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18.1
Comparison of two high alpine CO2 records from the Jungfraujoch area
Stéphane Affolter1, Michael Schibig2,3, Tesfaye Berhanu2,3 and Markus Leuenberger

2,3,1

International Foundation High Altitude Research Stations Jungfraujoch and Gornergrat, Bern, Switzerland
(affolter@climate.unibe.ch)
2
Climate and Environmental Physics, Physics Institute, University of Bern, Switzerland
3
Oeschger Centre for Climate Change Research, University of Bern, Switzerland

1

The Sphinx observatory, part of the High Altitude Research Station located at the Jungfraujoch (Swiss Alps, 3570 m a.s.l.),
has been hosting for decades several experiments of various research institutes worldwide and constitutes a key location
for atmospheric measurements in Europe. Main features of the site are the remote setting and its exposure to pristine air
masses with only sporadic pollution events originating from the lowlands. Since December 2014, we have an additional
location available for research at the Jungfrau East Ridge (3690 m a.s.l.) around 1 km westward from the Sphinx
observatory. It offers an alternative to the Sphinx location where space availability is limited. This new location is not
accessible for tourists and thus well suited to compare air quality measurements to those recorded at the Sphinx
observatory. A Picarro L2120-i laser based instrument has been installed in the East Ridge building which is continuously
measuring the CO2 mole fraction in the atmosphere that can be compared with the Sphinx data (i) to evaluate the suitability
of the new site and (ii) to investigate the potential pollution inherent to anthropogenic activities at the Jungfraujoch. The two
years long comparison of CO2 records show a good agreement between both sites but exhibits annually averaged daily
differences of less than 1 ppm whereas the corresponding nighttime values are within the measurement precision.
Preliminary results indicate a potential influence of visitors at the Sphinx on CO2 values, but other factors, i.e. different air
mass movements, may also be involved in these diurnal variations. There is a distinct seasonal pattern with highest CO2
excess values for mean summer midday values of maximal 1.5 ppm. Since spring 2017, tourists are informed about
sensitive measurements being done at Jungfraujoch and are asked not to smoke on the tourist terrace, which helped to
reduce the aerosol emissions. Yet, for CO2 this had no effect. In summary and as expected, our preliminary results from
CO2 measurements show the suitability of the East Ridge as an additional new location to perform high quality atmospheric
measurements.
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Institute of Applied Physics, University of Bern, Bern, Switzerland (leonie.bernet@iap.unibe.ch)
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Monitoring the recovery of stratospheric ozone is essential to verify the effectiveness of the Montreal Protocol. After the
protocol banned ozone depleting substances, first signs of an ozone recovery in the stratosphere were observed starting in
1997. Recent studies have confirmed that mid-latitudinal ozone is increasing in the middle stratosphere due to chemical
and dynamical effects, whereas evidence is still missing for an increase in the lower stratosphere. To improve trend
estimations of stratospheric ozone profiles, continuous and stable time series are crucial and trend uncertainties need to be
addressed.
We present an updated and improved 23-years time series of stratospheric ozone from the GROMOS (GROund-based
Millimeter-wave Ozone Spectrometer) microwave radiometer located at Bern, Switzerland, that provides ozone profiles from
20-50km. We compared the data with other ground-based instruments in central Europe from the Network for the Detection
of Atmospheric Composition Change (NDACC). Based on the different data sets we estimated trends of stratospheric
ozone volume mixing ratios (VMR) with a multilinear trend model that can handle uncertainties in a flexible way. The
datasets show positive ozone VMR trends of 1-3% in the middle stratosphere (25-40km), and biased results in the lower
stratosphere. Our study further elucidates how trend estimates of stratospheric ozone are influenced by factors such as
uncertainties of the underlying ozone data, sampling rate and period length. The GROMOS data are well suited to
investigate such factors thanks to the long and complete time series and the high temporal resolution.

18.3
The role of Hadley circulation and lapse-rate changes for the future
European summer climate
Roman Brogli 1, Nico Kröner 1, Silje Lund Sørland 1, Daniel Lüthi 1 & Christoph Schär 1
1

Institute for Atmospheric and Climate Science, ETH Zürich, Universitätstrasse 16, CH-8092 Zürich
(roman.brogli@env.ethz.ch)

By the end of the century, climate projections for Southern Europe exhibit an enhanced near-surface summer warming in
response to greenhouse gas emissions, which is known as the Mediterranean Amplification. Possible causes for this
amplified warming signal include a poleward Hadley cell expansion as well as tropospheric lapse-rate changes.
In this work, regional climate model (RCM) simulations driven by three different global climate models (GCMs) are
performed. For every downscaled GCM, the climate change signal over Europe is separated into five contributions by
modifying the lateral boundary conditions of the RCM. This simulation strategy is related to the pseudo-global-warming
method, representing the RCP 8.5 emission scenario at the end of the century.
The results show that a poleward expansion of the Hadley cell is of minor importance for the Mediterranean Amplification.
During summer, the simulated Hadley circulation is weak and projections show no distinct expansion in the European
sector.
The north-south contrast in lapse-rate changes is suggested as the most important factor causing the Mediterranean
Amplification. Lapse-rate changes are projected throughout Europe, but are weaker over the Mediterranean than over
Northern Europe (around 0.15 K/km vs. 0.3 K/km by the end of the century). The weaker lapse-rate changes result in a
strong near-surface summer warming over the Mediterranean since the upper-tropospheric warming is of similar magnitude
throughout Europe. The differing lapse-rate changes can be understood as a thermodynamic response to lowertropospheric humidity contrasts. Thus, the results suggest that the projected enhanced summer warming in Southern
Europe can be linked to thermodynamic processes, which are thought to be relatively reliable in climate projections.
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18.4
1868 - the flood that changed Switzerland
Brönnimann, S 1. and the OCCR-1868 team
1

Institute of Geography. University of Bern. Hallerstrasse 12, CH-3012 Bern, Switzerland.

