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Aerosol monitoring 

Aerosol particles affect the Earth’s climate by influencing the 
atmospheric energy budget through direct and indirect effects. 
Direct effects (aerosol – radiation interactions, ARI) are the 
scattering and absorption of radiation by aerosol particles. Indirect 
effects (aerosol – cloud interactions, ACI) refer to the role of 
particles as cloud condensation nuclei (CCN) and ice-nucleating 
particles (INP). The climate relevance of both ARI and ACI results 
from their effect on the planetary albedo (incoming shortwave 
radiation). ACI furthermore affect the Earth’s outgoing longwave 
radiation. The IPCC report states ARI and ACI remain one of the 
major uncertainties in the anthropogenic radiative forcing due to 
their limited scientific understanding. 

The Global Atmosphere Watch (GAW) program is an activity 
coordinated by the World Meteorological Organization (WMO) to 
gain a better understanding on aerosol particles worldwide. The 
goal of GAW is 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 
spatial-temporal distribution of aerosol properties related to 
climate forcing and air quality up to multi-decadal time scales. The 
GAW monitoring network consists of 31 global (including the 
Jungfraujoch site) and about 400 regional stations. The aerosol 
program at Jungfraujoch is further a member of the Pan-European 
Aerosols, Clouds, and Trace gases Research Infra Structure 
(ACTRIS). 

The aerosol records at Jungfraujoch are among the most extensive 
within Europe and worldwide. By the end of 2020, some specific 
observations have been performed continuously for 25 years 
(Figure 1). The current GAW long term monitoring instrumentation 
at the Jungfraujoch is consisting mainly of instruments to 
determine the basic physical and optical properties of aerosol 
particles (Table 1). For these measurements, ambient air is sampled 
via a heated inlet (25°C), designed to prevent ice build-up and to 

evaporate cloud droplets at an early stage, ensuring that the 
residual particles of cloud droplets and ice crystals are also 
sampled. Data are delivered to GAW and ACTRIS data warehouses, 
including near real time data provision. 

 

Figure 1. Temporal evolution of the continuously measured aerosol 
parameters at the Jungfraujoch (30-day running average of the 
daily average values). Particle mass concentration data values in 
the top panel are in courtesy from Empa/NABEL. 

 



International Foundation HFSJG                                                                                                             Activity Report 2020 
   

19 
 

Multidecadal trend analysis of in situ aerosol radiative 
properties 
Identifying trends is one of the main goals of the GAW aerosol 
program. A highlight in this regard was the publication 
“Multidecadal trend analysis of in situ aerosol radiative properties 
around the world” by Martine Collaud Coen. In this major effort, a 
long-term trend analysis of aerosol optical properties was 
performed on time series from 52 stations situated across five 
continents. The time series of measured scattering, backscattering 
and absorption coefficients as well as the derived single scattering 
albedo, backscattering fraction, scattering and absorption 
Ångström exponents covered at least 10 years and up to 40 years 
for some stations. The non-parametric seasonal Mann–Kendall 
(MK) statistical test associated with several pre-whitening methods 
and with Sen’s slope was used as the main trend analysis method. 
Currently, scattering and backscattering coefficient trends are 
mostly decreasing in Europe and North America and are not 
statistically significant in Asia, while polar stations exhibit a mix of 
increasing and decreasing trends. The trends for the light scattering 
coefficient at Jungfraujoch (JFJ) in an ensemble with the stations 
Mount Rainier National Park (MRN) and Mauna Loa (MLO) are 
shown in Figure 2 as an extract from the very comprehensive paper. 

