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12.1
Fundamentals of multiphase chemistry at the surface of environmental
snow with relevance to the Atmosphere
Thorsten Bartels-Rausch
1

Paul Scherrer Institut, Laboratory of Environmental Chemistry, 5232 Villigen PSI

Earth’s surface snow plays an active part in atmospheric chemistry. Research over the past decades has provided an
impressive observational basis of the resulting large scale effects, such as substantial modification of the composition and
of the chemical reactivity of the lowermost atmosphere in polar regions.
Here, I present details on the chemical mechanisms operating in environmental snow and ice derived from well controlled
laboratory based experiments.
The research is taking full advantage of the Near Ambient Pressure Photoelectron spectroscopy (NAPP) end station at PSI/
SLS reveals the ability of atmospheric trace gases to modify the structure of ice at the upper few nanometers at the air-ice
interface upon adsorption. Particular focus is placed on the interfacial dissociation mechanism of acids.
Even with a focus of this presentation on adsorption of acidic trace gases (HCl, HNO3, formic acid, acetic acid) to ice, on
the molecular structure of the hydrogen bonding network at the air-ice interface, and on the kinetics of halogen reactions in
sea-salt, the details on chemistry at extreme concentration and temperature conditions at interfaces might be of high
relevance not only in environmental science but also in general chemistry, material science, catalysis, cryobiology, and
astrophysics.
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12.2
Estimation of the fossil-fuel component in atmospheric CO2 based on
radiocarbon measurements at the Beromünster tall tower, Switzerland
Berhanu T.A1., Szidat S., Brunner D., Satar E., Schanda R., Nyfeler P., Battaglia M., Steinbacher M., Hammer S.,
Leuenberger M.
1

Climate and Environmental Physics, Physics Institute, University of Bern, Sidlerstrasse 5, 3012 Bern

Fossil fuel CO2 (CO2ff) is the major contributor of anthropogenic CO2 in the atmosphere, and accurate quantification is
essential to better understand the carbon cycle. Since October 2012, we have been continuously measuring the mixing
ratios of CO, CO2, CH4 and H2O at five different heights at the Beromünster tall tower, Switzerland. Air samples for
radiocarbon (Δ14CO2) analysis have also been collected from the highest sampling inlet (212.5 m) of the tower on a biweekly basis. A correction was applied for 14CO2 emissions from nearby nuclear power plants (NPPs), which have been
simulated with the Lagrangian transport model FLEXPART-COSMO. The 14CO2 emissions from NPPs offset the depletion in
14
C by fossil-fuel emissions resulting in an underestimation of the fossil-fuel component in atmospheric CO2 by about 16 %.
An average observed ratio (RCO) of 13.4 ± 1.3 mmol/mol was calculated from the enhancements in CO mixing ratios relative
to the clean air reference site Jungfraujoch (ΔCO) and the radiocarbon-based fossil-fuel CO2 mole fractions. The winter
time RCO estimate of 12.5 ± 3.3 is about 30 % higher than the winter time ratio between in-situ measured CO and CO2
enhancements at Beromünster over the Jungfraujoch background (8.7 mmol/mol) corrected for non-fossil contributions due
to strong biospheric contribution despite the strong correlation between ΔCO and ΔCO2 in winter. By combining the ratio
derived using the radiocarbon measurements and the in-situ measured CO mixing ratios, a high-resolution time series of
CO2ff was calculated exhibiting a clear seasonality driven by seasonal variability in emissions and vertical mixing. By
subtracting the fossil-fuel component and the large-scale background, we have determined the regional biospheric CO2
component that is characterized by seasonal variations ranging between -15 to +30 ppm. A pronounced diurnal variation
was observed during summer modulated by biospheric exchange and vertical mixing while no consistent pattern was found
during winter.
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12.3
Changes in water uptake of temperate tree species in response to low
soil moisture
Nina Buchmann1, Nadine Brinkmann1,2, Ansgar Kahmen2 & Werner Eugster1
ETH Zürich, Universitätstr. 2, CH-8092 Zürich (nina.buchmann@usys.ethz.ch)
** University of Basel, Schönbeinstrasse 6, CH-4056 Basel

1

Forests play an important role in biospheric-atmospheric gas exchange, affect and are affected by climate change, while
providing many valuable ecosystem services. How forests react to changes in climate and to extreme weather events is
thus of high interest.
Within the Swiss FluxNet (http://www.swissfluxnet.ch/), CO2 and H2O vapor fluxes of two forests have been intensively
studied: at the Lägeren (mixed deciduous forest at 682 m asl; dominated by beech) and at Davos (subalpine evergreen
forest at 1639 m asl, dominated by spruce). These ecosystem flux measurements are running at Lägeren since 2004 and
at Davos since 1997, making the latter one of the oldest ecosystem flux sites globally. In addition, these sites serve as
platforms for additional studies, e.g. on tree water relations or on tree responses to extreme events like dry spells and
droughts.
Although both forests have been carbon sinks since ever since measurements started, they acclimate fast to changing
environmental conditions such as a spring drought. Increasing the ratio of gross primary production to evapotranspiration,
sometimes also called ecosystem water use efficiency, clearly shows that tree responses to reduced soil water availability
are highly plastic. However, how tree species differ in their water uptake patterns and how plastic species-specific
responses to a changing environment really are is still unclear.
We used stable oxygen and hydrogen isotopes to follow the fate of precipitation within the Lägeren forest and studied the
spatial and temporal variations of root water uptake of the four dominant tree species (Fagus sylvatica, Acer
pseudoplatanus, Fraxinus excelsior, and Picea abies) over four years. All species took up water from the top soil, when soil
water was not limiting. Under low soil moisture conditions in the top soil, the deciduous trees shifted their uptake depth to
deeper soil layers, while spruce trees did stay shallow. In addition, we modeled the residence time of water in different soil
depths and quantified the age of the water taken up for beech and spruce trees. Both species rely on water which
precipitated during the growing season (about 50%), but also on water originating from the previous winter (about 40%).
Thus, while the deciduous tree species are highly plastic in their responses to low soil moisture conditions, spruce was not,
making the evergreen species highly vulnerable to future droughts. In addition, deciduous species benefit from their
reliance on summer AND winter precipitation, with the latter acting as a buffer against water deficits during summer.
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12.4
Estimating NH3 volatilisation from multi-plot agronomic trials measured
with low-cost samplers
Marco Carozzi1 & Benjamin Loubet2
1
2

