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1. Summary
Understanding the dynamic behaviour of ice in glaciers, polar ice caps and sea ice is a major challenge, especially in a time of changing climate. The grain and sub-grain scale microstructure are crucial state variables that link atomic-scale processes to the macroscopic behaviour of ice, including its rheology and transport properties. Improved analysis, modelling and interpretation of ice microstructures are therefore imperative for a better understanding of the flow and evolution of large ice bodies, from polar ice caps, mountain glaciers, sea ice to even planetary ice. In addition, linking microstructures to geophysical signals such as radar imaging and seismic profiling will enable mapping of microstructures in 3 and 4 dimensions.

The aim of this summer school was to talk and learn about recent developments in microstructural analysis of ice and snow. It was mostly focused on MSc, PhD and postdocs. Still several undergraduates were accepted to the summerschool. In total 36 students attended the 4-day event . Twelve lecturers presented various aspects of microstructures of ice and snow, including theory, analysis, experiment and numerical modelling. The lecturers had different backgrounds, ranging from physics, chemistry over geology to biology, and all focussed on the topic “ice and snow”. The programme was subdivided into sessions devoted to “polar ice”, “basal/transition ice”, “sea ice”, “ice in the atmosphere”, “extraterrestrial ice”, “physics of ice”, “snow”, “ice deformation”, “modeling ice microstructure”, “dynamics of glaciers” and “ice in industrial applications”. Students from various fields of study and research were attracted by this programme, e.g., geologists, meteorologists, physicists, material scientists, chemists, etc.

During a special science and career day lecturers and participants talked about their career, and offered advise on writing applications and proposals. This also included an interactive session guided by Dagmar Obbels from the “Association of Polar Early Career Scientists” (APECS). A poster session was devoted to foster discussion about current research of all participants.

The workshop was held in the Obergurgl University Centre, located at an altitude of 2000 m in the middle of the Austrian Alps, welcoming us with the first snow by end of August. The workshop was initially planned for 42 students and 13 lecturers. Quite a few applications had to be turned out because the summer school was overbooked. However, in total 6 students decided not to attend the summer school one day in advance of the first day, so that no replacement could be found and 6 student spots remained empty during the school. Also one of the invited lecturers, Denis Samyn, had to cancel his participation because of his wife giving birth very close in time to the summer school. 
2. Scientific content
The meeting had the focus of educating students, especially those entertaining their own research on ice and snow, or at least with an interest in doing so in the future. During an excursion to the nearby Glacier Rotmoosferner the certified mountain guide Mr. Rainer Prinz, guided us to the bottom part of the glacier and explained its history and the geomorphology of the area. In addition, Paul Bons explained what one can learn about the history of the area and the folding of the mountains from looking at rocks, including ice and snow “rocks”.

Lectures

The first lectures, by Maurine Montagnat and Ilka Weikusat, focussed on the c-axis of ice crystals. The lecturers introduced how the c-axis orientation can be measured in laboratory experiments, and what one can learn about the ice from the c-axis orientation in polycrystalline ice samples, especially from ice cores drilled e.g. in Antarctica. Ilka Weikusat also gave a very memorable session showing photographs of her field trip to Antarctica, explaining how a scientist gets to Antarctica stations and what the scientific life is there like.
Paul Bons explained how to model the microstructure in general, especially on rocks, and what kind of programs are available to do the modelling, and which aspects one needs to consider in order to gain information about/from the microstructure.

Jane Blackford gave a very lively and interactive lesson about material properties in general, and snow and ice properties in particular. In addition she explained some industrial perspectives that emerge when studying ice, most notably the science behind friction of rubber tyres on snow and ice. 