 

Figure 2. Seasonal MK results for the light scattering coefficient 
trend for three stations with long time series: JFJ, MRN and MLO. 
The trends are plotted for the last 10-year period (2009–2018) as 
well as for all possible longer periods (15 years = 2004–2018 to 30 
years = 1989–2018). The seasons correspond to meteorological 
seasons (MAM: March–April–May, JJA: June–July–August, SON: 
September–October–November and DJF: December–January–
February). The dots correspond to the slope, large dots being 
statistically significant at the 95% confidence level, whereas small 
dots are not statistically significant. The cyan triangles correspond 
to false positive trends (with type 1 error). Red squares correspond 
to annual trends where the seasonal results are homogeneous. 

As shown in Figure 2, the light scattering coefficients show 
negative annual trends for all of the analyzed periods, with the 
most recent 10-year period with a larger negative slope than the 
longer periods. Spring and fall are the seasons at JFJ with the 
strongest statistical significant trends, while winter has a small 
and less significant negative trend, indicating that the free 
tropospheric aerosol burden might be less affected by those 
trends. This is also indicated by the practically invariant MLO data 
that is in the free troposphere all year round (Figure 2). The light 
absorption coefficient as well as the single scattering albedo show 
also slightly, but statistically significant decreasing trends at JFJ for 
the 10- and 15-year periods analyzed. Please refer to the 
publication for further details. 

 

Employment of novel tools for the continuous characterization 
of the carbonaceous fraction in ambient aerosol 
Total aerosol carbonaceous mass (TC) is a major constituent of the 
atmospheric fine aerosol particle mass. However, this fraction is 
not yet continuously monitored at GAW sites with an adequate 
time resolution. Adding a TC measurement is thus crucial to 
complement the existing measurement programs for a 
comprehensive interpretation impact of aerosols on our climate. 
Currently, the visible light absorbing, more elemental part of 
carbonaceous aerosols is permanently monitored by the means of 
various filter based Aethalometer type instruments. However, no 
information on the organic carbon and especially the non-visible-
light absorbing carbon is available. 

Commercial thermo-optical methods for characterization of 
carbonaceous aerosol are expensive and not ready for continuous 
standalone operation. To fill this gap, the “fast thermal carbon 
totalizator” (FATCAT) has been developed by FHWN, a 
carbonaceous aerosol measurement system for long-term 
monitoring of TC. FATCAT collects a sample on a sinter metallic 
filter, which is subsequently heated to 800°C under an oxidizing 
atmosphere. Further oxidation of the evolved carbonaceous 
material is achieved by a catalyzer located downstream of the 
heating unit. TC detection is achieved by means of a NDIR CO2 
measurement. The fast heating cycle of 50 seconds allows a low 
limit of detection (LoD) of 0.2 µg of carbon (µg-C). At the reduced 
atmospheric pressure of the JFJ, which limits the sampling flow of 
the device to 6 lpm, this is enough to measure TC concentrations 
with a LoD=0.3 µg-C/ m3 using a time resolution of two hours. 

Since July 2020, a FATCAT has been deployed at the Sphinx 
observatory aerosol inlet for an unsupervised long-term 
measurement campaign. To date, the generated data is already 
the longest high time resolution TC dataset ever measured at the 
JFJ site. Figure 3 shows a data subset for the month of September 
of these measurements, together with the black carbon data 
determined by the GAW MAAP instrument. 

 

Figure 3. Time series and box plot for total carbon, measured by 
means of FATCAT, and black carbon concentration, measured by 
means of MAAP, during September 2020. Several episodes of high 
carbonaceous material concentration can be observed, originating 
mainly from local construction by the Jungfrau Railways but also 
from long-range transported emissions from Californian wildfires. 
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Figure 4 Total carbon thermograms for two events with high black 
carbon concentration. The top panel shows the filter temperature 
during analysis. The lower two panels show the differential total 
carbon signal (blue line) and a 4-mode fit (red line and filled 
curves). The red, blue, violet, and grey fitted components originate 
from materials with increasingly higher temperature stability. The 
red component is identified with the higher volatility fraction of 
condensed organic compounds. The other components allow the 
differentiation of samples with high thermal stability, like diesel 
soot from the Jungfraujoch construction site (e.g., top 
thermogram; September 2nd), from samples with low thermal 
stability, like biomass burning aerosol from the California wildfires 
(e.g., bottom thermogram; September 30th). 