Agroscope Research Station, Climate and Air Pollution, CH-8046 Zurich, Switzerland
INRA, UMR ECOSYS, INRA, AgroParisTech, Université Paris-Saclay, FR-78850, Thiverval-Grignon, France

Ammonia (NH3) plays a central role in the global biogeochemical cycle of reactive nitrogen as well as in soil acidification,
ecosystem eutrophication, aerosol formation and climate. Ammonia is a highly reactive gas that is mostly produced by
agricultural activity (93.3% in EU-28, and 92.9% in Switzerland; Eurostat, 2016). It is mainly emitted through management
of livestock excreta and their subsequent application in the field as fertiliser, and to a lesser extent through the application
of mineral fertilisers.
While in recent decades many studies have been addressed to assess NH3 emission from fertiliser application at plot or
field scales (Hafner et al., 2015), most of them were restricted to explore a single combination of management (as a
fertiliser type, a distribution method, a soil cover) in a climatic conditions. The main reason of this simple experimental
designs derives from the interferences that replicated multiple sources can play towards the others, due to local advection
phenomena. To overcome this lack and statistically assess the effect of agronomic management in the same pedo-climatic
conditions, a repeated experimental design is needed.
Among existing methods for measuring NH3 emissions, micrometeorological methods are the most reliable. However they
require large surfaces to be applied and are expensive. Consequently they are not adapted for multiple sources
assessments. Inverse modelling approaches (Flesch et al., 1995; Loubet et al., 2001), conversely, have been demonstrated
to be suitable for estimating NH3 volatilisation from intensive NH3 sources based on concentration mesurements.
A novel method to quantify NH3 emission from multiple treatment based on the combination of low-cost concentration-based
passive sensors (Sutton et al., 2001) and a short-range inverse dispersion model, is proposed.
This method was tested in silica with over a block scheme composed by three treatments with three repeated sources
mimicinc real emissions. Different patterns (constant, linear decreasing, exponential decreasing, and gaussian emission
potentials) and strengths (ratios between sources up to 100) were simulated over a range of semi-oceanic meteorological
conditions.
In order to assess the method, the surface of the plot, the height and the integration time of the samplers (from few hours
to a week), as well as sources strengths and background concentrations have been taken into account. This method
revealed suitable for estimating NH3 emissions from replicated agronomic plots, and in line with the uncertainty fo other
measurement methods (Loubet et al., 2010). Preliminary results shown an overall underestimations of the method
compared to generated data, lower than -25±15% for a multi-plots scheme with NH3 sources differing by at most a factor of
10, and an underestimation of -12±7% for an isolated plot. The method was not sensitive to the emission pattern.
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12.5
Long-term C budget of a cropland site on the Swiss plateau
Carmen Emmel1, Annina Winkler1, Lukas Hörtnagl1, Andrew Revill1, Nina Buchmann1, Werner Eugster1
1

Institute of Agricultural Sciences, ETH Zürich, Universitätstr. 2, CH-8092 Zürich (carmen.emmel@usys.ethz.ch)

The FLUXNET field site CH-OE2 in Oensingen (canton Solothurn) is the only long-term monitoring cropland site in
Switzerland and has been running since the end of 2003. The site is managed under the regulations of the Swiss proof of
ecological performance (ÖLN) featuring a crop rotation focusing on winter wheat, but also including winter barley, rapeseed,
peas, potatoe and an intermediate cover crop (Phacelia). Field management information is regularly provided by the farmer.
Eddy covariance, meteorological and soil observations as well as carbon (C) imports and exports from sowing, organic
fertilization and harvesting are used in this study to 1) analyze the C budget of the crop field over thirteen years, (2)
determine the effect of the different crop types on the C budget, and (3) assess the interannual variability of the C
exchange.
In this study we used the following equation to calculate the C budget (CB) of the field based on net ecosystem exchange
(NEE) measured with the eddy covariance system, harvest exports (Eharvest), organic fertilization imports (Ifertilizer) and sowing
imports (Isowing):
		
