ESS 203 - Glaciers and Global Change
Friday February 15, 2008

Upcoming Mileposts for Group Term Project

By today, | want to get a report from your group
identifying

e Your group members.

 Your topic.

By Friday February 22,1 will want a 1-page
report from your group including

 Outline of the topic for your group paper.

At least 2reliable sources that you have
identified.



Lab next Week

Glacier Outburst Floods

In preparation for Lab next week, please read
* Frozen Earth Chapter 6, “Defrosting Earth
 Parfit, The floods that carved the Wemn, class
nage under READING tab.

These readings tell the story ab&IG floods in

Washington State.




Class on Wednesday Feb 20th

In preparation for class next Wednesday, pleas® rea

e Oerleman®uantifying Global Warming from
Retreat of Glaciers(Under READING tab)

e Be prepared to answéhe 3 Question#n class.

Writing Assignment due on Wednesday Felp 20
AnswerThe 3 Questiongabout the Oerlemans papqr
 What is the question he is addressing?
 What is his answer?

 What points (if any ) are still uncle&?




ESS 203 - Glaciers and Global Change
Frday February 15, 2008.

 Monday Is a holiday (Presidents’ Day)

Outline for today
 VVolunteer for summary next Wednesday

« Summary of last Wednesday'’s classiffany

e Quiz results.

e Curious Scientist glacier-advance questions from
Wednesday.

 How long does a glacier take to change when
climate changes?



Curious Scientists, asking more Questions ...

Two glaciers are In steady state.

e Each glacier then experiences a cooling climate
change that makes their accumulation rates and
ablation rates become more positive by 0.1 metar/ye
of ice (l.e. more snow Is retained on the
accumulation area, while less ice is melted in the
ablation area).

* Then the climate remains steady at the new cooler
State.



Glaciers on the Move

(1) Glacier 1 is 200 m wide, 1000 m long, and has a
ablation rate of 5 m/year of ice at Its terminus.

 How far will it advance to reach its new steadte?

(2) Glacier 2 is 500 m wide, 10,000 m long, and dras
ablation rate of 0.5 m/year of ice at Its terminus.

* How far will it advance to reach its new steadts?

(3) Glacier 3 is identical to Glacier 2. It exmsrces a
climate warming and decreasef snowfall by 0.1 m
Ice per year.

e How far will it retreat?



Food for thought ...

Do you think that we might be able to estimate the
change "0" in the accumulation pattern (i.e. the
climate change) by measuring the distance that a
glacier terminus has moved? Remember ...

A db = - dA Bren What's Ieft’?l
You canmeasure :

* glacier ared Only db, the
* Glacier widthW,,,near terminus. limate change ...

e Glacier advanceld LW
* New area coveredid= W, dL [db=- e Dlern

» Terminus ablation rate,,, 2



Where else can you use these ideas?
Why try to figure out these esoteric ideas anyway?
Here are some other examples that use the sanse-dea
e Balancing your check book.

e Estimating freeway traffic.

e Can you think of others?

e Stockroom Iinventory rotation
« UW student enroliment



On_ramps Highway Traffic

= "accumulation areas"

==
L \\J Q is flux of cars on the road
- ; (Cars per minute passing
M a counter).

Off-ramps
= "ablation areas"

Let’s find how many &{ “Husi

cars get into Montlake . Stadium
Montlake

lots on Apple Cup day. | parking lots



PN _ |
Suburbia1
___J Onramps Transient Traffic

= "accumulation areas"

Traffic “climate” changes 30

& minutes before the big game.
Suburbia2]  / m  Rate that cars leave Suburbia
| N jumps up (to 11 per minute).

Off-ramps
= "ablation areas"

» Rate that cars take exits drops
@ (to 4 per minute).
Initial steady state: &
e On-ramp traffic (10 cars
. #
per minute) balanced by V

” Husky

off-ramp traffic (5 cars per , _
. te) N Stadlur_r_! J/
minute,). Montlake -
* No cars get to Husky parking lots

stadium, or even to the
next-nearest exit.



Filling up -5 o i T
o
Increased accumulation rate: \’3
db = one more car per minute  pexinum F a M
now enters from each suburb. Ottsamps @
Decreased ablation rate: é
db = one fewer cars taking each exit each minute.
A = total number of on- and off-ramps ?ﬂ AT B
initially in use (6). . B
b..,m= NuUMber of cars that leave |-5 at each parking lots

off-ramp (-5).

Can we figure out whether any cars will now getdtesky Stadium?

* dA = number of additional off-ramps that will seeftic.



Filling up 1-5
b_ “dA=A" db

Increased traffic climate:
e db =1 car /minute at each ramp.

Db

term

term

= number of cars that
leave I-5 at each off-ramp
(-5 cars/minute).
* dA = number of additional off-ramps
that will see traffic.
o A = total number of on- and off-ramps initially use (6).

. ¢ 1 car
_ A db :6ramps 1 %nin _

dA
] b‘e”“ 0 C(’:%nin

1.2ramps




So what year Is 1t?

Must be 2007 season
e Only a dribble of die-hard fans still going
to see the Huskies ...



We haven’t mentioned dynamics lately ...

So far, our thought experiment about glacier adganc
has been entirely kinematic.

But do forces and material properties of ice affect

e How far a glacier advances?

 How long glacier takes to adjust to new climate?

