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Washington’s national parks hold more than 600 glaciers that cover 225 km?.
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»Glaciers are dramatic indicators of climate change because
of their sensitivity to temperature and precipitation.




» Glaciers are powerful agents of landscape change, and
have left a rich record of climate change in the form of
glacial landforms and deposits.
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Rosy Finch

Ice Worm (Mesenchytraeus solifugus)
photos courtesy of Paula Hartzell
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Mt. Rainier

Paradise

Nisqually Glacier terminus changes
during the past 150 years.

LIA maximum




Loss of glacial arga_in ﬂ%’past century:

-North Cascades NP ~50% ~1900-1998 (Granshaw, 2002)
-Olympic NP 57% ~1900-2009 (Riedel, et al., 2010)
-Mount Rainier NP 21% 1913-1994 (Nylen, 1998)
-Garibaldi PP 44 % 1900-2005 (Koch, 2006)




ington National Parks

-109 km? NOCA
-29 km?OLYM
-88 km? MORA (1 cubic mile)
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Problems monitoring glaciers at Mt. Rainier:

-substantial debris cover slows melting;
-high ice flow velocity (30-40 ft/ year);
-difficult surface access with ice falls and unstable slopes;
-mountain creates its own weather;
-wide elevation range (1500-4300m); and
-possible geothermal melting.




LiDAR image of Mount Rainier summit
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Emmons Glacier

Nisqually Glacier







*A steam drill mounted on a
backpack frame is used to
melt holes in glaciers for
stakes.

*Stakes serve as a reference
point for measuring summer
melt.

*Summer melt can exceed 12m
(~40 feet).



Emmons Glacier Nisqually Glacier
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On both glaciers we observe a decrease in winter accumulation
and increase in variability of accumulation above a certain elevation (~2400
m on Nisqually and ~2800 m on Emmons).

Nisqually Glacier Winter Balance vs. Altitude Emmons Glacier Winter Balance vs. Altitude
Best-Fit Curve to bw data Best-Fit Curve to bw data
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Net Balance: MORA Glaciers

Net Balance (m w.e.)
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Cumulative Net Balance: MORA Glaciers
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Cumulative Net Balance of NOCA Glaciers
Adjusted According to Map Comparison
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Cumulative Net Balance (mweq)
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Total net loss of
water from MORA
glaciers 2003-2009

~ 200B gallons




Primary mode of retreat of MORA glaciers is by down-wasting, not
by frontal retreat up the mountain.







Percent Glacier Contribution to Total Runoff
(May-September)
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Outline

|- Glacier Change Since 2,500 BC
Il - Glacier Change Since 1900

I11- Glacier Change Since 2003

Photos by R. Lofgren
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Source: Samolcyzk et al., (2010)






Timing of post ice age maximum

extent for 19 Cascade glaciers.
(Mt. Baker, Mount Rainier, North Cascades)
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»contrasting north and south hemisphere glacial records

Westem Cordillera - North Amernica
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-sources: Koch and Clague (2006) and Bradley et al. (2002).



Washington State snow-pack has declined ~25% in the last 54 years,
while annual precipitation has increased slightly.

NRCS Eanservaton service Statewide Average Snowpack (oldwest)
1961 - Present




Summer melt at NOCA glaciers

Average summer balance, four glaciers, 15 years
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The Pacific Decadal Oscillation Index

monthly values for the PDDO index: 1900-2010

Source JISAO


http://tao.atmos.washington.edu/pdo/img/pdo_latest.jpeg




Preliminary Results OLYM Glacier Inventory
-1900 area = 66.6 km?

-1982 (Spicer) area = 45.9 km?

-2009 (Riedel et al.) area = 29.1 km?
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