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Advanced Climate Dynamics Course (ACDC2010)
MIT FabLab, Lyngen, Norway,-89" of June, 2010

Dear participants!

Welcome to the Advanced Course in Climate Dynamics (AQMO) in Lyngen! The
summer school is the second of three summer schools organized jointly by the Bjerknes
Centre for Climate Research, the University of Washington, and the Massachusetts Institute
of Technology.

The main focus will be omhe interactionbetween ice sheets, ice shelves and the ocean,
based on theory, models, observations, and proxy dhisa.will be achieved through four

days of lectures on the fundamentals, followed by a week with lectures and discussion on
advanced topics. Students valso present their own work.

This year the school is based at MIT FabLab in Lyngen, northern Norway, and two days of
excursions during the course are planned.

We hope that you will enjoy your stay in Norway, and have a stimulating, fun and
interesting summer school!

Sincerely,
Kerim Nisancioglu & Patrick Heimbach

On behalf of the organizing committee:
Tore Furevik, David Battisti, and Jake Gebbie.
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Mngen and Tromsg
The peninsula of Lyngen is situated between two fjords east of Tromsg r@utattsitors largel

between jagged mountainRecently, the Lyngen Alpbecame protected because of their na
cultural heritage and their value as acgiogical and quaternary geological reference area.

Lyngen is also the name of the easterly
protect the inland from bad weather coming from the west, which allows for clear and sunn
of the eascoast. Here the MIT Fablab is situated. Lyngen lies north of the polar circle, ar

sunshine. However, at the latitude of 70 degrees, the sun gme®below théorizon from 21 of
May to 2" of July.

Norway. The city grew from fish trading and the need for a starting point for Arctic and Ant
expeditions. Nowade the university as well as the hospital of northern Norway are the bi
empl oyer s. Even i f TromsB contains al/l t
conserves the intimate charm of a village. The city centre is condensed on drc@sigrising a
rich cultural life with numerous amounts of pubs, cafes and restaurants and many festivalg
the year.
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because of its beautiful scenery. The area is characterized by deep valleys, streams and glaciers
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summer weather ranges from 5 degrees Celsius with wind and rain to 28 degree Celqus and

Tromsz is the seventh biggest city in Norway and is often referred as the capital of Ngrthern

hrctic
jgest
he 1

during




ACDC

- Advanced Climate Dynamic Courses

SUMMER SCHOOL PROGRAMME

Tuesday & of June, Lyngen

16:30:Departure Polarmiljgsenteret, Tromsg
19:: Arrival MIT Fablab,Lyngen
20:3021:30: Dinner at Fablab Caviar soup (Rognbollesuppe)

21:3022:30: Kerim Nisancioglu (BCCR) i Overview of summer school and introduction of
students and lecturers.

22:30: Ice Breaker
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First week (9-13th of June, 200): Fundamental lectures on core topics
2 x 50 min lectures with 10 min coffee brake and 30 min discussion.

Wednesday ' of June

8:00-9:00: Breakfast

9:00-10:00:0pening of summer schoot Mayor of Lyngen municipality Hans Karlsen, County
Governor Svein Ludvigsen,Dr. Kerim H. Nisancioglu(Bjerknessenteret) Dr.
Patrick Heimbach (MIT) , and Dir. Haakon Karlsen Jr. (FabLab)
Press conference

10:0612:30:Lecture 1A- INTRODUCTION:

Ice sheets, ice streams and ice shehiean introduction
Richard Hindmarsh (BAS)

Ice sheets, ice streams, and ice shelves in the climate system
e Ob=rvations of change
0 Altimetry
o Shelf break up
0 Speed changes
¢ Reasons for modelling iegheets
0 SLrise
o Changes in global climate
¢ Ice sheet configurations now
o0 What are ice sheets/streams/shelves, marine v. continental.
0 Antarctica, sheets, streams, Isles, marine components.
o Greenland, ditto.
0 Hypotheses about rapid changengitudinal propagationZwally effect-
Hellheim effect.
¢ Ice sheet configurations past,
o Northern HemisphereGreenland, North America, Eurasia
o Southern HemisphereAntardica, Patagonia.
o0 Role in the climate system,
0 Ice-sheet surprisesHeinrich Events, BO Events 8200 Event.
e What do icesheet models try to do? and what needs to be represented
0 HuybrechtsOtto-Bliesner Marshall Vinther, Pollard and DeConto
e A bit of Maths
o Intuitive derivation of stress formulas for sheet, shelf and stream.
o Flux formulae for grounded ice
o Didactic Analytical Solutions
0 Ice-sheet marginsthe grounding line, flux formula.
e Transient behaviour
o Time scales of ice sheet growth andeat,
o0 mantle deformation time scales
0 Hysterisis in icesheets (landbased)
0 Hysterisis in icesheets (marine).
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12:30-14:00:Lunch

