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17.1

Hailstorm Studies in Switzerland Using a High Resolution NWP Model

Betschart Mario1,3, Romppainen-Martius Olivia1,2 & Arpagaus Marcoc 

1 Oeschger Centre for Climate Change Research, University of Bern, Zähringerstrasse 25, CH-3012 Bern  
  (mario.betschart@students.unibe.ch)
2 Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern
3 Federal Office of Meteorology and Climatology, MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zürich

Three hailstorms which caused significant damage in Switzerland were simulated with the COSMO (Consortium for Small-
scale Modeling) one-moment microphysical scheme as well as with the new COSMO two-moment microphysical scheme 
and qualitatively verified with real radar measurements of the operational Swiss radar network in order to investigate the 
model capability to realistically simulate convective storms. To this end, a new COSMO radar forward operator was imple-
mented and applied within this study to compute synthetic radar volume data which are then directly compared with the 
radar derived reflectivities. This is the first time the COSMO two-moment scheme as well as the COSMO radar forward 
operator is used for COSMO-2 simulations over Switzerland.

Using the COSMO two-moment microphysical scheme in forecast mode, resulted in the almost complete absence of con-
vective cells in the simulations. Using the same model in analysis mode and investigating the synthetic radar reflectivities, 
realistic structures were observed. The reasons why the COSMO two-moment scheme does not simulate any convection 
for all three cases are not understood. Investigations of the vertical structure showed the capability of the COSMO two-
moment scheme to simulate hail in the strong updraft areas. High reflectivity cores (≥ 55 dBZ) are simulated similar to 
the radar data. 

The COSMO one-moment microphysical scheme shows the capability to predict the three hailstorms with small deviations 
in terms of the location and time, but with too low intensity, lifetime and geographical extension. Applied radar-based hail 
detection algorithms highlight the capability of the COSMO one-moment scheme to forecast whether and where hail can 
occur within the next hours. The analyses of the COSMO one-moment scheme showed better results than the forecasts 
but not as good as the case of the COSMO two-moment scheme analysis. 

The study also found that probably a wrong mass-size parameterization of the COSMO one-moment scheme results in an 
underestimation of the convective vertical extent in terms of synthetic reflectivity. In both schemes too high synthetic 
reflectivities were simulated close to the ground mostly due to high hydrometeor densities of rain.

Figure 1: Left panel: maximum reflectivities [dBZ, mm/h] of the COSMO two-moment scheme analysis on July 23, 2009, at 14.45 UTC. 

Right panel: radar derived reflectivities [dBZ, mm/h] on July 23, 2009, at 14.45 UTC.
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Figure 2: Left panel: Synthetic daily maximum POH (Probability of Hail) product [%] of July 23, 2009, of the COSMO one-moment sche-

me 12 UTC forecast. Right panel: Daily maximum POH product [%] of the radar on July 23, 2009.

REFERENCES
Blahak, U. 2007: RADAR_MIE_LM and RADAR MIELIB - Calculation of Radar Reflectivity from Model Output. Internal 

report, Institut for Meteorologie und Klimaforschung, Universität/Forschungszentrum Karlsruhe, Germany.
Blahak, U. 2008: Towards a Better Representation of High Density Ice Particles 
in a State-of-the-Art Two-Moment Bulk Microphysical Scheme. 15th International Conference on Clouds and 

Precipitation.
Blahak, U., Epperlein, D. & Zeng, Y. 2011: Radar forward operator for data assimilation and model verification for the 

COSMO-model . 35th Conference on Radar Meteorology, 1-9.
Noppel, H., Blahak, U., Seifert, U. & Beheng, K. 2010: Simulations of a hailstorm and the impact of CCN using an 

advanced two-moment cloud microphysical scheme. Atmospheric Research, 96(2-3), 286-301.
Seifert, A. & Beheng, K. 2006: A two-moment cloud microphysics prameterization for mixed-phase clouds. Part1: Model 

description. Meteorology and Atmospheric Physics, 92, 45-66.
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17.2

People love spring! Can Facebook and a diversity of responses to climate 
change make them love phenology networks?

Bolmgren, Kjell

Swedish National Phenology Network, Swedish University of Agricultural Sciences, ℅ Dept. Botany, Stockholm University, SE-10691 
Stockholm, Sweden (kjell.bolmgren@slu.se)

Signs of spring make people happy! Every year every newspaper, every radio and TV show and all the different social media 
channels are full of pictures and exclamations when spring signs show up. This creates an interesting opportunity for geogra-
phically dense as well as spread-out phenology data collection. We already know that many keep notes on spring signs and 
during the last two decades such notes have generated a long list of scientific publications. So, do we need more data?

I will present results from a collaborative project, where we have analyzed phenological time series for over 1600 species 
(Wolkowich et al. 2012; Cook et al. in press; Mazer in review; Davies et al. in prep.). The data was collected in tropical to 
alpine regions and we analyzed phylogenetic and geographic patterns as well as contrasted observational with experimen-
tal data. The geographic and phylogenetic studies suggest some potential for generalizations, thereby reducing the need 
for additional data collection. However, an important contrast between the observational and experimental studies, whe-
re experimental studies seems to have underestimated phenological sensitivity, highlights the importance of continued 
collection of observational data for validation purposes. In another study, where we analyzed a 73-year long dataset 
(Bolmgren et al. 2012), we show that good statistical estimates of phenological temperature sensitivity need to be based on 
fairly long temperature series, again supporting continued efforts for collecting phenology observation data.

Our research has originated from the idea that biological diversity will also lead to a diversity of responses to changing 
climatic conditions. This diversity of responses will have fundamental effects on many aspects of society in addition to 
effects on nature itself. It is easy to communicate to the public that increasing temperatures lead to phenological changes. 
Still, most people are surprised when they hear about the far-reaching effects of such simple changes, ranging from pollen-
related health effects, effects on the biosphere/atmosphere gas exchange, economic effects for forestry due to changing 
growth conditions and frost risks and to effects on timing-dependent ecological interactions.

When building the Swedish National Phenology Network, we have used the public interest for nature’s calendar. We use 
this obvious interest for symbolic seasonal signs and patterns when recruiting, and the easily understandable links bet-
ween phenology and fundamental ecosystem services and processes to spur observers and increase motivation. We also 
highlight the lack of knowledge about the diversity of responses between phases and between seasons as an important 
reason for documenting phenological variation.