		(1)
The different crop types resulted during their cropping seasons in an average C loss of between 55 (rapeseed) and 85 g
m-2 (barley), except for peas, which lost on average 310 g m-2 partly due to extreme weather conditions. However, the
crop-type specific interannual variability was relatively large (standard error typically between 30 and 60 g m-2), mainly
caused by meteorological variations and extreme events.
Seven out of thirteen years were close to C neutral (within ±50 g m-2), while in all other years, the field was a net C source
of 67 to 617 g m-2. In total, the field lost approximately 1550 g C m-2 between 2004 and 2016 corresponding to an average
annual loss of 120 g m-2 and Eharvest was the largest term of the C budget equation (on average 290 g m-2 year-1) followed by
NEE (on average -120 g m-2 year-1). At the same time, Ifertilizer played only a minor role (on average -45 g m-2 year-1) while
Isowing was rather negligible (-5 g m-2 year-1). Soil C measurements to a depth of 12 cm showed that C stocks decreased by
790 g m-2 between 2004 (4270 g m-2) and 2017 (3480 g m-2), corresponding to a decrease of 18.6%. Assuming that the
decrease was comparable all the way to the typical ploughing depth of 30 cm and roughly estimating a soil C loss of 1975
g m-2, the soil C measurements confirm the findings of the C budget determined with equation (1).
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12.6
Tree growth patterns and water relations of beech, spruce, pine, fir and
oak trees across Switzerland
Etzold S.1, Burri S.2, Haeni, M.1, Zweifel R.1
1
2

Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Switzerland
Department of Environmental Systems Science, ETH Zürich, Switzerland

Changes in climatic conditions highlight the need for a better understanding of climatic forcing of tree growth in Central
European forests. Within TreeNet, the biological drought and growth indicator network, stem radius changes of 140 tree
individuals at 25 study sites across Switzerland were analyzed at an hourly resolution since 2011. We analyzed tree growth
and water relations derived from stem radius variations of beech, spruce, pine, fir and oak trees in relation to
meteorological conditions. The main objectives of the study were (i) to identify the main driving forces of tree growth at a
high temporal resolution (hourly), (ii) to compare the optimum conditions for tree growth with the actually occurring
conditions, and (iii) to interpret the discrepancies between the two ranges of conditions in order to better understand the
physiological limits of the different tree species.
We found the main fraction of annual growth of beech, spruce and pine trees occurring during a relatively short time span
of one to two months. Moving correlation analysis of daily growth values and meteorological conditions indicated
precipitation and relative humidity as most important predictors for daily growth rates, independent of species and site
conditions. Further, growth was closely negatively related to the tree’s water deficit (TWD) with highest correlations at the
beginning of the growing season, followed by a decreasing trend. During peak growth, other driving factors became
important. This highlights the importance of tree water status especially for growth initiation, and thus, the timing of drought
events as a decisive factor to judge about drought impacts on tree growth.
Frequency distributions of percentage annual growth binned by meteorological conditions, e.g., temperature, VPD,
compared to the frequency distribution of maximum hourly growth rates binned by meteorological conditions were only
partly congruent. This was interpreted as follows: the larger the difference between the two distributions frequencies were,
the more the tree species grew away from its optimal conditions. Between 2012 and 2015, beech trees grew within the
climate conditions of their maximum growth rates, and might be able to benefit from increasing temperatures in the future, if
water availability is sufficient (Fig. 1). Further, spruce trees grew already near their upper temperature limit for maximum
growth rates, whereas pine, fir and oak trees grew already 2-3°C above their optimal range, indicating a possible negative
impact on growth rates of these tree species with potentially further increasing temperature in the future.
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Figure 1: Frequency distribution of growth rates of beech trees (Fagus sylvatica) binned in temperature classes. Trees are grouped in a)
dry and b) wet locations concerning their soil water balance (<400mm). Upper panel: Percentage annual growth rate per temperature class
with the black line indicating the mean 90% quantile. Size of the circles indicate the maximum hourly growth rate per temperature class
(90% quantile), as also shown in the lower panels c) and d) as black line. Beech trees grew most at 15°C (vertical black line in a) and b)).
Maximum hourly growth rates were obtained at 15°C at dry sites (c) and at 18°C at wet sites. The dashed vertical lines in c) and d) indicate
the temperature range in which 25% of growth occurred.
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12.7
Testing the influence of vegetation coupling to the atmosphere on
catchment-scale hydrological processes in Australia
Mana Gharun1, Willem Vervoort1, Tarryn Turnbull1 , Mark Adams1
1

School of Life and Environmental Sciences, Faculty of Science, University of Sydney, NSW 2015
(mana.gharun@sydney.edu.au)

Evapotranspiration (ET) is a major component of the water balance in Australia and is often simulated as supply-limited, i.e.
depending on the soil moisture availability. In reality, vegetation canopy transpiration is also strongly controlled by
atmospheric demand, particularly during demand-limited periods. In this study we investigate the atmospheric control over
catchment-scale hydrological processes through atmospheric influence on Evapotranspiration. For this purpose we used a
simple conceptual rainfall- runoff model (HBV) to test the hypothesis that atmospheric constraints to canopy transpiration,
especially during conditions when soil moisture is not limiting, determine the variations in catchment water yield in
mountainous eucalypt forests in Australia.
In the second part we test the hypothesis that spatial aggregation of climatic variables can improve lumped model
simulations. Spatial surfaces of the climatic inputs (air temperature, rainfall, vapour pressure deficit and potential ET) were
generated, taking into account the topographic influence of the forcing meteorological variables.
Inclusion of atmospheric-induced limitations to transpiration into the ET sub model improved streamflow simulation,
especially during demand-limited periods. This is because the canopies of eucalypt forests are well-coupled to the
atmosphere – changes in atmospheric demand have a large influence on transpiration. In addition, high resolution (30 m)
surfaces of potential ET, temperature, and vapour pressure deficit, developed by including the influence of topography on
forcing variables, improved model performance compared to point-based inputs.
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12.8
Future changes in Arctic aerosol emissions and their impact on clouds
and radiation
Anina Gilgen1, Katty Huang1, Luisa Ickes1,2, David Neubauer1, Ulrike Lohmann1
1
2

