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Name of research institute or organization: 

Laboratory of Atmospheric Chemistry, Paul Scherrer Institut,  
CH-5232 Villigen PSI, Switzerland 
 
Title of project: 
The Global Atmosphere Watch Aerosol Program at the Jungfraujoch 
 
Project leader and team: 
Prof. Dr. Urs Baltensperger, project leader 
Dr. Ernest Weingartner, co-leader 
Dr. Martin Gysel, Zsofia Juranyi, Günther Wehrle, Rahel Schmidhauser, Lukas 
Kammermann, Dr. Peter DeCarlo, Dr. M. Collaud Coen (MeteoSwiss, Payerne) 
 
Project description: 
Airborne aerosols affect our climate primarily by influencing the atmospheric energy 
budget through direct and indirect effects. Direct effects refer to the scattering and 
absorption of radiation and their influence on planetary albedo and the climate 
system. Indirect effects refer to the increase in available cloud condensation nuclei 
(CCN) due to an increase in anthropogenic aerosol concentration. This could lead to 
an increase in cloud droplet number concentration and a decrease in cloud droplet 
effective radius, when the cloud liquid water content (LWC) remains constant. The 
resulting cloud droplet spectrum could lead to reduced precipitation and increased 
cloud lifetime. The overall result would be an increase in cloud albedo which cools 
the Earth’s climate. Despite the uncertainty, it is believed that in regions with high 
anthropogenic aerosol concentrations, aerosol forcing may be of the same magnitude, 
but opposite in sign to the combined effect of all greenhouse gases.  
The Global Atmosphere Watch (GAW) program is an activity overseen by the World 
Meteorological Organization (WMO). It is the goal of GAW to ensure long-term 
measurements in order to detect trends and to develop an understanding of these 
trends. With respect to aerosols, the objective of GAW is to determine the spatio-
temporal distribution of aerosol properties related to climate forcing and air quality up 
to multi-decadal time scales. Since the atmospheric residence time of aerosol particles 
is relatively short, a large number of measuring stations are needed. The GAW 
monitoring network consists of 24 Global (including the Jungfraujoch) and about 300 
Regional stations. While Global stations are expected to measure as many of the key 
variables as possible, the Regional stations generally carry out a smaller set of 
observations. 
The Jungfraujoch aerosol program is among the most complete ones worldwide. 
Table 1 shows the current GAW instrumentation that is continuously running at the 
Jungfraujoch. 
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Table 1: Current GAW aerosol instrumentation 
Instrument Measured parameter 
CPC (TSI 3010 or 3772) Particle number density (particle 

diameter Dp>10 nm) 
Nephelometer (TSI 3563) Scattering coefficient at three 

wavelengths 
Aethalometer (AE-31) Absorption coefficient at seven 

wavelengths; black carbon (BC) 
concentration 

MAAP Absorption coefficient; black carbon 
(BC) conc. 

Filter packs Aerosol major ionic composition (PM1 
and TSP) 

Betameter and HiVol1) Aerosol mass, PM1 and TSP1) 
   1) measured by EMPA 
 
For these measurements, ambient air is sampled via a heated inlet (25°C), designed to 
prevent ice build-up and to evaporate cloud particles at an early stage, ensuring that 
the cloud condensation nuclei and/or ice nuclei are also sampled. This inlet is called 
the total inlet.  
 
 
Long-term aerosol data and trend analysis 
Hourly and daily averages are calculated and the data is visualized in  
real-time for different time periods in the internet, see 
http://aerosolforschung.web.psi.ch/onlinedata. As an example for the collected long-
term data, Figure 1 shows the measured scattering and absorption coefficients of the 
last 14 years. The absorption coefficients were calculated from different instruments 
and were extrapolated to a wavelength of λ = 700 nm assuming a wavelength 
dependence of λ-1. The MAAP dataset is taken as a reference and the aethalometer 
data are adjusted to this reference by using empirical scaling factors deduced from 
concurrent measurements (Weingartner et al. (2003)1 and Collaud Coen et al., in 
preparation2). 
 
Figure 1 shows a distinct seasonality in the encountered aerosol loadings. In warm 
months, the site is influenced by injection of planetary boundary layer air into the free 
troposphere during sunny afternoons due to thermal convection, while in winter it is 
usually in the undisturbed free troposphere.  