By using social media, we have reached far beyond the networks traditionally available via NGO:s, and I will present some of 
the web applications and social media strategies the network has been using. The obvious focus is to canalize anyone interes-
ted in nature’s calendar to the web application (www.blommar.nu), where they can submit observations. We prioritized ma-
king it simple to submit an observation (also anonymously) as well as easy to visualize data from the database. This makes it 
easy to do campaigns and for journalists to access and understand the operation. The fact that the public can assist climate 
change research and environmental monitoring by straightforward observations of spring signs etcetera helps making the 
operation attractive for media both at the local and national level. We added a Facebook-group to create an interactive group 
for the ‘community’, and we just released a smartphone application, which we expect will make the operation more accessib-
le and at the same time improve the accuracy of geographic positioning of the submitted reports. 

REFERENCES
Cook, B. I., E. M. Wolkovich, T. J. Davies, T. R. Ault, J. L. Betancourt, J. M. Allen, K. Bolmgren, E. E. Cleland , T. M. 

Crimmins, N. J. B. Kraft, L. Lancaster, S. J. Mazer, G. J. McCabe, B. J. McGill, C. Parmesan, S. Pau, J. Regetz, N. Salamin, 
M. D. Schwartz & S. Travers (2012) Sensitivity of spring phenology to warming across temporal and spatial climate 
gradients in two independent databases. Ecosystems (in press).

Bolmgren, K., A. Miller-Rushing & D. Vanhoenacker (2012) One man, 73 years, and 25 species. Evaluating phenological 
responses using a lifelong study of first f lowering dates. International Journal of Biometeorology. DOI: 10.1007/
s00484-012-0560-8

Mazer, S. J., S. Travers, B. I. Cook, T. J. Davies, K. Bolmgren, N. J. B. Kraft, N. Salamin, D. W. Inouye  (in review) Flowering 
date of taxonomic families predicts phenological sensitivity to temperature: implications for forecasting the effects of 
climate change on unstudied taxa. (in review)

Wolkovich, E. M., B. I. Cook, J. M. Allen, T. M. Crimmins, J. L. Betancourt, S. Travers, S. Pau, J. Regetz, T. J. Davies, N. J. B. 
Kraft, T. R. Ault, K. Bolmgren, S. J. Mazer, G. J. McCabe, B. J. McGill, C. Parmesan, N. Salamin, M. D. Schwartz & E. E. 
Cleland (2012) Warming experiments underpredict plant phenological responses to climate change. Nature 485:494-497.
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17.3

Altdorf foehn climatology: the long series (1864-2008) and comparison to 
further sites

Dürr Bruno1, Gutermann Thomas2, Richner Hans3 & Bader Stephan4

1 Sunergy GmbH, Rosengasse 6, CH-9470 Buchs SG (bruno.duerr@gmail.com)
2 formerly MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich
3 Institute for Atmospheric and Climate Science, Universitätstrasse 16, ETH Zurich, CH-8092 Zurich
4 MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich

In Altdorf, in the Uri part of the Reuss Valley, foehn observations have been recorded from 1864 to 2008 at stations whose 
positions changed only marginally during this time. Hence, with 145 years, this is the longest time series of foehn events 
in the Alpine massif.

First, the method by which foehn was observed, the changes of the foehn definitions during the course of time, and the 
different locations of the station are presented. Based on the three main parameters temperature, humidity, and wind, the 
occurrence of foehn was originally determined subjectively at the so-called climate observation times in the morning, at 
noon, and in the evening. Today, in the time of automatic observation networks, special software allows the identification 
of foehn in 10-minute intervals.

The main part deals with the climatological aspects: Over the 145 years, there is no discernible significant trend in foehn 
occurrence. Foehn frequencies show a high variability both in time and location. In the long-term mean, there were 60 
occurrences per year (minimum 1955 with 27, maximum 1872 with 114). The months March to May, in recent times April 
and May, show the highest numbers of foehn events during the year. During the summer months June to August, foehn 
is rare. The diurnal variations are extreme in the months April and May (minimum in the morning, maximum in late 
afternoon). As for wind speed, the gust maxima for each hour were analyzed: neither a long-term trend nor a clear inter-
annual variation was found. The highest gust speed since 1955 was measured on December 13, 1981 with 157 km/h.

Finally, the occurrence of foehn in Altdorf is compared with different stations north of the Alps. During the period 1973 
to 1982, 20 stations were investigated using a semi-quantitative method; Guttannen in the Haslital had 116 (maximum), 
Interlaken and Sarnen had each 3 (minimum) foehn events at the three climatological observation times, these numbers 
being the yearly means. During the 25-year period 1984 to 2008, the automated, quantitative method was applied to 15 
stations. As yearly means, Davos had 86 (maximum) and Zurich had 2 (minimum) foehn occurrences.

REFERENCES
Gutermann, Th., Dürr, B., Richner, H. & Bader, S. 2012: Föhnklimatologie Altdorf: die lange Reihe (1864-2008) und ihre 

Weiterführung, Vergleich mit andern Stationen. Fachbericht MeteoSchweiz, 241, 50 p.
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17.4

Interpolation of surface air temperature in mountainous terrain: A km-
scale, daily dataset for Switzerland

Frei Christoph

Federal Office of Meteorology and Climatology MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zürich (christoph.frei@meteoswiss.ch)

Surface air temperature is a key factor for many natural processes and there is a popular demand for spatially distributed 
datasets of temperature as input for models of environmental system components (e.g. in hydrology, glaciology, agrono-
my). Meteorological phenomena in mountainous terrain are often accompanied by strong horizontal variations and non-
linear vertical temperature dependence, which poses a significant challenge to the construction of such datasets. 

In this contribution a new technique is presented for the spatial interpolation of temperature in high-mountain regions. 
It’s modelling design involves two steps: The first addresses the meso-beta scale vertical-only structure and builds on a 
non-linear parametric profile function, capable of describing inversions of variable height, depth and contrast. The second 
step addresses the smaller-scale structures and adopts a weighting scheme with non-Euclidean distances. To this end a 
novel distance metric is introduced, which can account for the topographic obstruction of air mass exchange in the inter-
polation (e.g. pooling of cold air in valleys). The interpolation scheme is systematically applied for the construction of a 
km-scale dataset of daily mean temperature for the period 1961-2010 over the territory of Switzerland. 

Results of the interpolation technique are illustrated for a series of challenging meteorological conditions in Switzerland. 
They show empirically plausible temperature distributions, including the signatures of cold-pools at the f loor of high-Al-
pine valleys, inversions over the Swiss Plateau and anomalous warmth in valleys during Föhn. The presentation will also 
discuss results of a systematic cross-validation and provide aids for the application of the dataset. The dataset is available 
from MeteoSwiss.