The sample analysis further produces thermograms of the 
evolving carbon from the filter with well-defined components 
(Figure 4). Aerosol particl es containing more refractory, 
crystalline carbon from fossil fuel combustion, e.g. from diesel 
engine emissions, tend to evolve at high temperatures, whereas 
aerosol particles from biomass burning sources containing more 
amorphous organic carbon tend to decompose and evolve at 
lower temperatures. Therefore, source specific fingerprints for 
various combustion emissions are distinguishable. 

Several high TC episodes during September show the typical 
pattern of biomass combustion. With the identified fingerprint 
and back trajectories, these episodes were attributed to long-
range transported emissions from Californian wildfires. Local 
diesel soot emissions, originating from construction machinery 
operated at the JFJ were also frequently identified. Therefore, the 
resulting dataset and post-analysis data products represent an 
improvement to the available measurement inventory as it can 
also serve as quality control for other measurement techniques 
already deployed - or to be deployed - at GAW sites. Prominently, 
measurements of eBC via MAAP or Aethalometer and organic 
mass using ToF-ACSM require calibration and are susceptible to 
systematic errors. TC measurement data can be used in parallel 
for these devices as a quality check but also to warrant total 
carbon mass closure and reduce systematic biases. 

 

Internet data bases 

http://www.psi.ch/lac  
http://www.psi.ch/lac/gaw-monitoring-nrt-data  
https://www.meteoswiss.admin.ch/home/research-and-
cooperation/international-cooperation/gaw.html 
http://ebas.nilu.no  
http://www.actris.net 
https://www.meteoswiss.admin.ch/home/climate/climate-change-in-
switzerland/aerosol-and-climate.html 
https://www.meteoswiss.admin.ch/home/climate/the-climate-of-
switzerland/specialties-of-the-swiss-climate/saharan-dust-events.html  
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Prof. U. Lohmann, Prof. T. Peter, Institute for Atmospheric and Climate 
Science, ETH Zürich 
Dr. C. Hüglin, Dr. S. Henne, Dr. M. Steinbacher, and Dr. S. Reimann, Empa, 
Dübendorf 
Dr. Franz Conen, Institut für Umweltgeowissenschaften, Universität Basel 
Prof. M. Leuenberger, Climate and Environmental Physics, University of 
Bern 
Prof. E. Weingartner, Institut für Aerosol- und Sensortechnik, 
Fachhochschule Nordwestschweiz, Windisch 
Prof. A. Wiedensohler, Dr. T. Müller, Dr. S. Henning, ECAC and TROPOS, 
Leipzig, Germany 
Dr. E. Andrews, NOAA, Boulder, USA 
Prof. M. Kulmala and Prof. F. Bianchi Department of Physics, University of 
Helsinki, Helsinki, Finland 
Griša Močnik, University of Nova Gorica Centre for Atmospheric Research, 
Ljubljana, Slovenia 

Scientific publications and public outreach 2020 

Refereed journal articles and their internet access 
Burgos, M.A., E. Andrews, G. Titos, A. Benedetti, H. Bian, V. Buchard, G. 
Curci, Z. Kipling, A. Kirkevåg, H. Kokkola, A. Laakso, J. Letertre-Danczak, M.T. 
Lund, H. Matsui, G., Myhre, C. Randles, M. Schulz, T. van Noije, K. Zhang, L. 
Alados-Arboledas, U. Baltensperger, A. Jefferson, J. Sherman, J. Sun, E. 
Weingartner, and P. Zieger, A global model–measurement evaluation of 
particle light scattering coefficients at elevated relative humidity, Atmos. 
Chem. Physics, 20, 10231–10258, doi: 10.5194/acp-20-10231-2020, 2020. 
https://doi.org/10.5194/acp-20-10231-2020 