14:0016:30:Lecture 4Ai A VIEW FROM THE OCEAN:

The North Atlantic, Sub-polar Gyre, and Arctic Ocean
Fiamma Straneo (WHOI)
Atlantic and Arctic Ocean Circulation
Air-Sea Fluxes over the N. Atlantic/Nordic Seas/Arctic Ocean
Seasonal, Inteannual and Decad#ariability
Water masses around Greenland (Shelf/gyre exchanges)

16:30-18:30:Short research presentations by summer school students

19:0021:0Q Dinneri Roast lamb (Lammesteik)
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Thursday 10" of June

8:00-9:00: Breakfast

9:00-10:00: Short summaries ofprevious twolectures by students

10:0012:30:Lecture 2A1 ON THE ICE SHEET:

Ice sheet modeling a primer
Jesse Johnson (U. Montana)

e Observational record
o Overview:
A What has people talking
¢ Are fast changes large ahges?
e What is natural variability?
¢ |Is there a point of irreversable change?
o Remote sensed products
A Surface and bed,
A Tendencies in data,
A Surface velocity.
0 Meteorological data plus model output
A Temperaturand mass balance
0 Borehole experiments
e Equdions for ice sheet flow, the good, the bad, and the ugly.
0 Usage: Force budget technique of d&m Veen and Whillians
o Applications to data
e Desired improvements to ice sheet models:
o Why are the improvements needed? Why might they be hazardous?
Improved stress balance
Calving
Basal processes
Ice-ocean coupling
Water at the surface, within, and beneath ice sheets.
o The first order equations
A Assumptions
A Boundary conditions
e Improvements to boundary conditions in the form of:
0 basal processes modgjin
o improved surface mass balance
0 ice-ocean interface

0 Results
A Bringing a model into the 'modern’ state
A Perturbations
A Interpretation of output
A Uncertainty quantification
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12:30-13:30:Lunch

13:30:15:30:Lecture 4Bi A VIEW FROM THE OCEAN:
Southern Ocean Circulation and Variability
Ole Anders Ngst (NPI)

e Ocean circulation theory (windriven circulation, Ekman layers, topographic steering
eddies and overturning circulatipn
e Southern Ocean Circulation

65:3022:30:Boat trip with the passenger vessel\ﬁMS
at Lyngseidet and willdrive northwards at the Lyngen fjord with the beautiful scenery of
steep mountains, sea and (hopefully) sun. We will also look up at the glaci@trupbreeno
which is calving in the fjord. Have a look at the map for the Excursion 1.

There will be possibilitiesto try fishing. It might be cold and windy, so you should bring warm
clothes (windproof jacket, hat, scaré ), as well as sun cream and sun glasses.

Q)inner i bacalao- will be served on board. )
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Friday 11" of June

8:00-9:00: Breakfast
9:0010:0Q Short summaries ofprevious twolectures by students

10:0012:30:Lecture 1Bi AT THE BOUNDARY:

Special processes at the iagcean front
Olga Sergienko (GFDL/Princeton)

Overvian of existing calving treatments and parameterizations. Other possible treatments
(statistic, fracture mechanics...)
e simplification of equations, asymptotic analysis with
focus on shelf/stream models and their inversions
e Calving of larger tabular icebergsth ice-shelf breakups as extreme
case

12:30:14:00:Lunch

14:0016:30:Lecture 3AT AT THE BOUNDARY:

Ice Shdf/Ocean Processes
Adrian Jenklins (BAS)

e The iceocean boundary
e The subice shelf cavity processe

16:33-18.30Q Short research presentations by summer school students

19:0021:00:Dinneri1 Grilled cod/ redfish / halibut (Torsk/ uer/ kveite)
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Saturday 12" of June

8:00-9:00: Breakfast

9:00-10:00: Short summaries ofprevious twolectures by students

10:0012:30:Lecture 2Bi ON THE ICE SHEET:

Dynamics and modeling of ice streams and ice shelves
Richard Hindmarsh (BAS)

e An overview of inverse modeling (Sergienko)
o Procedure
o Caveats
e Some shelf models (Hindmarsh)
0 Ross MacAyeal, EISMINT, Hulbe ad Fahenstock,
o Ronne Joughin inversions.
o Peninsula inversions,
e Some stream models
0 MacAyeal inversions.
o Joughin inversions.
o Payne et al. PIG
e Thermaemechanical coupling
o Principles of heat treport in icesheets Peclet number.
o Thermal dependence of ice viscosity and sliding.
o Thermal oscillations
0 Spontaneous formation of isereams.
e Basal processes (Johnson can help)
o Glacial hydrology and subglatiroperties
o Till and hardbed
o Glacial geomorphological actierdrumlins and MSGL
e Miscellaneous Topics
o surface mass balance; ablation/accumulation; basal sliding/melt;
e Downscaling
o radar layers data
o Dating ice cores.

12:30-14:00Lunch

14:0016:30:Lecture 3Bi AT THE BOUNDARY:

Ice Shelf/Ocean Interactions
Svein @sterhus (UiB)

e Link from the N. hemisphere ocean lecture to Antarctica via THC/MOC
e Summary of the Southern Ocean Cirtila
e |ce-ocean processes over the continental shelf of the southern Weddell Sea
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16:30-17.30:Excursion lecture

Cirque glaciers
@yvind Paasche (BCCR)

e Definition, formation and development

e Glacieii climate interactions

e Erosive processe

e The glacial buzzsaw

e What should glacier reconstructions look like?

17:3018.30Q Short research presentations by summer school students

19:0021:00:Dinneri Salmon (laks)
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Sunday 13" of June

8:00-9:00: Breakfast

/Excursion 17 Northern Lyngen, local
glaciers:

09.30: Departure from Fablab by buss

@yvind Paasche (BCCR)

This day will be devoted to questions related
to local glacierclimate interaction, glacier
sediment production, evacuation, transport
and different kinds of landforms. We will
hike up through an inguing valley to the
proglacial lake called Blavatnet, which
receives sedimentladen meltwater from
Lenangsbreen. We will have lunch by the
lakeside. The participants will be asked to
map dfferent landforms/systems on our way
up to the lake and after lunch we will discuss
observations and what implications that can
be drawn from them, with emphasis on
glacier reconstructions and their connection to
regional paleoclimatic changes.

You shoud wear hiking boots or rubber boots
and bring waterand windproof clothes, warm
clothes (gloves, scarf, hat...), sun cream, sun
glasses, and something to drink.

19:0021:00:Dinner at the coast after the hikdMoose casserole (Elggryte m/tilbehar

\_

End of first week
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Second week (148" of June, 2009):Lectures on advanced topics.
1.5 hour lectures and 30 min discussion

Monday 14" of June

8:009:00: Breakfast
9:00-10:00:Short summaries of previous three lectures by students

10:0012:00:

Ice sheet models for climate modeling and sdavel projections
Jesse Johnson (U. Montana)

o seaRISE efforts
o Data sets
o0 Experiments
o Participants
o 'Classes' of participating models
e the Community Ice Sheet Model (CISM)
o Capabilities

12:00-13:30:Lunch

13:3015:30
State of Greenland and Antarctica from observations
Andreas Vieli (U. Durham)
e Greenland outlet glaciers
e state offrom obs.
e Fast flow hypotheses and modelling.
e Antarctic ice shelves
e State from obs.
e Breakup hypotheses.
e numbers of implied mass la@ssover last decade, last century and their uncertainties

16:0018:00

CDW flows on the Amundsen Sea Shelf
Adrian Jenkins (BAS)

¢ Cold and warm shelves and the diffey implications for the suire circulation and its
sensitivity to climate charmgy

e CDW inflow onto the Amundsen Sea shelf

e Autosub observations beneath Pine Island Glacier

19:0021:00:Dinneri Cod/ redfish/ halibut (Torsk/ uer/ kveite)
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Tuesday 1% of June

8:00-9:00: Breakfast
9:00-10:00:Short summaries of previous three lectures by stients

10:0612.00

lcecOcean I nteraction in Greenl af
Fiamma Straneo (WHOI)
e fjord circulation and heat transport to glacial terminus
e observations fromjogleveral of Greenl angd
¢ laboratory studies of the glacier/fjord environment