In autumn 1868 — exactly 150 years ago — parts of Switzerland were affected by severe floods. Two phases of heavy
rainfall on 27 and 28 September and from 1 to 5 October caused numerous rivers and lakes to overflow their banks.
Coping with the enormous damage, managing the extensive donations, and finding a procedure of how to prevent such
events in the future were a major challenge for the young nation. The discussions at that time set the course for the
management of natural disasters during the 20th century, affecting today’s landscape. Today, new methods allow the
detailed reconstruction of precipitation events and floods, while, from a historical point of view, flood management and the
socio-political effects can be evaluated. An interdisciplinary research project (of the Oeschger Centre for Climate Research
at the University of Bern and the Mobiliar Lab for Natural Risks, in cooperation with MeteoSwiss, Meteotest and the Swiss
Federal Institute for Forest, Snow and Landscape Research) has investigated these questions over the past two years. THe
presentation focuses on the natural science aspects of the project. The meteorological background of the event is
understood and can be reconstructed quite well on a large scale. The local weather situation can also be depicted using
downscaling techniques. Hydrological modelling shows that due to the erosion that occurred during this event, such a high
level of Lake Maggiore as in 1868 could no longer be reached today. Finally, hydraulic modelling is able to depict the
flooded area and the endangered buildings, with and without river construction, for historical and present day building
distributions.

18.5
Effects of the vegetation mercury pump on seasonal variations in
atmospheric mercury concentrations
Martin Jiskra 1
1

Umweltgeowissenschaften, University of Basel, Bernoullistrasse 30, CH-4056 Basel (martin.jiskra@unibas.ch)

Mercury is a top priority global pollutant threatening human and ecosystem health. Anthropogenic mercury emissions are
emitted and transported through the atmosphere as gaseous elemental mercury (Hg0) before being deposited on land and
ocean. Strong seasonal variations in atmospheric Hg0 concentrations are observed in the Northern Hemisphere, with
maxima in winter and minima in summer. The seasonality of atmospheric Hg0 has mainly been attributed to seasonal
variations in anthropogenic Hg0 emissions peaking in winter due to high energy production for heating or seasonal variation
in photochemically driven Hg0 oxidation with maximum rates in summer. Here, I present evidence that the seasonal
variation of anthropogenic mercury emission can not fully explain atmospheric Hg0 seasonality and that the oxidation of
atmospheric Hg0 is overestimated. I will discuss Hg0 drawdown by vegetation – the vegetation mercury pump – as
alternative to explain variations in atmospheric Hg0 concentrations. Atmospheric Hg0 concentrations correlate with CO2,
known to exhibit a strong seasonal variation driven by vegetation assimilating CO2 in summer. Both trace gases, Hg0 and
CO2, show a strong correlation with satelite-derived vegetation activity data. This suggests that the uptake of Hg0 by
vegetation plays a dominant role in atmospheric Hg0 cycling. In this presentation I will also touch on how the vegetation
mercury pump may have changed in the recent decades due to increases in net primary production and how Hg0 uptake
by vegetation may be affected by climate change.

REFERENCES
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Incoming radiation to the forest floor impacts on a number of eco-hydrological processes; for example, it exerts a key
control on forest snow melt dynamics. Small-scale variations in radiative transfer through forest canopies, which are closely
linked to canopy structural heterogeneity, create complex spatial snow melt patterns and entail big challenges for snow
cover modelling. To date however, upscaling of radiative transfer parametrizations developed at the point scale is hampered
by i) a lack of approaches to represent canopy structure variability and ii) limited spatially explicit sub-canopy irradiance
data to validate and assess the performance of radiative fluxes parametrizations at typical model resolutions.
This study presents a novel approach to in-situ characterization of canopy structure and sub-canopy irradiance over
previously unprecedented spatial extents. The method involves two radiometers mounted to a motorized gimbal developed
for continuous measurements of incoming shortwave and longwave radiation along forest transects. Coupling these to
radiation and temperature data from a reference station, spatially-resolved estimates of canopy transmissivity, longwave
enhancement and sky view fraction could be derived.
Validation of the new method against sky view fraction data from hemispherical photographs resulted in a RMSE of 0.03.
Shortwave transmissivity and longwave enhancement along transects within forests of heterogeneous canopy cover
revealed distinct spatial patterns, illustrating strong links between sub-canopy irradiance and the overlying canopy structure.
Concurrent modelling was conducted using the Flexible Snow Model FSM2, which includes coupled energy balances of the
sub-canopy snow cover and a 1-layer canopy. Modelled sub-canopy radiative fluxes were compared to radiometer
measurements to assess model performance. We show which modelling strategies within FSM2 best succeed in
reproducing both average radiative transfer processes and their spatial variability. The application demonstrates that
datasets from our mobile radiometer surveys yield a great potential to inform process model upscaling efforts, and to
improve the representation of the sub-canopy radiation regime in snow cover models.
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18.7
Upward, downward or neither: ecosystem scale mercury flux at forest
and ocean ICOS sites
Stefan Osterwalder 1, 2
1
2

Department of Environmental Sciences, University of Basel, 4056 Basel, Switzerland
Department of Forest Ecology and Management, Swedish University of Agricultural Sciences, 901 83 Umeå, Sweden
(stefan.osterwalder@unibas.ch)

