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10.1

Numerical simulations of short-crested surface waves for a pre-Alpine 
lake using the SWAN wave model

Michael Graf1, Michael Sprenger1, Hilmar Hofmann2, Christian Seibt2, Ulrike Lohmann1

1 ETH Zurich, Institute for Atmospheric and Climate Science, Switzerland
2 University of Konstanz, Limnological Institute, Germany

The spectral wave model SWAN (Simulation Waves Nearshore) was applied for Lake Zurich, a narrow pre-Alpine lake in 
Switzerland. It is able to simulate short-crested wind-generated surface waves. The model was forced by a dynamic wind 
field taken from the numerical weather prediction model COSMO-2. The winds are available in 1-h time steps. Model 
simulations were compared with measured wave data at one near-shore site during three different time periods domi-
nated by: 1) low winds, 2) transient foehn winds, and 3) strong on-shore winds. The results suggest that the quality of the 
wave simulation highly depends on the accuracy of the input wind fields and varies strongly for different wind situations. 

The influence of the temporal wind resolution is further studied with two sensitivity experiments. The first one considers 
a low-pass filtered wind field, based on a 2-h running mean of COSMO-2 output, and the second experiment uses a simple 
synthetic gust simulation, which is implemented into the SWAN model and takes into account short-term fluctuations of 
wind speed at 1 sec resolution. The wave field significantly differs for the 1-h and 2-h simulations, but is only negligibly 
affected by the gust simulation.

Figure 1: Time series of the significant wave height [cm] near Meilen. Grey crosses are in-situ measurements in Meilen. The solid lines 

are model outputs of the SWAN. The time resolution of the input winds for SWAN is given by one of the following three scenarios: (a) 

1-hour resolution COSMO-2 data (REF); (b) 2-hour COSMO-2 running means (MEAN2); and (c) high-resolution (1 sec) synthetic wind 

speeds that take gustiness into account.

REFERENCES
Cavaleri L. & Burgers G., 1992: Wind gustiness and wave growth. KNMI Tech. Memo., 62 pp.
Holthuijsen L. H, 2007: Waves in Oceanic and Coastal Waters. Cambridge University Press, Cambridge, 387 pp.
Janssen P., 2004: The interaction of Ocean Waves and Wind, Cambridge University Press, 300 pp.
Jin K.-R. & Ji Z.-G., 2001: Calibration and verification of a spectral wind-wave model for Lake Okeechobee. J. Ocean. Eng., 

28, 571-584.
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10.2

Regional scale methane emissions derived from concentration gradient 
measurements along the Reuss Valley, Switzerland
Rebecca Hiller1, Bruno Neininger2, Dominik Brunner3, Thomas Künzle4, Nina Buchmann1 & Werner Eugster1

1Institute of Agricultural Sciences, ETH Zurich, Universitätsstrasse 2, CH-8092 Zürich  (hillerr@ethz.ch)
2Metair AG, Airfield Hausen a.A., CH-8915 Hausen a.A.
3Empa, Materials Science & Technology, Überlandstrasse 129, CH-8600 Dübendorf
4METEOTEST, Fabrikstrasse 14, CH-3012 Bern

Today’s greenhouse gas inventories are typically based on bottom-up estimates, but comparisons to atmospheric measure-
ments are scarce and can disagree by a factor of two or more (Nisbet & Weiss, 2010). Therefore, top-down assessments to 
verify the commonly used emission factors are needed. In Switzerland, 83% of the anthropogenic methane emissions are 
attributed to the agricultural sector (FOEN, 2010). To validate emission inventory estimates from this most relevant  
source in Switzerland, we performed aircraft measurements along part of the Reuss Valley, a pre-alpine valley dominated 
by agriculture. 

Flight legs were mostly chosen to follow the terrain at constant heights of 50–400 m above ground surface. These transects 
showed distinct patterns in CH4 concentrations depending on local changes in CH4 source strength in combination with 
dynamic changes of atmospheric conditions. During periods with a steady valley wind system, a CH4 concentration gradi-
ent was observed along the valley axis, with increasing concentrations along the direction of the prevailing wind. During 
these conditions it was possible to use a simple box model approach to calculate regional-scale f luxes. Additionally, f luxes 
were calculated with the help of the eddy covariance (EC) method. A spatially highly resolved CH4 inventory allowed com-
paring aircraft-based regional scale f lux estimates with f luxes based on default emission factors used for the Swiss natio-
nal inventory report (FOEN, 2010). 