Thomas Loerting introduced the phase-diagram of ice, detailing what phases ice can take in various “exotic” environments such as in ice clouds in the high atmosphere, on interstellar dust grains in dense molecular clouds, on comets or on moons of the planets such as Ganymede, Europa or Io. These high-pressure and/or low-temperature phases can not be found on Earth, but are very important outside Earth. In addition he also introduced the thermodynamics of ice, the ice rules and the possibility of proton-ordered ice phases of low entropy.
Hinrich Grothe focussed on the aspect of ice in the atmosphere, in particular the processes of nucleation and growth underlying the formation of ice clouds. He covered “low altitude” clouds in the troposphere responsible for precipitation on the surface and also “high altitude” clouds in the stratosphere and mesosphere, which are responsible for the chemical processes leading ultimately to polar ozone depletion in spring and also subvisible, noctilucent clouds in the mesosphere. A particual emphasis was given to the possibility of the appearance of metastable ices in such clouds, e.g., for nitric acid hydrates. Also the formation of snow and the different morphology of snow crystals depending on temperature and humidity were explained (“Nakaya diagram”).
The topic of snowflakes, microstructure and microdeformation of snow was picked up again by Denes Szabo. He introduced ways to categorize and classify snow, which is a very difficult task experimentally. Creep and brittle fracture of snow were additional topics covered by Denes. 3D tomography was explained by him in great detail as the main method to do snow images and to understand snow fracture, friction on snow and avalanches, for example. The lecture included some memorable 3D images viewed by the students using 3D glasses.

The topic of sea ice was covered by Matti Leppäranta, who introduced the different types of ice, which can be observed in cold regions of the sea, e.g., frazil ice, shelf ice, floes, etc. The mechanism of ice growth in sea water and the thermodynamics underlying it were explained in great detail, emphasising also the role of the salt and brine layers, and the thickness of the resulting ice. Also the dynamics and the physical processes and dynamic laws underlying drift ice were introduced to the students.

Lindsey Nicholson covered the field of glaciers and introduced in particular climate-glacier interactions. After introducing different types of glaciers, e.g., mountain glaciers, she moved on to explain glacier growth and ablation zones, and the mass exchange processes underlying them. The mass balance and field-measurements aimed at determining it were explained to the students on many interesting examples, ranging from African glaciers to the glaciers just in front of the window of the summer school.  

Finally, the “biology” of ice, and in particular the possibility of life to occur in ice were explained by Markus Tilg in a very interactive talk.  

All the lectures were held interactively, so that students had the opportunity to ask questions at all times, during the lecture, and also in a question-answer session after the lectures.
The following question was made the “award question” of the summer school: “Why does ice appear blue in some cases?”. The students were presented the question at the beginning of the school and had the opportunity to hand in their written answers until the end of the school.The best answer was given by Elena Klimenko, who won the price, a white plush sheep.

Discussions: Poster Session and Career Day
The following posters, presented by the students, were discussed in two poster sessions:
“Finite Element modeling of snow weak layers subjected to dynamic loads”, 

by Evgeny A. Podolskiy, Guillaume Chambon, Mohamed Naaim, and Johan Gaume

“Open Water lead along the Northern Coast of Ellesmere Island”, by Miriam Richer McCallum, Luke Copland, Derek Mueller

“A one dimensional land-surface model adapted to high altitude conditions in the outer tropics. A case of study for Zongo Glacier (16°S, Bolivia )” by Leonardini, G.&Yamazaki, T.

“Statistical model for the correlation length of snow derived from SnowMicroPen measurements.” by Martin Proksch, Henning Löwe, Martin Schneebeli 

“Numeral modeling of the vernagt ferner” by Philip Conradin

“Near-infrared and microscope estimates of grain size in Finnish snowpits.” by Mark Richardson, Milly Matthews-Mulroy, Tristan Quaife, Mel Sandells, Robert Gurney

“Image analysis of Snow Microstuctureby Xi WANG

“Spatial modeling of snowpack stability at avalanche sites” by Elena Klimenko; Yuri Seliverstov

"Snow in Scotland: SnowMicroPen analysis of natural and artificial snow samples" by Tom W Barraclough, Jane R Blackford, Michael Zaiser

“Using X-Ray Powder Diffractometry for determining physical rock parameters” by Tilo Schneider, Dr. Ildiko Katona-Serneels, Prof. Bernard Grobéty
“Measurements and microstructure-based simulations of the brittle tensile strength of snow” by Pascal Hagenmuller, Thiemo Theile, Martin Schneebeli

"Friction on ice – what’s happening at the interface? ", Tamas Parkanyi, Jane R Blackford and Vasileios Koutsos

“Direct chemical analysis of frozen ice cores by cryo-cell UV-laser-ablation ICPMS: implications for rapid climate change” by Damiano Della Lunga, Wolfgang Müller, Sune O. Rasmussen, Anders Svensson

“Friction of ice” by Maria Tikanmäki, Lasse Makkonen

“Building ice shells out of flat ice plates” by Benjamin Kromoser

“Micro Computer Tomography - Microstructure of 3 phase systems” by Sabine Leisinger, Henning Löwe, Martin Schneebeli

„Ice fabrics via image analysis“ by Jan Eichler, Eric Gleiß, Annecke Tammen

All the poster session were very lively and even after midnight some student were found at the posters, discussing results and possible future avenues to tackle specific problems. 