The toxic burden of anthropogenic mercury (Hg) pollution for human and ecosystem health is globally accepted by policy
makers and has resulted in the signature of the UNEP Minamata Convention on mercury by over 100 countries. The 2013
convention aims to reduce Hg use and curb global anthropogenic Hg emissions to the atmosphere. However, since the
middle ages over 1.5 Mio tons of anthropogenic Hg have been emitted to the environment forming large pools of legacy Hg
in soils and the oceans. Re-emission of legacy Hg is now believed to account for about 60% of the Hg entering the
atmosphere each year complicating the understanding of its biogeochemical cycle. But there is much uncertainty
concerning re-emission, especially over forests and oceans. Current net Hg flux estimates range from -727 - 707 tons yr−1
for forests and 1900 - 4200 tons yr−1 for oceans. We use the infrastructure of ICOS stations in Sweden and Switzerland to
investigate the sink-source characteristics of atmospheric Hg in forest and marine ecosystems. At the atmospheric ICOS
station Svartberget, Sweden (64°15′N, 19°46′E) and CLASS 1 Ecosystem Monitoring Station in Davos Seehornwald,
Switzerland (46°49′N, 9°51′E), we investigate the role of Hg atmosphere-canopy and near ground atmosphere-soil
exchange in the Hg biogeochemical cycle. We will try to link our results to contemporaneous studies on the carbon balance
there. At the marine ICOS station Östergarnsholm, Sweden (57°26′N, 18°59′E) we combine measurements of Hg isotope
signatures with micrometeorological and bulk methods to assess processes of the ocean-atmosphere exchange of Hg and
to determine its efflux. We aim to improve parameterization in ocean-air exchange models for Hg by applying
micrometeorological methods, e.g. during periods of upwelling or high wind speeds. The ICOS infrastructure offers excellent
conditions for long-term measurements of Hg surface-atmosphere exchange. Taking advantage of these infrastructures is a
big asset for our ongoing Hg flux projects due to the free access to high precision, all-season meteorological and
ecosystem flux data such as CO2, CH4 and H2O and the possibilities for collaboration with long-term ecosystem research
programs that have coalesced around the ICOS infrastructures.

18.8
Carbon budget response of an agriculturally used fen soil to a heavy
precipitation event
Sonja Paul 1, Jens Leifeld 2, Christine Alewell 1 & Christof Ammann
1
2

2

Umweltgeowissenschaften, University of Basel, Bernoullistrasse 30, CH-4056 Basel, Switzerland (sonja.paul@unibas.ch)
Climate and Agriculture Group, Agroscope, Reckenholzstrasse 191, 8046 Zürich, Switzerland

Peatlands have served as important carbon sinks in the past and currently they store globally more than 30% of the soil
organic carbon, although they cover only 3% of the Earth’s land surface. The agricultural use of peatlands usually requires
drainage, thereby transforming these organic soils from a net carbon sink into a net source. These soils react sensitively to
changes in temperature and water regimes and thus to several aspects related to the ongoing climate change. During the
last century, increasing trends in heavy precipitation and heat waves events have been observed in Switzerland (Scherrer
et al. 2016). Models project an intensification of heavy rain events as well (Rajczak et al. 2013). However, effects of heavy
rain events on the carbon balance of these susceptible organic soils under agricultural have not yet been reported.
The Seeland region of Switzerland is characterised by fens that are intensively used for agriculture since 1900. Our study
site was under crop rotation until 2009 when it was converted to extensively used grassland with the water regime still
being regulated. However, an extreme rain event in May 2015 led to partial flooding of the grassland.
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The carbon balance was determined for two full years (2015-2016) by accounting all relevant carbon fluxes entering and
leaving the soil-vegetation system. Therefore net ecosystem exchange, CH4 fluxes and carbon removal by harvest were
measured. The gas exchange for CO2 and CH4 was determined using the eddy covariance method. Fast response gas
concentrations were measured with open path devices (LI-COR LI7500A for CO2 and H2O; LI7700 for CH4). The threedimensional wind speed was measured with a sonic anemometer (Campbell CSAT-3). In addition, controlling parameters
including global radiation, precipitation, soil temperature and humidity, and groundwater level were recorded.
For both years, the carbon balance indicates that the degraded fen site was a strong carbon source of approximately 450 g
C m-2 a-1. As expected, highest methane fluxes were measured during the flooding event, while methane emissions were
generally marginal throughout the two years. The year 2015, characterised by the heavy rain event in May followed by a
dry and hot summer, showed a much lower net CO2 uptake and lower carbon export by harvest compared to 2016. For a
detailed analysis of the flooding effect on the carbon budget, the carbon fluxes were analysed separately for the western
(non-flooded) and the eastern (flooded) part of the grassland field (see Fig. 1). The net CO2 uptake of the flooded part was
lower compared to the non-flooded part. In addition the yield of the first cut was also substantially smaller. For the net
carbon balance, the reduced carbon uptake by the flooded area was largely offset by the reduced harvest. Thus, the
flooding event altered the short-term carbon fluxes; however the total carbon source strength stayed rather constant on an
annual basis.