17.5

Atmospheric Precursors to Floods in Switzerland

Paul Froidevaux1, Olivia Romppainen-Martius1, Rolf Weingartner1

1Oeschger Centre for Climate Change Research and Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern 
  (paul.froidevaux@giub.unibe.ch)

It is important to learn more about flood triggering weather patterns in Switzerland for two reasons: (i) projections of flood 
frequencies in a warmer climate are strongly limited by the ability of climate models to represent the complex small-scale 
processes associated with typical flood triggers like heavy precipitation and snow melt. Information about flood triggering 
weather situations can be used in a more indirect approach to estimate changes in future flood frequencies.

(ii) Flood frequencies in Switzerland show strong decadal variability suggesting that decadal variations in the synoptic 
atmospheric flow might influence flood probabilities (Schmocker-Fackel & Naef, 2010). However relations with tempera-
ture trends or typical climate indices are complex and ambiguous and Schmocker-Fackel & Naef expressed the need for a 
better understanding of the synoptic-scale atmospheric flood triggers.

We aim to determine typical atmospheric f lood precursors for specific regions of Switzerland and specific types of f loods 
by combining atmospheric reanalysis from the ECMWF with dense networks of rain gauges and river discharge measure-
ments and existing hydrological classifications of annual maximum floods in Swiss rivers (see Diezig & Weingartner, 2007 
and Helbling et al., 2006 for more information).
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We performed a series of case study analyses which showed promising results. Four catchments have been selected, each 
representing a preferred hydrological f lood type (e.g. shower, long lasting rain, rain on snow, pure melt) and for each 
catchment many of the annual maximum floods share a common weather triggering situation (see Fig. 1 for a typical 
example). This weather situation varies moreover remarkably between the different catchments.

In a second step, we will extend the investigation by comparing the f lood relevant atmospheric parameters (rain and 
properties of atmospheric f low) with their climatological distribution. We also aim to determine objectively the best set 
of atmospheric f lood precursors and end up with an ingredient-based f lood forecasting model. To reach that goal we 
consider diverse approaches including weather types classifications, composites over several events and principal compo-
nent analysis.

REFERENCES
Diezig, R. & Weingartner R. 2007: Hochwasserprozesstypen – Schlüssel zur Hochwasserabschätzung, Wasser und Abfall, 

4, 18-26
Helbling, A., Kan, C. & Vogt C. 2006: Dauerregen, Schauer oder Schmelze – Welche Ereignisse lösen in der Schweiz die 

Jahreshochwasser aus?, Wasser Energie Luft, 98, 249-254
Schmocker-Fackel, P. & Naef F. 2010: More frequent f looding? Changes in f lood frequency in Switzerland since 1850, 

Journal of hydrology, 381, 1-8

Figure 1. So-called atmospheric rivers are typical precursors to winter f loods over the Jura mountains. We call “atmospheric rivers” 

thin bands of high precipitable water spreading from the tropics towards the extratropics. Here an atmospheric river (yellow-green 

band) makes landfall and brings very moist air to North-Western Europe, triggering (together with other factors) the highest recorded 

f lood in the Suze river (Jura) in December 1991. 
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17.6

Precipitation measurements with the new fourth-generation Swiss  
weather radar network: strategy and first results

Germann Urs1, Marco Gabella1, Marco Boscacci1, Ioannis Sideris1, Maurizio Sartori1, Alessandro Hering1, Lorenzo 
Clementi1 & Marco Sassi1 

1 MeteoSwiss, Via ai Monti 146, CH-6605 Locarno-Monti

Measuring precipitation at ground in an operational manner is one of the most demanding tasks of a weather radar net-
work, especially in a mountainous region such as the European Alps. It puts high requirements on many aspects in the 
whole system design. This goes from optimum siting, rapid volumetric scanning, high hardware stability, automatic hard-
ware monitoring and remote control, to meticulous quality control and physically-based radar-reflectivity-to-precipitation-
at-ground transformation techniques. In the Alps particular attention must be given to visibility and ground clutter 
issues.

MeteoSwiss is presently renewing and extending its operational C-band weather radar network. The radar systems are 
replaced by state-of-the-art polarimetric Doppler radars with receiver-over-elevation design. Two new radar sites are built 
on mountain tops in order to improve radar coverage in the inner-alpine regions. The software architecture is completely 
renewed and the algorithms are re-written. This is a welcome opportunity to revisit the strategy for quantitative precipi-
tation estimation (QPE) by combining experience from the past with recent findings from science and technology. 

• The paper presents the adopted QPE strategy and first results from the new fourth Swiss radar generation. The 
major elements of the strategy are: 

• a new scan program to obtain over the whole country as many high quality measurements close to the terrain 
as possible, 

• an external transceiver system which is used as part of the acceptance test procedures to verify several system 
specifications including polarimetric parameters, 

• a revised algorithm for the rejection of non-weather echoes and the combination and compositing of all remai-
ning valid measurements in order to get robust estimates of precipitation at ground, 

• a plan how to obtain quantitative precipitation measurements from the two new inner-alpine radar sites at 
2900 meters above sea level, 

• a (co-)kriging-with-external-drift technique developed for real-time radar-raingauge merging in the Alps, and 
finally, 

• first thoughts about the benefits and limitations from polarimetry in a mountainous context. 
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17.7

Heavy precipitation events in northern Switzerland

Giannakaki Paraskeui, Martius Olivia

Institute of Geography, Oeschger Center for Climate Change Research, University of Bern, Hallerstrasse 12, 3012 Bern  
(paraskevi.giannakaki@giub.unibe.ch)

Heavy precipitation events in Switzerland often cause f loods, rock-falls and mud slides with severe consequences to the 
population and the economy. Breaking synoptic Rossby waves located over western Europe, can trigger such heavy preci-
pitation events in southern Switzerland (e.g. Massacand et al. 1998, Martius et al. 2006). In contrast, synoptic scale struc-
tures triggering heavy precipitation on the north side of the Swiss Alps and potential precursor Rossby wave trains have 
so far not been studied comprehensively.  

An observation based high resolution precipitation data set for Switzerland and the Alps (Frei and Schär 1998) is used to 
identify heavy precipitation events affecting the north side of the Swiss Alps for the time period 1961-2010. For these 
events a detailed statistical and dynamical analysis of the upper level f low is conducted using ECMWFs ERA-40 (Upala et 
al. 2005) and ERA-Interim (Dee et al. 2011)  reanalysis data sets. For the analysis north side of the Swiss Alps is divided in 
two investigation areas north-eastern and western Switzerland (Fig.1) following the Swiss climate change scenarios 
CH2011 (Bey et al. 2011). A first analysis of the basic properties of precipitation data set shows that the seasonal distribu-
tion of heavy and extreme precipitation events in western part of northern Switzerland differs from this of north-eastern 
part. The highest frequency of extreme events is found in autumn in western side and in summer in north-eastern side. 
There is no trend in the frequency of heavy precipitation events during the time period 1961-2010. In a next step a sub-
jective classification of upper level atmospheric precursors triggering heavy precipitation events for the northern part of 
Switzerland and its sub-regions is held. 

