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1. Project description

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, ACl) 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 ARl and ACl 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 (Bukowiecki et al., 2016). By the end
of 2021, some specific observations have been performed
continuously for 26 years (Figure 1). The current GAW long term
monitoring instrumentation at the Jungfraujoch is consisting mainly
of instruments to determine the physical and optical properties of
aerosol particles. For these measurements, ambient air is sampled
via a heated inlet (35°C), designed to prevent ice build-up and to
evaporate cloud droplets at an early stage, ensuring that the
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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.
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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 of
total suspended particles (TSP) and particles with aerodynamic
diameters <10 um in the top panel are provided in courtesy by
Empa/NABEL.
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Renovation of the measurement infrastructure

The renovation of the Sphinx laboratory was a key endeavour of
2021. This opportunity was taken to reorganize and refurbish the
aerosol measurement instrumentation extensively. The aerosol
inlet system has been completely overhauled. This was particularly
necessary for its electrical safety and lightning protection. In
addition, temperature control was redone and data acquisition was
expanded. The electrical supply was completely redesigned. This
also improves in particular possibilities for remote control and thus
hopefully also data coverage. Furthermore, the measurement
devices are now organized in three rack cabinets. This not only
creates a better organization, but also easier facilitates
troubleshooting and maintenance tasks. The new setup is shown in
Figure 2. All instruments have been taken to PSI, where
maintenance was carried out. They were then re-installed at JFJ
step by step, starting in mid-July. By the end of the year, the
majority of the aerosol measurements are operational again. Only
the second nephelometer and the cloud condensation nuclei
counter require further repairs and will be re-installed in 2022.

After 25 years of continuous monitoring of aerosol properties, the
reconstruction work has created a substantial gap in the data series
for the first time. While light scattering, absorption (AE33) and
condensation particle counter (CPC) measurements had a data gap
of less than two months, the particle size distribution and multi-
angel absorption measurements had a longer gap of more than four
months. However, the new setup shall pave the way for another 25
years of continuous aerosol observations compliant with current
standards of international observation networks.

Figure 2. New measurement setup for aerosol monitoring. The
instruments are organized in three rack cabinets.

Real time chemical composition of atmospheric aerosols

Not only physical properties of atmospheric aerosols, but also their
chemical composition is relevant to understand their origin and
their chemical evolution in the atmosphere. Besides in targeted
efforts (e.g. Frohlich et al., 2015), particle chemical composition on
the Jungfraujoch was routinely measured with filterpacks every
sixth day until May 2021. In December 2021, an aerosol mass
spectrometer (TOF-ACSM, time-of-flight aerosol chemical
speciation monitor) has been installed at JFJ providing chemical
information about the measured particles in real time and in situ.
First raw data is shown in Figure 3. The data shown in Figure 3
clearly shows the clean tropospheric background conditions
indicative for that time of the year. Also clearly identifiable are
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spikes in the organic mass signal due to local contamination from
tourist activities (e.g. cigarette smoke)
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Figure 3. Chemical aerosol composition of measured particles with
the TOF-ACSM at Jungfraujoch in December 2021. Raw time series
of chloride (Chl), ammonium (NH,), nitrate (NO3), organics (Org)
and sulfate (SO,4) are measured with 40 s time resolution.
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