Figure 1: Study site in the Seeland near Cressier, Neuchatel during a flooding event.
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18.9
A decade of continuous atmospheric CO2 isotope ratio measurements at
Jungfraujoch
Simone M. Pieber 1, Dominik Brunner 1, Stephan Henne 1, Martin Steinbacher 1, Béla Tuzson 1 & Lukas Emmenegger 1
1

Empa, Laboratory for Air Pollution and Environmental Technology, Ueberlandstrasse 129, CH-8600 Duebendorf
(simone.pieber@empa.ch)

Long-term observations of greenhouse gases such as carbon dioxide (CO2) provide direct information about their variability
and rate of change in the atmosphere. Coupled with atmospheric modelling, these measurements can also identify specific
source and sink regions, especially when co-located continuous observations of the CO2 isotope ratios are available. CO2
isotope ratios provide unique information on the fluxes of CO2 between the different environmental pools involved in the
carbon cycle owing to isotopic fractionation during physical, chemical and biological processes.
The High Altitude Research Station Jungfraujoch (3580 m.a.s.l.), Switzerland, is a renowned monitoring site with a longterm history in atmospheric research. Continuous records of atmospheric CO2 concentration and isotope ratios measured
by online quantum cascade laser absorption spectroscopy (QCLAS) are available since December 2008 at this station
(Tuzson et al., 2008 and 2011; Sturm et al. 2013). The time-series spanning one decade with 10 min resolution allow not
only unprecedented insights into seasonal and long-term trends, but also capture variations on hourly and diurnal
timescales. Thereby, isotopic signatures of specific anthropogenic pollution or biospheric depletion events become
accessible.
Here we present a detailed analysis and interpretation of the CO2, δ13C-CO2 and δ18O-CO2 time-series in the context of
accompaning observations of other trace gases (including e.g., CO, NOy, aliphatic and aromatic hydrocarbons, and
carbonyl sulfide), backward Lagrangian particle dispersion modelling (Stohl et al., 2005), and filtering techniques for free
troposphere and statistical background conditions. The free troposphere conditions were determined using chemical tracers
as well as the simulated residence time of air parcels within the planetary boundary layer (PBL) before arrival at the
Jungfraujoch station, following the approach recently summarized by Herrmann et al., 2015. Background conditions, i.e.
conditions not impacted by pollution or depletion events, are also calculated applying a statistical filtering technique directly
to the observations (Ruckstuhl et al., 2012).
Our large scale synthesis reveals the potential of this unique continuous data set, showing the decadal trend in the
parameters’ background concentrations, as well as their annual patterns indicating a seasonal phase-shift between CO2
concentration and the δ13C and δ18O signatures. Classification and clustering of the data based on atmospheric transport
model simulations is ongoing with the aim to determine the isotopic signatures of individual and regional pollution and
depletion events and associated implications for the sources and sinks of CO2.
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Urban micrometeorology has a long tradition in Basel. Measurements started as early as 1992 including flux towers
focusing on turbulent exchange and energy balance at that time. During BUBBLE 2002 CO2 fluxes (FC) were measured in
Basel and in 2004 the long-term FC measurements started at Klingelbergstrasse (BKLI) in order to monitor cities as hot
spots of anthropogenic activities with respect to CO2 emissions. 2009 a second flux tower at Aeschenplatz (BAES) was
added. Fluxes are determined using the eddy covariance method and data are processed with EddyPro®. There are ~30%
data gaps due to rainfall events, maintenance work and post processing (quality flags). For the gap-filled FC time series
horizontal averages were calculated. This improves the significance and comparability of measured fluxes and
demonstrates the need of adequate weighting by horizontal averaging in such heterogeneous urban environments,
especially for the derivation of cumulative quantities like the annual net ecosystem exchange. FC is presented with respect
to diurnal and seasonal cycles as well as inter-annual variabilities. FC shows a large inter-annual variability in times of high
source activity (e.g., during the day and in winter). In contrast, a relatively constant background flux of 5 μmol m-2 s-1 is
found during periods of low source activity. The long-term trend of FC is mostly superimposed by the large temporal
variability and is found to be around ±5% over 10 years.

18.11
Subalpine grassland growth during five years of warming
Volk Matthias 1, Anne-Lena Wahl 1, Robin Giger 1, Seraina Bassin 1
1

Agroscope, Climate & Agriculture, Zurich, Switzerland (matthias.volk@agroscope.admin.ch)

In a five year field experiment we quantified the response of subalpine pasture productivity to climate change factors
temperature and precipitation in interaction with increased atmospheric N-deposition.
On six southerly exposed alps across the Canton Graubünden (all at c. 2150 m a.s.l., but six different plant communities)
0.25 × 0.40 m area turf monoliths were excavated. Some monoliths remained at the original sites to serve as controls, 216
monoliths were transported to the experimental Climate Change-scenario sites (CS) in Engiadina Bassa. Monoliths were
reinstalled in the ground at six altitudinal levels (from 2360 to 1680 m a.s.l.) on the south slope of Piz Cotschen. Compared
to the mean temperature at the original sites the altitudinal gradient of the CS represented a temperature contrast (April –
October) of -1.4 to +3.0° C. Supplemental irrigation aimed at adding up to 50% of natural precipitation to compensate for
increased evapotranspiration under higher temperatures. The N-deposition treatment was equivalent to +3 and +15 kg N
ha-1 yr-1, on top of a background deposition of c. 4 kg N ha-1 yr-1. Grassland yield was assessed annually as aboveground
plant dry matter (>2 cm) at canopy maturity.
Yield responses to experimental treatments and annually changing weather conditions showed the limits of beneficial
temperature effects at different soil moisture availabilities in this warmth limited ecosystem. The ‘comfort zone’ for this
ecosystem can now be clearly defined.
We found surprisingly high tolerance towards increasing water scarcity, making temperature related yield gains possible
even at the +1.8° C site. Both warmth and water availability individually modulated the yield by about 30% of the maximum.
Preliminary analysis has not yet revealed an N-deposition effect on plant productivity, even in the +15 kg N ha-1 yr-1
treatment.
(The experiment was supported by the Federal Office for the Environment BAFU in the context of UNECE Convention on
Long Range Transport of Air Pollutants CLRTAP)
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Atmospheric characteristics of a heavy snowfall event over the central
Andes
Marcelo Zamuriano 1
1
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CH-3012 Bern, Switzerland. (marcelo.zamuriano@giub.unibe.ch)

