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Advice | am looking for

Better schemes for utilizing
atmospheric circulation indices
to provide a better forecast for
glacier mass balance?

What oceanic proxies are well
related to the glacier mass
balance record? ie upwelling

Hydrologic modeling (VIC)
needs for mass balance data to
better forecast future streamflow



Why Measure Glacier Mass

Balance?

Mass balance Is the dominant control of
future glacier terminus behavior.

Glacier mass balance is the best measure of
annual climate and its impact on a glacier,
key indicator (IPCC and GCQOS).

Global mean glacier mass balance negative 17
consecutive years 1991-2007.

Is a critical measure Iin water resource output
of a glacier.

Lynch Glacier Measurement network: Each
dot is a measurement point




Probing relies on driving a probe through

__relatively soft snowpack from the
previous winter. The snowirn that
survived the previous summer or blue ice
under that snow is much harder, and
cannot be penetrated. This discontinuity
provides a reliable point measure of
snow depth.




~Annual snowlayer thickness is visible

much like tree rings. providing a two
dimensional measurement ot snowpack
thickness more reliable than a point _
measurements from probing or  snowpits .
Only vertically walled crevasses can be
used. The layer can be traced from
crevasse to crevasse and checked via
probing.




Ablationis measured by emplacmg stakes

__Into the glacier and m e
change in height above the glacier
surface on several occasions each
summer.




The annual balance records indicate the high

degree of correlation between 11 North Cascade
glaciers including South Cascade Glacier observe
by the USGS
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What we know for sure Glacier
~ mass balance

- Annual balance of North Cascade glaciers
strongly correlated from glacier to glacier,
annual range approximately 1 m.

. Mean annual balance 1984 -2008 70.48 m/a.

- The cumulative mass balance thickness
loss of 12.0 m represents a 20-40% loss of
glacier volume.




Index Values
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Forecast Rules

South Cascade

Rule Conditions Glacier g;iﬁﬁ;lamer
Reliability
If both PDO and ENSO are
positive, than glacier mass
Rule 1 balance will be negative on 14 of 14 8of9
South Cascade Glacier and
NCGCP glaciers

If PDO is negative andENSO s
equilibrium or negative, mass
Rule 2 balance will be equilibrium or 13 of 16 50f7
positive on South Cascade
Glacier and NCGCP glaciers

If PDO is positive andENSO is
neutral the glaciers will have an
Rule 3 equilibrium or negative balance 6 of 7 30of3
on South Cascadeand positive
on NCGCP glaciers.

If PDO is negative and ENSO is
positive the glacier balance will
Rule 4 be negative on South Cascade 4 of 5 lofl
Glacier and positive balance or
NCGCP glaciers

If PDO is positive andENSO is
negativemassbalance will be
negative on South Cascade
Glacier and NCGCP glaciers

If PDO is neutral then glacier
annual balance will be negative
Rule 6 or equilibrium on South 4 of 4 30of3
Cascade Glacier and NCGCP
glaciers

Total 43 of 48 22 of 25

Rule 5 2 of 2 2 of 2
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: .
> 2009 Glacier Forecast

Positive mass balance due to negative
PDO and ENSO climate index values
from 10/1-4/1. However, April SWE at
five benchmark Snotel Stations does
not support a positive mass balance.




April 1 SWE at US[HhotelSites win
North Cascadesconsistent negative
trend for 40 year plus time series.
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Mean NowMarch Precipitation
DiabloDamConcretelncreasing
trend all time periods.

PPT-1936=0.1498x+41.913

PPT-1944=0.0748x +45.659
PPT-1950=0.0305x + 47.938
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Ratio of April 1 snowpack to
precipitationdeclining trend all
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Cascade Mountains summer
temperature, sustained warmth.

Summer Temperature History with 5-year Tendencies
C 1

4+ Individual Summer temperature v alue



What we know for sure Climate
changes

- April 1 SWE/ppt ratio declining for all
time periods.

- Precipitation has been increasing for all
time periods.

- SWE has declined for all long term
records but not for the most recent
shorter term 30 years.

- Ablation season temperature has risen.



Glacier response to climate change

- Aglacier with a sustained negative
balance is out of equilibrium and will
retreat to reestablish equilibrium.

- A glacier with sustained positive
balance Is also out of equilibrium, and
will advance to reestablish equilibrium.

- 18801945: Rapid retreat of all glaciers.

: 19451975Tperiod: Type 1 glaciers
advance, ypre 2 glaciers approach
e U|I|t%r|um; ype 3 glaciers continue
retreat.

- 19752007: Increasing retreat of all
North Cascade glaciers. Disappearance
of a significant number of glaciers.

- The differing response of the three
glacier types is due to the difference In
response time.



Lower Curtis Glacieflype 1.:
/1985and 2003 A vigorous glaciethat began

retreating in 1985 and is still retreating ( 170
meters since 1987) anthinning.




EastonGlacier Type 1: 1992 and 2008:
300 m of retreat in last 20.years after
~ advance from 1958979




Lynch Glacier 1978 Type 2. Wide active

front reaching Pea Soup Lake, which it
~ filled in 1976. LynciGlacier2007Type 2:

Narrow inactive front no longer in contact with lake,
has retreated 120 m since 1984 Note new outcrops
In accumulation zone.




WhitechuckGlacier type 3. 198
7%’005 North Branch gone, south
branch 440 m retreat




Equilibrium versuPisequilibritim:
A matter of survival

- Glacier retreat results in the loss
of the low -elevation region of the
glacier. Since higher elevations
are cooler, the disappearance of
the lowest portion of the glacier
reduces overall ablation,
Increasing mass balance and
potentially reestablishing
equilibrium.

- However, If the mass balance of a
S|gn|f|cant portion of the
accumulation zone is negative, it
IS In disequilibrium with the
climate and will melt away
without a climate change.
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% equilibrium response sin

thinning predominantly in the
lower reach of the glacier. Easton
Glacier below has a substantial
accumulation zone, limited

thinning above the ELA.




Accumulation zone of Columbia Glacier,
August2005 No significant accumulation
zone Retreating 5 m year, 1 m/year of
thinning in accumulation zone.




Symptomsfor Disequilibrium

. Recession of accumulation zone
margins.

- Accumulation zone thinning as
evident by emergence of rock
outcrops.

- Significant thinning in the
accumulation zone measured by
remapping.



Foss Glacier 1988 artP05.... .~

accumulation zone recession




Columbia Glaciet9852006 ’

~ accumulation zone recession




Columbia Glacier : changes in
longitudinal profile shows thinning
from terminus to glacier head
Indicating no safe place to retreat to.

- Little Ice Age
=i 1965
== 2002




Accumulation Area Ratio Columbia
Glacier indicating a number of years
with aarbelow 20.

AAR=0.0244x +65.031
R?=0.9186
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V(?e Worm Glacie? -
accumulation zone recession
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~ WhitechuckGlacier 19762003 From

Glacier Gap
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Lyman Glacier marginal changes 12008.
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LyallGlacier 1950 map outline and
2005 SPOT image

Former Lyall Glacler
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~ Glacier National Park: Jackson

Glacier limited retreat since 1966,
equilibrium response?

Image @i‘.2008 ,Digi‘taIGlobe

"Google”

Pointer 48°36°11.09" N 113°42'12.15°W elev 7282 1t Streaming ||||/1]I|]100% Eye alt 132171t



” Glacier National Parkshepard

Glacler extensive accumulation zone
retreat since 1966, disequilibrium.