Institute for Atmospheric and Climate Science, ETH Zürich, CH-8092 Zürich (anina.gilgen@env.ethz.ch)
Now at Department of Meteorology, Stockholm University, 106 91 Stockholm

The Arctic climate is expected to change dramatically within the next decades as a consequence of climate change. Models
predict that the Arctic temperature increase will be approximately twice as large as the global mean, among others due to
the ice-albedo feedback. Higher temperatures reduce sea ice extent and thickness, especially in summer and autumn. The
removal of sea ice can lead to increases in both natural and anthropogenic aerosol emissions: since sea ice acts like a
barrier, less sea ice enables the emission of more aerosol particles from oceanic sources (such as sea salt) to the
atmosphere. Furthermore, ship traffic through the Arctic Ocean is expected to increase; ships emit aerosol particles like
black carbon or precursor gases such as sulphur dioxide.
Clouds can be affected by this increase in aerosol particles, which are crucial for both cloud droplet and ice crystal
formation. In addition, clouds are impacted by the increase in temperature and the consequential increase in specific
humidity. A simplified sketch (Fig. 1) illustrates these links and feedbacks.
In this work, we analyse how aerosol particles and clouds in the Arctic might change in late summer (July/August) and early
autumn (September/October). We also assess how aerosol particles and clouds interact with radiation and therefore
feedback on temperature. With the global aerosol-climate model ECHAM6-HAM2, we simulate and compare the years
2050 and 2004; for each year we chose an ensemble size of 10 to account for the high variability in Arctic climate. A new
aspect of this study is the inclusion of future ship emissions, which are associated with traffic shipping and oil and gas
extraction in the Arctic region based on the inventory by Peters et al. 2011.
We find that natural aerosol emissions increase until 2050, thereby leading to larger cloud droplet number concentrations.
However, the impact of aerosol particles and clouds on radiation mainly changes because of the reduction in sea ice: since
both aerosol particles and clouds have a lower albedo than ice but a higher albedo than water, the melting of sea ice
reverses the effect of aerosols and clouds on temperature from a cooling to a warming over ice.
Future ship emissions over the Arctic Ocean do not have a large impact on climate. Only if the ship emissions are
increased by a factor of ten, significant changes in aerosol burdens and cloud properties occur. Impacts on radiation are
dominated by the Twomey effect (higher albedo of the polluted clouds), which is significant for changes in low cloud optical
thickness.
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Figure 1. Simplified sketch showing how different variables will or might change in a warming Arctic. Yellow boxes indicate variables which
affect radiation and therefore again temperature.
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12.9
Comparison of tropospheric temperature trends based on radiosondes
and satellite instruments
Pierre Jeannet
retired from MeteoSwiss Payerne, now 2068 Hauterive (famille.jeannet@bluewin.ch)