Numerical studies are used to add new insights about the atmospheric characteristics of the historical snowfall event over
the Bolivian Andes in August 2013; causing severe damage to people, infrastructure and livestock. This event was
associated to a cold front passage following the eastern slope of the Andes-Amazon interface but little was known about
the intensity and spatial distribution at a regional scale. Using the Weather Research and Forecasting (WRF-ARW) model,
we conduct a series of high resolution numerical experiments that includes sensitivity studies to microphysics schemes and
land surface model configuration. We compare our findings to MODIS snow cover estimates and local reports. Our results
are consistent both with the satellite observations, damage reports and the known dynamics. We highlight the importance
of orography and the Cold Front position and persistence for the snowfall spatial distribution, the microphysics schemes for
the timing and intensity, and the land surface model for the snow depth simulated.
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A large fraction of anthropogenic nitrous oxide (N2O) emissions is caused by agriculture. Since N2O is a highly relevant
greenhouse gas (GHG), it is critical to determine N2O fluxes and to develop N2O mitigation strategies for the agricultural
sector.
The PhD thesis presented here will be conducted within a Horizon 2020 project called SUPER-G (Developing SUstainable
PERmanent Grassland systems and policies). The main objective is to improve our understanding of C and N fluxes on the
soil-atmosphere interface of intensively managed grassland systems. We will investigate GHG fluxes over permanent
grassland and continue a N2O mitigation experiment at one of our research sites (Chamau) in the pre-alpine area of
Switzerland. Previous work showed that N2O emissions at this site are significantly reduced by a change in management:
Increasing the proportion of legumes (clover) and thus replacing N fertilization with biological N fixation, decreased N2O
fluxes at the experimental compared to the control parcel where N fertilizer still was applied, while yields stayed high at
both parcels (Fuchs et al. 2018).
Hence, we will investigate in more detail the processes that are involved in the production of N2O such as nitrification and
denitrification. Moreover, long-term (>10 years) net ecosystem CO2 fluxes will be examined and validated by changes in soil
carbon stocks to address carbon sequestration at the site. Resistance and resilience of the net CO2 fluxes will be analyzed
to gain insight into the vulnerability of grassland to past and future climate change.
We will use eddy covariance to quantify GHG fluxes by correlating high frequency wind measurements with high frequency
fluctuations in gas concentrations. Further meteorological data from the Chamau research station will be used in the study,
as well as samples of biomass, soil and air, which will be analysed for carbon and nitrogen concentrations as well as stable
isotopes (δ13C and δ15N).
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P 18.2
First continous high-resolution record from the East Greenland Ice Core
Project (EGRIP), covering the last 2800 years
Camilla Marie Jensen 1, Hubertus Fischer 1, Tobias Erhardt 1
1

Climate and Environmental Physics, Physics Institute, Oeschger Centre for Climate Change Research, University of Bern

Ice sheets are reliable archives of atmospheric impurities such as aerosols and gasses of both natural and anthropogenic
origin. Impurity records from Greenland ice cores reveal much information about previous atmospheric conditions and longrange transport in the Northern hemisphere going back more than a hundred thousand years.The seasonal variability of
impurities and stable water isotope ratios can be employed to count annual layers in ice cores going back several
thousands of years.
Continuous analysis techniques, applied to soluble impurities and particles in ice cores, offer several benefits over discrete
sampling approaches, including greater sampling resolution, simpler and more effective contamination control and greater
sample throughput. Ions may be determined in ice cores by several techniques, of which Ion Chromatography (IC),
Inductively-Coupled Plasma Mass Spectrometry (ICP-MS), absorption and florescence spectroscopy are the most common.
ICP-MS systems typically use a nebuliser for introduction of a continuous liquid sample stream, and hence is coupled to
CFA in a relatively straightforward manner. IC may also be coupled to continuous flow analysis (CFA) using the semicotinuous Fast Ion Chromatrography technique.
The CFA system used for ice cores has been developed and optimized at the University of Bern from the early 90s. The
system consist of a melting unit, where the ice with a cross section of 3535 mm2 is melted continuously. Hereafter, only the
sample stream from the inner uncontaminated part of the ice is continuously measured using mainly absorption and
florescence spectroscopy. The current wet chemistry CFA system at the University of Bern is capable of measuring
conductivity, dust, sodium (Na+), calcium (Ca2+), ammonium (NH4+), nitrate (NO3-) and hydrogen peroxide (H2O2). Clear
annual cycles can be observed in most of the mentioned species. This can be used to date the ice cores by annual layer
counting. Further, past wild fires and volcanic eruptions are visible as significant peaks in ammonium and conductivity,
respectively.
One of the goals for the East Greenland Ice core Project (EGRIP) project is to obtain high resolution climate records of
impurities continuously through the last 25.000 years covering the onset of the present interglacial, the climatic optimum
8,000 years ago and the industrial period of the past two hundred years and to cover the currently existing gab in the
Greenland continuous impurity records during the middle part of the Holocene due to brittle ice.
Here we present the data from the upper 350 m from the EGRIP, revealing information about ocean sources, transport of
terrestrial dust, soil and vegetation emissions as well as biomass burning, volcanic eruptions etc., covering the past 2800
years.
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Trace gas measurements at the tall tower site Beromünster, Switzerland are being made since the year 2012. Attempts to
calculate CO2 and H2O fluxes from the height dependent concentration measurements were limited by the fact that neither
the advective nor the turbulent flux were available [Satar et al., 2016]. Here we present an update of flux estimates
including Eddy covariance analysis at the top inlet of the tall tower. We show that the rather long transfer time from the inlet
to the detector of roughly one minute has no obvious negative effects on the quality of the flux data. We also document that
due to the height of 212 meters of Beromünster’s uppermost tower inlet, the data sampling rate can safely be reduced to a
few seconds with no loss of information compared to small eddy flux towers, where a significantly higher frequency is
required. We will discuss variations of the CO2 and H2O fluxes as well as their annually integrated values and the water use
efficency over the year. In the near future, a high precision oxygen analyzer will be placed at the site to investigate the
interaction between the atmosphere and the biosphere further.
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Quantifying the effect of dew and fog water on Swiss grasslands with
stable isotopes
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Dew and fog water have been essential moisture sources for plants in arid and semi-arid areas where rainfall rates are very
low (Beysens, 2016). Research so far has only rarely focused on the dew or fog water used by plants in temperate
ecosystems. Moreover, for grasses that are small compared to trees, a very tiny dew yield will have a stronger impact than
for a tree where this amount is rather small compared to the internal water in the respective leaf canopy. Even temperate
ecosystems can have relatively dry seasons (e.g. July 2018 in Europe), and this makes dew or fog droplets more important
for grassland plants under water-limited seasons.
My proposed research aims at quantifying how fog and dew affect the performance of representative grassland species at
different altitudes in Switzerland and how the relevance of fog and dew may increase in the future under climate change.
We will test three working hypotheses: (1) during summer fair weather and drought periods, nocturnal dew formation and/or
fog droplet has a measurable and nonnegligible quantitative effect on the plant water status of representative Swiss grass
species; (2) this quantitative effect of fog and dew is more pronounced at higher elevations than at lower elevations; and (3)
the role of fog and dew for temperate ecosystems will become more important with anticipated climatic conditions in
Switzerland. Overall this research contributes to a better quantification of the moisture cycling in temperate grasslands and
potential changes that can be expected with a warming climate.
Three Swiss FluxNet grasslands along an elevation gradient, where more than 10 years of half-hourly H2O flux and
meteorological data are available will be applied to conduct the measurements of gaseous and liquid water isotopes (18O
and 2H) during intensive observation periods. The isotopes of water vapor in the atmospheric air will be measured every 1
to 2 seconds with cavity ring-down spectroscopy. Liquid isotopes of leaf, stem, soil and dew/fog water droplets on the leaf
surface will be available through two-hourly destructive sampling during at least three expected dew or fog nights and
analyzing with isotope ratio mass spectrometry. A water tracer with known stable isotope ratio will be manually applied to
selected plants to quantify the share of fog or dew water taken up by typical grassland plants. Ecophysiological
measurements (e.g., leaf water potential, relative water content, and stomatal conductivity) will be applied quantify the
effect of fog and dew on grassland plant performance.