                                                 
1 Weingartner, E.; Saathoff, H.; Schnaiter, M.; Streit, N.; Bitnar, B.; Baltensperger, U., Absorption of 
light by soot particles: determination of the absorption coefficient by means of aethalometers. Journal 
of Aerosol Science 2003, 34, (10), 1445-1463. 
2 Collaud Coen, M., et al. Minimizing light absorption measurement artifact of the Aethalometer: A 
new correction evaluation based on a 4-year dataset, in preparation. 
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Figure 1: Long-term measurements of the light scattering and absorption coefficients. 
 
A thorough statistical trend analysis was performed for the measured absorption 
(AE31 only) and scattering coefficients with data measured before December 2005 
(Collaud Coen et al., 20073). The summer months at the Jungfraujoch, which are 
strongly influenced by planetary boundary layer air masses, do not show any 
statistically relevant long-term trend. In contrast, a significant and distinct positive 
trend of 4-7% yr-1 was encountered for most aerosol parameters during the September 
to December period before 2006. A possible explanation for this increase involves a 
European-wide, large-scale increase of the injection of planetary boundary layer 
(PBL) air masses into the lower free troposphere (FT) coupled with large scale 
transport, or long-range transport from even more distant sources. In this sense this 
positive trend in this time period is interpreted as an increase of the lower FT aerosol 
concentration. An important future field of activity will be a careful reanalysis of 
trends using for the entire dataset. A first preliminary analysis which includes also the 
latest tree years shows a less pronounced trend.  
 

                                                 
3 Collaud Coen, M.; Weingartner, E.; Nyeki, S.; Cozic, J.; Henning, S.; Verheggen, B.; Gehrig, R.; 
Baltensperger, U., Long-term trend analysis of aerosol variables at the high alpine site Jungfraujoch. 
Journal of Geophysical Research 2007, 112, D13213, doi: 10.1029/2006JD007995. 



International Foundation HFSJG 
Activity Report 2008 

64 

On-line notification service for the presence of mineral dust at Jungfraujoch 
The continuously measured wavelength dependent scattering coefficients (bs) and 
absorption coefficients (babs) can be used to determine the presence of mineral dust 
events at Jungfraujoch with an analysis of the wavelength dependence of the aerosol 
single scattering albedo, defined as bs/(bs+babs) (see Collaud Coen el al. (2004)4 for 
details). This analysis is done on a regular basis at MeteoSwiss with quality 
controlled aerosol data from the Jungfraujoch. 
External groups expressed their interest to have a much faster notification service for 
the presence of mineral dust events. Therefore, a real-time notification service was 
established by a continuous analysis of the measured optical aerosol data. Computer 
generated notification emails are sent to interested users as soon as a mineral dust 
event is detected at the Jungfraujoch (a second email will be sent as soon as the event 
stops). As an example, Figure 2 shows the email attachment of such a mineral dust 
notification. 
 

 
Figure 2: On-line detection of mineral dust events at the Jungfraujoch using an event 
in October 2008. The upper 3 lines represent the single scattering albedo (multiplied 
by 100) and the lower line (single scattering albedo exponent (SSAE), multiplied by 
1000) is a measure of the presence of mineral dust. A mineral dust event (seen as 
negative SSAE values) can be detected with a maximum delay of 4 hours. 
 

                                                 
4 Collaud-Coen, M.; Weingartner, E.; Schaub, D.; Hueglin, C.; Corrigan, C.; Henning, S.; 
Schwikowski, M.; Baltensperger, U., Saharan dust events at the Jungfraujoch: detection by wavelength 
dependence of the single scattering albedo and first climatology analysis. Atmospheric Chemistry and 
Physics 2004, 4, 2465-2480. 
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Additional measurements during 2008 
In 2008, additional aerosol parameters were continuously measured at Jungfraujoch 
(see Table 2). These measurements were conducted as part of the “GAW plus” and 
two EU Projects (EUSAAR and EUCAARI). 
 
Table 2: Additional aerosol instrumentation operated in 2008-2009 
Instrument  Measured parameter Measurement period 
SMPS, OPC Particle number size 

distribution, 
D = 20 - 22’500 nm 

10.1.2008  - 1.4.2009 

CCNC Number concentration of 
cloud condensation nuclei 

10.1.2008  - 1.4.2009 

Sunset EC/OC Mass concentration of 
organic and elemental 
carbon 

1.4.2008  - 1.4.2009 

HTDMA Hygroscopic aerosol 
properties 

1.5.2008  - 1.4.2009 

Humidified nephelometer Scattering enhancement 
factors 

25.4.2008  - 29.5.2008 

AMS Size resolved chemical 
composition 

1.5.2008  - 1.6.2008 

 
 