Long-term temperature changes are not only observed at the Earth surface, but also in the troposphere and the
stratosphere. The world radiosonde network has been put in operation more than 60 years ago, followed by different
satellite technologies. Microwave instruments onboard satellites started to monitor the global Earth troposphere and
stratopshere since 1979 (MSU). Global Positioning System (GPS) radio occultation (RO) temperature series have been
recently reprocessed back to 2006 (COSMIC 2013).
This presentation first focuses on tropospheric temperature trend comparisons between Swiss mountain surface stations,
Payerne radiosonde and MSU series. Then it extends such comparisons to other parts of the world using gridded results
from the Radiosonde Observation Correction Using Reanalyses (RAOBCORE). Finally, it shows comparisons between the
Payerne radiosonde and the COSMIC temperature profiles.
Figure 1 is an extended version of Fig. 8.6 that we published in chapter 8 of Willemse & Furger (2016), in which three new
MSU time series are included. The first two ones are provided by the University of Alabama in Huntsville (UAH v6.0), and
the third one by the NOAA (STAR v4). Contrary to surface stations and radiosondes, the MSU only distinguishes two or
three levels in the troposphere, mainly the low (TLT) and middle (TMT) troposphere. Here the MSU pixel used covers the
longitude and latitude rectangle 5 – 7.5 / 47.5 – 50, slightly NE of Payerne. Temperature trend values (oC/decade) given in
the bottom of the Figure are calculated with a simple linear model over the full period with satellite data (1979-2016). The
Swiss series based on in situ thermometric measurements show quite close results and only a weak vertical trend
structure. All MSU annual values follow rather well the interannual variability depicted in the Swiss observations. However,
both UAH MSU series (TLT and TMT) underestimate the tropospheric temperature trends given by the two independent
surface and radiosonde Swiss observations by roughly a factor a two. The NOAA MSU TMT trend lies over the UAH one,
but is still well under the Swiss results. These features are extreme over Switzerland, where the tropospheric warming is
twice the global one.
Comparisons between radiosonde and MSU temperature trends averaged over different large regions of the world show
various features, e.g. radiosondes mostly deliver similar trends between 850 and 300 hPa whereas UAH TMT trends are
really smaller than the UAH TLT trends and the smallest ones in our analysis. On a near global scale, NOAA TMT trends
remain slightly under the radiosonde trends. The numerous studies on the differences in the multi-decadal tropospheric
trends provided by the major observation and adjustment techniques did not bring so far full conclusive answers and the
political debate is intense in the USA (Santer & al. 2017).
COSMIC data are now used for the detection of temperature bias of widely used radiosonde types (Ho & al. 2017).
Possibility and limits of this technique for the Swiss radiosonde will be presented.
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Figure 1. Comparison of temperature series and trends 1979-2016 of Swiss mountain surface stations (heavy lines: homogenised series),
of Payerne radiosonde at nearby pressure levels (thin lines: reevaluated series), as well and of the newest MSU series in the low (TLT)
and middle (TMT) troposphere (dashed lines) on the pixel close to Payerne (MSU (*): vertically shifted series).
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Feedbacks between microphysics and photochemical aging in viscous
aerosols
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Fe(III)-citrate complex photochemistry, which plays an important role in aerosol aging, especially in the lower troposphere,
has been widely recognized in both solution and solid states. The complex can get excited by light below about 500 nm,
inducing the oxidation of carboxylate ligands and the production of peroxides (e.g., OH•, HO2•), which will lead to more
decarboxylation and oxygenated volatile organic compounds (OVOC) production, having a significant impact on the gasparticle partitioning. Recently, there is literature reporting that aqueous aerosol particles may attain highly viscous, semisolid or even glassy physical states under a wide range of atmospheric conditions. However, systematic studies on the
effect of high viscosity on photochemical processes are scarce.
In this research, mass and size changes of a single, aqueous Fe(III)-citrate/citric acid particle levitated in an electrodynamic
balance (EDB) are tracked during photochemical processing. Low temperature and/or low relative humidity can result in
reduced molecular mobility and low water content, which affects chemical reaction rates in the liquid phase, but also slows
down the diffusion of components in the liquid phase. With the assistance of a numerical model, which includes the
equilibria of each component, main chemical reactions, and the transport of volatile and semi-volatile products, we found
the evaporative loss through photochemical processing and fragmentation in aqueous Fe(III)-citrate/citric acid particles
being quite sensitive to relative humidity with temperature unchanged. This is mainly due to water acting as a plasticizer
changing viscosity drastically. We will compare the high and low viscosity experiments with model predictions and discuss
these comparisons.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

12.11
Influences of sub-canopy energy fluxes on snowpack dynamics in forest
Johanna Malle1, Giulia Mazzotti1, Tobias Jonas1
1

WSL Institute for Snow and Avalanche Research SLF, Flüelastrasse 11, CH-7260 Davos Dorf (johanna.malle@slf.ch)