Figure 1. Three Swiss FluxNet sites (CH-CHA Chamau, CH-FRU Früebüel, CH-AWS Alp Weissenstein) which are long-term ETH research
stations for eddy covariance CO2 and H2O flux measurements.
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Ecosystem services are defined as the multiple benefits humans obtain from ecosystems. Agroecosystems are nowadays
often confronted with ecosystem degradation due to unsustainable management intensification and climate change. One
reason for intensification is that the projected demand for food and feed increases due to global population growth and
dietary changes. Additionally, drought events are expected to increase in both frequency and severity in the future, with
potentially strong effects on the ecosystem services provided by agroecosystems.
Organic farming has been proposed to better cope with the current agricultural challenges when compared to conventional
farming. However, it is still unclear whether organic farming is able to solve the trade-off between production and nonproduction services and, thus, results in higher multifuctionaliy compared to conventional farming.
Intensive tillage gains relatively high crop yields but dries out the top soil and reduces the soil’s ability to store water by
decreasing the water infiltration rate. Conservative tillage systems are seen to overcome some of the negative effects of
intensive tillage, but often show lower yields and potentially cause problems of crop nutrition and weed control.
Nevertheless, agriculture is still interested in no-/conservation-tillage due to its ecological benefits and reduced energy
costs. The performance of different tillage practices under drought stress, their contribution to the health and resilience of
the crop, and their ability to sustain the provision of high quality ecosystems services still need further investigation.
The objective of this study is to assess the response of ecosystems services in organic and conventional cropping systems
with different tillage methodsto simulated summer drought. The main hypotheses of this study are:
1) Organic farming exceeds conventional farming in terms of provision of ecosystem services when multiple (provisioning
but also supporting and regulating) services are considered.
2) Conservation tillage exceeds conventional tillage in terms of provision of ecosystem service when multiple (provisioning
but also supporting and regulating) services are considered for both conventional and organic farming systems.
3) Drought will decrease ecosystem service provision of both organic and conventional farming systems when compared to
(non-drought) control conditions. This decrease will be more pronounced in conventional than in organic farming systems.
Several provisioning, supporting and regulating ecosystem services are being measured during the next three years. We
collect data on aboveground biomass yield, crop quality, crop performance as provisioning services; litter decomposition,
symbiotic nitrogen fixation, soil fertility, nitrogen availability as supporting services; and nitrate leaching risk, plant infection
and soil erosion risk as regulating services.
The outcomes of this research will provide important information on the performance of various cropping system in
response to summer drought and help to make recommendations for improved soil and crop management practices for
farmers and policy makers.
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Assessing resilience against climate change from greenhouse gas flux
measurements in Switzerland
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Agriculture has major impacts on the Swiss environment: High amounts of fertilizer, biodiversity loss, nitrogen leaching and
changing climatic conditions challenge the sustainability of future agricultural production. On the one hand, agricultural soils
are a major source for greenhouse gases (GHG), mainly methane (CH4) and nitrous oxide (N2O); on the other hand, they
can potentially also act as carbon sinks. Innovative technologies promote new farming practices such as climate-smartagriculture or precision-farming aim at increasing agricultural production while reducing the ecological footprint. GHG flux
measurements at a high temporal resolution reveal important information on how various agricultural practices can make
an ecosystem a GHG source or GHG sink. An additional aspect of climate-smart agriculture is building up or increasing
resilience against climate change impacts like heavy rain events, heatwaves or droughts.
Within the project InnoFarm (NRP 73, Sustainable Economy), we aim to quantify GHG fluxes from different Swiss
agricultural production systems under varying production intensities. In addition, we measure several environmental
variables such as soil variables, nitrate leaching, plant biomass and atmospheric variables to determine which agricultural
production systems show highest resilience against climate change. As continuous GHG flux measurements at various
sites are expensive, we will set up a mobile measurement system, which includes a CH4/N2O analyser providing high
precision measurements at 10 Hz using the eddy covariance technique. Thus, we can measure GHG fluxes from varying
management intensities covering relevant management events and production phases at selected cropland and grassland
sites in our study region in the canton Solothurn. Finally, the short-term flux data from the measurement campaigns will be
up-scaled to annual time series of GHG fluxes.
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Peatlands have served as important carbon sinks in the past. The agricultural use of organic soils usually requires drainage
thereby transforming these soils from a net carbon sink into a net source. Besides CO2 emissions from peat oxidation,
drainage also results in subsidence of organic soils. The drainage system requires a periodic renewal to sustain agricultural
use. Finally, pumping systems are used after progressive subsidence. In Switzerland there is a high demand for
maintaining agricultural use of organic soils while simultaneously reducing environmental impacts. One solution may be to
