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Hemispheric Asymmetry in Climate
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Final Report
The Advanced Climate Dynamics Courses (ACDC) is a series of annual summer schools
aimed at advanced PhD students. The courses are coordinated by the University of Bergen
(UoB) in collaboration with University of Texas at Austin, Woods Hole Oceanographic
Institution (WHOI), and the University of Washington (UW) in Seattle. Core funding for the
summer school is provided by a SiU (Norwegian Centre for International Cooperation in
Education) Partnership Program in higher education and the Norwegian Research School
on Changing Climate in the coupled Earth System (CHESS). Detailed information regarding
the summer school can be found at http://www.uib.no/en/rs/acdc.
This year’s summer school was the tenth in the series and was organized in collaboration
with Harvard University and McGill University. It was held at Finse Alpine Research Station,
situated in the Hardangervidda National Park in Norway September 17th to 28th, 2018.
The main focus was on understanding the hemispheric asymmetry in climate. As in
previous years, the goal was to mix students and lecturers with both empirical and
dynamical training within climate sciences.
23 students were admitted to the summer school, represented by 12 nationalities: 7
Americans (4 University of Washington, 1 University of Texas at Austin, 1 University of
Colorado – Boulder, 1 Brown University), 2 British (1 University of Edinburgh, 1 McGill
University), 1 Norwegian (University of Oslo), 2 Chinese (1 Harvard University, 1 University
of Texas at Austin), 1 Canadian (University of Washington), 2 South Korean (1 University of
California-Irvine, 1 McGill University), 2 German (1 University of Bergen, 1 Memorial
University of Newfoundland), 1 Austrian (University of Exeter), 2 French (1 University of
Bergen, 1 CERFACS), 1 Italian (University of Tasmania), 1 Dutch (University of Bergen), 1
Indian (IBS Center for Climate Physics, Pusan National University).
A complete list of participants is presented in the program. The majority of the lecturers
and all of the students spent the entire 12 days of the summer school together in Norway
with scientific talks, field excursions, discussions, group work, social activities and
networking.

When summer turns to winter. Photo: Marysa Lague, Natalya Gomez and Rachel Lupien

Amazing clouds at Finse. Photo: Matthew J. Henry, Tianyi Sun, and Danielle Lemmon
Scientific topics/content of the summer school
Each day of the first week consisted of two fundamental lectures on core topics followed
by student presentations. In the second week, each day consisted of 2 specialized lectures
on advanced topics. Every morning started with student lead summaries of the previous
day’s lectures followed by a discussion. The summary groups also made a written summary
from each lecture. These texts can be found further down in this report.
The first week we arranged an afternoon field trip to the margin of Hardangerjøkulen, led
by Øyvind Paasche. The students were asked to look for geological and geomorphological
features in the landscape. Observations of various features such as erratics and striations
were discussed in plenary with emphasis on how they relate to glacial and periglacial
process. The trip continued into the modern glacier foreland of Hardangerjøkulen where
the students were divided into groups who each mapped moraine at the margin of the ice
cap using GPS and maps. The data collected were later used in one of the student projects.
Initially, a field trip was planned for the weekend, but due to the severe weather “Knud”
hitting southern Norway bringing along snow and extreme wind, the field trip had to be
postponed until Monday.
Our goals for the fieldtrip included learning to recognize and interpret glacial geomorphic
features, and identifying and improving our understanding of the history of the landscape
changes at Finse. Underway Øyvind Paasche lectured on the research that had been done
in the area to uncover the history of the formation and evolution of the landscape, and how
it had been shaped by glaciers and meltwater. The student project that dealt with past
variations of Hardangerjøkulen the last centauries managed to connect changing climatic
conditions to individual sets of moraines marking temporary advances.

Out in the field. Photo: Marysa Lague and Dipayan Choudhury

Sediment coring in the lake downstream of Hardangerjøkulen Photo: Matthew Henry,
Dipayan Choudry, Stefanie Semper.
All students took part in a group project lead by one of the lecturers. The topics this year
were:
• NorthLand (supervised by David Battisti) - Aqua planet simulation with one hemisphere
land one hemisphere as ocean
• Breaking Milankovitch (Cecilia Bitz and Peter Huybers) - Southern Hemisphere sea ice
change on orbital time scales
• Hardangerjøkulen (Øyvind Paasche)
• Antarctic marine ice sheet cycles (Natalya Gomez and Peter Huybers)
• Losing Milankovitch (Jake Gebbie and Kerim Nisancioglu) - Simulating the relative impact
of NH and SH ice sheets on deep sea sediment isotope records on glacial timescales
Social Activities
The social aspect is an important part of the summer school. Upon arrival, the students
were met with an ice breaker to get to know each other before the program commenced
on Monday. During the first week, we had an international evening, where all students and
lecturers had been asked in advance to bring along a food or snacks from their home
country. In addition to the two scientific fieldtrips the participants took advantage of the
spectacular location for hiking during the lunch breaks.
The evenings were often busy with the students working on summarizing the day’s lectures
and working on the group projects, but still this did not prevent socializing. The evenings
were also filled with and international movie screening, guitar playing, poetry sessions,
sauna and chatting. In addition, the snow arrived while we were there, so the students and
lecturers went together to make a snow man and playing in the snow.

Photo: Dipayan Choudhury, Stefanie Semper, Tianyi Sun, Matthew Henry.
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Finse, Hardangervidda National Park, Norway, 17th – 28th September, 2018
Dear participants!
Welcome to the Advanced
Hardangervidda National Park!
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The summer school is the tenth summer school organized jointly by the Bjerknes
Centre for Climate Research and the University of Bergen in collaboration with North
American and Canadian partner Universities.
The main focus for the next two weeks is to mix students and lecturers with
empirical/proxy and dynamical training within climate science and focus on
understanding hemispheric asymmetries in the climate system, based on theory,
models, observations, and proxy data. This will be achieved through a mixture of
fundamental and advanced lectures together with student presentations and
discussions.
This year the school is based at the remote Research Station located on Finse in
Hardangervidda National Park, providing a unique location for field excursions and
hiking in the Norwegian mountains.
We hope that you will enjoy your stay, and have a stimulating, fun and interesting
summer school!

Sincerely,
Kerim Nisancioglu, Øyvind Paasche & Iselin Medhaug
(University of Bergen)
On behalf of the ACDC steering committee:
Kerim Nisancioglu, David Battisti, Tore Furevik, Patrick Heimbach, and Jake Gebbie.

Hardangervidda National Park
The area surrounding Hardangerjøkulen, a plateau glacier with a number of outlets, is a
protected area bridging the larger Hardangervidda National Park to the south, which was
established in 1981, and Hallingskarvet National Park being both smaller and younger.
Finse Research Station, which will be our home for 14 days, lies in the protected area with
a splendid view of Hardangerjøkulen. The landscape around Finse covers altitudes from
around 1100 to 1800 meters and can climatically best be describes as semi-maritime with
surface annual air temperatures of -2.1°C and mean annual precipitation of just over 1000
mm. Most of the precipitation comes in the fall whereas temperatures peaks in July and
August with just over 5°C.
A key feature in this landscape is the over 70km2 ice cap – Hardangerjøkulen – which has
been present for the last 5000 years or so. A number of large moraines constrain past
history all the way back to the last deglaciation when the once large ice sheet covering
most of Fennoscandian extended all the way to the shelf off the western coast of Norway.
Scattered sediments and alpine vegetation are also impacted by permafrost processes.
During field excursions and during our over-night stay in field you will get a better
understanding of how glacial and permafrost process can shape and impact such
landscapes at large and small scales and how all this relates back to climate variability on
shorter and longer timescales.

Train station

Research station

SUMMER SCHOOL PROGRAMME
Sunday 16th of September
Participants arrive by train from Bergen to Finse at 18:18, or from Oslo S to Finse at
19:57. From Finse train station we will walk the ~1.5 km to Finse Alpine Research Center,
where the summer school will be based. There will be an icebreaker and a late dinner at
the research station.
International evening
To celebrate all the nationalities represented at ACDC, we ask all participants to bring a
food item (e.g. a cheese, jam, chocolate, biscuits, a drink etc.) from their home country to
share during one evening of the course. There will be kitchen facilities available if someone
wants to prepare something special. Note that there is no store at Finse.
Friday 28th of September
The summer school program will end in the afternoon on Friday the 28th of September. We
will walk to the train station and be there in good time for the train departures to Oslo S at
14:34 and to Bergen at 16:22.
Contact acdc@uib.no for details on transportation arrangements.