Collaud Coen, M., E. Andrews, A. Alastuey, T. Petkov Arsov, J. Backman, B.T. 
Brem, et al., Multidecadal trend analysis of in situ aerosol radiative 
properties around the world, Atmospheric Chemistry and Physics, 20, 14, 
8867-8908, doi: 10.5194/acp-20-8867-2020, 2020. 
https://doi.org/10.5194/acp-20-8867-2020 

Laj, P., A. Bigi, C. Rose, E. Andrews, C. Lund Myhre, M. Collaud Coen, et al., 
A global analysis of climate-relevant aerosol properties retrieved from the 
network of Global Atmosphere Watch (GAW) near-surface observatories, 
Atmospheric Measurement Techniques, 13, 8, 4353-4392, doi: 
10.5194/amt-13-4353-2020, 2020.  
https://doi.org/10.5194/amt-13-4353-2020 

Motos, G., J.C. Corbin, J. Schmale, R.L. Modini, M. Bertò, P. Kupiszewski , et 
al., Black carbon aerosols in the lower free troposphere are heavily coated 
in summer but largely uncoated in winter at Jungfraujoch in the Swiss Alps, 
Geophysical Research Letters, 47, 14, e2020GL088011 (10 pp.), doi: 
10.1029/2020GL088011, 2020. https://doi.org/10.1029/2020GL088011 

Osmont, D., S. Brugger, A. Gilgen, H. Weber, M. Sigl, R.L. Modini, C. 
Schwörer, W. Tinner, S. Wunderle, and M. Schwikowski, Tracing devastating 
fires in Portugal to a snow archive in the Swiss Alps: a case study, The 
Cryosphere, 14, 3731–3745, doi: 10.5194/tc-14-3731-2020, 2020. 
https://doi.org/10.5194/tc-14-3731-2020 
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Conference papers 
Brem, B., G. Wehrle, M. Gysel-Beer, Climate relevant optical and 
microphysical properties of wildfire particulate matter in the free 
troposphere, 5th VAO Symposium, Bern, Switzerland, February 4-6, 2020. 

Bukowiecki, N., B. Brem, M. Hervo, M. Collaud Coen, S. Affolter, G. Wehrle, 
M. Leuenberger, U. Baltensperger, M. Gysel, Small-scale spatial variability 
of aerosol parameters around Jungfraujoch, Switzerland (3580 m asl). 
Parallel aerosol measurements at an adjacent mountain ridge, 5th VAO 
Symposium, Bern, Switzerland, February 4-6, 2020. 

Brem, B., N. Bukowiecki, G. Wehrle, M. Collaud Coen, M. Steinbacher, S. 
Henne, U. Baltensperger, M. Gysel-Beer, Optical and microphysical 
properties of aged wildfire aerosol plumes detected at the Jungfraujoch, 
European Aerosol Conference - EAC 2020, Aachen, Germany, held on-line, 
August 31 –  September 4, 2020. 

Collaud Coen, M., A. Andrews, B. Brem, H. Flentje, K. Sellegri, A. Marinoni, 
C. Couret, T. Arsov, Multidecadal trend analysis of aerosol properties at a 
global scale: characteristic of high altitude stations, 5th VAO Symposium, 
Bern, Switzerland, February 4-6, 2020. 

Gysel-Beer, M., G. Motos, J.C. Corbin, M. Zanatta, U. Baltensperger, R.L. 
Modini, J.L. Schmale, In situ measurements of black carbon particle 
scavenging in clouds at the high-alpine site Jungfraujoch, 5th VAO 
Symposium, Bern, Switzerland, February 4-6, 2020. 

Collaud Coen, M., A. Andrews, C. Lund Myhre, J. Hand, M. Pandolfi, P. Laj, 
and the SARGAN team, Multidecadal trend analysis of aerosol radiative 
properties at a global scale, EGU 2020, Vienna, Austria, held on-line, May 3-
8, 2020. 