Figure 1.  The two investigation areas: 

Western and North-Eastern Switzerland. 

Accumulated daily precipitation (mm) on 

17/07/1961, a heavy precipitation event 

occurred in northern Switzerland.

REFERENCES
Bey I., Croci-Maspoli M., Fuhrer J., Kull C, Appenzeller C., Knutti R. & Schär C. Swiss Climate Change Scenarios CH2011, 

C2SM, MeteoSwiss, ETH, NCCR Climate, OcCC (2011), http://dx.doi.org/10.3929/ethz-a-006720559
Dee, D., S. Uppala, A. Simmons, P. Berrisford, P. Poli, S. Kobayashi, U. Andrae, M. Balmaseda, G. Balsamo, P. Bauer et al. 

2011: The era-interim reanalysis: Configuration and performance of the data assimilation system, Quarterly Journal 
of the Royal Meteorological Society, 137, 553-597.

Frei, C., & C. Schaer, 1998: A precipitation climatology of the Alps from high resolution rain-gauge observations, 
International Journal of Climatology, 18, 873-900.

Martius, O., E. Zenklusen, C. Schwierz, & H. Davies. 2006: Episodes of alpine heavy precipitation with an overlying 
elongated stratospheric intrusion: a climatology, International Journal of Climatology, 26, 1149-1164.

Massacand, A., H. Wernli, & H. Davies. 1998: Heavy precipitation on the Alpine southside: An upper-level precursor, 
Geophysical Research Letters, 25, 1435-1438.

Uppala, S., P. Kallberg, A. Simmons et al, 2005: The ERA-40 re-analysis,   Quarterly Journal of the Royal Meteorological 
Society, 131, 2961-3012.
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17.8

Mountain size and atmospheric Conditions’ Impact on the diurnal Cycle 
of Clouds and Precipitation

Hassanzadeh Hanieh1, Schmidli Jürg1, Langhans Wolfgang1 & Schär Christoph1

1Institute for Atmospheric and Climate Science, ETHz University, Universitätstrasse 16, 8092, Zurich (hanieh.hassanzadeh@env.ethz.ch)

The influence of different topography sizes and wind profiles on the diurnal cycle of mid-latitude, summertime, moist 
convection is investigated in an idealized framework using cloud-resolving model with a horizontal grid spacing of 2 km. 
In this framework, the atmosphere is continuously relaxed towards prescribed reference profiles of temperature, specific 
humidity and wind speed. This relaxation mimics the influence of a steady large-scale f low. The strength of the relaxation 
varies with height. It is relatively strong in the stratosphere and upper troposphere (relaxation time is 2 days), but very 
weak in the lower troposphere. Apart from its influence on the mean environment, the relaxation has only a minimal 
influence on the diurnal evolution of the planetary boundary layer and moist convection. The simulations are run for 30 
days. During the last 20 days a quasi-steady diurnal cycle is obtained, the diurnal equilibrium. Here, we investigate the 
influence of different topographies (mountain height and half-width) and wind profiles on the diurnal equilibrium evolu-
tion of clouds, precipitation and the associated net vertical f luxes of energy and water. As expected, in comparison to the 
simulation of f lat terrain clouds and precipitation occur earlier over topography and total precipitation amounts are 
substantially increased. A particular focus will be on the analysis of the mountain effects as a function of the distance 
from the mountain (e.g. near-field and far-field effects).

REFERENCES
Schlemmer, L., et.al. , 2011: An Idealized Cloud-Resolving Framework for the Study of Midlatitude Diurnal Convection 

over Land, J. atm. Sciences, Vol 68, Issue: 5, pg 1041.
Miglietta M. M. & Rotunno R. 2009: Simulations of conditionally unstable f lows over a mountain ridge, J. atm. Sciences, 

vol 66, pg 1865.
Demko J. C. & Geerts B. 2010: A Numerical study of the evolving convective boundary layer and orographic circulation 

around the Santa Catalina Mountains in Arizona (Part II), MWR, vol 138, pg 3603.
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17.9

Precipitation in the Alpine region as seen from a trans-national multi-
decadal rain-gauge dataset

Isotta Francesco1, Frei Christoph1, Liniger Mark1

1 Federal Office of Meteorology and Climatology MeteoSwiss, Kraebuehlstr. 58, 8044 Zurich (francesco.isotta@meteoswiss.ch)

The analysis and monitoring of precipitation is fundamental for meteorology and climatology, and for applications such 
as hydrology, energy and agriculture. It is a challenge to obtain precipitation fields of high-resolution in space, in particu-
lar in mountainous regions such as the Alps.
The utility of currently available climate datasets in Europe is further complicated either by the constraint of regional data 
products to national territories, or by restrictions in the station data available to continental scale data products. These 
limitations are particularly relevant in the Alpine region, because of the complex and non-congruent geo-political and 
climatological segmentation.

In this presentation we report on the development towards a gridded trans-Alpine dataset of daily precipitation that covers 
the entire Alpine area and utilizes data from high-resolution national rain-gauge networks. The station dataset encompas-
ses more than 6000 stations from Austria, Croatia, France, Germany, Italy, Slovenia and Switzerland. In this recent effort 
the data coverage could be significantly enhanced  in space and time compared to the dataset presented in Frei & Schär 
(1998). Regions and periods with previously inferior coverage could be improved. The data set now covers the entire peri-
od 1971-2008. The processing chain from data collection and data organization and the chosen approaches for quality 
control will be presented.

This unique data set will then be employed for a climatological analysis of selected heavy precipitation events and extreme 
precipitation indices such as the frequency of intense precipitation days and long consecutive dry periods. The analysis 
offers interesting insights into regional peculiarities, topographic effects and the annual cycle of the Alpine climate of 
precipitation with unprecedented detail and spatial coverage. 

It is foreseen to generate a new gridded data set of daily precipitation on a 5-km grid. By the time of the conference, a 
preliminary version of the complete daily grid dataset is expected to be ready for first evaluations. This work has been 
undertaken in the framework of the EU FP7 project EURO4M.

REFERENCES
Frei, C., &  Schär C. 1999: A precipitation climatology of the Alps from high-resolution rain-gauge observations. Int. J. 