In general, the regional scale f luxes derived by box and EC methods were comparable, but slightly higher than those sug-
gested by the inventory. The scattering of f luxes based on the box model was larger than that based on the EC f luxes. 
However, biases are potentially present in both our estimates and the inventory. Aircraft measurements were only taken 
during the warm season at daytime, whereas the inventory represents mean annual f lux estimates. A recent publication 
(Klevenhusen et al., 2010) further suggests 25% higher CH4 emission factors for ruminants than used in the national in-
ventory. This affects the most dominant CH4 source in our study area. In addition, the inventory only accounts for the 
major anthropogenic CH4 emissions (about 90%) and does not include natural f luxes, e.g. wetland emissions. Considering 
all the uncertainties, a good agreement between inventory and measurement based f luxes was found.

REFERENCES
Nisbet, E. & Weiss, R. 2010: Top-Down Versus Bottom-Up. Science 328(5983), 1241-1243.
FOEN 2010: Switzerland’s Greenhouse Gas Inventory 1990–2008. National Inventory Report 2010 including reporting 

elements under the Kyoto Protocol. Submission of 15 April 2010 under the United Nations Framework Convention on 
Climate Change and under the Kyoto Protocol. http://www.bafu.admin.ch/climatereporting/00545/10195/index.
html?lang=en (Accessed: May 27th 2011).

Klevenhusen, F., Bernasconi, S., Kreuzer, M. & Soliva, C. 2010: Experimental validation of the Intergovernmental Panel on 
Climate Change default values for ruminant-derived methane and its carbon- isotope signature. Anim. Prod. Sci., 
50(3), 159-167.
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10.3

New balloon sounding technic used to investigate the radiation error on 
radiosonde temperature measurements

Kräuchi Andreas1, Philipona Rolf2, Romanens Gonzague2, Levrat Gilbert2

1 ETH-Zürich, IACETH, Universitätstrasse 16, CH-8092 Zürich (andik@rcm.ch) 2MeteoSchweiz, Chemin de l’Aerologie, CH-1530 Payerne 
(rolf.philipona@meteoswiss.ch)

Radiosondes are usually fixed with a single string of about 30 meters below a weather balloon. Analysis of video recor-
dings and GPS data from several different f lights showed that small gusts can lead to intense wobbling of the sonde. To 
get a smoother ascending, two balloons with a special triangle were attached to stabilize the whole radiosonde. This two 
balloon f light system allows releasing the carrier balloon with a controlling device inside the triangle once the sonde 
reached a given preset altitude. The second or parachute balloon is inflated such that the payload descents to the ground 
with the same speed as during ascent which leads to a much more predictable f light than before. With such a construc-
tion we were able to get rid of the wobbling which was a key element to our experiment were we need a stable platform 
for investigating the radiation error on radiosonde temperature measurements. The measurement of atmospheric tempe-
rature by radiosonde instruments is affected by heating from sources other than the air itself. Solar and infrared radiati-
on, heat conduction to the temperature sensor from its attachment points, and infrared radiation emitted by the sensor 
are heat sources or sinks that make the temperature of the sensor different from that of the air in which it is embedded. 
Further we show experiments using special techniques that allow flying temperature sensors in shaded and unshaded 
conditions to investigate direct solar radiation effects on sensors. Results from first f lights and the relation between mea-
sured radiative f luxes and the radiation effect on temperature sensors are presented.

10.4

Heavy precipitation events in Europe and their connection to an upper-
level stratospheric intrusion

Leutwyler David1, Martius Olivia2, Folini Doris1, Sprenger Michael1 & Wernli Heini1

1Institute for Atmospheric and Climate Science, ETH Zurich, Universitätsstrasse 16, CH-8092 Zürich (davidle@ethz.ch)
2Oeschger Centre for Climate Change Research, University of Bern, Hallerstrasse 12, CH-3012 Bern

Floods and landslides caused by heavy precipitation (HP) events are an increasing threat to population and infrastructure. 
Massacand et al. (1998) and Schlemmer et al. (2010) show that along the Alpine south-side, HP events can be triggered by 
meridionally elongated and zonally narrow positive potential vorticity (PV) anomalies located at tropopause level over 
western Europe. These positive upper-level PV anomalies are filaments of stratospheric air intruding into the troposphere.  
In a climatological analysis, Martius et al. (2006) found that for HP events in the Alpine region upper-level PV anomalies 
“over western Europe occur in 73% of all HP days”.  The question is wether or not this mechanism is also relevant for 
other areas in Europe. 