Are you curious about that?
* OK. Let’s do another thought experiment.



"Look at that Glacier Honey"

Suppose a whole team of tourists continually paumey
Into a valley high on a mountain near Blue Glacier.

 Don’t ask me why they do it.

* (My guess Is that it is probably a funky ritualsaime
weird environmentalist cult.)

 The amount of honey that they pour each year squal
the volume of snow that accumulates at the
corresponding place in the accumulation area oéBlu
Glacier each year.



Honey Glacier kinematics

* As the honey flows down the hill, many hungry lac
bears (for which Olympic National Park is famous)
lick at the honey.

e Each year, the hungry bears eat a volume of htraty
equals the volume of ice melted in a year at the
corresponding place on Blue Glacier.

e At some point far down the hillside, the honegase.
* The flux of honey (volume passing by in a yearuay

point on Honey Glacier is identical to the fluxio¢ at
the corresponding point on Blue Glacier.



Questions about Honey Glacier

e \What constitutes accumulation?

e \What constitutes the accumulation area?
e \What constitutes ablation?

* What constitutes the ablation area?

* Where is the “terminus” of Honey Glacier, In
relation to the terminus of Blue Glacier in the
adjacent valley?

* Which “glacier” is thicker?

* Which “glacier” flows faster?

* Which glacier has larger flux (of ice or honey)?




Honey Glacier Dynamics

Theflux of honey (volume passing by in a year) at
any point on Honey Glacier is identical to thex of

iIce at the corresponding point on Blue Glacier.

But ...
 Honey Glacier is mucthinner than Blue Glacier.

 Honey Glacier flows mucfasterthan Blue Glacier.

 Thenature of the flowing materiabetermines
whether the flow is thin and fast, or thick andnslo



The climate shifts

We figured out
already how far
the glacier will
advance.

does all this take

But how long l)




How long does it take for a glacier to adjust to

a climate change?

A glacier cannot adjust to a new size instantly mvhe
the climate changes abruptly.

It takestime for the glacier taollect enough
additional iceto reach a bigger steady state if
climate gets wetter or colder.

It takes time for a glacier ®hed enough icéo reach
a new, smaller steady state If climate warms up.

 Which glacier probably changes its volume the most
If its accumulation is increased, (e.g. by 10%)eBl
Glacier or Honey Glacier?

* Which of these 2 glaciers probably adjusts theekis
to its new “climate” situation?



Sudden change to wetter climate ...

Glacier will advance to new
steady-state length.

 How longwill this take?

As before, we could run a
complicated model with many

boxes.

» See how each box grows.

e See how long until boxes (and
glacier) stop growing.

‘ But ... is there a simpler Wai'?




Recall ... Additional area “dA” must be
Area Change large enough so that the
ablation there “b,_,,,” can
melt all the additional
accumulation “db” collected
upstream on the glacier in
area “A” every yeatr.

Extra volume melted
="extra volume added

- biern, dA = A" db

term

Now divide by —-b

term = *-

dA=-A"db/Db

term




Length Change dA = - Adb/ b, [ ()

We can also describe the
expanded glacier in terms of
how far its terminus
advances.

We can describe the new
area dA in terms of Its
length dL and width W,

dA=W, " dL (2)

term

Equate (1) and (2)
“dL=-Adb/Db

term term

then divide by W

term

dL = - A db/ (Wterm Dierm ) ‘




Where are the
Thickness Changes
the Greatest?

e Near the terminus

What Prevents

Fast Adjustment?

e Glacier needs
time to collect
enough extra ice
mass to fill its
new size.

e How much extra

. . Pattullo Glacier, BC Coast Mountains
Ice does It need?

Post and LaChapellglacier Ice



Building the New Steady-State Glacier

Initial Steady-State
Glacier Only a thought experiment

e Don’t try this at home with
your own glacier!

V 4

Glacier thickness changes most
near terminus.

* Imagine that we can slice i
through initial glacier with a
giant chain saw at old
Equilibrium Line.

« Stand clear of the chips!!

 Hitch up a giant tow truck, and slide
lower portion down to new terminus.

 This opens up a gap with area dA. How can we fill the gap?




Building the New Steady-State Glacier
Initial Steady-State
Glacier Only a thought experiment
e Don’t try this at home with

your own glacier!

Glacier thickness changes most
near terminus.

* Imagine that we can slice
through initial glacier with a
giant chain saw at old
Equilibrium Line.

« Stand clear of the chips!!

 Hitch up a giant tow truck, and slide
lower portion down to new terminus.

 This opens up a gap with area dA. How can we fill the gap?




How long will it take to fill this Gap?

That depends on what sources of extra mass are
available ...

e All prior accumulation was needed to maintain
Initial steady state.

* The only extra ice comes from the climate change
db



Thought Experiment - Filling the Gap

\ In year 1, we can collect
extra volume A’ db
\ We know this is the same

volume as dA 7 b,

Using a gigantic
helicopter, we can place
this block in the gap.

<€ |nyear 2, we can collect a
Dierm  second block dA” by,

\ Hiring the helicopter again
the next year, we can drop

this second block in the
gap.



Time to Build up to New
nitial steady- ~ Oteady-State Volume

State Glacier

How many blocks with
area dA and thickness
D, does it take to fill

the gap?
of block




Looked at another way ...

Every year we can
raise the level in the

gap by -bym,

\ How many years until

the gap is filled?




