienced research-
ers from developing countries such as China, Egypt, Armenia, India and Russia to participate 
to the Symposium. 
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PhD student from Paraguay, supported by 
TTORCH, presenting her results about 
Aerosols investigations based on meas-
urements at the high observatory at Izania 
combined with satellite data. 

Young scientists from Indonesia (left) and from Kenya 
(right), supported by TTORCH, exchanging their experi-
ence of running measurement at sites contributing to 
the Global Atmosphere Watch programme of WMO. 
Both contributed with an oral presentation to the ACP-
Symposium.  

Participants 

Almost 100 scientists from 22 countries representing more than 30 observatories in 4 conti-
nents (Europe, America, Africa and Asia) reflect a very good participation of elevated obser-
vatories in the ACP – Symposium which indicates the interest of researchers at elevated 
sites in discussing common scientific question as well as technical issues under the often 
challenging boundary condition at these remote and elevated sites.  
 

 

Mauna Loa,  Mt. Whistler 
Mt. Bachelor Dessert Storm Peak 
Pico Espejo Pico Mountain 
Teiide Pyrenäen 
Puy du Dome Pic du Midi 
Schauinsland  Monte Rosa 
Jungfraujoch  Mt. Cimone 
Zugspitze Hohen Peissenberg 
Sonnblick Kasprowy Wierck 
Kislowosk Mt. Kenya  
Sinhagd Piton Maiidon  
Mt. Waliuan  NCO-Pyramide 
Mt. Everst Tibetan Plateau 
Mt. Lulin Bukkit Kototabang 
Mt. Jodo Mt. Happos 
Mt. Fuji 

Organizing Committee 

The organizing committee included representatives of the Swiss Federal Institute of Tech-
nology Zürich (ETHZ), the Paul Scherrer Institute (PSI), the Swiss Federal Laboratory for 
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Material Sciences and Technology (Empa), the International Foundation High Altitude Re-
search Stations Jungfraujoch and Gornergrat (HFSJG), the Federal Office of Meteorology 
and Climatology (MeteoSwiss). Key persons involved have been Prof. Dr. Johannes Stähelin 
(ETHZ), Prof. Dr. Urs Baltensperger (PSI), Dr. Brigitte Buchmann (Empa), Dr. rer. nat. Domi-
nique Ruffieux, MeteoSwiss, Prof. Dr. Erwin Flückiger and Prof. Markus Leuenberger both 
HFSJG.  
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Outlook 

The attractive and comprehensive programme caused lively discussions and enabled splinter 
meeting to initiate new joint project activities (e.g. University of Krakow and Empa, a re-
search institute in the ETH – domain, CH). An argumentation was put together to support the 
development of long term operations of atmospheric observatories at high elevated sites. 
Based on this stimulating atmosphere our American colleagues offered to organize a follow 
up meeting in a 2-3 year timeframe close to one of the high mountain observatories in the US 
covering a similar scientific programme.   

 

Dübendorf, 08. 10. 2010 

  

Dr. Brigitte Buchmann 
Empa 
Head of Laboratory Air Pollution / Environmental Technology 
Überlandstrasse 190 
CH-8600 Dübendorf, Switzerland 
Phone: +41 44 823 4134  
e-mail: brigitte.buchmann@empa.ch 
 

 
 

Attachments: 
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List of participants 

Support letter elevated sites 
Abstract Book, submitted separately (15MB)
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Annex 3: 

 
 
Support for high elevated observatories 

 
During the week of June 8-10, 2010, fifty leading atmospheric scientists from around the 
world shared their research results at the first international symposium on "Atmospheric 
Chemistry and Physics at Mountain Sites", Interlaken, Switzerland. From the data presented, 
it became clear that high elevation mountain atmospheric observatories provide a unique 
window on long range transport of air pollution and dust, chemical reactions in the atmos-
phere.  These data also provide key information on background concentrations of trace 
gases and aerosols influencing ozone concentrations, and those that drive climate change. 
Due to the small number of high elevation atmospheric research stations around the globe, 
the conference participants agreed on the following statement. 

Whereas high elevation atmospheric observatories provide critical data on weather, climate, 
air quality, and long-range transport of pollution that can only be observed by in-situ 
observations;  

Whereas many critical processes for climate and air quality occur in the free troposphere;  

Whereas observations of the volcanic ash cloud from Iceland at the Jungfraujoch station pro-
vided critical data on the volcanic ash properties, which was essential for understand-
ing the risk to aircraft engines;  

Whereas high altitude observatories can provide critical data for all types of extreme epi-
sodes including volcanic, dust, biomass burning and radionuclide releases;   

Whereas long-term data records provide critical information on both natural and human cau-
sed global changes and there are very few atmospheric records longer than 10 years 
anywhere on the globe;  

Whereas data from high elevation observatories have been used to evaluate and improve 
chemical transport models and satellite observations; 

Whereas a recent report from the US National Academy of Sciences emphasized the need 
for strengthening existing backgrounds sites and adding new sites, especially those 
that can sample the free troposphere;  

Whereas there is a relatively small number of these observatories world-wide able to monitor 
and conduct research in the free troposphere and neither models nor satellite obser-
vations can replace these in-situ observations;  

Be it resolved that we the participants in the first ACP/Swiss Academy of Sciences “Sympo-
sium on Atmospheric Chemistry and Physics at Mountain Sites” urge our national 
science and environmental agencies to support the development and long-term op-
eration of atmospheric observatories at high elevation. 

 