Venue - Finse
The Finse Alpine Research Center is idyllically located with Finsevatnet to the west and
Hardangerjøkulen to the south-west. The research station and it belongs to the faculties
of mathematics and natural sciences at the universities of Bergen and Oslo and was built
in 1972 with the intent of doing research in the area. It now attracts both Norwegian and
international biologists, geologists, geophysicists and other researchers for fieldwork in
the area. The conference unit (where we will stay for the next two weeks) was completed
in 1996 and sleeps 42 people.
Fun-fact about Finse: In 1979, the Star Wars movie “The Empire Strikes Back” was
partially filmed at Finse. Finse represents the snow planet “Hoth” for thousands of Star
Wars fans. It serves as a meaningful place for them, even today.
Enjoy your stay!

GENERAL INFO:
Each day will start with summaries of the previous days lectures prepared by groups of
students. This ensures that the main topics are understood and give the opportunity to pick
up on any unanswered questions/topics.
In afternoons of the first, week we will have time slots for short presentations by each
student, where you can show a few slides (8 minutes and maximum 8 slides) describing
your PhD work, or current research topic.
There will be the opportunity to join small projects together with a few of the lecturers during
the summer school. This will be organized during the first week and the results from the
group projects will be presented on the last day of the school.
Part of the time during the last two days of the summer school will be used to prepare a
written summary/discussion of the main findings/conclusions of the summer school. This
will later be submitted to an appropriate journal by the students.
As in previous years we encourage the students to submit a proposal for a session at EGU
or AGU focusing on the main topics of the summer school.
You can find all the daily summaries and the final submitted paper from previous summer
schools on the ACDC www site.
First week:

Morning

Monday 17th

Tuesday 18th

Wednesday 19th

Thursday 20th

Friday 21st

Saturday 22nd
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Group Projects
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Topical 1

Core 7

Field

Core 4

Core 6

Field lecture

Topical 2

Sunday 23rd

Monday 24th

Tuesday 25th

Wednesday 26th

Thursday 27th

Friday 28th

Core 8

Field

Topical 3

Topical 5

Topical 6

Discussion

Group work

Field

Topical 4

Group work

Topical 7

Summary

Group work

Field

Group work

Group work

Topical 8

Departure

Afternoon Core 2

Second week:

Morning

Afternoon

Safety:
Please be aware that each participant is responsible for bringing appropriate personal gear
for hiking (see ACDC www site). Each day we will have sign-up sheets where you are
required to note your destination and estimated return when out hiking. Remember to
always bring a partner and emergency gear. Mountain weather changes quickly, trails can
be challenging to find, and there might not be cell phone reception.

17th – 22nd September: Fundamental lectures on core topics
2 x 45 min lectures including 15 min for coffee, questions and discussion.
Monday 17th of September (day 1)
08:00-9:00: Breakfast (and preparation of packed lunch)
09:00-10:00: Opening of summer school, presentation of program, and introduction
of students and lecturers as well as group projects – Kerim H. Nisancioglu
(University of Bergen)
10:00-11:30: Core Lecture 1: Atmosphere (2 x 45 min)
Hemispheric Asymmetries in climate: the role of land and topography
David Battisti (University of Washington)
•
•
•
•
•
•

Observations: SST, surface air temperature, storm tracks, tropical precipitation,
etc.
Reasons to expect hemispheric asymmetry
The role of land (zonal transport)
The role of land and orography
Stratosphere – the ozone hole
The annual (!) cycle in the tropics

12:00-15:00: Lunch and free time (to hike, talk and work on summaries and group projects)
15:00-16:30: Core Lecture 2: Cryosphere (2 x 45 min)
North-South asymmetries – as seen in deep ice cores
Bo M. Vinther (Centre for Ice and Climate, University of Copenhagen)
•
•
•

Ice sheet changes
Ice core data and proxy records
Synchronization of ice records

17:00-18:30: Short research presentations by summer school students (5 x 8 min)
19:00: Dinner

Tuesday 18th of September (day 2)
8:00-9:00: Breakfast
09:00-10:00: Short summaries of previous day’s lectures by students (2 x 20min)
10:00-11:30: Core Lecture 3: Paleo (2 x 45 min)
A brief crash course in marine sedimentary proxies
Jessica Tierney (University of Arizona)
•
•

Organic geochemical proxies in sediments and what they contribute
Tropical zonal asymmetry in paleoclimate (examples: ice ages and GHG forcing)

12:00-13:00: Lunch
13:00-17:00: Afternoon field trip
Field trip to the glacier foreland of Blåisen
Øyvind Paasche (University of Bergen)
•
•
•

Identify landforms that can be related to specific glacier processes
look at ‘threshold lakes’ and discuss their purpose
map moraines in glacier forelands using maps and GPS

19:00: Dinner (outside if weather permits)

Wednesday 19th of September (day 3)
8:00-9:00: Breakfast (and preparation of packed lunch)
09:00-10:00: Short summaries of previous days lectures by students (2 x 20min)
10:00-11:30: Group projects
Introduction to group projects
•
•
•

ACDC lectures will introduce ideas for group projects
Student are encouraged to join a group, discuss the focus, and together plan the
coming days (each group will be guided by 1-2 lecturers).
This year’s student projects include:
o Simulating past history of local mountain glaciers
o Times series analysis of proxy records
o Outreach event with local schools

12:00-15:00: Lunch and free time (to hike, discuss and work on summaries and group
projects)
15:00-16:30: Core Lecture 4: Radiation (2 x 45 min)
Breaking Milankovitch symmetry
Peter Huybers (Harvard University)
•

•
•
•

Forcing
• Symmetric: CO2, volcanic (usually), solar
• Asymmetric: internal variability
• Radiative forcing and imprint (symmetric vs asymmetric)
Response of land and sea ice to orbital forcing
Role of land – ice ages
Seasonal cycle

17:00 – 18:30: Short research presentations by summer school students (5 x 8 min)
19:00: Dinner

Thursday 20th of September (day 4)
2 x 45 min core lectures including 15 min for coffee, questions and discussion.
8:00-9:00: Breakfast (and preparation of packed lunch)
09:00-10:00: Short summaries of previous day’s lecture by students (2 x 20min)
10:00-11:30: Core lecture 5: Cryosphere (2 x 45 min)
Asymmetries in sea ice
Cecilia Bitz (University of Washington)
•

•

Life cycle of sea ice and snow on sea ice.
• How does it grow and melt?
• Do deformation, transport, and surface waves matter?
• Is sea ice the amplifier of climate change?
• How does sea ice influence Earth’s energy and moisture budget?
Controls on differences in Arctic and Antarctic sea ice mean state.
• One ocean is stably stratified except near the edge, and the other has
strong ice-ocean exchange throughout with upwelling circumpolar deep
water and bottom water production on the shelf.
• What aspects of the ocean’s geometry and Earth’s insolation control these
differences?

12:00-15:00: Lunch and free time (to hike, talk and work on summaries and group
projects)
15:00-16:30: Core lecture 6: Ocean (2 x 45 min)
How ocean circulation breaks zonal and meridional symmetry
Jake Gebbie (WHOI)
•
•
•
•
•

Climatology of the modern ocean
North Atlantic vs North Pacific deep water formation
Ocean Heat transport asymmetries
Topographical constraints/short Africa, etc.
Bipolar seesaw

17:00-17:30: Short research presentations by summer school students (5 x 8 min)
19:00: Dinner

Friday 21st of September (day 5)
1 x 60 min topical lecture including questions and discussion.
8:00-9:00: Breakfast (and preparation of packed lunch)
09:00-10:00: Short summaries of previous day’s lectures by students (2 x 20min)
10:00-11:00: Topical Lecture 1: Ocean (1 x 60 min)
The ocean’s role in the changing Arctic - Teleconnection and prediction
Tore Furevik (University of Bergen)
•
•
•

Mechanisms for summer sea ice loss
Mechanisms for winter sea ice loss
Feedbacks involving ocean, sea ice and atmosphere

12:00-15:00: Lunch
15:00-16:00: Topical Lecture 2: Field lecture (1 x 60 min)
How can we tell how glaciers vary over time?
Øyvind Paasche (University of Bergen)
•
•
•

Different types of evidence and sources of uncertainty
Spatial and temporal patterns over the last 10 ka
North vs South

17:00-18:30: Short research presentations by summer school students (5 x 8 min)
19:00: Dinner

