ESS 203 - Glaciers and Global Change
Monday January 14, 2008

e Turn in Friday writing assignment
« * No writing assignment for Wednesday *

* Please let me know If you hawet received emails
from me about the class.

 VVolunteer for Wednesday summary
« Summary of Friday’s classMaria




ESS 203 - Glaciers and Global Change
Monday January 14, 2008

Outline for today

* Wrap-up of mass-balance questions
e Glaciers around the world

 How climate works — Part |

Why should we care how climate works?
To predict how glaciers will change when climate
changes, we must first understand how climate
works, and then how it impacts the glaciers.



Summary of Questions from last Class
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Flow directions in accumulation and
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Climate Control on Glaciers

“Climate parameters" controlling glaciers are
Precipitatiorand Temperature

For snow to persist through the summer, climate
must be:

(a) very wet (called anaritime glacie)
or

(b) very cold (called aolar glacier)
or

(c) Somewhat wet and somewhat cold.



Maritime Glaciers

e Snowfall Is so heavy that some of it can survive
through hot summers.
*\Winters are cold enough to snow rather than rain.

Blue Glacier,
WA
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* Over 4 meters (ice equivalent) can fall annuathg equiv. is
the depth if we squashed down all that snow to ficen

e Even on the highest parts of the glacier, 75%3f $now can
melt in the summer.



Polar Glaclers

e SUMMer temperatures can
be so cold that melting Is
almost eliminated.

 Even small amounts of
sSnow can survive for
millennia in the polar
desert.

Taylor Dome, Antarctica



Taylor Dome, Antarctica
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* |ce-equivalent annual precipitation is only about
6 cm (3 inches)
(note different vertical scale)

 Mean annual temperature is @0

A hot summer day — it's -P&

 No melting -evet



More-typical Glaciers

Many mountain glaciers have
e significant snowfall
e some melting

e.g. glaciers in
Himalayas
Cascades
Svalbard
Rockies
— |celand

— Alaska
Andes

Alps
Kamchatka

New Zealand



Why do Glaciers exist where they do?

Climate controls ELA (Equilibrium Line Altitude) by
controlling

« snowfall rate (accumulation)

e energy input to snow surface (melting, ablation)

So our next goal will be to learn enough about aten
to understand this transect of the Americas in more

detall.
ELA today

- 7
topography ELA at LGM
Arctic Antarctic



Climatology 101- a brief summary

Local and Global Energy Budget
Where to start?
* A hot rock Is hot because it has mereergy
stored In it than a cold rock.

* At every place on the surface oft@ady-state
Earth (neither cooling nor warming), the amount
of outgoing energyver the course of a year must
be the same as timcoming energyn the same
time interval.

o |If they arenotthe same, the ground will heat up
or cool down from one year to the next

(l.e. not steady state).



Forms of Energy

Energy can arrive in 2 forms

e Short-wave radiationSunlight warms the
ground. This is also calladsolation (“sol” for
sun).

e Sensible heatWarm air blows over the ground
and heats the ground.

Energy can leave in 2 forms

e Long-wave radiationinfrared or heat waves
(think of standing near a hot stove).

e Sensible heatCold air blows over the ground
and cools it.



Energy Fluxes

Therate at whichenergy(in Jouleg is received (e.g. the
amount in every second) is calledwer.
e Poweris measured inVatts

The amount of sunlight received at any place onhEar
e on a specified flat horizontal surface area (a.gquare
meter)
e over a specified period of time (e.g. a second)
can be expressed Bsergy flux or, equivalently, as
Power per unit area.
« Units of Energy fluxareWatts per square meter (W4n



Short-wave Energy Flux at Earth Orbit

Let’'s go beyond Earth's atmosphere (near-Earth)pdmnd
hold up a black, 1-square-meter board pointed asuine
o |t receives and absorbs 1367 Watts of power

1 square meter

1367 Watts
Sun

Earth

Short-wave flux at Earth (sunlight) depends on:
e Intrinsic brightness of sun (itaminosity)
e Earth’s distance from the sun



Average Short-wave Flux received by Earth

The area of a sphere is 4 times the area of andtbkhe
same diameter

e Averageincoming energy flux on each square meter of
Earth's surface i1s 1367/342 Watts/square meter

shadow
1367 W n¥
Earth sun
Area = 4pR? ’/
Radius UW-Dunn Lumber

R = 6371 km joint-venture satellite
Area = pR?



Albedo — Earth reflects some Solar Energy

Earth reflects about 30% of sunlight back into gpac

e Climatologists say that EartiPanetary Albedas 0.3

Earth
Night

sun
side 1367 W n¥

30% of incoming sunlight
IS reflected away

 The remaining energy (70%) must be absorbed by the
Earth:

0.7° 342 W m?» 240 W m?
Think of four 60-Watt light bulbs on each squardene
of Earth’s surface. That’'s how much sunlight energy
we get to keep.



Albedo — Earth seen from Space

When astronauts
see
Earth from space,
they are seeing
that 30%
of reflected sunlight.

(anon.)



3 Questions for Group Discussion

We will take 5 minutes for discussions.

* Find a couple of partners to form a group.

e Introduce yourselves.

e Choose a Question (1, 2, or 3).

e Choose roles (Facilitator, Recorder. Reporter).
 Discuss your question.

e If you are done early, look at the other 2 question
* Reporter gives report to class.

* Recorder turns in group notes at end of class.

Include your Question #
names of group members
your key points from discussion.



Questions: 1. Blue Glacier ...

Winter accumulation on Blue Glacier can be 4 meters
(ice equiv.) Of course, snow Is not as densees ic

* In May (end of winter at
Blue Glacier, how deep
would you have to dig to
reach that favorite ice axe
that you dropped on the
snow surface here, on
your last hike at the end
of last summer?

e What are your assumptions?
«— 1 year—
 Will you (a) dig now (May), (b) wait and dig &t or
(c) go to REI to buy a new ice axe?



Questions: 2. Antarctica ...

There I1s no melting at Taylor Dome In Antarctidasla
cold, windy place.

* Why does the snow surface sometimss rapidly?

* Why does the snow surface sometirdesp slowly?

* Why does the snow surface sometirdes quickly?

20

cm

10
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Questions: 3. Energy ...

On a steady-state Earth (neither cooling nor waghniat
every place on Earth's surface, the amount of auggo
energy over the course of a year must be the same a
the incoming energy in the same time interval.

e If not, then what would happen to the temperatire
the Earth there?

Cold air blows over the ground and cools It.
 What happens to the temperature of the air?

Albedo measures reflected light.
* What is the albedo of a full-length mirror?
* What is the albedo of a black wall?