Also the career day was a very lively event, boosted by the lecturers speaking very informally to the students about their own careers, turning points in life and people and decisions influencing their careers. 

Since most of the students will need to write proposals, be it in industry or academy, Paul Bons has given a step-by-step guide how to choose the correct project scheme, funding agency and how to write a proposal.
3. Results and Impact 

After the event many of the students wrote letters to the organizers, detailing that they enjoyed the school very much, both from an educational, scientific point of view as well as from the social aspects, e.g., the excursion, poster session, table tennis or sauna.

In addition to thanking the organizers and ESF there was hardly any criticism by the students. All the students agreed that they have learned very much in this one week – to learn the same amount of information they would otherwise need to study the literature for many months. 

The few points mentioned in the letters to be considered for a future, second edition of the school are: 

· Too many hours in the lecture room

· Only one field trip, at least a second one would have been appreciated

· Most lectures about ice, but only two about snow – some students are hoping for more snow lectures in the future.

· No lecture about permafrost was given, but two about sea ice. One about sea ice, and one about permafrost might be better.

The main conclusion, agreed upon by all students and lecturers alike, is that there is a necessity for doing a second school on the same topic. The suggestion is to do a winter school end of 2013, early 2014. Obergurgl was highly appreciated by all participants since it is a great location with friendly staff and great facilities for organizing and holding a school.
4. Annex

Programme

	 
	 
	Sunday
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday

	 
	 
	Aug 26
	Aug 27
	Aug 28
	Aug 29
	Aug 30
	Aug 31
	Sep 01

	07:30
	09:00
	 
	Breakfast

	09:00
	10:00
	
	Bus Transfer to Obergurgl
	Montagnat
	Field trip         guide: Rainer Prinz
	Leppäranta
	Szabo
	check-out      Bus Transfer to Innsbruck

	10:00
	10:30
	
	
	Coffee break
	
	Coffee break
	

	10:30
	12:00
	
	check-in
	Loerting
	
	Nicholson
	Leppäranta
	

	12:00
	14:00
	
	Lunch
	
	Lunch
	 

	14:00
	15:00
	Arrival Hotel Congress Innsbruck
	Weikusat
	Blackford
	
	Bons
	Careerday: Bons
	

	15:00
	15:30
	
	Coffee break
	
	Coffee break
	

	15:30
	17:00
	
	Blackford
	Poster Session
	
	Bons
	Samyn
	

	17:00
	18:30
	
	Grothe
	
	
	Tilg
	Careerday: APECS
	

	18:30
	20:30
	WELCOME RECEPTION canapés and sparkling wine 
	Dinner
	

	20:30
	22:00
	
	Montagnat
	Weikusat
	Poster Session
	Szabo
	Careerday
	


List of Speakters

· Maurine Montagnat-Rentier (Grenoble, FRA): Ice Deformation

· Denis Samyn (Nagaoka, JAP): Basal Ice, Transition Ice (“cancelled”)
· Denes Szabo (Davos, CH): Snow

· Ilka Weikusat (Bremerhaven, GER): Polar Ice

· Paul Bons (Tübingen, GER): Modelling Microstructure

· Jane Blackford (Edinburgh, SCO): Ice and Industry (Materials Properties, Microstructure)

· Matti Leppäranta (Helsinki, FIN): Sea Ice

· Dagmar Obbels (Gent, BEL): APECS
· Hinrich Grothe (Vienna, AUT): Ice in the Atmosphere

· Lindsey Nicholson (Innsbruck, AUT): Glaciers

· Markus Tilg (Innsbruck, AUT): Life in Ice

· Thomas Loerting, (Innsbruck, AUT): Phases of Ice (high-pressure, metastable), Water-Ice in Space
· Rainer Prinz, (Innsbruck, AUT): Guide during the excursion to the Glacier
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