Climatol. 18, 873-900.
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17.10

Temperature and Humidity trends over the Swiss Alps and the tropos-
phere above - from 1959 to 2011 

Jeannet Pierre1, Begert Michael2, Brocard Emmanuel1, Philipona Rolf1 & Scherrer Simon2

1MétéoSuisse, Station aérologique, 1530 Payerne (pierre.jeannet@meteoswiss.ch)
2MeteoSchweiz, Krähbühlstr. 58, 8044 Zürich

Recently reevaluated Payerne radiosonde measurements and homogenized series from Alpine surface stations allow inves-
tigations of temperature and humidity trends in the Swiss Alps and the troposphere above. The new radiosonde dataset is 
the result of a technical reprocessing on the basis of detailed station documentation, complemented by statistical homo-
genization using a break analysis as a diagnostic tool. The comparison between surface stations at different altitudes, 
particularly Säntis and Jungfraujoch, and radiosonde measurements at corresponding altitude levels provides interesting 
results with respect to temperature and humidity changes. The two independent data sources show very consistent tem-
perature evolution and almost identical positive trends. Radiosonde measurements extend the temperature trend analysis 
through the whole troposphere over the entire investigated period. Radiosonde humidity reevaluation is more challenging 
and the comparison with Alpine surface stations is more difficult in the first two decades. Absolute humidity trends over 
the five decades are slightly positive, but the increase mainly occurred in the period 1981 to 2011.

17.11

Heavy precipitation in the Alpine area

Olivia Martius 

Institute of Geography / OCCR, University of Bern, Hallerstrasse 12, 3012 Bern

Heavy precipitation events in the Alpine area are often high-impact events that cause significant socio-economic damages. 
Heavy precipitation events can result in floods and they can trigger avalanches and a wide range of geomorphological activity. 
This presentation will give a brief overview of the current state of research regarding the dynamical and microphysical 
processes that govern heavy precipitation evens in the Alpine area and a very short discussion of future trends. The main 
focus will be on the interaction between the topography and the atmospheric f low.

17.12

A Lagrangian Perspective on Orographic Precipitation

Annette K. Miltenberger1, Hanna Joos1, Stephan Pfahl1, Axel Seifert2,3 & Heini Wernli1

1 Institute for Atmospheric and Climate Science, ETH Zürich, Universitätsstr. 16, CH-8092 Zürich (annette.miltenberger@env.ethz.ch)
2 Max Planck Institute for Meteorology The Atmosphere in the Earth System, Bundesstr. 53, DE-20146 Hamburg
3 Deutscher Wetterdienst, Frankfurter Strasse 135, DE-63067 Offenbach

The Lagrangian perspective on atmospheric processes has become a frequently used way to investigate air streams in the 
atmosphere since the middle of the 20th century. However, in past studies it became clear that the trajectory calculation 
in mountainous terrain is rather difficult due to the strong spatial and temporal gradients of the velocity fields. It is shown 
that the representation of f low patterns above orography can be largely improved by reducing the integration timestep to 
several tens of seconds and by minimizing the temporal interpolation, i.e. by including the trajectory calculation in the 
Eulerian model (so-called online trajectories).
The air parcel trajectories can now be used to obtain new insights in the basic physical processes involved in orographic 
precipitation formation. The principals behind this approach are demonstrated with the aid of a strongly simplified mo-
del, which represents the essential ingredients of an orographic cloud in stable atmospheric f low.
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17.13

Classification of alpine hydrometeors in 2 dimensional  
videodisdrometer data

Monhart Samuel1,2, Schneebeli Marc2, Berne Alexis2

1 Institute for Atmospheric and Climate Science (IAC), ETH Zurich, Universitätstrasse 16, CH-8092 Zurich 
  (smonhart@student.ethz.ch)
2 Laboratoire de Télédétection Environnemental (LTE), EPFL Lausanne, Bâtiment GR, Station 2, CH-1015 Lausanne

Alpine winter storms can produce a large amount of snowflakes of different shapes and sizes. These solid hydrometeors 
(needles, plates, dendrites, rimed particles, graupel and aggregates) determine the characteristics of the snow pack and 
furthermore the amount of water stored in mountainous regions. Snowfall (and its liquid water equivalent) is difficult to 
measure. The variety of shapes and densities of snowflakes makes radar remote sensing of snowfall a challenging task. 

A 2 dimensional video disdrometer (2DVD) providing two perpendicular side views of each recorded particle can be used 
to automatically classify the dominant hydrometeor type within a precipitation event. This reveals new possibilities to 
study the microphysical structure within a precipitation event in general and for snow events in particular, for example 
for comparison with polarimetric radar measurements. 

In the present approach, a supervised classification technique allows to classify the dominant type of hydrometeors within 
specified intervals (at 1 minute resolution). A large dataset corresponding to two winter seasons collected in the Swiss Alps 
is used. After careful filtering and rematching of unrealistic particles, the values for 12 descriptors, related to their res-
pective distribution according to the width, length and velocity, are used to classify each time interval. Furthermore, 
statistical parameters (mean, variance, quantiles) are calculated to describe the time evolution of each descriptor (and its 
distribution). The five classes are: large aggregates, normal aggregates, dendrite-like particles, graupel-like particles and 
small particles. A training dataset according to these classes has been manually determined. The comparison between the 
automatic classification algorithm and a manually classified reference set consisting of about 190 one-minute intervals 
(more than 3 hours) shows good reliability. Further work will include a comparison of the classification based on the 2DVD 
with nearby polarimetric radar measurements.
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17.14

Severe convection in the Alpine region: the approach COALITION for 
nowcasting the storm severity

Nisi Luca1, Ambrosetti Paolo1, Clementi Lorenzo1

1MeteoSwiss, via ai Monti 146, CH-6605 Locarno 5 Monti, Switzerland (luca.nisi@meteoswiss.ch) 

During the warm season of the year, intense thunderstorms regularly affect the Alpine region. Such high impact 
convective phenomena can produce local f lash f loods causing considerable damages. The need to increase lead time in 
predicting severe convection is well acknowledged. Numerical weather prediction models provide good forecasts on 
regional to global scales, but have difficulties in predicting the exact time and location of small-scale phenomena like 
thunderstorms. Current heuristic methods such as satellite and radar imagery, model output post-processing, satellite 
nowcasting products, neuronal methods or other statistical methods focus on specific aspects. For example, existing radar-
based solutions are well suitable for detecting and extrapolating already existing thunderstorms, when hydrometeors 
occur. The detection of convective features in early stage and the nowcasting of the storm severity still remains a difficult 
task, especially in complex terrain. Information characterizing the storm environment, in particular retrieved by satellite 
data, can become very useful for detecting the early stages of a convective process and predict their development. 