12:00-13:30 Lunch

13:3G15:30Q

Theories of marine ice sheet instability
Richard Hindmarsh (BAS)

e Theories of marine ice sheet instability
History of theoretical work
0 Weertman (icesheet),
o0 Thomas (ice stream),
0 Schoof (both ases, consistent treatment).
o DAMTP version.
e Theoretical treatment
o Simplest model that contains the physics
Existence and properties of the mechanical boundary layer.
Existence of steady bounded solutions
Asymptotic formulas
2D versions Goldberg Katz
o Fixed grid parameterizationdattyn
e Applications: Pollard and DeConto
e Applications: MISMIP

o o0o0oo

16:0017:00

Tracking past ice sheets: prospects and pitfalls
@yvind Paasche (BCCR)

e Short historical introduction
¢ Methods used to reconstruct ice sheets

e The regional story (focus on the last 120 ka)
e The local story (focus on the interval between LGM and YD)

19:0021:00:Dinneri Smoked roast leg of lamb
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Wednesday 18 of June

8:00-9:00: Breakfast

@cursion 21 Finland, Ice sheets:
09.30: Departure fom Fablab by buss

@yvind Paasche (BCCR)

This day will be devoted to questions related
to ice sheet dynamics, glacier deposits and
retreat patterns. We will follow the icy
footsteps of the last ice sheet to cover
northern Scandinavia, from the coast and t
the inland. By midday we will hopefully have
reached a Finnish research station called
Kilpisjarvi lying just across the Norwegian
border where weol |l e a’s
the observations we have made during the |
day. The drive back, if nestop, will take
roughly 2 hours.

Link to Kilpisjarvi:
http://www.helsinki.fi/kilpis/english/index.htm

19:0021:00:Dinner imgapahuk at Skibotn Valleyi Sautéed reindeer (Finnebiff)



http://www.helsinki.fi/kilpis/english/index.htm
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Thursday 17" of June

8:00-9:00: Breakfast
9:00-10:00:Short summaries of previous three lectures by students.

10:0612.00

Dronning Maud Land Work
Ole Anders Ngst (NPI)

e Seasonal variability and exchange of Circumpolar Deefeldaross the Antarctic Slope
Front

e Overturning of the Antarctic Slope Front and basal melting of ice shelves.

e Use of hydrographic data collected by seals to study oceanography in the Antarctic g
zone.

12:00-13:30 Lunch

13:3G:15:30Q

Atmospheric circulation and ice sheets
David Battisti (UW, Seattle)

e Basic theory of the response of the atmosphere to orography
e The Atmospheric response the Laurentide ice sheet
o Albedo
o Orography
0 Storminess
e Atmospheric Carbon Dioxide and the ice sheets in West Antarctica
o The response of the Southern Annular mode
o The response of the Antarctic Circumpolar Current

16:00-18:00:

Oceanic response to melting ice sheets
Patrick Heimbach (MIT)
e Baroclinic adjustment processes and patterns
e Postglacial rebound and tide gauges
e Sea level fingerprints from gravitational effects
e Earth rotation changes

followed by cultural entertainment arranged by the students.

( 19:00:Dinneri Fish casserole (Fiskegryte) )
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Friday 18" of June

8:00-9:00: Breakfast
9:00-10:00:Short summaries of previous three lectures by students.

10:0612:00:

What the ocean record tells us about changes in the cryosphere and the climaystem
Jake Gebbie (Harvard)

¢ Introduction to the ocean data proxies, especially oxygen isotopes, that are influence
ice on Earth

e Using ocean data to reconstruct when and where glacial terminations occurred

e Linking changes in ice to changes in ocdginamics, e.g., is there a coupling, or does th
ocean passively respond to surface processes?

12:00-13:30 Lunch

13:36G:15:30:

Ice ocean interactions during the last glacial period
Kerim Nisancioglu (BCCR/UiB)
¢ Introduction to Dansgaat@eschger and Heinrich events;
e The role of ice sheg and ice shelves in rapid climate change;
e The deglaciation and the impact of melting ice on sea ice, ocean circulation, and climé

16:0617:30:

The Blue Arctic i projections and implications from reduced Arctic sea ice
Tore Furevik (BCCR/UiB)

Recent changes in sea ice

Towards a blue Arctic?

Implications for lower latitudes?

Conclusion vith commercials for sea ice summer school 2011.

17:30-18:00:Summer school evaluatioih Tore Furevik (BCCR/UiB).

19:0621:00:Dinneri Shrimps and other seafood
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Saturday 19" of June

AM: Departure fronfablab to Tromsg Airport

End of summer school






