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er Glacjers 1981

Old USGS saying:

“Find a place
where you want to
work and then
figure out how this

place can be used
to answer a
guestion.”

Dave and Marlene’s honeymoon
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QUESTIONS

Has the average air temperature
changed in alpine areas in the Wind

River Range?

Are glaciers in the Wind River Range
responding to accelerated warming?

Are offsite NO, and SO, emission
amounts and sources recorded In the
iIce-core record?

Fremont Glacier Study Team "‘.‘é USGS




UPPER FREMONT GLACIER

If you're not the lead goat,
_the scenery never changes

Goat packing to Upper Fremont Glacier

Fremont Glacier Study Team

Fitzpatrick Wilderness
Area

Drilling sites exceeding
4,000 m ASL

Ice thickness exceeding
160 m

Largest concentration of
glaciers in Rockies
(lower 48)

Flat surface topography
(ice sheet)

= USGS



UPPER FREMONT GLACIER, WY
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Has the average air temperature
changed in alpine areas in the Wind
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SNOTEL TRANSFER FUNCTION

SNOTEL elev.
2,940 m ASL

UFG elev. =
4 000 m ASL

22 km apart

Fremont Glacier Study Team

0 4.0 km




SNOTEL/UFG DATA ASSUMPTIONS

Fremont Glacier Study Team

Wind removal and melting
was minimal after
deposition

Storms impact both sites
with same relative intensity

All precipitation is in the
form of snow

Isotopic values are not
modified after deposition

= USGS



SNOW SAMPLING
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TRANSFER FUNCTION 00
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DEPTH SENSOR INSTALLED

Fremont Glacier Study Team

Records hourly
snow depth

Captures site-
specific storms

Insight into post
depositional
processes



DEPTH-SENSOR DATA
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Looking at snow-depth data differently

Ski to base Sample || Back to Still snowing. Break in
camp all day drop zone | | Food running | | weather.
\ low. Fly out.
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TRANSFEER FUNC
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160-M ICE
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36C| peak (late 1950s)

End of LIA (mid-1800s)

Tambora (1815)

14C age (mid-1700s)

152 Meters
160 Meters




SUDDEN
TERMINATION

Warming since close of
Little Ace Age.

Accelerated rate since
early 1950s.

Sudden termination
of Little Ace Age.

= ‘— Average ice-core value
| s | |
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DELTA OXYGEN-18,
IN PERMIL
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T, RECONSTRUCTION

1991 core 1998 core
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T, RELATIVE TO LIA

Time period

Number of
ice-core
samples

Mean delta
oxygen-18
(8180), in
permil

Average air
temperature
(T,), in
degrees
Celsius

Change in
average air
temperature
relative to
Little Ice
Age, in
degrees
Celsius

1740 to 1845 A.D.

(Little Ice Age)

0.0

1860 to 1950 A.D.

+0.6

1950 to 1991 A.D.

+1.2

1985 to 1991 A.D.

+2.1

1720 to 1991 A.D.
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Quelccaya Ice Cap, 1983
(from Thompsaon, 1992)
Summit core Care 1

Upper Fremont
Glacier, 1991
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TREE-RING
DATA

Fremont Whitebark Pine Tree-ring Chronology
Waggoner, Graumlich and Hill (in prep)

Fremont Whitebark Pine Site Episodes

#Quartile/
Episodes | Interpretation | #Total %

Values
1568-1583 Warm 8/16 50
1610-1647 Cool 20/38 53
1677-1751 Cool 48/75 64
1814-1936 Cool 74/123 | 60
1948-2000 Warm 24/53 45

él:z. QW? ! WAI Qﬁ e 4% . Tt
= TR Y T LA T P /\M\/\IH\,/\ T /Y I
3 T H [ ‘” ’ ” i g ll‘l‘l g 'l
508- p .( ‘ NN ll ' ”’:m i '"' : ' I‘! [

| ¥ !ﬂ'{ R TRING

0.6 1 i
Fremont Glacier Study Team - % USGS




\

WHAT MAKES YOU WELL, FORONE
ENVIRONMENTAL NUT6 2 THING, THATG THE
SIRE ABONT GLOBAL. WARMINGP LASTOF THE
FREMONT
GLACIERIN
; YOUR DRINK.
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GLACIER RESPONSE TO
WARMING?

Photo courtesy of Liz Oswald, USFS WO r l (tJW| d € retre_at an d
¥ 9 thinning of glaciers

Exposure of unstable
sediment

Steep slopes

Readily mobilized

= Ao Recently documented by
0 & o .wsa O’Connor et al., (2001)
Aftermath of flood event in 2003
Fremont Glacier Study Team % USGS



WIND RIVER
RANGE GLACIERS

Largest extent of glacial
ice In the Rocky
Mountains within the
continental U.S.

Grasshopper Glacier: Ice
dammed lake in headwall

Fremont Glacier Study Team "_‘é USGS



GRASSHOPPER GL. EVENT

Photo courtesy of Liz Oswald, USFS

Ice dam reduced by
accelerated melting

Flood Initiated on or
about 9/6/2003

Lake equilibrates to lower
level via catastrophic
release

S " Release of 2.5 million
Lake after dam failure (9/22/2003) cubic meters of water

Fremont Glacier Study Team ".é USGS



DOWNSTREAM IMPACTS

Photo courtesy of Liz Oswald,
USFS Hydrologist

Flood channel on lower Grasshopper Glacier (9/22/2003)

= USGS
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DOWNSTREAM IMPACTS
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Flood deposits in Downs Fork Meadow (9/22/2003)
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MAP OF FLOOD
PATH
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FLOOD DISCHARGE IN
DINWOODY CREEK (32 km)
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DINWOODY CREEK ABOVE LAKES,
NEAR BURRIS, WY
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ANNUAL PEAK DISCHARGE
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FUTURE FLOOD POTENTIALS

Photos from Google Earth
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‘MinoriGlacier
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FUTURE FLOOD POTENTIALS

Photos from Google Earth

Sourdough Glacier Sacagewea Glacier
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Impact of NO, and SO, emissions to
USFS wilderness lands?

Pollutlon May Be Mysterv Killer of Bighorns
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_but the lamb  be ippls ! Researchers suspect air pollution may
started ¢ i deaths of bighom sheep such as

Salt Lake Tribune,
9/8/2001
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YEAR OF SNOW DEPOSITION
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Extending the NADP record of Sand N
deposition, Northern Rocky Mountains
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WHAT WE LEARNED
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