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Earth's cryosphere includes seasonal snow, permafrost, sea ice, mountain glaciers, and ice sheets. This course will
cover the formation of each of these forms of snow and ice and their response to changing environmental conditions.
Interdisciplinary perspectives allow study of the role snow and ice plays within the Arctic system (including
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Correction: to be offered spring of even-numbered years.
CATALOG DESCRIPTION

GEOS F377 O Ice in the Climate System

3 Credits Even-
Offered Spring ®dd-numbered Years

Earth’s cryosphere includes seasonal snow, permafrost, sea ice, mountain glaciers, and ice sheets.
This course will cover the formation of each of these forms of snow and ice and their response to
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4. On Sea Ice by Weeks
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6. Glaciers by Hambrey and Alean
7. The Little Ice Age by
8. Physics of Glaciers by Culley and Paterson
9. Earth’s Climate: Past and Future by Ruddiman
10. Glaciers of North America by Ferguson
11. Awvalanche Handbook by McClung and Schaerer
12. Glacier Science and Environmental Change by Knight
13. Sea Ice by Thomas and Dieckmann

COURSE DESCRIPTION:
Snow, permafrost, sea ice, glaciers, and ice sheets (the cryosphere) play a major role in both
local and global climate an ocean system. In this course will will use an interdisciplinary
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in climate climate and environmental conditions and how the local environment responds to
changes in snow and ice. We will emphasize Alaska and the Arctic, but also study the global
interactions between ice and the climate system. As a geophysics course, we will emphasizes
the physical processes involved; however, we will also emphasize the interdisciplinary nature
of this subject through course assignments which will allow students from other disciplines
{(such as oceanography, chemistry, biology, or math) to highlight those connections. The
course will combine readings, discussions, in-class activities, hands on data collection and
analysis, homework assignments, exams, and weekly oral presentations.

After taking this course, you will be able to:

1. describe the formation processes and evolution of snow. sea ice. permafroct olaciere and






at microscopic and macroscopic scales)
Time and Changes Through Time (rate):

1. discuss and
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visualize a specific carth process occurring on a variety of timescales (for

T‘—““RI F_ - E P — ]

_1

T
T~ |

1 dastif- il nekincaloka nencawesmbis - -y




Prezi: We will use spatial presentation software Prezi (plem org) for wncept maps as well
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to familiarize yourself with prezi.

Website: The course website is http //1ce gi.alaska. edu/educat1on/1ceandc11mate
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Attendance (5 pis per week) 70

Written Assignments (40 pts each) 360
Oral Assignments (40 pts each) 480
ASSESSMENT: Cowpletion of Outline/Notes from Readings 100
Written Final 120
Oral Final 120
Coutributions to Activities and Discussions (5 pts per week) 70
Total Possible 1320
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A+ (97-100%) =1280

A (93-96.9%) =1228

A- (90-92.9%) =1188

B+ (87-89.9%) =1148

B (83-36.9%) =1096

- . . B- (80-82.9%) =1056
Minimum Points Required: C (77-79.9%) —1016
C (73-76.9%) =964

C- (70-72.9%) =924

D+ (67-69.9%) =884

D (63-66.9%) =831

D- (60-62.9%) =792

T (0-59.9%) =0

DISABILITY ACCOMMODATION: The Office of Disability Services implements the Amer-
icans with Disabilities Act (ADA), and insures that UAF students have equal access to the

AR is committed to eaunal onn [.tﬂmt,v for ﬁll ﬂmdm]ﬁhﬂ'

mnug and conree materials.

you have a documented disability, please let us know AS SOON AS POSSIBLE, and we will
work with the Office of Disabilities Scrvices to make the appropriate accommodation(s). If
you have a specific undocumented physical, psychiatric or learning disability, you will benefit
greatly by providing documentation of your disability to Disability Services in the Center
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If you are the first in your family to attempt a four-year college degree, and/or eligible for
Pell grants, you have opportunities for tutorial and other forms of support from the office of
Student Support Servwes We will collaborate with the Office of Disabilities and /or the Office
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Ice in the Climate Systemn
GEOS F377 O Schedule

Thursday 2-5pm ("Block")
Friday 1-2pm ("F Class")

Typical weekly content:

Wednesday (W Class): one hour of introduction to concepts for the week.

e Students arrive having read the material and taken notes or answered questions based on an
outline I provide(with incentives such as random checking of ontline/notes or initial activity that
requires using some basic concepts from reading).

¢ Question Time: Discussion regarding questions emailed to me the night before or asked at this
point to clear up questions from reading.

¢ 1-2 activities such as small group discussions, gallery walks, think/pair/shar, jigsaws that require
them to work alone and together to solve problems/answer questions/practice using material
from the reading.
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Archer and Rahmstorf The Climate Crisis
Colbeck Dynamics of Snow and Ice Masses

Cuffey and Paterson Physics of Glaciers
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Ferguson Glaciers of North America
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Knight Glacier Science and Environmental Change

Thomas and Dieckmann Sea Ice
And the following articles:

Chapman and Davis. 2010. Climate Change Past Present and Future EOS 91(37)
Yde and Paasche. 2010. Reconstructing Climate Change: Not all Glaciers Suitable EOS 91(21)

Falkner and others. 2011. Context for the Recent Massive Peterman Glacier Calving Event
EOS 92(14)
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W Class: Written =4 due Barry Sea Iee W Class: Sea Ice Growth Activity
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conclusions with data directly supporting those conclusion. A rubric will be provided to the
students describing the assessment in detail. Individual students will additionally be assessed
on their contributions to the group effort.