22nd – 28th September: Topical Lectures
1 x 60 min lectures with 30 min for coffee, questions and discussion.
Saturday 22nd of September (day 6):
8:00-9:00: Breakfast (and preparation of packed lunch)
09:00-10:00: Short summaries of last two lectures and field trip by students
10:00-11:30: Core Lecture 7: Ocean (2 x 45 min)
Asymmetry of sea level changes
Natalya Gomez (McGill University)
•
•
•

Post glacial sea level physics and modeling
Paleo sea level changes on a range of timescales (meltwater pulses, glacial
cycles)
GIA and role of the solid Earth
• Asymmetry in Earth structure and rheology
• Implications for interpretation of ice, sea level and GNSS records

12:00-15:00: Lunch (and time to hike, talk and work on summaries and group projects)
15:00-16:00: Topical Lecture 2: Cryosphere (1 x 60 min)
What is polar amplification?
Cecilia Bitz (University of Washington)
•
•

Post glacial sea level physics and modeling
Paleo sea level changes on a range of timescales (meltwater pulses, glacial cycles)

16:30-17:00: Coffee
17:00-18:00: Short research presentations by summer school students (3 x 8 min)
19:00: Dinner

Sunday 23rd of September (day 7)
1 x 60 min lectures with 30 min for coffee, questions and discussion.
8:30-9:30: Breakfast (and preparation of packed lunch)
10:00-11:00: Short summaries of previous day’s lectures by students (2 x 20min)
10:00-11:30: Core Lecture 8: Paleo (2 x 45 min)

•
•
•
•
•

Asymmetries in climate - role of bathymetry
Kerim H. Nisancioglu (University of Bergen)
50 million years of climate change
Greenhouse to icehouse transitions
The role of ocean seaways
Cooling and glaciation of Antarctica
CO2 threshold for glaciation

12:00-15:00: Lunch (and time to hike, talk and work on summaries and group projects)
16:30-17:00: Coffee
17:00-19:00: Dedicated time to work in groups on projects.
19:00: Dinner

Monday 24th of September (day 8):
8:00-9:00: Breakfast (and preparation of packed lunch)

Weekend fieldtrips
We will leave for field after breakfast on Monday and return late in the evening? Note
that we will be outside all of the time so please check the packing list carefully (see
below).
During this trip students will learn to do some basic mapping of sedimentary deposits
and landforms and how they can be connected to various glacial and non-glacial
process. We will separate into different groups that will seek to map out past positions
of two outlet glaciers. Will focus our investigation on the local glacier forelands.
Please prepare lunch, including a thermos and a water bottle (water can be refilled
during the trip). Make sure to bring everything you need for a full day outside, keeping
in mind that weather in the mountains of Norway can change from sunshine to snow
also in the summer.
Packing list:
• Sleeping bag and mattress
• Small tent (if you have)
• Wind and waterproof clothing (jacket and trousers)
• Warm (several layers instead of thick) clothes
• Hat, scarf and mittens
• Lunch box, water bottle, thermos
• Plate, cup, fork, spoon and knife
• Camera
• Sunglasses and sun screen
• Backpack
• Proper hiking boots
• Mosquito repellent
If weather permits, we will have lunch outside prepared by our outstanding ACDC chef
Kristian Tinnen.

Map of hiking area

Tuesday 25th of September (day 9)
1 x 60 min lectures with 30 min for coffee, questions and discussion.
8:30-9:30: Breakfast (and preparation of packed lunch)
10:00-11:00: Short summaries of previous day’s lectures by students (2 x 20min)
11:00-12:00: Topical Lecture 3: Atmosphere (1 x 60 min)
The robust response of tropical precipitation to a potpourri of forcings
David Battisti (University of Washington)
•
•

Whether it be greenhouse gas, Volcanic aerosols, ice sheets, Heinrich events, or
precession: is the zonal average response meaningful?
Aside: the response is sensitive to biases in models

12:30-15:00: Lunch (and time to hike, talk and work on summaries and group projects)
15:00-16:00: Topical Lecture 4: Forcing (1 x 60 min)

•

Is CO2 a leader or laggard?
Peter Huybers (Harvard University)
Holocene bipolar symmetry: internal variability, solar, volcanic, CO2

16:30-17:00: Coffee
18:00-19:00: Dedicated time to work in groups on projects.
19:00: Dinner

Wednesday 26th of September (day 10)
1 x 60 min lectures with 30 min for coffee, questions and discussion.
08:30-09:30: Breakfast (and preparation of packed lunch)
10:00-11:00: Short summaries of previous day’s lectures by students (2 x 20min)
11:00-12:00: Topical Lecture 5: Ocean (1 x 60 min)
Inverting the ocean “borehole” for climate asymmetry during the Little Ice Age
Jake Gebbie (WHOI)
•
•
•

Fast and slow transient responses in the deep ocean
N/S deep water asymmetry
Inverting for the spatial pattern of the Little Ice Age

12:30-15:00: Lunch (and time to hike, talk and work on summaries and group projects)
15:00-16:00: Dedicated time to work in groups on projects
16:30-17:00: Coffee
17:00-19:00: Dedicated time to work in groups on projects
19:00: Dinner

Thursday 27th of September (day 11):
1 x 60 min lectures with 30 min for coffee, questions and discussion.
8:30-9:30: Breakfast (and preparation of packed lunch)
10:00-11:00: Short summaries of previous day’s lectures by students (2 x 20min)
11:00-12:00: Topical Lecture 6: Ocean (1 x 60 min)
Future sea level
Natalya Gomez (McGill University)
•
•
•

Contributions to and uncertainty in future sea level projections
Ice sheet response to future climate warming: Mechanisms, feedbacks and
associated sea level changes
Insights from (and asymmetries in) paleo and modern

12:30-15:00: Lunch (and time to hike, talk and work on summaries and group projects)
15:00-16:00: Topical Lecture 7: Cryosphere (1 x 60 min)
(A)symmetry of Norwegian and Greenland fjords
Kerim H. Nisancioglu (University of Bergen)
•
•
•

Retreat of fjord glaciers on Greenland and Norway since the Little Ice Age
Resolution and uncertainties in glacier reconstructions
Centennial Patterns and shared features

16:15-17:15: Topical Lecture 8: Cryosphere (1 x 60 min)
Interhemispheric glacier (a)symmetries
Øyvind Paasche (University of Bergen)
•
•
•

Observations and glacier (a)symmetries during the Little Ice Age
Observations and glacier (a)symmetries during the Neoglacial
Long-term trends in ELA diverge

17:00-19:00: Dedicated time to work in groups on projects
19:00: Dinner

Friday 28th of September (day 12)
Pack your personal gear and empty your room
8:30-9:30: Breakfast (and preparation of packed lunch)
9:30-10:30: Short summaries of previous day’s lectures by students (2 x 20min)
10:30-12:00:
Presentation of group projects (20min each)
•
•

Students present their group projects.
Discussion, feedback and outlook.
Preparation of short summary article and conference session

•
•

Students will be in charge of preparing an article summarizing the main findings
and conclusions of the summer school (see previous years for examples).
Planning of AGU/EGU session convened by ACDC participants.

12:00-12:30: Summary and Evaluation – David Battisti and Kerim H. Nisancioglu
12:30-13:00: Lunch
13:00-15:00: Cleaning of the station (everyone)
15:00: Departure for the train station (on foot)
15:58: Train departure for Bergen
16:22: Train departure for Oslo

Phone numbers and email:
Emergency: 110 (Fire), 112 (Police), 113 (Ambulance)
Iselin Medhaug: +47 938 44 952 (Iselin.Medhaug@uib.no)
Øyvind Paasche: +47 930 48 919 (Oyvind.Paasche@geo.uib.no)
Kerim Nisancioglu: +47 980 49 414 (Kerim@uib.no)