Global climate models are widely used to estimate possible amplitudes, trends and impacts of future HP patterns, thus a 
correct representation of their link to the large-scale forcing is essential. Béguin (2009) assessed the capability of the glo-
bal circulation model ECHAM5.5 to simulate upper-level PV anomalies for different model resolutions. For resolution T63 
and	T106	Béguin	(2009)	found	good	agreement	between	simulations	and	reanalysis	data.	However,	regionally	significant	
biases in the frequency of upper-level PV anomalies exist also in these high resolution simulations.

In this study we applied the methodology of Martius et al. (2006) to other areas in Europe using the ERA-40 reanalysis 
data set and data from the ECHAM5 global circulation model. A spatiall confined, meridionally elongated frequency pat-
tern of upper-level PV anomalies is observed on HP events in other European areas such as Eastern Europe (figure 1). The 
associated rain pattern is mostly limited to mountainous areas which suggests a close link between orographic lifting and 
the large-scale f low induced by the upper-level PV anomaly. ECHAM5 shows ambivalent performance in representing 
these upper-level PV anomalies. While the frequency pattern is well represented in areas with well resolved large scale 
mountain ranges (T63 and T106) it is mostly absent in areas with smaller orographic features.
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The assessment reveals distinct large-scale f low situations leading to HP events in various regions in Europe. With the 
event based ECHAM5 verification we provide an approach to study the large-scale f low patterns associated with precipita-
tion extremes in a future climate. 

Figure 1. Frequency of upper-level PV anomalies touching the large box on days with a HP event over eastern Europe (small 
box). 

REFERENCES
Béguin, A. 2009. Rossby wave breaking in the global climate model echam5. Master’s thesis. Institute for Atmospheric 

and Climate Science.
Martius, O., Zenklusen E., Schwierz C., & Davies H.C. 2006. Episodes of Alpine Heavy Precipitation with an overlying 

elongated stratospheric intrusion: A climatology. International Journal of Climatology, 72, 172–186.
Massacand, A., Wernli H., & Davies H C. 1998. Heavy precipitation on the Alpine southside: An upper level precursor. 

Geophysical Research Letters, 25, 1435–1438.
Schlemmer, L., Martius O., Schwierz C., Twitchettand A., &  Sprenger M. 2010. Disentangling the Forcing Mechanisms of a 

Heavy PRecipitation Event along the Alpine South Side Using Potential Vorticity Inversion. Monthly Weather Review, 
138, 2336–2353.
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10.5

Radiation errors and uncertainty on radiosonde upper air temperature 
measurements

Philipona Rolf1, Kräuchi Andreas2, Romanens Gonzague1, Levrat Gilbert1

1MeteoSchweiz, Chemin de l’Aerologie, CH-1530 Payerne (rolf.philipona@meteoswiss.ch) 
2ETH-Zürich, IACETH, Universitätstrasse 16, CH-8092 Zurich (andik@rcm.ch)

Atmospheric temperature profiles are long since important for meteorological purposes, but climate change issues now 
strongly enhanced interest in reference upper air observations. To improve radiosonde temperature measurements a new 
approach has been taken to determine the radiation errors on thermocouples. On the one hand shortwave solar and long-
wave thermal radiation was accurately measured during radiosonde ascents. On the other hand air temperature was 
measured with several thermocouples on the same sonde under sun shaded and unshaded conditions, which allowed 
isolating heating effects of direct solar radiation. The experiments show that the very thin thermocouples (Ø 0.05 mm) 
used, experience solar radiation errors of only +0.1K at 1 km a.s.l. linearly increasing to +0.6K at 30 km. With thermal 
radiation being five to ten times lower than solar radiation, thermal radiative effects on thin thermocouples are negligible 
on day- and night measurements. Intercomparisons with other sondes however, revealed considerable larger day correc-
tions on other sensor types. Our experiments suggest that remaining discrepancies on upper air temperature are most like-
ly still due to large and ill corrected radiation errors.

