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(1) Internationale Stiftung High Altitude Research Station Jungfraujoch and
Gornergrat (HFSJG)

(2) Climate and Environmental Physics, Physics Institute, University of Bern and
Oeschger Centre for Climate and Climate Change Research
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Tourism Science

>1'000'000 ~1000 person-
Visitors/year days/year
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Number of Projects at Jungfraujoch
1959 to 2019
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Jungfraujoch - International @ Empa

collaborative sampling stations
= U, Urbing +NIES

® AGAGE sampling statiens

Materials Science and Technology

GAW: Global Atmosphere Watch of WMO
NABEL: National Air Pollution Monitoring Network

AGAGE: Advanced Global Atmospheric Gases Experiment
EMEP : European Monitoring and Evaluation Programme
: Integrated Carbon Observation System

ACTRIS: European Infrastructure for the observation of
Aerosol, Clouds, and Trace gases



Trace gases in the Atmosphere

-

Lukas Emmenegger, Martin Steinbacher und viele andere

Empa (Federal Laboratory for Material Science and Technology)
Labor fiir Luftfremdstoffe / Umwelttechnik

EMPA -

Materials Science & Technology



Reactive und Greenhouse Gases @ Jungfraujoch

More than 70 continuous time series

Greenhouse
Gases

N,O CH, CO,
13C & 180 in CO;

Reactive

Gases
Ozone CO SO,
NO, NO NOy

H, VOC
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Longest time series at Jungfraujoch
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Longest time series at Jungfraujoch
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Measurements and source regions, e.g HFC-23 (Fluoroform)
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Four generations of haloge @ Empa

Materials Science and Technology
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Four generations of

1. Generation

2. Generation

Montreal Protocol

CH;Br

CFCs, Halons
CCl,, CH5CCl,,

HCFCs

Ozone destroying substances

Chlorofluoro-
carbons

CFC-11
CFC-12
CFC-13
CFC-113
CFC-114

H-1211
H-1301
H-2402
CH3CCI3
CCl4

Hydrochlorofluoro-
carbons

HCFC-21
HCFC-31
HCFC-22
HCFC-141b
HCFC-142b

HCFC-133a
HCFC-124
HCFC-132b

3. Generation

HFCs

PFCs

Kyoto
Protocol

Hydrofluorocarbons

Perfluorocarbons
HFC-23 SF6
HFC-32 CF4
HFC-134a PFC-116
HFC-125 PFC-218
HFC-245fa PFC-318
HFC-365mfc  others

@ Empa

Materials Science and Technology

4. Generation

HFOs

Hydro(chloro)fluoro-
olefines

HFO-1234yf
HFO-1234zeE
HCFO-1233zdE



Reduce HFC Emissions

0
HFC-134a F—C—C—F
F H

Atmospheric lifetime: 14 years
GWP,: 1500

Short-lived HFOs (ydluoolefines)
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Total Column Abundance (x10'® molec./cm?)
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VERT. COLUMN (x10?' molec./cm?)

VERT. COLUMN (x10"® molec./cm?)
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Flask and in-situ CO, and O, measurements 17)
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Radiocarbon measurements

200.0

180.0 ]

Radiocarbon measurements

——Schauinsland monthly means

——JF] fit curve

© Jungfraujoch monthly means
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PAUL SCHERRER INSTITUT

TMOSPHAREN-

[F= Aerosols at the Jungfraujoch: -

Properties, trends and aerosol-cloud interaction
Urs Baltensperger and his group
Laboratory of Atmospheric Chemistry

Paul Scherrer Institute, 5232 Villigen PSI, Switzerland




PAUL SCHERRER INSTITUT

(15 Aerosols are solid or liquid particles o gz
In the atmosphere
They affect our health and have an impact on climate
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LABOR FUR

= 20 years of continuous data at the Jungfraujoch, there Wzs‘m
are only very few stations with a similar long record -
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THE BIRTH OF CLOUDS

How new particles form in the free troposphere p. 1109
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© Long-term trend of climate time series of JFJ
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Meteoswiss activities at Jungfraujoch

Laurent Vuilleumier Federal Office of Meteorology and Climatology
MeteoSwiss



Glacier change of the Grosser Aletschgletscher
http://glaciology.ethz.ch/messnetz/index.html

Length variation measurements between 1870 and 2016
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Cosmic muon detection of glacier bedrock ©’
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Interdisciplinary application
of cosmic muon flux using
nuclear emulsion particle
detectors

by Earth Sciences (geology
and geomorphology) and
Physics (particle physics
methodologies)

to detect the glacier base.

Nishiyama, R. et al., 2017, GRL
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