Photo: Finse Alpine Research Station

Results from the evaluation of ACDC 2018
KEYS TO ANSWER

Ns

1

2

3

4

5

Don’t know/Not
applicable

Strongly
disagree /Very
bad

Disagree/
Bad

Neutral/
OK

Agree/
Good

Strongly agree/ Very
good

Ns
A – Before the beginning
A1 Information received before registration
A2 The registration process was effective and efficient
B – Aim pursued in participating in the school
B1 Interest in your general training
B2 Complement to your university degree
B3 Updating knowledge
B4 Demand or requirement of your university
B5 Improving your CV
B6 Networking
C – Development of the courses
C1 The level of the courses, in general, could be easily followed
C2 The lectures were well structured and clear
C3 The lectures were interesting and stimulating
C4 Lecturers were approachable and responsive to students' needs
C5 The length of the lectures has been adequate
C6 The program you have received have been a good and useful guide
C7 The timetable has been properly publicized
C8 The preassigned literature was useful
C9 The time management was good
C10 The quality of learning experience from the student projects was good
D – Global assessment of the school
D1 On the whole you are satisfied with the level of training gained
D2 I have clear understanding of how the school courses fit into my research
D3 The school was what I expected, based on the stated aims and objectives
D4 During the school I was able to develop professional relationships and
networks
D5 Overall rating of the courses is good
D6 Information about the school and its general organization was good
D7 The quality of practical arrangements was good
D8 You will recommend the school for other students
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Additional feedback – recommendations for future summer schools
What worked?
Most! Letting people get involved and know each other. Broadening the view by teaching very different
topics.
Easy to approach lecturers, awesome locations, wonderful students (I've never been in a room with such a
high fraction of fantastic people, just on a personal, not even science, level)
Most things! I really appreciated how informal the school was. The tone from the instructors and organizers
from the beginning always focused on learning in a stress-free environment.
Group activities are invaluable.
Everything - what a wonderful course. I learned so much and had such an amazing time.
Student Summary.
Organization, field work, interaction with lecturers, network and food.
Most of the things. Thank you very much for such an amazing learning experience!
Living together in a close environment and sharing responsibilities. Working on team projects together in
different teams, allowing us to get to know each other and work with people from different backgrounds
(scientific and otherwise). The professors gave excellent lectures and set a great example for the students in
terms of creating a relaxed environment. This allowed us to focus purely on the content and science, rather
than worry about being judged, which (I think) led to our greater understanding of the lectures and projects. I
am also glad we made the effort to do field work despite the bad weather. The food was awesome, even for
the vegetarians, which is often not the case at workshops like this.
I absolutely loved summer school! I think everything was really well done and I learned so much. The
lecturers were fantastic and my fellow participants were also wonderful. It was very easy to get to know
everyone because we all lived together and worked together every day.
This was a phenomenal experience. I really liked how much I got to get to know other students from all over
the world doing lots of different things. There was a lot of mixing of student groups. The lecturers were
engaging and willing to answer questions about science and otherwise. Students were supportive of one
another and created a healthy learning environment where we were rewarded and encouraged to ask
questions. Overall this was extremely useful for me and reinvigorated my interest in staying in the sciences.
The combination of fieldwork and lectures was great. As a modeler I really enjoyed gaining this experience.
This experience of open communication and collaboration represents what is so great about the sciences.
Thanks so much for making this summer school possible. It was a great experience.
This was my first summer school and this has surpassed all my expectations. I loved the combination
between lectures and field work, and the involvement of all the lecturers and students!
Adjustments: It was good to have the evaluation after the first week, the lecturers really adjusted their
lectures for the second week and talked about things we wanted to know/that had been missing.
Atmosphere: It was great to have the research station just for ourselves, and that students and lecturers
mixed in a very natural way.
I had a truly wonderful time in Finse. I learned a lot of science and made strong connections with fellow
students and the faculty.

The atmosphere was very conducive to good interactions between students and between students and
faculty. I think I have never been in such a good classroom environment, nobody was afraid to ask stupid
questions and ask for clarification. I felt very comfortable.
The mix of empirical and modelling science was fruitful. I learned a lot about the challenges of fieldwork.
And, I know other students learned more about models.
I will very highly recommend this summer school to fellow climate science students, I had an unforgettable
experience. A big thank you to the organizing team!
I voted down the timetable question because we often did not follow it but I think the flexibility we had was
great. It also makes sense to adapt fieldwork to the weather conditions and adapt lectures to students'
interests (who knew trolls could be so interesting?).
This summer school was a really inspiring and motivating workshop. I can honestly say that this was the
most fun I've had in science so far! It was great to get to know all the other students and lecturers. Everyone
was really friendly and interested in having discussions about all sorts of things. I really liked the shared
kitchen and bathroom cleaning duty although that might sound weird but I think it contributed to the whole
workshop having a very homely atmosphere and everyone being comfortable around each other. I absolutely
loved the location with the amazing nature surrounding the research station.
It was great to work on the group projects together in the afternoons / evenings sitting around the fireplace
and discussing our results etc. with our team leader/with each other. I'm truly grateful for this wonderful
experience!
The school is motivated really well. We do science all week, we network with professionals at all different
career stages, we stay in the most remote and beautiful location, AND we do field work!
Great, approachable lecturers, and strong/interesting + varied program.
Informal atmosphere with opportunity to interact with lecturers, shared responsibility for cleaning etc., student
reviews of lectures, group projects.
The atmosphere of accepting people for what they do and don't know. The openness between lecturers and
students. The mixture of intensive work and great fun in and outdoors. Adjustment of the schedule after
feedback from students. Great school!

What could be done differently?
It would be nice to see a frequently updated timetable. It is totally understandable that the schedule will
change even daily, but having some central schedule (e.g. on the chalkboard) would let us know what's
coming. I sometimes found myself waking up having no idea when or what was happening.
More time on the last day
Minor suggestions concerning time management: it was generally really good but sometimes we had student
summaries for 1 hour instead of 20-30 minutes and in that case maybe the discussions dragged on for too
long. Also, I would have preferred not to have student summaries plus project presentation plus final
cleaning on the last day so maybe it would be possible to have the last summaries on the next to last day
and then only time for the group projects or field work

Meal times could be distributed more evenly - lunch was earlier and dinner was often later so a lot of people
got very hungry
Interaction with lectures could have been more organized, rather than relying on individuals' self-initiated
efforts.
More heterogeneous students and possibly less topics during the summer school (more focus on specific
aspects)
It would be nice to have only one paper to read per lecturer or emphasize which paper would be most
important.
Maybe be clearer in advance about how the papers are linked to the lectures.
More compact lectures with fewer slides, shorter reading list more clearly linked to lecture material.
I could have been better prepared for some of the lectures. I would suggest posting some background
information for each lecture and one paper per lecture or lecturer. Having a long list of papers made it hard
to know what to prioritize.
Preassigned literature: Indicate one paper which is the main paper for a lecture and assign the papers to the
different lectures more clearly.
Balance: My student project was very exciting, but there could be a better balance in total (one field based
vs. four modelling projects this year).
Be more informative on the website...be specific maybe? about the gears? before we sign up
Maybe a bit more information before registration about what to expect concerning the outdoor stuff.
Personally, I loved the hiking but I could imagine it might not have been 100% clear to everyone what degree
of hiking/outdoor activities to expect. However, it's possible that I didn't notice the information on the website
because I had heard about the summer school from someone who went last year and therefore I already
knew about the camping and hiking.
Prepare students better for the field components.
I think giving more information about the physical demands of the class on the website would be good. I also
think getting the program a bit earlier would have been helpful. I didn't feel like I had enough time to read the
suggested readings before I got here which may have been helpful. Perhaps slightly fewer lectures in the
second week and more time to work on student projects. There could be more representation of students
from the southern hemisphere. Perhaps also having a conversation at the beginning or middle of the
summer school about having students reflect on who is taking up speaking space. I noticed that there were
some students who tended to dominant the discussions which was not necessarily a problem, but it would
have been nice to hear from less outgoing students. So maybe having everyone reflect on how much they
are talking.
Implement some of the suggestions given in the diversity and inclusiveness discussion.
It would have been nice to have had time to cook meals with Kristian.
Scheduled free time: an hour per day in which all would exercise/yoga/listen to music/dance.
Also, I very much enjoyed interacting with the Norwegians. I would suggest having a higher number of local
students, if possible.

It was suggested to include 1-2 days downtime during the week as the lecture and field schedule was too
intensive and gave no dedicated time to recuperate in-between actives. It was pointed out that having tired
students and lecturers working hard for two weeks straight might not give an optimal learning experience and
could be an issue for anyone who need mental health time to recuperate. (this posted was edited to remove
personal references).

