ESS 203 - Glaciers and Global Change

Wednesday January 23, 2008

UNIVERSITY OF WASHINGTON JOINS LARGEST
TEACH-IN IN US HISTORY

Focus the Nation
January 31 (next Thursday)

http://depts.washington.edu/uwfocus/

Husky Union Building will be transformed into a biwof activity
focusing on the science and solutions to globahwag. The day
will be a blend of plenary talks, panel discussjandibitors and a
"Climate Action Cafe". An evening town hall in Ka@80 will
focus our attention on our local politicians.

It's Free, but you should reserve spaces for events

Stay tuned for a writing assignment about it nextveek.




ESS 203 - Glaciers and Global Change
Wednesday January 23, 2008

Outline for today

e Turn in geothermal writing assignment.
 VVolunteer for summary on Friday
« Summary of last Wednesday'’s clasRebin

 Temperature in the Earth

Polarvs Temperate glaciers

Permafrost

“The Curious Scientist”

e group discussions and reports

e Kinematic and Dynamic perspectives on flow
 Blue Glacier video




Review

Heat in Ice and in the Earth



lce as a Warming Influence

In a cold climate, it may b&armerunder a glacier than
on the ground surface in front of the glacier!

e An ice cap can be an insulating
blanket over the ground.
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Temperature Classification

Temperate Glacier

 Entire glacier is at the melting temperature.

 The ice can be wet, and water can exist in, on,
and under the ice.

Polar glacier
* |n very cold climates, glacier ice is cold and.dry

Polythermal Glacier
 Deeper parts are at the melting temperature.
e Upper parts are cold.



Temperate Glacier

Ice In the glacier is at the melting temperature.
Water and ice can coexist everywhere.

 the ice Is "wet".

* There can be films of water on the ice crystals,
and pockets of water In the ice.

The upper few meters may cool down in winter, but
summer warmth brings the temperature of this ice
back to its melting temperature.

* Deep ice does not get cold in winter (Why not?)

demo: "temperate" ice cubes



Polar Glacier

A Cold or Polar Glacier is below the melting
temperature everywhere inside the glacier.
* The ice Is "dry”.

demo:
"cold" ice cubes



Temperatures in Antarctica (at the surface)
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http://en.wikipedia.org/wiki/Antarctica/Climate



Hard and Soft Ice

Why do glaciologists care about ice temperature?

e Warm ice iIs "softer" and easier to deform than
cold ice.

e This iIs just like hot/cold molasses, or the engine
oll in your car.

e |ce near 6C deforms and flows 100 times faster
than ice at -29C.



Seasonally Frozen Ground

What happens to the ground in North Dakota in wihte

« Temperature falls well below the freezing tempamet
of water for several months.

* The ground freezes (but only the upper meter pr so
depending on how long the cold season lasts).

What happens when the air warms up in spring?
* The ground thaws again.



Permafrost

What happens in Alaska, Siberia or northern Canada
where the average temperature of the air over the
course of a year can be well below freezing?

e The ground can be permanently frozen to a depth of
several hundred meters.

(why Is it not frozen even deeper?)
 This frozen ground is callgoermafrost

There 1s a whole field of research that studiezdno

ground, and its processes and effects on landscape
buildings. This field is calleGeocryology



Active Layer

What about near the surface? We know that theaair
get warm in the summer.

e The upper 1 meter or so of the ground thaws during
the summer, and freezes up again in the winter.
This upper layer is called tlaetive layer

This upper meter can get very wet and boggy, becaus
the water from melting snow and thawing ground
doesn't drain into the ground/hy not?

* The ground below the active layer Is permanently

frozen, and any passageways for water are probably
blocked by Iice.



lce Wedges

Frozen ground contracts in winter.
e Cracks form repeatedly in the same places.

 Snow fills the
cracks.

e \Water freezes in
the cracks.

* The ice wedge
gets wider.

This wedge was
exposed in an

eroding stream
bank. http://science.nasa.gov/newhome/headlines/astZ7|dl&tm



lce Wedge Polygons

Frozen ground contracts and cracks in winter.

e These cracks
form networks,

just

like cracks

In drying mud.

e The
wed
eac

re Is anice
ge under
N edge of

eac

N polygon.

http://gsc.nrcan.gc.ca/beaufort/ground_ice_e.php



TheCurious Scientist
More Group Questions ...

Understanding temperatures
In the Cryosphere.

 5-minute discussions
e Turn in reports at end of class.

[Start silly-putty ice cap now]



1. Climate and Flow of Glaciers

You are a Climatologist studying

2 glaciers. They have identical
sizes and shapes.

One is in Iceland, and'it is temperate.

The other Is In Novaya Zemlya (an island in the Axrcti
Ocean north of Russia), where it is much colder.

* Which glacier flows faster, and why?

* Both glaciers are In steady state. Can you say
which ice cap has the higher accumulation rate in
Its accumulation area, and the higher ablation
rate In its ablation area? Why?



2. Paleo-Geocryology

* Would you expect to have seasonal thawing and

freezing of the ground under a thick glacier?
* Why or why not?

You are a geologist studying the last Ice Age, youl

are looking for evidence that permafrost existeshth
In a particular area.

* What might you look for?

e Could you use your results to tell whether thesedu

to be a thick ice sheet or glacier there duringitiee
Age?



2. (cont’d) Fossil ice-wedge polygons

Muir Ontario: casts still visible 15,000 years rate

http://www.earth.uwaterloo.ca/services/whaton/waiolyfig3.html



3. Basal Melting and Glacier Motion

 How hot can ice get?

A glacier was cold and frozen to its bed. Thenatmed
up, and its temperature at its base rose to thengel
temperature.

 What might happen to the flow speed of this glétie

If the mass balance (accumulation and ablation$ co¢
change, the glacier will still transport the sammant
of ice past each place, and it will terminate atshme
place, when it reaches equilibrium in these new
conditions.

* What might happen to the thickness of this glatier



Glacier-Flow Video

This 13-minute video shows historic time-lapse
footage shot at

* Blue Glacier, Mt Olympus

* Nisqually Glacier, Mt Rainier

Do these glaciers really flow?

Watch forevidenceof viscous flow and brittle
failure.