6 Materials

1. Flubber Ice (make multiple colors)

) ) Mix1 =23 p warm water. 1 cup Elmer's alue. food colorina ,
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Mix each separately, then slowly add Mix 2 to Mix 1 while mixing with your hands.

2. Toothpicks or other marking tools
3. Tray for base

4. Sandpaper

5. Vegetable or similar oil

6. Stopwatch

7. Camera (point and shoot)

8. Graph paper

9. Sharpie markers

7 Assignment: What is given to students

Background: The Scientific Method:

'--..J.. U o P LY DS EUPP W PSP OOPury Ry Sacmbman o= faly o0,

;" [




learn about glacier flow. This activity is designed to help you learn both concepts regarding
glacier flow as well as concepts in how the scientific method works.

This is based on Dr. Pettit's version of the scientific method (which has some slight variations
from the “standard” scientific method).

Step 1: Explore.
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Step 2: Questions.

Now that you have some ideas you need to narrow down your ideas to focus on a few
questions that you want to pursue in an experiment. Please focus on three guestions that
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Bad: What affects flubber ice flow speed? This question is too general.
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You can go back to the Explore step if necessary. And you can work back and forth between
Question, Expernmental Design, and Hypothesis steps (see below) You wull find that the
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4. List the materials that are necessary. For example, are toothpicks useful? If so, how
will you use them? What measuring device will you use?
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conclusions as they relate directly to your questlons and hypotheses. These conclusions will
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be as specific as possible. If the flubber ice at —5° C flows 10 times faster than flubber ice at
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Step 7: Uncertainty and Error Analysis.

As you write out your conclusions and compare them with other groups running similar ex-
periments it is critical for you to think through what factors might have led to small differences
in your measurements. Did you do multiple runs with the same exact conditions? This will
help you understand the uncertainties caused by your experimental design. How well were
you able to make each measurement with the tools that you have? For example, is your ruler
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here, we will discuss this as a class as well.

Step 8: Present Your Results

This step is very important for real scientists. You have written your conclusions as a team
in Step 6, but what would it take to convince someone who wasn't in the room that your
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o Question. Are you questions clearly written, specific, and feasible?
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GEOS 377 O Ice and Climate
Snow Exploration
Erin Pettit
University of Alaska Fairbanks

1 Brief Description

This activity is intended to get students engaged and thinking about the role that snow plays
As 2 “W. - - . I e L al _a - fi"‘f‘\ -;. ! l= 'I
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knowledge can do. The students dig shallow snow pits on campus make observations of texture
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sketch crystals in a microscope.

2 Context

1. This activity is intended for the first day of a semester long course called Ice in the Climate
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2. Higher Order Concepts

(a) recognizing the difference between observations and inference,
(b) framing a scientific question,

(c) formulating a hypothesis,

(d) designing a method for measuring density.

3. Other Skills Goals

(a) working in groups
(b) synthesizing results toward making an oral presentation
4 Description

The students will come into this activity with no or very littlie knowledge of snow. They will divide
into groups, each group receiving the first list of questions (on Rite-in-Rain paper). The questions

T e i o
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the ground {typically < 21t).
Part A, they study the layered structure, the texture of different layers, the color (presence of
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Discovering Snow: Part A

1. Find a site that has not been trampled by footsteps, dig a square pit down to the ground
keeping one side of the pit free of footsteps!.

2. Sketch the wall of your pit that is on the non-trampled side (all persons in the group should

be on one side of the pit facing the “clean” wall. What colors do you see? What textures?
- pla
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does the ground underneath look hke" Label your sketch with your own labels and arrows
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Discovering Snow: Part C
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relate to these questions. You may do this in the classroom or outside, or both. This is a brain-
storming session, write down all ideas, you can discuss them, but do not judge them critically
yet

1. How does the ground underneath the snow affect the snowpack? What if the snow fell on
top of a picnic table? Would it look different?
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scape? Is the snow different near the trees (thicker, thinner, darker, harder, softer)?

3. Within the wall of your pit, is the show homogeneous (does it have the same properties
everywhere?) If not, why not? What types of things could alter the properties of the snow?

4. How would the snow in your snow pit change if the weather warmed up or cooled down by
10° C( 18°F)?

5. It is common to hear people warn that it is important to wear sunglasses around snow be-
cause of its brightness, is all snow bright? what makes it less bright? If this brightness
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Good: "The snow is darker brown in the top layer, greenish in the middle layer and white in the
bottom layer.”
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2. What other background knowledge (from coursework, personal experience) does your group
have that you feel might contributes to answering the question?

3. What are several ideas (2-4) that might be answers to your overarching question?

{

5. What additional background information would be useful to look up in order to help under-
stand how your observations relate to the overarching question?

You will rotate through the members of your group to present the answers to these questions in
1-2 sentences (60 seconds each - no longer).

1. What does a snow crystal look like under the microscope? Are they all the same? What
might cause the differences you see in the crystals?

2. What are the physical characteristics of this snow pack? How might they change when you
change atmaospheric conditions (make it warmer? cause it to rain?)

3. What happens to snow after it falls on the top of the snowpack during a cold period (below
-10°C)?