Lecture summaries
Fundamental lectures
David Battisti – Hemispheric asymmetries in climate: the role of land and topography
Summarized by: Alessandro, Marysa and Matthew
Hemispheric asymmetries in climate are driven by a variety of causes, but most of these
have something to do with the arrangement of the land and the oceans. Land has a
substantially lower heat capacity than the ocean, and as such, has a much larger seasonal
variability in temperature. The northern hemisphere has more land than the southern
hemisphere; as such, the seasonal temperature variability of the northern hemisphere is
larger than that in the southern hemisphere. Topography and orography also play a role in
creating asymmetries; high elevation land masses, such as the Andes and the Tibetan
Plateau, are much cooler than lower land masses at the same latitude, introducing
asymmetries both zonally and latitudinally. Zonal temperature anomalies are also created
by the existence of continents. For example, strong easterly winds in the sub-tropics move
across warm land masses, which themselves have strong upwards motion. The rising air
over the continent eventually subsides to the west of the sub-tropical continents (because
of the mean easterly flow); this subsidence supports the large semi-permanent cloud decks
along the western edge of the subtropical continents. These cloud decks reflect sunlight,
thus the sea surface temperatures below them are much cooler than the sea surface
temperatures at similar latitudes away from the continents.
Continental configuration plays a large role in controlling ocean circulation, and in particular
the wind-driven near surface circulation of the ocean, which controls the majority of ocean
heat transport. Ocean heat transport in the Atlantic is much more efficient towards the north
- one potential explanation for this is the current arrangement of the tropical Atlantic
coastlines.
The mountains in the northern hemisphere slow down the prevailing eastward winds, which
reduces the coriolis force and reduces the pressure gradient. This explains the lower sea
level pressure in the southern hemisphere. In a climate simulation without mountains, the
northern hemisphere looks like the southern hemisphere.
Bo Vinther – North-South asymmetries in deep ice cores
Summarized by: Stefanie, Holly and Marianne

Ice cores are used to reconstruct the past climate up to glacial timescales (120 ky in
Greenland, 800 ky in Antarctica). The major advantage of ice cores is that the climate
proxies are contained in the same location and on the same time scale. We can measure
greenhouse gases such as CO2 and CH4, physical properties like conductivity, or dust
deposition and stable isotopes like δ18O.
δ18O is a widely used proxy for temperature: It is preferentially the lighter isotope (16O) that
evaporates and the heavier (18O) that precipitates. Thus, the air becomes gradually more
depleted in 18O on the way from the evaporation site in the subtropical ocean to the
deposition site on the ice sheet. The atmosphere is colder in winter (or glacial periods) and
can hold less water vapor than in summer (interglacials), resulting in an even more depleted
layer. This fractionation of oxygen isotopes resolves seasonal (glacial) cycles.
While an ice core provides information on the local past climate, combining several cores
from different sites in the two hemispheres offers a more global perspective on climate and
allows for an investigation of hemispheric asymmetries. A common way to synchronize ice
cores from Greenland and Antarctica is to use globally uniform signals, for example
greenhouse gases or ash deposits from major volcanic eruptions. A caveat of using
greenhouse gases is that the ice itself is older than the air bubbles trapped inside it. This is
because during ice formation, gas bubbles in the permeable firn layer at the surface are still
exchanged with the atmosphere. Quantifying this age offset is challenging.
Records of δ18O from the Greenland and Antarctic ice cores are anti-phased, indicating the
possibility of hemispheric coupling (i.e. bipolar seesaw). For example, the ‘Dansgaard–
Oeschger’ events (rapid warming followed by gradual cooling during the last glaciation)
found in Greenland ice cores appear to be out of phase with Antarctic temperatures. The
mechanism of this lead-lag relationship between the two hemispheres is still subject of
scientific debate.
Jessica Tierney – A brief crash course in marine sedimentary proxies
Summarized by: Jessica, Timothy and Dipayan
Paleo-oceanography relies on approximations of ocean temperatures to reconstruct the
Earth’s past climate on timescales of 100 thousand to 100 million years. These proxies are
often based on biological remains which can be sifted from ocean floor sediment. Here, the
biological and chemical bases for two of such proxies are summarized.
A common proxy for temperature is !18O, allowing for reconstructions to 115 Ma. !18O is
computed from the ratio of 16O and 18O which exists in the calcite (CaCO3) based shells of
the amoeboid foraminifera. While the ratio of these isotopes is to first order a function of
temperature, allowing for it to be used as a temperature proxy, factors such as the
surrounding seawater !18O concentration and pH can add complications. Therefore, it’s
useful to use other temperature proxies in conjunction with !18O.

Alkenone proxies are obtained from the lipid membranes of coccolithophores and serve as
an independent estimate of temperature. At colder conditions, the number of double bonds
in the lipid membrane increases, which lowers its melting point and makes the organisms
‘more fluid’. It is measured as the ratio of the quantity of lipids containing two double bonds
to the total lipids containing two and three double bonds. Higher values of this ratio
represent warmer temperatures.
As CO2 increases now and in the future, there is debate as to how the tropical Pacific
atmospheric circulation will change. Both the empirical Clausius-Clapeyron relation and
model simulations predict that humidity increases in a warming climate; however, models
do not show a corresponding increase in precipitation, implying that either the Walker
circulation or the Hadley cell must decrease in strength. Most models show a slow-down
in the Walker circulation. A competing mechanism is the ocean dynamical thermostat
(ODT), which is first described by Clement et al. (1996) from a relatively simple coupled
ocean-atmosphere model. Under this regime the eastern equatorial Pacific does not warm
as much as the western side under equally applied heat fluxes, as a result of increased
upwelling of cooler waters. The zonal SST gradient is therefore increased and the Walker
circulation intensifies.
An EOF analysis of modern reanalysis datasets shows EOF1 with a positive SST anomaly
in eastern Pacific, which would lead to a weaker west-east temperature gradient and thus
a weakening of the Walker circulation. However, EOF2 shows a negative SST anomaly over
eastern Pacific, which is suggestive of a stronger temperature gradient, thus resembling
the ODT mechanism and resulting in a strengthening of the Walker circulation. Because
this modern trend of Walker circulation change is ambiguous, we look to the past as an
analog for the future. For example, investigators use the mid-Pliocene (~3 Ma) as an analog
for the RCP 2.6 scenario because the Pliocene was in equilibrium at 400 ppm CO2 and had
a continental configuration similar to present. Model and data consensus suggests that the
Pliocene Pacific west-east gradient was weaker by around 1℃ implying a weaker Walker
circulation response to CO2 levels around 400 ppm.
Peter Huybers – Breaking Milankovitch symmetry
Summarized by: Andrew, Marilena and Sungduk
The orbital dynamics of the Earth can be decomposed into three parameters that change
both the magnitude and the seasonal and spatial variation of insolation arriving at the Earth:
obliquity, eccentricity, and precession. Obliquity is the tilt of the Earth’s rotation axis and
has an effect that is symmetric between northern (NH) and southern hemispheres (SH). A
high obliquity increases the seasonality. Eccentricity parameterises the shape of the orbit
around the sun and has a small effect on total insolation. However, the eccentricity (e)
combined with the point on the orbit when spring equinox occurs gives a parameter, which
has a strong, north-south asymmetric, effect on insolation and therefore climate. This is the
climatic precession p = e*sin(w), with w angle between spring equinox and perihelion.

Maximum climatic precession occurs when NH summer occurs in perihelion (and SH
summer in aphelion).
Milankovitch theory asserts that a minimum in insolation due to the orbital parameters
during NH summer can lead to a glacial cold climate. The frequencies of all three orbital
parameters can be found in proxy records like marine sediment or ice cores. The spectral
analysis of proxy records (related to glacial variation) at different sites shows sharp peaks,
in both hemispheres, corresponding to climatic precession with the SH signal leading the
NH signal (ie. ice sheet minimum/maximum). This implies either that the forcing which
causes (de)glaciation acts on the NH and is then rapidly transported from the NH to the SH
or that the forcing acts directly on the SH. This SH forcing must be coincident with the time
of stronger northern summer and therefore with the time of weakest, but longest, summer
in the SH. Hence similar responses are observed in both hemispheres, but as a result of
two distinct mechanisms.
In the NH, deglaciation occurs through ablation and albedo feedbacks (e.g. melting ice and
exposing land surface) when there are a large number of positive degree days. In the SH,
deglaciation correlates with highest annual mean temperature, which due to the
nonlinearity of the Stefan Boltzmann law occurs for longer, cooler summers (because of a
greater sensitivity of temperature to insolation). Mountain glaciers (like Patagonia) can react
to a local insolation forcing that is not connected to a NH insolation low.
Cecilia Bitz – Asymmetries in sea ice
Summarized by: Tianyi, Katie, Sarah
Differences in sea ice between the poles: There are several differences in the sea ice
between the two hemispheres. One major difference is in the geography of each polar
region: the Arctic is an ocean surrounded by land, whereas the Antarctic is a continent
surrounded by ocean. The polar regions also differ in their response to a global warming
signal. Arctic sea ice loss is well correlated with global warming while the Antarctic sea ice
response to global warming is much more ambiguous. Currently, the Antarctic sea ice is
expanding in most regions and retreating in the Amundsen Sea area. Given these
differences, one might expect that different mechanisms drive the formation and physical
properties of the sea ice.
Sea ice formation and melt in a simple, snow-free model: In the winter, the atmosphere is
much colder than the sea water and the sea ice serves as an insulator between the two.
This temperature gradient draws energy through the sea ice and into the atmosphere. As
energy is drawn from the water into the ice, the sea water is cooled below its freezing point
and ice forms. In the summer, the atmosphere and the ocean are warmer than the ice,
warming both the surface and the base of the ice to its freezing point. Since the surface
and base are at the same temperature, there is no net flux through the ice and the sea ice
can melt from both the top and the bottom. While the growth rate of sea ice is inversely
proportional to its thickness, the melting rate is relatively constant. Thus, as sea ice