Collaud Coen, M., A. Andrews, C. Lund Myhre, J. Hand, M. Pandolfi, P. Laj, 
and the SARGAN team, Multidecadal trend analysis of aerosol radiative 
properties at a global scale, EAC 2020, Aachen, Germany, held on-line, 
August 31 –  September 4, 2020. 

Lacher, L., H. Clemen, X. Chen, S. Mertes, D. Weber, J. Schrod, M. Gysel-
Beer, M. Steinbacher, A. Zipori, J. Schneider, Z.A. Kanji, A study on the 
relationship between ice activity, chemical composition and long-range 
transport of aerosol particles measured at the Jungfraujoch station, EAC 
2020, Aachen, Germany, held on-line, August 31 –  September 4, 2020. 

Motos, G., J.C. Corbin, J. Schmale, R.L. Modini, M. Bertò, P. Kupiszewski, U. 
Baltensperger, M. Gysel-Beer, Mixing state of black carbon aerosols in the 
lower free troposphere is substantially different in winter compared to 
summer at Jungfraujoch (3580 m a.s.l.) in the Swiss Alps, EAC 2020, Aachen, 
Germany, held on-line, August 31 –  September 4, 2020. 

Laj, P., A. Bigi., C. Rose, M. Collaud Coen, A global analysis of climate-
relevant aerosol properties retrieved from the network of GAW near-
surface observatories, EGU 2020, Vienna, Austria, held on-line, May 3-8, 
2020. 

Bigi, A., M. Collaud Coen, E. Andrews, C. Rose, C. Lund Myhre, M. Fiebig, M. 
Schulz, J.A. Ogren, J. Gliss, A. Mortier, A. Wiedensohler, M. Pandolfi, T. 
Petäja, S.-W. Kim, W. Aas, J.-P. Putaud, O. Mayol-Bracero, M. Keywood, L. 
Labrador, P. Laj, Global variability of aerosol optical properties retrieved 
from the network of GAW near-surface observatories, EGU 2020, Vienna, 
Austria, held on-line, May 3-8, 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rose, C., A. Bigi, B. Andrews, M. Collaud Coen, A. Wiedensohler, L. Yong, C. 
Lund Myhre, M. Fiebig, M. Schulz, J.A. Ogren, J. Gliss, A. Mortier, M. 
Pandolfi, T. Petäja, S.-W. Kim, W. Aas, J.-P. Putaud, O. Mayol-Bracero, M. 
Keywood, L. Labrador, P. Laj, Global variability of aerosol physical properties 
retrieved from the network of GAW near-surface observatories, EGU 2020, 
Vienna, Austria, held on-line, May 3-8, 2020. 

Keller, A., P. Specht, P. Steigmeier, E. Weingartner, Performance of the new 
continuous carbonaceous aerosol measurement system FATCAT during long 
time unattended measurement campaigns, European Aerosol Conference - 
EAC 2020, Aachen, Germany, held on-line, August 31 –  September 4, 2020. 

Magazine and newspaper articles 
“FHNW-Messgerät weist Russ aus US-Waldbränden auf dem Jungfraujoch 
nach”, Digital Bytes, October 7, 2020. 
https://web.fhnw.ch/plattformen/digitalbytes/fhnw-messgeraet-weist-
russ-aus-kalifornischen-waldbraenden-auf-dem-jungfraujoch-nach/ 

Addresses 

Laboratory of Atmospheric Chemistry 
Paul Scherrer Institute (PSI) 
Forschungsstrasse 111 
CH-5232 Villigen 
Switzerland 

Office fédéral de météorologie et de climatologie MétéoSuisse 
Chemin de l'Aérologie 1 
CH-1530 Payerne 
Switzerland 

Institute for Sensors and Electronics 
University of Applied Sciences and Arts Northwestern Switzerland (FHNW) 
CH-5210 Windisch 
Switzerland 
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