Seasonal snow is an important component of the hydrological cycle since it acts as a natural reservoir for water storage
during the winter and is a fundamental water resource during spring and summer for many regions worldwide. To facilitate
water resources management and climate change impact assessments, it is therefore important to have models that allow
accurately quantifying snow water resources. However, while current snow models are capable of representing snow
dynamics in open areas rather accurately, modelling snow in forested areas remains a challenge. The micrometeorological
conditions are strongly influenced through the presence of trees which also drives the large spatial and temporal variation
of the forest snow cover.
In an attempt to improve the representation of both turbulent and radiative fluxes in forest snow models, we analyzed subcanopy air temperature, short and longwave radiation, and wind speed measurements from within the forest stand.
Corresponding field work was conducted in the canton of Grisons, Switzerland during the winter season 2016/17 at 24 field
sites with variable canopy coverage using mobile measuring infrastructure. With the collected data we were able to relate
the radiative temperature of the canopy to above-canopy air temperatures while also accounting for site-specific canopy
parameters. At the same time, air temperatures inside forests were shown to be similar to the above-canopy air
temperatures with remaining differences not being correlated to the canopy parameters considered in this study. Finally, a
simple wind-model was developed to relate above canopy wind measurements to sub-canopy wind conditions.
To test the sensitivity of forest snow models to the representation of these micrometeorological conditions we implemented
parameterizations corresponding to the above findings into the physically based snow model FSM (Factorial Snow Model).
Validation with measured meteorological data demonstrated both parameterizations for radiative canopy temperature and
wind to be much improved over standard assumptions build into FSM. The model results showed further a considerable
effect on SWE and snow depth as well as on the snow disappearance date. This study emphasizes the importance of
accurately representing longwave radiation and turbulent fluxes in forested areas when aiming to model sub-canopy
snowpack dynamics.
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12.12
Low-cost sensors for CO2 monitoring: sensor calibration and first data
from the Carbosense network
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Monitoring the success of CO2 reduction measures requires detailed understanding and accurate quantification of CO2
fluxes. While there are reliable estimates for annual total CO2 emissions in Switzerland, our current knowledge of their
temporal variability and attribution to individual sources such as individual cities is limited. Furthermore, we are lacking
detailed information on fluxes between the atmosphere and the biosphere which considerably vary in space and time. New
measuring and modelling techniques have the potential to enhance our understanding of anthropogenic CO2 emissions,
atmospheric transport and biospheric uptake in Switzerland.
A unique dense CO2 low power sensor network is being deployed and operated within the Swiss project Carbosense. The
network consists of 300 sensor nodes across Switzerland plus additional 40 nodes in the city of Zurich. The data of this
network shall be combined with atmospheric transport models and CO2 inventories at different scales to better constrain the
anthropogenic emissions as well as the fluxes of the biosphere.
The network relies on three levels of CO2 measurements: (i) 300 nodes of battery-powered CO2 low-cost diffusive NDIR
sensors (SenseAir LP8), (ii) 30 temperature stabilized, mains-powered NDIR low-cost instruments with active sampling and
zero-air connection (SenseAir HPP (Hummelgard 2015)), and (iii) high-precision laser spectrometers (Picarro G1301/
G2401, CRDS) as reference instruments. The sensors are distributed mainly at Swisscom radio transmitter locations and at
MeteoSwiss meteorological stations. All LP8 and HPP data is transmitted as 10 minute averages through Swisscom’s new
Low Power Network (LPN).
Over 300 LP8 CO2 sensors have been integrated with relative humidity and temperature measurements and with
LoRaWAN communication (www.lora-alliance.org). All sensors were characterized in climate and pressure chambers with
respect to carbon dioxide (350 – 1000 ppm), temperature (-5 to 50 °C) and pressure (770 – 1010 hPa). A calibration model
was developed based on Beer-Lambert law, and relating the raw signal of the IR detector to the true CO2 mixing ratio,
determined by CRDS, and referenced to the WMO scale.
The impact of temperature and pressure variations on the IR detector signal is modelled by including polynomial correction
terms in the Beer-Lambert equation. Largest IR signal changes are related to temperature variations. Pressure effects are
slightly higher than expected for an ideal gas due to factors such as spectral line broadening and sensor design (Gaynullin
2017). Relative humidity becomes a critical issue above ca. 95%, likely because of local condensation within the nonheated sensor unit.
Before network deployment and in addition to the chamber measurements, all 300 sensors were placed next to a Picarro
instrument for several weeks. To account for a wide range of operating conditions, these deployments took place at the
rural site Dübendorf (432 masl) and the mountain site Rigi (1031 masl).
Two of the more expensive and precise HPP instruments were also characterized with respect to pressure (770 to 1010
hPa) and CO2 (450 to 900 ppm) and operated in the field next to a reference instrument for several months. Pressure
correction was based on measurements of integrated sensors, and zero drift was measured in the field by supplying CO2
free air to the instrument for 36 minutes every 37 hours.
This paper presents findings obtained from the extensive CO2 sensor characterization tests. These include the accuracy of
the LP8 and HPP sensors, variability in performance between sensors, long-term sensor behaviour, power consumption
and reliability of the data transmission. Furthermore, we present our first experiences from their deployment within the
network and discuss operational aspects such as the assessment and assurance of the long-term data quality.
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Grazed pastures are considered as strong sources of the greenhouse gas nitrous oxide (N2O) with local hot-spots resulting
from the uneven spatial distribution of the excretion of the grazing animals. Especially urine patches can result in a high
local nitrogen surplus, which can only partly be taken up by nearby plants (Moir et al. 2011). The strong spatial and
temporal variability of the gaseous emissions represents an inherent problem for the quantification of gaseous emissions
from pastures. For this reason, micrometeorological methods that integrate emissions over a larger domain like the eddy
covariance (EC) method are well suited to quantify the total N2O emissions of grazed fields. In contrast, chamber methods
are better suited to study the underlying processes and to measure the spatial and temporal variability of individual
emission sources (urine and dung patches). We present first results of the Posieux pasture experiment with dairy cows in
2016 where N2O fluxes were measured during the entire grazing season. Field-scale emission were obtained with the EC
technique using fast response Quantum cascade lasers (QCL) for N2O quantification. Small scale emissions of N2O from
dung and urine patches as well as from “background” surface areas were quantified using an optimized chamber technique
(Hensen et al. 2006). These so called ‘fast box’ measurements also made use of a QCL and allowed to measure a flux
value within 60-90 s. We carried out these measurements at selected intensive observation areas within the pasture on
naturally and artificially applied urine and dung patches. High temporal and spatial dynamics of the N2O emissions were
observed and related to driving parameters. We discuss the feasibility and limitations of our measurement methods and