COALITION (Context and Scale Oriented Thunderstorm Satellite Predictors Development) is an innovative object-oriented 
model developed in the context of the EUMETSAT Fellowship program. The main purpose of this project is to increase the 
lead time in nowcasting storm severity over complex terrain. Data provided by different sources (e.g. Meteosat Second 
Generation Rapid Scan, Weather Radar, Numerical Weather Prediction and climatology) are merged into a heuristic mod-
el. Furthermore, the orographic forcing (often neglected in heuristic nowcasting models) is considered and included in the 
system as an additional convection triggering mechanism. This is particularly important over areas characterized by com-
plex terrain like the Alps.

Figure 1. COALITION input data ingested in the current version of the algorithm (CI: Convection Initiation, CTT: Cloud Top 

Temperature, RDT: Rapid developing Thunderstorm; CTH: Cloud Top Height; CAPE: Convective Available Potential Energy; VIL: Vertical 

Integrated Liquid content

The COALITION methodology borrows the approach from the physics of general dynamic systems. The algorithm merges 
evolving thunderstorm properties with selected predictors. The storm evolution is the result of the interaction between 
convective signatures (objects) and their surrounding environment. The interaction of the environment on the object, e.g. 
forcing, is modelled as a particle-field interacting system. The results are a probabilistic forecast of intensity evolution of 
the detected convective cells.

Eight different “object-environment” interactions are described in eight modules, providing ensemble forecast of thunder-
storm attributes (satellite- and radar-based) for the next 60 minutes. The different ensemble forecasts are combined with 
a fuzzy logic approach and then summarized into one single map to facilitate user’s interpretation. Convective cells, which 
have a high probability to develop into a severe thunderstorm, are highlighted on a map, which is provided to the users 
(weather forecasters) and used for taking important decision about storm warnings.
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The first version of COALITION is fully automatic and has been tested on 80 convective cells randomly selected from a 
database: a preliminary validation shows useful probability of detection (POD) and an acceptable false alarm rate (FAR) for 
lead-times until 20 minutes before the thunderstorm reaches the severe stage. The system was tested in real-time during 
summer 2012 and is becoming operational at MeteoSwiss.

Figure 2. COALITION object-based nowcast, which highlights (in red) some cells for which an increase of convection intensity is very 

probable for the next 30 minutes. As reference the radar based vertical integrated liquid is shown. In this show case a convective cell is 

developing over south Switzerland: at 17:05 UTC a particular cell shows a VIL value of 15 kg/m2 and COALITION indicates that this cell 

will develop into a severe thunderstorm in the next 30 minutes. At 17:50 UTC this cell increased the VIL values to about 60 kg/m2.

17.15

Greenhouse warming and solar brightening in and around the Alps

Philipona Rolf1

1MeteoSchweiz, Chemin de l’Aerologie, CH-1530 Payerne (rolf.philipona@meteoswiss.ch) 

At low elevations (500 m a.s.l.) central Europe’s surface temperature increased about 1.3°C since 1981. Interestingly, at 
high elevations (2200 m a.s.l.) in the Alps, temperature rose less than 1°C over the same period. Detailed investigations of 
temperature, humidity and the radiation budget at lowland and alpine climate stations now show that the difference in 
temperature rise is likely related to unequal solar- and greenhouse warming. The analysis shows that the important decli-
ne of anthropogenic aerosols in Europe since the mid 1980s led to solar brightening at low elevations, whereas inherent 
low aerosol concentrations at high elevations led to only minor changes of solar radiation in the Alps. In the Lowland 
absolute humidity and also total net radiation show an about 6 % K-1 Clausius-Clapeyron conform increase with tempera-
ture since the 1980s. In the Alps however, the percentage increase rate of humidity and total net radiation is more than 
twice as large. This large water vapour increase in the Alps is likely related to strong warming and thermal advection in 
the Lowlands, and may also have increased due to atmospheric circulation changes. Hence, while in the Alps temperature 
increased primarily due to strong water vapour enhanced greenhouse warming, solar brightening combined with anthro-
pogenic greenhouse gas and water vapour feedback greenhouse warming led to a higher temperature increase at low 
elevations in Central Europe.

REFERENCES 
Philipona, R. 2012: Greenhouse warming and solar brightening in and around the Alps. Int. J. Climatol. DOI: 10.1002/

joc.3531. 
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17.16

Foehn - extremes, trajectories and representation in NWP models

Sprenger M1., Lentink H1., Wilhelm M1., Buzzi M2., Hächler P2., Schmidli J1.

1 Institute for Atmosphere and Climate, ETH Zurich (michael.sprenger@env.ethz.ch)
2 MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich

South Foehn is a well-known phenomenon in the northern Alpine valleys. In this presentation we give an overview of 
recent Foehn studies, which in particular address the following questions: (i) How well is Foehn represented in the NWP 
model COSMO-2?; (ii) What is the climatology of extreme Foehn, whereby the extremeness of Foehn is defined in terms 
of different characteristics - e.g. maximum wind speed, duration, lowest relative humidity?; (iii) In which respect do syn-
optic weather situations differ for extreme and non-extreme Foehn cases?
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17.17

Satellite-based monitoring of solar irradiance over complex terrain

Christian Steger1, Rebekka Posselt1, Reto Stöckli1, Mark Liniger1 

1Federal Office of Meteorology and Climatology MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zürich (Christian.Steger@meteoswiss.ch)

Surface incoming solar irradiance (SIS) is an essential climate variable highly relevant for applications such as solar en-
ergy, agriculture or climate monitoring. SIS retrieved from geostationary satellites has continuous spatial and temporal 
coverage and complements station-based estimates.

MeteoSwiss calculates SIS climatologies from Meteosat SEVIRI observations on board of the Meteosat Second Generation 
(MSG) satellites by use of a modified HELIOSAT algorithm, which enables the separation of clouds from snow and which 
accounts for terrain shadowing and the radiative effects of snow-covered surfaces. This data set is available over 
Switzerland for 2004 till recently at 15 minute temporal and 0.02 degree (approximately 1.5 x 2.2 km) spatial resolution 
and will be continuously updated. 

A recently developed analysis and visualization application will pre presented. The tool allows the graphical representation 
of this data for entire Switzerland or a choice of sub-regions. The application offers either a map display or a time series 
representation of SIS as wells as surface radiation components (direct radiation, diffuse radiation, direct normal irradiance 
DNI or clear sky radiation, see for instance Figure 1). 