10.6

The response of the hydrological cycle to different forcing agents

Schaller Nathalie1, Cermak Jan1, Knutti Reto1 & Wild Martin1

1Institute for Atmospheric and Climate Science, Universitaetstrasse 16, CH-8092 Zürich (nathalie.schaller@env.ethz.ch)

This study investigates the response of the energy and water cycles to different forcing agents in global climate models. 
Human activities affect the climate system in several ways: greenhouse gases warm the oceans and the atmosphere by 
blocking outgoing longwave radiation, while aerosols have a predominantly cooling effect by scattering incoming short-
wave radiation. Both forcings alter the energy budget of the Earth, which triggers responses through complex feedback 
mechanisms in order to reach a new equilibrium state. Among all these mechanisms, the ones modifying the processes 
leading to precipitation formation are of particular interest because human societies as well as ecosystems will likely have 
difficulties to adapt to changing precipitation patterns. 
In order to better understand the sensitivity of the energy and hydrological cycles to different forcing agents, a set of ide-
alised transient simulations with a fully coupled ocean has been performed with the NCAR CCSM3.5 climate model. First, 
the model is run with a transient increase of CO2 from 355 ppm up to 710 ppm. Then the solar constant is transiently inc-
reased to reach a radiative forcing that corresponds to a doubling of CO2 (i.e. 3.7 W/m2). In addition, simulations are also 
performed for CO2 and solar forcings of doubled intensity along with a simulation combining both forcings. This allows for 
the investigation of the linear additivity in the response to forcings. Each simulation consists of 5 100-year runs intended 
to quantify the model internal variability. In a second step, ramp down simulations (CO2 concentration is brought transi-
ently back to 355 ppm) are run to assess if the system returns to its initial state or if it behaves non-linearly.
First results show that the temperature response to CO2 and solar forcing of the same amplitude is significantly different, 
which indicates limitations in the definition of radiative forcing. The hydrological sensitivity is also found to be larger for 
solar forcing compared to CO2 forcing in the global average in agreement with previous studies. Further, the response of 
most variables does not scale linearly with the forcing for several decades after stabilization. These results have important 
implications for the scaling of climate change patterns based on simple energy balance models.
 

REFERENCES
Allen, M. R., &  Ingram W. J. 2002: Constraints on future changes in climate and the hydrologic cycle. Nature, 419, 224-

232.
Held, I. M. & Soden B. J. 2006: Robust responses of the hydrological cycle to global warming. Journal of Climate, 19, 5686-

5699.
Wu, P. L., Wood R., Ridley J. & Lowe, J. 2010: Temporary acceleration of the hydrological cycle in response to a CO2 

rampdown. Geophysical research Letters, 37, L12705.
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10.7

NCCR Climate related research at MeteoSwiss - The Swiss climate of 
today and tomorrow

Weibel Bettina, Liniger Mark, Appenzeller Christof

Federal Office of Meteorology and Climatology MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich, Switzerland
(bettina.weibel@meteoswiss.ch)

Switzerland as an Alpine country is particularly sensitive to climate change. There is a demand and a social responsibility 
to present information about specific changes and possible adaptations. MeteoSwiss supports the public, research and 
decision makers in business and government by providing high quality climate information on the past, current and fu-
ture climate conditions on different scales. This climate information and support with its interpretation and use is descri-
bed as climate services (WMO, 2011). 

MeteoSwiss is developing the scientific basis making high quality climate services possible bundling resources from diffe-
rent external fundings and a substantial internal contribution. MeteoSwiss is an active member of the C2SM (Center for 
Climate Systems Modeling) and participant of various research projects, in particular of the SNF NCCR Climate (Swiss 
National Center of Competence In Research – Climate), COST-Actions and projects funded by the European Union (FP7). 
MeteoSwiss coordinates the CH2011 Initiative, an update of climate scenarios for Switzerland within the framework of 
C2SM and NCCR Climate. The Swiss Climate Change Scenarios CH2011 will be published on September 28th.

The research project at MeteoSwiss runs from 2009 until 2012 and is divided into four subprojects: Preclim, BiotoP, 
CombiPrecip and EURO4M. According to the key areas defined by the Stern Review (Stern et al., 2006), it is our goal to 
provide high resolution climate data (EURO4M, CombiPrecip) and to refine climate scenarios for user needs (BiotoP, 
PreClim) in order to link the scientific community with real world applications. 