approaches an equilibrium thickness based on the temperature gradient between
atmosphere and water, it starts off growing much faster than it melts. As the ice gets
thicker, it insulates the sea water from the atmosphere more efficiently and the growth rate
slows down.
Theories about Antarctic sea ice: It is difficult to explain why the Antarctic sea ice extent
has been increasing, but various theories have been proposed. Observations of SSTs show
recent cooling in coastal Antarctica that is linked to the sea ice growth. However, most
climate models show warming across the Southern Ocean. One theory is that using high
resolution ocean and sea ice models that can resolve polynyas would allow for more
realistic heat flux out of the ocean, resulting in ocean cooling and thus sea ice expansion.
In short, using these high-resolution models does not resolve this issue. We also consider
if the ozone hole over the South Pole could lead to Antarctic sea ice expansion. The ozone
hole cools the stratosphere, which increases the pressure gradient in the atmosphere and
spins up the westerlies. This induces more Ekman drift of sea ice to the north, which would
allow for more sea ice expansion. At the same time, stronger Ekman pumping induces a
local overturning circulation that brings warm water to the coastal area, melting the sea ice.
The result of these two competing effects is inconclusive. Furthermore, the sea ice
expansion is observed to be larger after the ozone minimum. Another potential explanation
is the teleconnection from the cooling of the tropical Pacific leading to a deepening of the
Amundsen Sea low. The stronger cyclonic circulation associated with this low pressure
system increases the warm flow from higher latitudes into areas where sea ice is observed
to be retreating while increasing the cool flow from land into areas where it is expanding.
This theory is promising, but it does not explain the spatial pattern of sea ice change around
all of Antarctica.
Jake Gebbie – How Ocean Circulation Breaks Hemispheric and Meridional Symmetry
Summarized by: Wanying, Danielle, and Lucas
In the modern ocean, deep water is formed exclusively in the North Atlantic and near the
Antarctic continent. The processes that govern ocean dynamics in these regions are crucial
for understanding the circulation of the world’s oceans. Deep wintertime mixed layers are
an important feature of these localized sinking regions. Summertime warming “pinches off”
the portion of the mixed layer closest to the surface, while the deeper portion is mixed
down and contributes to the sinking which ventilates global ocean. This process is
important to the North Atlantic and the Southern Ocean, where strong wintertime winds
contribute to deep mixed layers. Antarctic sea ice formation generates cold, salty water
which also mixes down and forms Antarctic Deep Water.
These two components of the AMOC combine to form a highly asymmetric contribution to
poleward heat transport. While the Pacific basin has a fairly symmetric zonal mean
poleward heat transport, the Atlantic basin transports heat northward at all latitudes. This
has important implications for the global energy budget and represents a fundamental
asymmetry in Earth’s climate. Three hypotheses have been proposed that help explain the

sources of this unique circulation: P-E differences across basins, continental geometry, and
salt-advective feedbacks.
A prominent hemispheric asymmetry is the high salinity of the Atlantic compared to the
Pacific. The origin of this asymmetry, and its impact on the AMOC’s stability is a prominent
area of research. The freshwater budget for both basins indicate that the Pacific receives a
substantial amount of freshwater input from the Atlantic. While subtropical regions in both
basins have a net negative P-E balance, there are reasons to suspect that atmospheric
circulation acts to freshen the Pacific at the expense of the Atlantic.
Since the AMOC appears to be buoyancy driven, the salt budget is an important
consideration in determining the stability of this overturning cell. The paleo record does not
provide a conclusive answer to whether or not the AMOC is stable, and two hypothetical
salt-advective feedbacks exist that could determine the overall stability of the circulation.
The first is a net input of salt from the Indo-Pacific basin around the southern tip of Africa.
A net input of salt into the Atlantic would indicate an unstable circulation, the existence of
which is predicated on the poleward transport of high salinity water. If this pathway is
proven to be important to the AMOC, it would suggest that a possible shutdown of this salt
source would lead to a slowdown of the AMOC. The second pathway is a net freshening
of the Atlantic basin through cold, fresh water from the Southern Ocean. Because the net
impact of this pathway is to freshen the Atlantic basin, it suggests a stable AMOC that is
insensitive to changes in this component of the circulation.
Natalya Gomez – Asymmetry of sea level
Summarized by: Alessandro, Marysa and Matthew
The impacts of melting ice sheets on sea level rise are highly variable both spatially and
temporally, largely due to the interactions with the solid Earth. The meltwater associated
with a melting ice sheet does not result in spatially uniform sea level rise across the globe.
The Earth’s crust has visco-elastic responses to changes in ice sheets; the elastic response
is fast - almost instantaneous on the time scale of glacial cycles (a few days), while the
viscous response (much larger in magnitude) can last for thousands of years.
Ice sheets have a great deal of mass, and depress the Earth’s crust with their weight; in an
equilibrated system (when the ice sheet has been around for a long time) there isn’t a big
signal of the ice sheet on the gravitational field, because the mantle squishes out from
under the heavy ice and redistributes mass. However, when an ice sheet melts, the local
gravity weakens (and the Earth hasn’t had time to readjust most of the depression in the
crust). As such, though the water from a melting ice sheet melts into the ocean near the ice
sheet, the sea levels near the ice sheet actually go down. This is because the local strength
of gravity weakens; as such, there is comparatively less pull on sea water in the region local
to the ice sheet compared to far removed regions, so local sea levels decrease. Note that
this is not initiating a strong dynamic flow within the ocean - rather, think of it as a “sloshing”
of the ocean equilibrating in response to the new gravitational field. Additionally, the initial

elastic response of the rebounding crust from below the ice sheet will raise the sea floor
near the continent somewhat, leading to additional decrease in ocean depth. The
gravitational impact will continue until the long timescale viscous rebound is complete.
Note that when the ice sheet depressed the crust, there were peripheral “bulges” in the
crust around the ice sheet. Removing the ice sheet will cause these peripheral blobs to
subside, which can influence sea levels in those regions.
Ice sheets have a very large mass, and when they melt, that mass is distributed over a
much larger area (the whole ocean). This redistribution of mass can modify the axis of
rotation (by ~500m). Modifying the axis of rotation causes sea levels to adjust to the new
rotation, which causes water to “bulge” in the quadrants that the axis tilts into, and “flatten
out” in the quadrants that the axis tilts away from.
Ice sheets are naturally unstable when they sit on bedrock that gets deeper inland. If
oceanic or atmospheric warming causes the ice sheet to reach a reverse bedrock, this
would result in an increase of the ice thickness at the grounding line (the line where the ice
sheet goes afloat). Since the ice discharge is proportional to the thickness of the ice at the
grounding line, this process generates a positive feedback that accelerates the ice
discharge. However, the local sea level drop due to ice sheet mass loss can reduce the sea
level near the grounding line, allowing a seaward migration of the floating area of the ice
sheet. This would result in negative feedback that can reduce or even prevent the ice sheet
to retreat.
Kerim H. Nisancioglu – Asymmetries in climate - role of bathymetry
Summarized by: Stefanie, Holly and Marianne
The first glaciation in Antarctica and the Northern Hemisphere are thought to have occurred
around ~35 Ma (million years) ago and ~3 Ma ago, respectively. However, the exact timings
and the mechanisms of the glaciations are uncertain. Both glaciations coincided with
continental reconfigurations and a drop in CO2. In the following, we will summarise the most
widely accepted hypotheses which might have led to these two glaciations.
Just before the transition from Eocene to Oligocene ~35 Ma ago, both the Drake Passage
and the Tasman Sea opened as the South American and Australian continents split from
Antarctica. The Antarctic Circumpolar Current was formed, leading to an isolation of
Antarctica and stopping the ocean heat transport towards the continent. In addition, the
Tethys seaway closed, changing ocean circulation by weakening the local overturning cell
in the Southern Ocean. The reconfiguration of the continents could possibly also have
increased the weathering and thus the uptake of CO2 from the atmosphere.
The drop in CO2 during the transition from Pliocene to Pleistocene ~3 Ma ago is not as
dramatic as the change from Eocene to Oligocene. Model studies suggest that high CO2
levels during the Pliocene were linked to strong ventilation of the Southern Ocean, releasing
CO2 to the atmosphere. The main geological change during this epoch was the closure of