The application can calculate climatological quantities such as means or anomalies. Station-based observations can be 
displayed on top of the satellite data maps for validation purposes. The MeteoSwiss-internal tool is used to serve the cli-
mate monitoring products on www.meteoswiss.ch and for user specific evaluations. These public products might be ex-
tended based on capabilities of the tool.

It is planned to further enhance the application for the downscaling of surface radiation quantities at specific locations 
within Switzerland by accounting for local-scale terrain effects. This includes the estimation of surface radiation on tilted 
planes – a feature particularly interesting for solar energy as well as agriculture applications. 

Figure 1. Mean 2004 to 2011 surface incoming shortwave radiation for Switzerland. 
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P 17.1

Steps toward a process based model for the stable oxygen isotope com-
position of precipitation over Switzerland

Kern Zoltán1,2 Leuenberger Markus1 & Balázs Kohán 3

1 Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change Research, University of Bern, Sidlerstrasse 
5, Bern, Switzerland (kern@climate.unibe.ch, zoltan.kern@gmail.com)
2 Institute for Geology and Geochemistry, Research Center for Astronomy and Earth Sciences, MTA, Budaorsi ut 42, Budapest, Hungary
3 Dept. of Environmental and Landscape Geography, Eötvös University, Pazmany setany 1/c, Budapest, Hungary

The stable isotopes of past and present precipitation are important natural tracers in the hydrological cycle on global, 
regional and local scales. The Alps host the oldest and densest network monitoring stable isotopes of atmospheric precip-
itation compared to any other mountainous area of the world owing to the good representation of international (GNIP) 
and national (Switzerland and Austria) networks. Measurements of oxygen isotope ratios in precipitation (δ18Op) started as 
early as 1965 at Thonon des Bains (France) and 1971 at Bern (Switzerland). Detailed assessments conducted on these data 
substantially contributed to our knowledge about isotopic processes acting and interacting at various spatial and temporal 
scales in the atmosphere, or more generally in geospheres (Siegenthaler & Oeschger 1980, Longinelli & Selmo, 2003, 
Liebminger et al. 2007). However, the network was very sparse during the first years. Station density significantly im-
proved only from 1973 when more Swiss and Austrian stations were involved. The late 1990s are the best covered period 
(Fig.1). Exploring to what extent the early and sparse isotope network can capture the spatio-temporal patterns is an open 
question, yet (Kern et al. 2012).

The main aim of our research is to develop a gridded data set of monthly δ18Op over Switzerland and adjacent areas with 
high spatial resolution back to the early 1970s. To do so homogeneity was carefully checked first by cross-boundary com-
parisons between nearby station records. Anomalous isotope values and precipitation amount records were rigorously 
checked.

When precipitation amount weighted mean monthly isotope values were analyzed in order to determine the seasonal 
difference of empirical oxygen isotopic lapse rates used for spatial modeling unexpected vertical structure was observed. 
The expected strong altitude dependence (Siegenthaler & Oeschger 1980) was evident only for summer months. Steeper 
gradient (0.6-0.7 ‰/100m) was observed for winter months over a low elevation belt, while hardly any altitudinal differ-
ence is seen over high elevations. This dichotomy can be observed, though less characteristics, during spring and autumn.

A comparison between station locations and monthly average maximum planetary boundary layer (PBL) height data (von 
Engeln & Teixeira 2012) suggests that different atmospheric conditions/processes above and below the PBL are responsible 
for the observed pattern. High wind speeds prevailing above PBL could probably maintain well mixed conditions above 
PBL and cause the large scale isotopic homogeneity. PBL is usually situated at, or above the Alpine summits during summer 
hence does not affect the vertical isotopic pattern.

Decoupled regimes below and above PBL received little attention in spatial precipitation isotope modeling efforts. Present 
results point out that PBL location is recommended to be taken into account for future models developed for stable isotope 
composition of precipitation.

Acknowledgment: ZK expresses thanks to ISO-TREE (Sciex code:10.255.) and “Lendület” program of the Hungarian Academy of Sciences for 
support. Special thanks to prof. Antonio Longinelli and Dr. Enrico Selmo for the data from Italy and researchers who contributed data to 
Global Network of Isotopes in Precipitation and Austrian Network of Isotopes in Precipitation.

REFERENCES
von Engeln, A. & Teixeira, J. 2012: A planetary boundary layer height climatology derived from ECMWF re-analysis data. 

(submitted to J. Clim.)
Siegenthaler, U. & Oeschger, H. 1980: Correlation of 18O in precipitation with temperature and altitude. Nature 285, 314-

316.
Liebminger, A. et al. 2007: Footprints of climate in groundwater and precipitation. Hydrol. Earth Syst. Sci. 11, 785-791., 

doi:10.5194/hess-11-785-2007
Longinelli, A.& Selmo E. 2003: Isotopic composition of precipitation in Italy: a first overall map. J. Hydrol. 270, 75–88.
Kern, Z.; Leuenberger, M. & Kohán, B. 2012: Mapping of stable isotope composition of precipitation over Switzerland. 

NCCR Climate Summer School 2012, Abstract
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Figure 1. Temporal distribution of the available 

δ18O precipitation records. The Swiss network was 

run by the Climate and Environmental Physics 

Division (CEP) since the early 1970s. Since 1992 

thirteen precipitation stations were monitored 

with financial support from the Swiss Federal 

Office of Environment. Those stations were ex-

tended by seven additional stations by the CEP 

network. Therefore 19-20 stations data were 

available until 2010. This exceptional data set was 

completed with 25 neighboring stations (8 

Austrian, 5 German, 1 French and 11 although 

relatively short Italian).

P 17.2

Orographic effects on precipitation and atmospheric water cycle in the 
Weather Research and Forecasting Model

Cossu Federico1,2, Hocke Klemens1,2

1Institute of Applied Physics, University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland (federico.cossu@iap.unibe.ch)
2Oeschger Centre for Climate Change Research, University of Bern, Bern, Switzerland

The Weather Research and Forecasting (WRF) Model (Skamarock et al. 2008) is a next-generation mesoscale numerical 
weather prediction system designed to serve both operational forecasting and atmospheric research needs. The WRF 
Model supports two dynamical solvers, the Advanced Research WRF (ARW) and the Nonhydrostatic Mesoscale Model 
(NMM). We chose the former dynamical solver ARW, more suitable to conduct high-resolution idealized simulations, to 
assess the effects on orographic precipitation of the different microphysics schemes which the user can select.