Preclim provides climate scenarios for Switzerland for the current century based on regional climate models (Fischer et 
al., submitted; Weigel et al., 2010). BiotoP links climate change scenario data to plant pest models, in order to investigate 
the potential threat of plant diseases under conditions of a changing climate. First results for codling moth (a key pest in 
apple plantations) for Northern Switzerland show a shift of important life phases towards earlier dates and a risk of an 
additional generation in the future (Hirschi et al., submitted). CombiPrecip combines information from the two classical 
rainfall measurements – radar and rain gauges – with statistical methods for climatological and near-real time applica-
tions such as hydrology (Erdin et al., submitted; Schiemann et al., 2010). EURO4M will provide a new high-resolution 
daily gridded Alpine wide precipitation data set over the last 40 years based on rain gauge observations.

REFERENCES

Erdin, R., Frei, C. and Künsch, H.R. (submitted): Data transformation and uncertainty in geostatistical combination of 
radar and rain gauges. Journal of Hydrometeorology. 

Fischer, A.M., Weigel, A.P., Buser, C.M., Knutti, R., Künsch, H.R., Liniger, M.A., Schär, C. and Appenzeller, C. (submitted): 
Climate Change Projections for Switzerland based on a Bayesian multi-model approach. International Journal of 
Climatology.

Hirschi, M., Stöckli, S., Dubrovsky, M., Spirig, C., Calanca, P., Rotach, M.W., Fischer, A.M., Duffy, B. and Samietz, J. 
(submitted): Downscaling climate change scenarios for apple pest and disease modeling in Switzerland. Earth System 
Dynamics.

Schiemann, R., Erdin, R., Willi, M., Frei, C., Berenguer, M. and Sempere-Torres, D. (2010): Geostatistical radar rain-
raingauge combination with nonparametric correlograms: methodological considerations and application in 
Switzerland. Hydrology and Earth System Science Discussion, Vol. 7, 6925-6979.

Stern et al. (2006): Stern Review - The Economics of Climate Change, HM Treasury, London.
Weigel A.P., Knutti, R., Liniger, M.A. and Appenzeller, C. (2010): Risks of model weighting in multimodel climate 

projections. Journal of Climate, 23, 4175-4191.
World Meteorological Organization. (2011): Climate knowledge for action: A global framework for climate services – 

empowering the most vulnerable. Report of the high-level taskforce for the global framework for climate services. 
WMO-No.1065, Geneva.
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P 10.1

A simple statistical model for estimating exceedance probabilities in a 
future climate

Lustenberger Andreas1, Knutti Reto2, Fischer Erich3

1Institute for Atmospheric and Climate Science, ETH Zurich, Universitätstrasse 16, 
CH-8092 Zurich (andreas.lustenberger@env.ethz.ch)
2Institute for Atmospheric and Climate Science, ETH Zurich, Universitätstrasse 16, CH-8092 Zurich (reto.knutti@env.ethz.ch)
3Institute for Atmospheric and Climate Science, ETH Zurich, Universitätstrasse 16, CH-8092 Zurich (erich.fischer@env.ethz.ch)

There is increasing confidence that certain types of climatic extremes will become more frequent and/or more intense 
under increased atmospheric greenhouse-gas concentrations. Not only the physical climate science community but also 
the climate impact community is interested in future trends of extreme events given their high potential impacts on inf-
rastructure, society and ecosystems. Unfortunately, climate simulations are not available for all emission scenarios, time 
periods or spatial areas of interest. This raises the question whether reasonable estimations of expected changes for such 
cases are possible without simulating the missing information.

We here develop a simple statistical model for estimating changes in the exceedance probabilities for various percentile-
related thresholds in a future climate given the expected change in the location and/or scale parameter. The applicability 
of this approach is investigated for a set of percentile-based temperature-related extreme indices. The underlying tem-
perature distributions are the result of transient simulations for the SRES A1B scenario conducted by one-way nested 
regional climate models in the framework of the European ENSEMBLES project. First, the applicability of this simple 
model is evaluated for standardized temperature variables under the assumption of a constant scale parameter. In this 
context, the associated question is how reasonable this assumption is. Second, the complexity of this statistical model 
will be increased taking into account changes in the scale parameter because there is evidence that climate change af-
fects not only the location parameter but also the variability. Finally, the skewness is taken into account using, for in-
stance, skew-normal distributions since over parts of southern Europe the daily temperature distributions are often 
skewed.