Measurement of particle number size distributions 
The permanent GAW monitoring activities include measurements of the total 
concentration of particles with diameters larger than 10 nm. However, the number 
size distribution of aerosol particles, which plays a key role for direct and indirect 
aerosol climate interactions, is not being monitored on a permanent basis. We aim at 
acquiring a whole year of number size distribution measurements at the JFJ station, 
using a scanning particle mobility sizer (SMPS). The SMPS was installed at the JFJ 
in January 2008 and has been fully operational since then. As an example, Figure 3 
shows the temporal evolution of the size distribution. As also observed for the other 
parameters, the number concentration experiences a distinct seasonal concentration 
change. In addition, it is found that during winter and spring, the fraction of smaller 
particles (with a diameter ≤50 nm) is substantially greater than in summer. This is 
explained by increased formation of new particles via homogenous nucleation during 
the colder season (Weingartner et al., 19995). 

                                                 
5 Weingartner, E.; Nyeki, S.; Baltensperger, U., Seasonal and diurnal variation of aerosol size 
distributions (10 < D < 750 nm) at a high-alpine site (Jungfraujoch 3580 m asl). Journal of 
Geophysical Research Atmospheres 1999, 104, (D21), 26809-26820. 
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Figure 3: Contour plot of the measured particle number size distribution for the 
period January to October 2008 (preliminary data). 
 
 
Measurement of the number concentration of cloud condensation nuclei (CCN) 
The cloud condensation nuclei counter (CCNC) exposes ambient aerosol particles to 
a defined water supersaturation (SS, in the range between SS = 0.07-1.18%) and 
measures the concentration of cloud droplets that were activated at this SS. This 
instrument was installed in January 2008 and has been running since then. It provides 
valuable information on the variation, absolute value and SS dependence of the CCN 
concentration. In order to investigate the seasonal variation of the CCN 
concentrations, it is planned to operate the instrument for more than a whole year.  

 
Figure 4: Temporal evolution of the CCN number concentrations in May 2008. The 
different colors represent the different supersaturations.  
 
Figure 4 shows as example one month of the measured dataset. The CCN 
concentration is monotonously increasing with the increasing supersaturation, as 
expected. The variability of the CCN concentration is high, changing more than two 
orders of magnitude in the one month example. This variability is only partly coming 
from the change in the total aerosol number concentration. Figure 5 shows the 
temporal evolution of the activated fraction, i.e. the number fraction of the particles 
that are activated to cloud droplets at a certain supersaturation. This fraction was 
calculated by dividing the CCN concentration by the total particle concentration 
measured by the CPC.  
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Figure 5: Temporal evolution of the activation ratio (ratio of CCN number 
concentration to the total aerosol number concentration). The different colors 
represent the different supersaturations.  
 
The ability of an aerosol particle to act as CCN depends on its size and chemical 
composition. The larger the particle, the smaller the critical SS that is needed for 
activation (Kelvin effect). The shape of the particle number size distribution 
influences hence the activation ratio at a given SS. In addition, the hygroscopicity of 
the particles is also important: The more soluble the particles, the more CCN active 
they are (Raoult effect). The variability of these two parameters is responsible for the 
encountered changes in the activated fraction as seen in Figure 5. 
 
Closure between chemical composition and CCN activity 
During May 2008 an Aerodyne aerosol mass spectrometer (AMS) was operated at the 
Jungfraujoch. This instrument provides information on size resolved particle chemical 
composition. Together with the measured SMPS size distributions, the CCN 
concentration was predicted with a simplified Köhler theory for the different 
supersaturations that were set in the CCN instrument. This allows us to investigate the 
link between chemical composition, size and critical diameter for CCN activation. 
 
Figure 6 and 7 show the model and the measurement results for one low (Figure 6, 
SS=0.24%) and one high (Figure 7, SS=1.07%) supersaturation. The blue points were 
calculated using the time resolved chemical composition and the green points were 
calculated using the average chemical composition for the whole measurement 
period. The yellow points were calculated assuming that the aerosol is composed of 
pure ammonium sulphate. 
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Figure 6: Predicted versus measured CCN concentrations at SS=0.24%. Blue points: 
time resolved chemical composition data was used, green points: averaged, mean 
chemical composition was used, yellow points: it was assumed that the aerosol 
consists of pure ammonium sulphate. 
 