cover the organic soils with excavated material in order to improve the productivity without the costly step to renew the
draining system. Previous studies showed that the agricultural use seems do benefit from this measure; however, the
impact on the greenhouse gas balance is unclear. Our newly established study site is situated in Rüthi, St. Gallen,
Switzerland on the former flood plain of the Rhine River. In the 1970s, the land was drained, pastures established and
intensively managed since then. Nowadays agriculture becomes problematic since the soil is water-saturated most of the
season. Due to the high cost, drainage renewal was not an option to ensure the existence of the farm located at the study
site. Instead, it is planned to cover 30 ha with excavated soil material. As a pilot project, 2 ha were covered with 30 to 50cm
silty material already in 2006. The aim of the project is to evaluate the impact of soil coverings on the carbon balance. The
carbon balance of the covered and an adjacent reference site is measured with an Eddy-Covariance system starting in
March 2018. In addition, the 14C signature of the emitted CO2 will be measured occasionally to differentiate between carbon
deriving from old peat and from newly formed soil organic matter. The first results of the carbon balance of the two sites will
be presented.
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This research was carried out in the Gandoca lagoon, a tropical and coastal ecosystem. The objective was to analyze with
ecological modeling key variables that influence the net emission of CH4 in the water bodies of a protected lagoon on the
Caribbean sea, which surround mangrove communities, palm association and mangrove ferns, to improve the existing
management strategy.
Different environmental variables were measured and the closed dynamic floating chambers were used in the sampling of
diffusive and non-diffusing CH4 in a continuous flow mode in 24 sites distributed evenly over the entire lagoon. The data
was analyzed statistically with a GLMM model for net emissions, and two GLM models for organic matter volumetric mass
in sediments as well as methane turnover. The results indicated that the net emissions are explained by the sum of
influences of: tide, current, electrical conductivity of the sediments, PAR, distance to the forest, NDVI, plant communities
and K in the sediments. The organic matter density was influenced by the oxido-reduction potentials in the sediments, NDVI
and the temperature of the surface water. The turnover of methane was influenced by oxido-reduction potentials in the
sediments and dissolved Cl in the water column. Furthermore, the results revealed that the sediments in the mangrove
forest communities compensate for the higher emission of diffusive CH4 compared to the other communities, by an
increased sequestration of C based on differences in absolute volumetric mass.
This study is a useful tool to help managers and researchers to establish measures to prevent, control and / or mitigate
impacts that increase net CH4 emissions or reduce the carbon storage capacity of the system through a potential
proliferation of the palm forest association. Some of these measures will be presented.
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Dew and fog occur rather frequently in ecosystems all over the world. Yet, little is known about their role and influence on
plant performance and plant water relations in temperate climate ecosystems.
Dew forms when the plant temperature drops below the dew-point temperature. As a consequence, gaseous water vapor
from the air condenses on the leaves. This occurs predominantly on nights with clear skies, where thermal energy from the
surface is easily lost to the atmosphere. Under the same conditions, it is also likely that radiation fog forms close to the
Earth surface. Fog droplets form on condensation nuclei in the air and are then deposited to plants.
These two phenomena both provide water to ecosystems, we thus hypothesize that during summer fair weather and
drought periods, nocturnal dew and fog have a measurable and nonneglible quantitative effect on the water status of plants
in Swiss grasslands. This is due to the fact that plants cannot only take up water via their roots, but also directly via the
leaves, referred to as foliar water uptake. Overnight dew and fog formation lead to notable leaf wetness duration, which, in
turn, leaves enough time for foliar water uptake. Furthermore, there may be other physiological effects, such as enhanced
cooling through leaf-wetting during the early morning hours of hot summer days.
Within the framework of this project, we plan to quantify how much dew and fog water is provided to grassland leaves
under today’s climate conditions in Switzerland. For that purpose, existing long-term meteorological field sites will be
supplemented by microlysimeters, visibility and leaf moisture sensors at 9 locations with different climatic conditions and
altitudes throughout Switzerland.
The goal is to establish a functional relationship with the meteorological data measured that allows for explicit spatial
estimations of dew and fog deposition. In a further step, this functional relationship will be used in combination with very
latest climate scenarios for Switzerland in pursuit of estimating the effect in the future, where prolonged drought periods
during summer fair weather tend to increase. Overall, we expect that the outcome of the project will be useful for grassland
management decisions, with impacts on grassland productivity and resilience today and in future.
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Tropospheric ozone high concentrations posing an alarming threat in the atmosphere. In developing countries like India,
this is one of the major significant problem particularly in a city like Delhi. Though, there are various methods for evaluating
the impact of ozone on plant species but, there is only one sustainable tool which is used to examine the potential of effect
of ozone on plant species. AOT40 is an evaluation index which is used to quantify the ozone exposure on plant species. In