highlight the advantages of a combined chamber-EC approach to understand the dynamics of pasture N2O emissions.
Additionally we present a first approach to up-scale the chamber measurements to the field-scale and compare the results
with the results of the EC method. Using excretion estimates derived from animal C and N budgets, net emission factors for
the individual emission sources (urine, dung) and for the pasture field are presented.
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Atmospheric N deposition causes carbon balance gains in a seven year
field experiment in subalpine grassland
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Air pollution agents interact when affecting biological sinks for atmospheric CO2, e.g. the soil organic carbon (SOC) content
of grassland ecosystems. Factors favoring plant productivity, like atmospheric N deposition, are usually considered to favor
SOC storage. In a seven year experiment in subalpine grassland under N-deposition treatment, we examined C-fluxes and
-pools. Total N deposition was 4, 9, 14, 29 and 54 kg N ha-1 yr-1 (N4, N9, etc.). We hypothesized that SOC of this mature
ecosystem would not change in control treatments, but that effects of the air pollutant on plant yield, net ecosystem
productivity (NEP) and SOC content would develop in parallel, leading to SOC content to increase with N deposition. In the
control treatment SOC increased significantly by 9% in seven years. Cumulative plant yield showed a highly significant N
effect (+38% in N54). Cumulative NEP did show a strong, yet statistically insignificant, hump shaped response pattern to N
deposition with a +62% increase in N14, and only +39% increase in N54. SOC had a similar response to N, with highest
gains at intermediate N deposition rates (9 and 14 kg N ha-1 yr-1), suggesting a unimodal response, too. We assume the
strong, pollutant-independent soil C sink developed as a consequence of the management change from grazing to cutting.
The non-parallel response of SOC and NEP compared to plant yield under N deposition is likely the result of increased
respiratory SOC losses, following mitigated microbial N-limitation or priming effects, and a shift in plant C allocation leading
to smaller C input from roots.
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Nitrous oxide (N2O) is an important and strong greenhouse gas in the atmosphere. It is produced by microbes during
nitrification and denitrification in terrestrial and aquatic ecosystems. The main sinks for N2O are turnover by denitrification
and photolysis and photo-oxidation in the stratosphere. In the linear N=N=O molecule 15N substitution is possible in two
distinct positions, central and terminal. The respective molecules, 14N15N16O and 15N14N16O, are called isotopomers. It has
been demonstrated that N2O produced by nitrifying or denitrifying microbes exhibits a different relative abundance of the
isotopomers. Therefore, measurements of the site preference (SP, the difference in the abundance of the two isotopomers)
in N2O can be used to determine the source of N2O i.e. nitrification or denitrification. Recent instrument development allows
for continuous position dependent d15N measurements at N2O concentrations relevant for studies of atmospheric chemistry.
We present results from continuous incubation experiments with denitrifying bacteria, Pseudomonas fluorescens (producing
and reducing N2O) and Pseudomonas chlororaphis (only producing N2O) with a prototype of the Picarro G5101-i analyzer.
The continuous analysis of N2O isotopomers reveals the transient isotope exchange between KNO3, N2O, and N2.
We find bulk isotopic fractionation of about -5‰ for P. chlororaphis, in line with previous results for production from
denitrification. For P. fluorescens, the bulk isotopic fractionation during production and reduction differ largely we found 52‰
and 9‰, respectively. The SP isotopic fractionation for P. chlororaphis is 3.5‰. For P. fluorescens, we obtain positive
fractionation in SP for both production and reduction conflicting with previous findings.
In summary, we implemented continuous measurements of N2O isotopomers during incubation of denitrifying bacteria and
believe that similar experiments will lead to a better understanding of denitrifying bacteria and N2O turnover in soils and
sediments and ultimately hands-on knowledge on the biotic mechanisms behind greenhouse gas exchange of the globe.
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The High Altitude Research Station Jungfraujoch (3580 m a.s.l.) contributes high precision data to the Integrated Carbon
Observation System (ICOS), a pan-European research infrastructure for monitoring the carbon cycle and its perturbations.
Here, we explore the potential of carbon dioxide (CO2) and radon (222Rn) data from Jungfraujoch to provide estimates of
monthly CO2 flux in central Europe. Radon is emitted relatively homogenously in space and time from land surfaces, which,
together with its half-life of 3.8 days, makes it a useful tracer of gas exchange between boundary layer and free
troposphere. We analysed hourly data of the year 2016 by using 222Rn concentrations below the 10th percentile of a month
as guidance for free tropospheric (baseline) conditions, and three different percentiles as guidance for enhanced boundary
layer influence.
Results show that episodes of enhanced 222Rn concentrations at Jungfraujoch were usually accompanied by elevated CO2
for most of the year 2016, except during the period from May to August when the surrounding surface acted as a net CO2
sink. Although the temporal pattern of monthly net CO2 flux was plausibly reproduced, the annual CO2 budget was
underestimated by a factor of about 10 compared to the national CO2 inventory. One reason for the low estimate could be
that boundary layer influence on Jungfraujoch is during summer particularly frequent in the afternoon or early evening. This
leads, during the main growing season, to a bias in observations towards the time of day when photosynthetic activity has
most strongly reduced CO2 concentration in the boundary layer. Another reason for the underestimate could be a that the
uptake of CO2 by vegetation has been greater in 2016 than in other years. In Switzerland, 2016 started warmer than usual,
the first half was particularly wet and there was little snow in the mountains towards the end of the year. Whether this led to
larger than usual CO2 uptake by vegetation could be verified by looking at annual CO2 budgets over the past years
obtained through eddy-covariance measurements above forests.
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The ICOS Class 1 Ecosystem Station candidate site in Davos, located in a sub-alpine coniferous forest in Switzerland, is
one of the longest running eddy covariance (EC) ﬂux stations in the world. Carbon and water exchange above the canopy,
i.e. ﬂuxes of carbon dioxide (CO2) and water vapor (H2Ov), were ﬁrst recorded in 1995, continuous measurements are
available since 1997. The availability of these long-term measurements allows detailed analyses of intra- as well as interannual variability of forest carbon and water dynamics and thus facilitates the identiﬁcation of potential trends in ecosystem
functioning over a time period of two decades. An additional EC system for CO2 and H2Ov ﬂuxes, compliant with ICOS
guidelines, was installed in 2014.
Here we present CO2 and H2Ov ﬂux results from the last 20 years and give insights into the complex functioning of the
forest ecosystem in response to biotic and abiotic drivers. Flux calculations for all years were standardized, with each year
following the same processing steps and corrections. To ensure only data of highest quality go into subsequent analyses,
all ﬂuxes were subjected to rigorous quality tests, consistent among all years.
In addition, we compare new ﬂuxes from the ICOS eddy covariance system with ﬂuxes from the previously installed EC
system between 2014 and 2016. This comparison aims to investigate the impact of switching to the ICOS EC setup on
observed ecosystem ﬂuxes in order to identify potential offsets between the two EC systems.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposia 12 + 13: Atmospheric Processes + Aerosols and clouds