 

 
Figure 7: Predicted versus measured CCN concentrations at SS=1.07%. Blue points: 
time resolved chemical composition data was used, green points: averaged, mean 
chemical composition was used, yellow points: it was assumed that the aerosol 
consists of pure ammonium sulphate. 
 
The results show very good agreement between the measured and predicted CCN 
concentrations for all supersaturations (±10%). An analysis also shows that the 
variability of the size distribution of the aerosol has a bigger influence on the 
variability of the activated particles than the variability of the chemical composition 
(blue and yellow points). Taking into account the variation of the chemical 
composition did not significantly improve the prediction (green and blue points). A 
conclusion of this analysis is that knowledge of the aerosol size distribution and the 
average chemical composition is sufficient for a reliable prediction of the CCN 
number concentration at a location like the Jungfraujoch. 
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Measurement of particle light scattering at high relative humidity 
All aerosol parameters measured within the GAW aerosol monitoring program are 
measured under dry conditions. This is necessary for establishing the comparability of 
different measuring sites. On the other hand, aerosol particles experience high relative 
humidity (RH) in the atmosphere. The RH determines the water content of aerosol 
particles and therefore has an important influence on the particles’ ability to scatter 
visible light. The RH dependence of the particle light scattering coefficient (σs) is 
therefore an important measure for e.g. climate forcing calculations.  
For this purpose we built a novel humidification system for a nephelometer which 
allows the measurement of σs at a defined and controlled RH in the range of 40-90%. 
This RH conditioner consists of a humidifier, followed by a dryer, which enables us 
to measure the hysteresis behavior of deliquescent aerosol particles. The factor 
quantifying the influence of RH on σs is called light scattering enhancement factor 
f(RH) and is the ratio between σs at high and low RH. The dry σs were measured by 
the GAW nephelometer, and the σs at varying RH by the humidified nephelometer.  
In May 2008 the humidified nephelometer was running at Jungfraujoch. Figure 8 
shows an overview of the RH evolution in the humidified nephelometer, the 
determined light scattering enhancement factor f(RH) and the dry scattering 
coefficient σs of the GAW nephelometer.  

 
Figure 8: Temporal evolution of the relative humidity in the humidified nephelometer 
(on top), the calculated scattering enhancement factors at three wavelengths (middle) 
and the dry scattering coefficient (bottom).  
 
When the RH in the humidified nephelometer was set to low values, the two 
nephelometers measured the same scattering coefficient which is seen as f(RH) ≈ 1. 
At 80 to 85% RH in the humidified nephelometer, f(RH) ranges from 1.5 to 4. During 
the last days of the measuring period (May 27 to 29) the station was exposed to high 
concentrations of Saharan dust. During this event the scattering enhancement factor is 
found to be relatively low (<1.2), due to the non-hygroscopic nature of Saharan dust.  
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Internet data bases: 
http://www.psi.ch/gaw 
http://www.psi.ch/lac 
http://aerosolforschung.web.psi.ch 
http://www.meteoschweiz.admin.ch/web/en/climate/climate_international/gaw-
ch.html  
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Prof. U. Lohmann and Prof. T. Peter, Institute for Atmospheric and Climate Science, 
ETH Zürich 
 
Prof. J. Heintzenberg, Institut für Troposphärenforschung, Leipzig, Germany 
 
Dr. Paolo Lai, Laboratoire de Météorologie Physique, University of Clermont-
Ferrand –CNRS, France 
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Pascal24, avenue des landais, 63170 Aubiere, France 
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Universität Frankfurt am Main, Frankfurt, Germany 
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Environmental Sciences (SEAES), University of Manchester, Manchester, England 
 
Dr. J. Schneider and Prof. S. Borrmann, University of Mainz, Particle Chemistry 
Department, Mainz, Germany 
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Prof. S. Weinbruch, Universität Darmstadt, Institut für Mineralogie, Darmstadt, 
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Prof. M. Kulmala, Department of Physics, University of Helsinki, Helsinki, Finland 
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2008, 137, 205-222. 
 
Cozic, J.; Verheggen, B.; Weingartner, E.; Crosier, J.; Bower, K.; Flynn, M.; Coe, H.; 
Henning, S.; Steinbacher, M.; Henne, S.; Coen, M. C.; Petzold, A.; Baltensperger, U., 
Chemical composition of free tropospheric aerosol for PM1 and coarse mode at the 
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2008, 113, D16213, doi:10.1029/2008JD009954. 
 
Hoose, C.; Lohmann, U.; Stier, P.; Verheggen, B.; Weingartner, E., Aerosol 
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113, D07210, doi:10.1029/2007JD009251. 
 