the present study, a detailed analysis of ozone in relation to its phytotoxic potential over Delhi Ridge Forest area during the
period 2012-2013. The phytotoxic potential is determined by exposure index AOT40 for forests calculated from hourly
based monitoring data at 2 sites in Delhi Ridge forest area. The results indicate that high phytotoxic potential for most of
Delhi Ridge with significant inter-annual and spatial variability. The highest AOT40 values were found to be 25-30 ppm/h.
The critical range for forest protection was generally high during the month of May. In high temperatures condition in Delhi
during the year 2013, the critical level of forests was crossed the threshold limit of about 25% of the Delhi ridge region.
Much more research is required to explain these exceedances into forest injury in Delhi Ridge area.
Keywords: Tropospheric ozone, AOT40, Forests, Delhi.
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Figure 1: AOT40 Monthly Average Variation (2012-13) at selected sites in Delhi Ridge, India
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The atmospheric CO2 (carbon dioxide) mole fraction is increasing because of human activities such as fossil fuel
combustion or land use change. However, the observed CO2 increase corresponds only to about half of the carbon emitted.
The other half is taken up partly by the ocean and partly by the terrestrial biosphere. It is crucial to know the partitioning
between the ocean and the biosphere because of the different nature of the two reservoirs. Carbon stored in the ocean is
bound for longer time scales, whereas carbon stored in the biosphere will re-enter the atmosphere relatively soon.
To estimate the partitioning of the carbon between the two reservoirs combined measurements of atmospheric CO2 and O2
(oxygen) can be used. The CO2 and O2 exchange between the biosphere and the atmosphere by photosynthesis and
respiration is inversely coupled and has a rather constant stoichiometric ratio of about -1.1 mol O2 / mol CO2. Similarly, the
anthropogenic combustion of CO2 requires O2 resulting in an average stoichiometric ratio of about -1.4 mol O2 / mol CO2. In
contrast, the air-sea exchange of CO2 and O2 is decoupled because CO2 is chemically bound while O2 remains unaffected,
except temperature induced solubility changes. Therefore, one can separate the total CO2 uptake into land and ocean
components.
The University of Bern monitors ambient CO2 and O2 (oxygen) at the High Altitude Research Station Jungfraujoch (JFJ) by
means of flask sampling since 2000 and with a continuous measurement system since 2005. JFJ was chosen due to the
high altitude, the station lies most of the time above the planetary boundary layer and receives therefore mostly background
air originating from a large footprint covering most of the European continent and a significant part of the North Atlantic.
Since CO2 and O2 are well mixed in the free troposphere, it is possible to use these measurements to give an estimate
about the partitioning of the anthropogenic carbon into the different reservoirs in the northern hemisphere.
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Due to the changing climate, agricultural production systems will be progressively subjected to more frequent severe
weather events such as prolonged summer droughts. Thus, there is an increasing need for a better understanding of water
use of crop plants in agricultural systems during water shortage. Adaptations of farming practices to climate change require
assessing and improving the resilience of agricultural systems to ensure food security.
In Switzerland, the main farming systems are organic and conventional farming, with different tillage strategies i.e.,
intensive and conservation tillage (reduced tillage in organic farming and no-tillage in conventional farming). In order to
understand the responses of different farming systems to drought, this work assesses (1) if crop plant water relations differ
significantly in different farming systems under different soil water availabilities, and (2) if crop drought resistance is higher
under organic farming compared to conventional farming, and conservation tillage compared to intensive tillage.
Drought periods are simulated with portable shelters. Water stress was estimated using measurements of plant vulnerability
to xylem embolism with the cavitron technique of different crop species under different farming systems. Preliminary results
indicate that: (1) pea was more resistant to drought than barley showing less degree of xylem embolism under drought; (2)
barley was more resistant to drought under intensive tillage compared to conservation tillage, and organic farming
compared to conventional farming; drought resistance of pea was highest in the conventional intensive tillage system and
lowest in the conventional no-tillage system; (3) the relative yield loss of pea-barley mixture was lowest in the organic
intensive system, whilst highest in the conventional no-tillage system. The outcome of this work will help to inform farmes
and other stakeholders about necessary adaptations of soil and crop management to future drought conditions.

P 18.13
Assesment of methane emissions from animal and waste processing
operations using an inverse dispersion technique
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Inverse dispersion techniques are becoming more important in dertermining gas emissions from animal and waste
processing operations (AWPO). The application of this method requires for a horizontal, flat and homogeneous surrounding
without any nearby sources of the gas. However, these criteria are rarely met in countries like Switzerland. The present
PhD aims to evaluate and establish inverse dispersion technique using a backward Lagrangian stochastic (bLS) model with
up and downwind concentration measurements for the determination of methane emissions from AWPO at an
environmental scale under non-ideal model conditions. This poster presents the applied method and the planned
measurements which contribute to tackle the related challenges.
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