the Central American Seaway, which shut off the freshwater flux from the Pacific to the
Atlantic. Consequently, the North Atlantic salinified and the AMOC enhanced, resulting in
a warmer and wetter climate in Northern Europe. How and if this relates to the Northern
Hemisphere glaciation is still debated.
Field
Øyvind Paasche – How can we tell how glaciers vary over time?
Summarized by: Anais and Svenya
From discontinuous observations (back to the 17th century), it became more and more
obvious that glaciers were not static, even on such small scales. Hence, glaciers started to
be the object of more precise and continuous observations, which peaked with the satellite
data in the 1970s. By targeting the last glacial maximum, moraines are also good indicators
of past changes of bigger amplitudes. If they give information for time back to 0.5 Ma, the
signal is unfortunately highly discontinuous. For a more continuous record, lake sediments
are very good proxies.
As glaciers are very sensitive to climate changes, studying their evolution through time can
therefore help us to understand past climates. A combination of experimental studies of
several glaciers has shown a strong relationship between winter precipitation and summer
temperature at their equilibrium line altitude (ELA, defined as the altitude where inflow in
the accumulation zone balance outflow in the ablation zone). Glaciers with higher ELA
summer temperature have higher ELA winter precipitation rates to be in equilibrium. Thanks
to moraines and/or lake cores with known ages, the change in the ELA of a glacier through
time can firstly be deduced. Secondly, investigating the relationship between ELA change
and separately reconstructed temperature change can hence give information on past
precipitations, that is to say past climate conditions.
To get information about one glacier's history, one needs to understand its morphology.
Where does the melt water flow, and where does it discharge the sediment from the
glacier? Downstream of the glacier, a flat region is likely to trap sediments and a basin (lake)
would act to preserve the sediments. If such a lake exists, the layers of sediment can be
dated thanks to coring. For one event, the quantity of sediments indicates how big the
glacier was. In fact, the bigger the glacier, the more eroded the bedrock is.
However, one challenge remains: does the high frequency of a lake core actually capture
the glacier variability? We can learn a lot from lake cores, but one also need to be aware of
the uncertainties they contain. The signal can be filtered by comparing different lake cores
at the proximity of the same glacier, compare lake cores from different regions in a global
context, or cross these outputs with other proxies (moraines, temperature records). Finally,
the reliability of one core can be improved by checking that 1) the sediment in the lake
come exclusively from the glacier, 2) the lake trapped all of them.

Topical lectures
Tore Furevik – The ocean’s role in the changing Arctic
Summarized by: Rachel, Eivind and Anne
Arctic exploration started in the late 19th century with the ship Jeanette freezing into the
Arctic sea ice and drifting from the Barents Sea to Greenland in just a few years. Fridtjof
Nansen followed with his ship Fram, trying to reach the North Pole. Both excursions quickly
realised that sea ice drifts, complicating their journeys but providing oceanographers with
unique data.
Sea ice extent is reducing drastically and polar amplification leaves a strong positive
temperature anomaly mainly during the winter months. Reduced winter sea ice extent is
governed by changes in some important Arctic Ocean characteristics: a) The typical Arctic
stratification (cold, freshwater from runoff and sea ice melt onto warm, saline waters from
the Atlantic) is reduced, permitting melting from below, and b) extra summer heat is
absorbed from the atmosphere into the ocean delaying winter sea ice formation. As the sea
ice loss in winter mainly occurs in the Atlantic sector of the Arctic, research has focused on
this region. Besides that, Barents Sea surface air temperature warming is the strongest in
the world. Research in this region shows that SST anomalies in the North Atlantic propagate
to the Barents Sea, affecting sea ice extent and precipitation there. This causes a ~7 year
predictability of Barents Sea sea ice extent based on upstream ocean temperature
measurements. Exceptions of the predictability come from wind, driven in this region by
the North Atlantic Oscillation, which also has fluctuations on near 7 year cycles. From year
~2000, the typical Arctic stratification has been changing due to reduced freshwater input
from the North, allowing saline Atlantic water to flow further north. This may be an
irreversible process because it is a positive feedback loop with less sea ice bringing less
stratification causing more warm water to reach the north, causing less sea ice formation,
etc. The ice in the region is thinning, making it more susceptible to warm oceanic changes.
The northward retreat of the sea ice edge also causes major impact on ecosystems, for
example allowing cod to migrate further north and thrive in the Barents Sea. The
temperature increase around the Barents Sea and Svalbard is comparable to DO events,
as it is about 10 degrees C in a few decades, and the described positive feedback loop
could have played a role in both situations. The pronounced Arctic warming could also be
the source of Eurasian cooling events, although the exact mechanisms are debated.
However, sea ice loss alone cannot explain the tropopause warming that is needed to
create lower latitude effects. Transport of warm air masses to the Arctic, as well as heat in
water vapor add to the effect of sea ice loss (which can only explain 20-37% of the
atmospheric temperature anomaly above the Arctic). It is clear that the ocean has many
complex processes that affect sea ice and thereby has broader climate implications.

David Battisti – The robust response of tropical precipitation to a potpourri of forcings
Summarized by: Dipayan, Jessica, and Timothy
Investigation of (a)symmetric tropical precipitation response to different forcings is crucial
to understanding how the precipitation patterns are going to change in the future. This
requires understanding a few basic concepts. First some definitions:
•
MONSOON: The definition of monsoon has changed over time. It was initially
defined as seasonal changes in the convergence of winds that lead to seasonal patterns of
rainfall over land. The current consensus defines the monsoon as seasonal rainfall that
results from diabatic heating due to seasonal insolation changes. Under this definition,
rainfall occurs over regions with high Moist Static Energy (MSE), which is a function of both
temperature and humidity (at the same surface elevation).
•
ITCZ: The intertropical convergence zone represents a zone of wind convergence
over a band of warm SSTs in the tropics. Moist, warm air converges here, resulting in high
precipitation. Rather than a stationary band of rain, the ITCZ is a zonal band of westward
propagating disturbances (storm tracks) with a period 3-5 days.
The precipitation band associated with the ITCZ exists in the Northern Hemisphere (NH)
across most of the globe, except in the Indian Ocean and West Pacific. A simple global
energy balance model suggests that the net northward transport of 0.4PW of heat by the
ocean across the equator could account for this northward shift of the zonal mean ITCZ.
However, this heat transport can only account for a northward shift of the Hadley cell center
by 1.65˚. The ITCZ in the Pacific and Atlantic is much farther north than 1.65˚N, suggesting
that a mechanism other than oceanic heat transport is responsible for the off-equatorial
ITCZ shift. To better understand the interaction of climate and the ITCZ, output from a suite
of climate MIP (model intercomparison project) experiments were analyzed to evaluate
changes in the zonally symmetric and asymmetric components of the ITCZ. For instance,
volcanic forcing in the Southern Hemisphere (SH) cools the SH relative to the NH and leads
to a slight northward shift of the ITCZ, while applying a volcanic forcing to the NH shifts the
ITCZ slightly south. However, the regional differences, zonal asymmetry, in the ITCZ are
found to be much higher than the zonally averaged shift in the ITCZ.
The importance of investigating zonal asymmetry in tropical precipitation patterns is
highlighted by the theory that wet regions get wetter, and dry regions get drier under an
increased greenhouse gas scenario. This theory is corroborated by the zonal mean
precipitation increase around the equator; however, it breaks down under the zonally
asymmetric changes across the equator that show maximum precipitation increases on the
transition regions between wet and dry regions. A cautionary note: it’s important to account
for inherent biases in the model mean state before interpreting the ITCZ response to
different forcings. For example, introducing realistic topography over central America 1)
significantly reduces the SST biases over the eastern equatorial Pacific mitigating the issue
of double ITCZ noticed in the CCSM4 model and 2) leads to a different response of the
ITCZ to precession forcing.