Sjogren, S.; Gysel, M.; Weingartner, E.; Alfarra, M. R.; Duplissy, J.; Cozic, J.; 
Crosier, J.; Coe, H.; Baltensperger, U., Hygroscopicity of the submicrometer aerosol 
at the high-alpine site Jungfraujoch, 3580 m a.s.l., Switzerland. Atmospheric 
Chemistry and Physics 2008, 8, 5715-5729. 
 
Swietlicki, E.; Hansson, H.-C.; Hämeri, K.; Svenningsson, B.; Massling, A.; 
McFiggans, G.; McMurry, P.; Petäjä, T.; Tunved, P.; Gysel, M.; Topping, D.; 
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Hygroscopic properties of submicrometer atmospheric aerosol particles measured 
with H-TDMA instruments in various environments - a review, Tellus 2008, 60B, 
432-469, doi:10.1111/j.1600-0889.2008.00350.x. 
 
Conference papers 
Baltensperger U.; Weingartner, E.; Aerosol measurements in the context of the 
Global Atmosphere Watch Programme and several EC projects, Spawning the 
Atmosphere Measurements of Jungfraujoch, 25-26 November 2008, Bern. 
 
Collaud Coen, M.; Weingartner, E.; Schaub, D.; Hüglin, C.; Baltensperger, U., 
Detection and climatology of Saharan dust events at the Jungfraujoch, 3rd 
International Workshop on Mineral Dust, 15-17 September 2008, Leipzig, Germany.  
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Kamphus, M.; Borrmann, S.; Walter, S.; Curtius, J.; Schneider, J.; Mertes, S.; 
Weingartner, E.; Mass spectrometric analysis of small ice crystal residuals in mixed 
phase clouds during the CLACE projects, International Conference on Clouds and 
Precipitation, , July 7-11 2008, Cancun, Mexico. 
 
Mertes, S.; Verheggen, B.; Kamphus, M.; Walter, S.; Ebert, M.; Schneider, J.; 
Curtius, J.; Cozic, J.; Worringen, A.; Weingartner, E.; Baltensperger, U.; Weinbruch, 
S.; Borrmann, S., Physico-chemical characterisation of ice particle residuals in 
tropospheric mixed-phase clouds based on ice particle collection using the 
counterflow virtual impactor technique, International Conference on Clouds and 
Precipitation, 7-11 July 2008, Cancun, Mexico. 
 
Verheggen, B.; Cozic, J.; Weingartner, E.; Baltensperger, U.; Mertes, S.; Bower, 
K.N.; Flynn, I.M.; Connolly, P.; Gallagher, M.; Walter S.; Schneider, J.; Curtius, J.; 
Petzold, A., The influence of ice on the partitioning of aerosol particles in mixed-
phase clouds, European Geophysical Union, 13 – 18 April 2008, Vienna, Austria.  
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Gallagher4, S. Walter5, J. Schneider5, J. Curtius6, A. Petzold7 
 
Cozic, J.; Verheggen, B.; Weingartner E.; Baltensperger U., Mertes, S.; Cziczo, D. J.; 
Gallavardin, S. J.; Bower, K.N.; Crawford, I.; Flynn, M.; Connolly, P.;  Gallagher, 
M.; Walter, S.; Schneider, J.; Curtius, J.; Petzold, A., Activation behavior of aerosol 
particles and black carbon in mixed phase clouds at the high alpine site Jungfraujoch 
in Switzerland (3580m asl), International Conference on Clouds and Precipitation, 7-
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Magazine and Newspapers articles 
“Die Partei befiehlt Sonne”, NZZ am Sonntag, August 3, 2008. 
 
“Milliarden Tonnen von Mineralstaub belasten jährlich die Atmosphäre”, 
Tagesanzeiger, May 30, 2008. 
 
“Auf höchstem Niveau, Klimaforschung auf dem Jungfraujoch”, Zweites Deutsches 
Fernsehen, Feburary 10, 2008.  
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Address: 
Laboratory of Atmospheric Chemistry 
Paul Scherrer Institut (PSI) 
CH-5232 Villigen 
Switzerland 
 
Contacts: 
Ernest Weingartner Urs Baltensperger 
Tel: +41 56 310 2405 Tel: +41 56 310 2408 
Fax: +41 56 310 4525 Fax: +41 56 310 4525 
e-mail: ernest.weingartner@psi.ch  e-mail: urs.baltensperger@psi.ch 
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