The scenario set for our simulations consists in a 2-D atmospheric f low of saturated air interacting with an idealized 
mountain ridge placed in the middle of the spatial domain. The interaction of the saturated air with the mountain ridge 
triggers precipitation and at the same time re-evaporation occurs, under favourable temperature conditions, due to ac-
cumulation of liquid water on the ground. For the initial profiles of temperature and pressure we used mid-latitudes 
zonally-averaged profiles taken from ECMWF ERA-Interim reanalysis data, while for the initial wind profile we used a 
horizontal, single-component wind speed of 10 m/s for all heights. To foster precipitation, the moisture profile was set 
equal to the saturation vapour pressure profile (which corresponds to 100% relative humidity), according to the already 
defined temperature and pressure profiles. At the borders of the horizontal domain, periodic lateral boundary conditions 
were applied so that the air exiting from one side is reinserted at the other side.

The assessment of long-term effects of different microphysics schemes on the water cycle in regional climate simulations is 
the main aim of our study (Awan et al. 2011). Long-run simulations have been performed and the results are analyzed to 
compare the total precipitation generated by each scheme. Furthermore, the balance between precipitation and evaporation 
is discussed for the different schemes. In this way, the microphysics parameterizations available in the WRF Model can be 
characterized and understood by means of idealized and comprehensible simulations. This leads to a better knowledge of the 
microphysics schemes which is a precondition for a reliable simulation of the water cycle with the WRF model.

REFERENCES
W. C. Skamarock et al. 2008, A Description of the Advanced Research WRF Version 3, NCAR Technical Note, NCAR/TN–475+STR.
N. K. Awan et al. 2011, Parameterization-Induced Error Characteristics of MM5  and WRF Operated in Climate Mode over 

the Alpine Region: An  Ensemble-Based Analysis, J. Climate, 24, 3107.
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P 17.3

Quasi-analytical treatment of spatially averaged radiation transfer in 
complex terrain

Henning Löwe1, Nora Helbig1

1WSL Institute for Snow and Avalanche Research SLF, Flüelastrasse 11, CH-7260 Davos Dorf, (loewe@slf.ch)

We provide a new quasi-analytical method to compute the subgrid topographic influences on the shortwave radiation 
f luxes and the effective albedo in complex terrain as required for large-scale meteorological, land-surface or climate mo-
dels. We investigate radiative transfer in complex terrain via the radiosity equation on isotropic Gaussian random fields. 
Under controlled approximations we derive expressions for domain-averaged f luxes of direct, diffuse and terrain radiation 
and the sky view factor. Domain-averaged quantities can be related to a type of level-crossing probability of   the random 
field which is approximated by longstanding results   developed for acoustic scattering at ocean boundaries. This allows 
us to express all non-local horizon effects in terms of a local terrain parameter, namely the mean squared slope. Emerging 
integrals are computed numerically and fit formulas are given for practical purposes. As an implication of our approach 
we provide an expression for the effective albedo of complex terrain in terms of the sun elevation angle, mean squared 
slope, the area-averaged surface albedo, and the ratio of atmospheric direct beam to diffuse

  radiation. For demonstration we compute the decrease of the effective albedo relative to the area-averaged albedo in 
Switzerland for idealized snow-covered and clear-sky conditions at noon in winter. We find an average decrease of 5.8% 
and spatial patterns which originate from characteristics of the underlying relief. Limitations and possible generalizations 
of the method are discussed.

Figure 1. (a) DHM of Switzerland (in Swiss coordinates) with coarse grid size 

L=5 km obtained from a high resolution DHM with fine grid size dx=25m. 

(b) Mean squared slope (c) Normalized difference between the effective albe-

do and area-averaged albedo .

REFERENCES
Löwe, H. & Helbig, N. (2012) Quasi-analytical treatment of spatially averaged radiation transfer in complex terrain, 

accepted, J. Geophys. Res. 
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P 17.4

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 coordinated the CH2011 Initiative, an update of climate scenarios for Switzerland within the framework of 
C2SM and NCCR Climate. The Swiss Climate Change Scenarios CH2011 were published on September 28th.

The research project at MeteoSwiss started 2009 and will end this year. It 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., 2011; 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., 2011). CombiPrecip combines information from the two classical rainfall 
measurements – radar and rain gauges – with statistical methods for climatological and near-real time applications such 
as hydrology (Erdin et al., in press; Schiemann et al., 2010). A Prototype will be available in spring 2013. EURO4M will 
provide a new high-resolution daily gridded Alpine wide precipitation data set over the last 40 years based on rain gauge 
observations.
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The integration of the automatic foehn index into the longest time 
series for foehn (starting 1864 for Altdorf, Switzerland)

Dürr Bruno1, Richner Hans2, Gutermann Thomas3 & Bader Stephan4

1 Sunergy GmbH, Rosengasse 6, CH-9470 Buchs SG (bruno.duerr@gmail.com)
2Institute for Atmospheric and Climate Science, Universitätstrasse 16, ETH Zurich, CH-8092 Zurich
3formerly MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich
4MeteoSwiss, Krähbühlstrasse 58, CH-8044 Zurich

For Altdorf Switzerland, foehn events were recorded carefully since 1864. Three times a day - in the morning, at noon and 
in the evening - observations were made resulting in a “foehn”/”no foehn” information. Since foehn is a very clear event 
that manifests itself in sudden increases in temperature and wind, and in a simultaneous drop in relative humidity, the 
data can be regarded as quite reliable. Furthermore, the observations were made by members of the same family for 85 
years. The observations were processed to yield a time series consisting of monthly sums for each of the observation time 
(morning, noon, evening) and year. Recently the results of the investigations of the long foehn series in Altdorf were pub-
lished by Gutermann et al. (2012).

Since 1981, data from automatic stations is available. An objective method was developed that allows to determine 
“foehn”/”no foehn” in 10-minute intervals from which foehn hours can be computed (Dürr, 2008). This foehn index is 
based on wind direction, wind speed, gust speed, and relative humidity. A further criterion is the difference in potential 
temperature to the reference station Gütsch (situated on the Alpine ridge). Parallel to the foehn index, “manual” foehn 
observations at the three observation times were continued until 2008. As a result, two different foehn time series are 
available: (i) a series of monthly sums of triple observations for 1864-2008 (morning, noon, evening) and (ii) a series of 
foehn observations for every single hour since 1981. For the overlap period 1981 to 2008, correlations between the two 
time series were analyzed and transformation functions determined. These latter allow to either convert the monthly 
sums of triple observations to foehn hours or vice versa. In both cases, the time resolution is fixed to monthly values for 
three time slices per day. As result, the climatologically very valuable, 145-year-long time series, can be continued without 
interruption into the future, allowing further climatological analyses of foehn in Altdorf, either in terms of foehn obser-
vations or foehn hours.
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