487

Symposia 12 + 13: Atmospheric Processes + Aerosols and clouds

488

P 12.4
Beyond CO2 - Tackling the full greenhouse gas budget of a sub-alpine
forest ecosystem
Philip Meier1, Susanne Burri1, Lutz Merbold1,2, Werner Eugster1, Lukas Hörtnagl1, Nina Buchmann1
1
2

Department of Environmental Systems Science, ETH Zurich, Switzerland (philip.meier@usys.ethz.ch)
Mazingira Centre, International Livestock Research Institute (ILRI), Kenya

In order to tackle the full greenhouse gas (GHG) budgets of forest ecosystems, it is desirable but challenging to quantify
the three major GHGs, i.e. CO2, CH4 and N2O simultaneously in-situ. At the long-term forest research site Davos
(Candidate Class I Ecosystem Station within the Integrated Carbon Observation System - ICOS), we have recently installed
a state-of-the-art measuring system to simultaneously observe the three GHGs on a high temporal resolution and both
within and above the forest canopy. Thereby, we combine above-canopy eddy covariance flux measurements and forest
floor chamber flux measurements (using five custom-made fully automated chambers). Both systems are connected to a
quantum cascade laser absorption spectrometer (QCL, Aerodyne) and measurements are switched between three hours of
above-canopy and one hour of forest floor GHG flux measurements. Using this approach, we will be able to study the full
GHG budget as well as the dynamics of the individual fluxes on two vertical levels within the forest using a single
instrument. The first results presented here will highlight the suitability of this promising tool for quantifying the full GHG
budget of forest ecosystems.
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Tall tower measurements of greenhouse gases can provide important information about diurnal and synoptic variability as
well as seasonal and multi-annual trends. Due to their large footprint, tall-tower measurements are representative for a
comparatively large region such that a network of such sites can be used to constrain greenhouse gas budgets from
regional to continental scales.
In Switzerland, the CarboCount CH project (2012-2015), established a network of greenhouse gas measurement sites in
order to estimate greenhouse gas fluxes on the country scale. An important component of this network is the Beromünster
tower (47° 11′ 23″ N, 8° 10’ 32″ E, 217 m tall, base at 797 m a.s.l.) that is located on the Swiss plateau between the Alps in
the south and the Jura mountains in the northwest. Since November 2012 the mixing ratios of CO2, CH4 and CO have been
measured with a cavity ring down spectroscopy (CRDS) analyzer (Picarro G2401) from five sampling lines with inlets at
12.5, 44.6, 71.5, 131.6 and 212.5 m above ground level. Moreover, since April 2016 a LICOR 7000 instrument has
measured the CO2 mixing ratios at the highest sampling line with high frequency alongside with a 3D turbulence
measurements in order to establish the turbulent CO2 flux at the top of the tower and further constrain the local carbon
budget.
Here we extend the discussion of the previously published dataset, and present four years (December 2012-December
2016) of continuous measurements of CO2, CH4 and CO. We investigate the seasonal and diurnal variations, the
development of the vertical gradients, their resulting flux estimates, and draw inferences about the correlations between
different species. This multi-species, multi-level observation based study aims at discussing typical variability patterns of the
different species at the Beromünster site in order to investigate influences of sinks and sources of local and regional origin.
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The Integrated Carbon Observation System Research Infrastructure (ICOS RI) is a European effort to quantify and
understand greenhouse gas (GHG) fluxes.
Its concept is a high precision long-term network of stations measuring GHG concentrations in the atmosphere and GHG
fluxes from ecosystems and the oceans, designed around a set of central facilities.
The quantification of the sources and sinks is a prerequisite for developing and implementing appropriate reduction
measures. This requires international coordination and homogenization of the observations. Measurements must be of high
quality and comparable across countries to allow detecting small regional differences and trends, and to draw reliable
conclusions.
Therefore, three dedicated Thematic Centres for the atmospheric, ecosystem and oceanic domains, two Central Analytical
Laboratories and a Carbon Portal were established in ICOS RI to ensure that highly standardised and coordinated data is
recorded and disseminated.
Based on the atmospheric observations at Jungfraujoch, this paper will give a comprehensive overview of the benefits of
the central facilities and commonly developped standardized operation procedures in order to achieve maximum
homegeneitiy within the infrastructure. Moreover, it will be shown how synergies can be exploited when applying centralized
data processing, quality control and provision of reference gases to a multinational monitoring network.
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