Peter Huybers – Co2 leads/lags during terminations
Summarized by: Andrew, Marilena and Sungduk
From ice and marine sediment cores we see that the temperature changes at the beginning
and at the end of a glacial period coincide with a decrease/rise in CO2. The ocean stores a
large amount of carbon and interacts with the atmosphere on timescales that fit the sudden
changes during terminations, therefore the oceans could act as a CO2 storage during glacial
and release CO2 to the atmosphere during terminations.
The Southern Ocean is a location of deep sea ventilation, therefore CO2 exchanges
between ocean and atmosphere are likely to happen here. CO2 can be drawn down into
the ocean via the biological pump. Biological activity in the Southern Ocean is limited by
iron, since iron is not contained in the upwelling deep water.
One external source of iron is dust transport, which is higher during glacial due to higher
aridity and winds. High dust deposition rates in Antarctic can be extracted from ice cores
and compared to atmospheric CO2 values. High dust deposition coincides with low
temperature and low atmospheric CO2 values which could be due to a stronger biological
pump during glacials.
Extended sea ice around Antarctica can decrease the exchange of CO2 between the ocean
and the atmosphere, either directly by isolating the atmosphere from the ocean, or by
modulating the upwelling of deep water. Predicting temperature with an only CO2 forced
model fits well to the derived temperature from deuterium. The residual corresponds well
to obliquity forcing.
Depending on obliquity cycles, CO2 and temperature can be in phase or can be out of
phase with temperature increases leading CO2 increases. When temperature leads CO2, it
supports the sea ice theories. For changes in phase, the mechanism of CO2 storage and
release remains unclear.
Jake Gebbie – Inverting the Ocean ‘Borehole’ for Climate Asymmetry during the Little
Ice Age
Summarized by: Tianyi, Katie, and Sarah
Common Era marine proxy records show consistent surface cooling from 1000-1800 CE
across various data types and different locations. This cooling period is referred to as the
Little Ice Age (LIA). The exact timing and mechanism of LIA is still unclear. The scientific
question discussed here is whether the LIA is a globally-coherent or hemisphericallyasymmetric phenomenon. By using an ocean model with a constant advective and diffusive
flux, we can reconstruct the spatial pattern of ocean surface conditions during LIA with
observations of the subsurface ocean. The idea is that the ocean water equilibrates with
the atmosphere at the surface, creating a change in temperature that can propagate to
depth at areas of deep water formation. With some knowledge of ocean circulation, the

location of the temperature anomalies in the ocean and in the water column can tell us
about past surface temperatures.
The observational and proxy datasets used to reconstruct the surface ocean condition are
the WOCE (1990-2002), the Challenger Expedition (1872-1876) and the Ocean2k project.
Perhaps the most important assumption made for the temperature reconstruction is that
the circulation of the ocean has been constant, so the ocean variability on interannual and
higher frequencies must be treated as a contaminant. To reconstruct ocean temperatures
from year 15 CE to present, Ocean2k data is used to make a prediction of the surface
temperature. Then the model tries to make predictions for temperature of the water column
while correcting and constraining these predictions with the Challenger and WOCE
temperature observations.
The predicted deep temperature trends of the Atlantic and Pacific are generally consistent
with observations. The surface temperature cooling trend in the Pacific Ocean is confined
to the shallow ocean layer, while it penetrates to the deep ocean in the Atlantic. The regional
ocean temperature reconstructions in the North Atlantic and near Antarctica are consistent
with temperatures from Greenland and Antarctic ice core records. While there is a clear
cooling trend during the LIA globally, there are differences in the timing of cooling between
different regions. It is also important to note that the global air-sea heat fluxes do not have
a clear trend. Since there is no systematic heat loss or gain from the ocean to the
atmosphere, the mechanism that triggered the LIA is unlikely to be a change in the
overturning circulation and could be a series of much more episodic events like volcanic
eruptions or tropical teleconnections.
Lesson learned: The system is delicate - it doesn’t take a large prolonged change in heat
flux to create a globally coherent signal with interesting regional differences.
Natalya Gomez – Future sea level
Summarized by: Wanying, Lucas and Anais
Natalya’s lecture is on the future sea level rise. Potential contributors to future sea level rise
include thermal expansion due to average warming of the ocean, melting of the Greenland
ice sheet and the Antarctic ice sheet, and the melting of other land ice caps (negligible
compare to other effects). The Antarctic ice sheet melting is the most uncertain part and
could potentially lead to 57 meters of global mean sea level rise. On one hand, the melting
of a large ice sheet may be accelerated by hydro-fracturing and the ice cliff failure, which
are covered in the previous lecture. Most current studies have not included these melting
accelerating mechanisms, and thus predict little sea level rise due to the Antarctic ice sheet
melt, although it could potentially contribute the most. Kopp et al. 2017 showed a much
higher sensitivity to the emission scenarios when including these mechanisms, indicating
that our emission now might drastically affect the sea level rise in the future. On the other
hand, the melting may be inhibited by ice thinning, land rebounding and local sea level drop
(discussed in the previous lecture), because the melting rate increases with the thickness

of the ice sheet at the grounding line and the depth that the ice sheet soaked into the water
determine the melting rate. By taking the melting inhibition mechanisms into account, the
ice sheet melting could be significantly slowed, or even be completely shut down.
Kerim H. Nisancioglu – (A)symmetry of Norwegian and Greenland Fjords
Summarized by: Svenya, Danielle, and Rachel
The melting of the Greenland ice sheet is of wide concern as it has the potential to raise
global mean sea level by ~6m. Ice stream flows from the Greenland Ice Sheet are a large
contributor to ice sheet loss. Because the punctuated retreat of the Jakobshavn glacier in
West Greenland, an ice sheet model was used to explore the effects of bathymetry and
topography on ice stream flows. This has helped to disentangle effects on glaciers by
climate (mainly ocean and atmosphere temperatures) and geometry (bathymetry and
embayment). The ice sheet model tests the sensitivity of small vs large bumps in
bathymetry and narrow vs wide embayment that constrains the ice flow in order to test the
effects. Large bumps in bathymetry tend to stabilize the ice sheet and decelerate the retreat
initially caused by ocean temperatures while wide embayment destabilizes the ice sheet
accelerating retreat. These results are generalized to understand the processes modulating
the rate of Greenland ice sheet retreat, particularly the ice stream from the Jakobshavn
glacier. The non-linear effects of topography on retreat and ice stream flows out to the
ocean are proposed as an explanation for the variable retreat of the Jakobshavn glacier.
While topography and moraine data is difficult to obtain below the Jakobshavn glacier,
analogous geomorphology of the Hardangerfjorden in Norway provides an opportunity to
further study ice-stream driven retreat. Empirical data and modeling efforts have led to
reconstructions demonstrating a similarly retreating glacier that retreats at highly variable
rates. The retreat of the Hardangerfjorden glacier is characterized by the development of
an ice tongue from submarine melt under the ice sheet, the shallowing of the fjord, and a
subsequent acceleration of ground line retreat. Comparison between these two glaciers
should be taken with caution as the ocean is the likely driver of Greenland deglaciation
while the atmosphere was the likely driver of the Hardangerfjorden deglaciation.
Øyvind Paasche – Interhemispheric glacier (a)symmetries
Summarized by: Eivind and Anne
The complex interplay between ocean, atmosphere and insolation makes it difficult to
intuitively say whether glacier records should be similar around the globe. Øyvind Paasche
presented us with evidence from the Northern and Southern Hemispheres of Little Ice Age
(LIA) and Holocene glacier variations, showing good agreement in timing of warmer and
colder events around the globe over the past 2000 years. Northern Hemispheric retreatadvance cycles seem to be more pronounced: Here, LIA temperature reconstructions seem
to align well in timing with glacier-based estimates of the LIA maximum. In the Southern
Hemisphere, surface temperature reconstructions show that a LIA low temperature period
was present there as well between ~1400-1800 C.E. This cold period is recorded by several

Southern Hemisphere glaciers (through larger glacier sizes leaving moraines in the terrain),
such as the Hamberg glacier, the Neumayer glacier and the Mueller glacier. On longer
timescales (up to 14 ka) however, Southern Hemispheric temperature reconstructions show
much less variation than Northern Hemispheric glacier ELA reconstructions. This suggests
that the Medieval Warm period and the general cooling of the Neoglacial (cooling since ~4
ka) are less pronounced in the Southern Hemisphere than in the Northern Hemisphere. The
long-term Holocene trends of the ELA tend to diverge between the Northern and Southern
Hemispheres. There thus seems to be a varying amount of symmetry between the Northern
and Southern Hemispheres over time.

