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North Cascadé&slacier Climate Project: Since 1984

Glaciers act as natural reservoirs storing water in a frozen state instead of behind a dans nt@difyestreamflow releasing the most runoff
during the warmest, drieperiods, summewyhen all other sources of tea are at a minimumAnnual glacier runoff is highest in warm, dry
summers and lowest during wet, cool summ@iise amount ofjlacierrunoff isthe product of surface area and ablation raféhe glacier retreat and
loss of glacier runoff has been quite pronounced in the Skykomish River BadssTfact sheet examines the specific charigagaciers and glacier
runoff, further details can be provided.

Glacier retreat andhanges in summeunoff have been pronounced in the SkykomRIver Basin North Cascades, Washingtisaom 19562000.
An analysis omparingUSGS streamflow recorder the 195601985 to the 1982009 periodndicates thatduring the recent period tlg&kykomish
River summer streamflow (Julyeptember) has declin@8% in the watershed, spring runoff (Apdiline) has decling&®o, while winter runoff
(NovemberMarch) has increased% (Figure 1) The minimummeanmonthly Augustdischargdrom 19282010occurredn 2003 and 200%hen
streamflow was 15.in°s* and 15.2m°s™ respectively. From 19291985 streamflowvasless tharl4 m’s* during the glacier melt season a single
day in 1951 From 19862007 there were217 days with discharge below tds* with nine periodsastingfor 10 consecutive day&igure 2) In
the Skykomish Rivewatershed from 1958009 glacier area declined from 3.8%m2.1 knf. Columbia, Foss, Hinman and Lynch Glagctae
primary glaciers in the basideclined in area b¥0%, 60%, 90% and 35% respectively since 1958. Annual mass balance measuremeatsccompl
from 19842009 on Columbia, Foss and Lynch Gladmelicate a mass $ of 13.1 mw.e. Despitel5% higher ablatiomates during the 19852009
period the 4846 reduction in glacier area led t@&% reduction glacier runoffetween 1958 and 2009.he 38% reduction in glacier runoffid not
lead to a significant decline ithe percentagsummer runoff contributed by glaciers under average conditibasontribution has remained in the
range of 13% from JulySeptemberTheglacier runoff declinempadedriver dischargenly duringlow flow periodsin August and Septemberin
August 2003 and 2005 glacier ablatioontributedl 5-1.6 m’s* to total discharge, dt0-11% of Augustdischarge While decliningglacier aredn
the regiorhas andvill lead to reduced glacier runoff amdducedate summer streamflowt, haslimited impact on the Skykomish Rivekcept
during periods of critically low flowbelow 14 mis* when glaciers currently contributeore tharL0% of the streamflow.
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Figure 1. Streamflow ahe USGS gaging station on the Skykomish River at Gold Bar. Most notable is the consistently lower summer streamflov
since 1976, despite an increase in annual precipitation during this interval.
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Figure 2: Low flow daysluring the summesince 196.

In Figure3 the change in flovilow for the Gold Bar statiofor three time periods and the same time period for Gold Bar and South Feekhio
ratio of South Fork to Gold Bar is consistently aroQr&D. This would suggest the same would be close to true for the south fork for the recent
periocs. The most notable change is the substantial decrease in mean summer flows
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Figure3. Comparison of streamflow in the Skykomish River at Gold Bar and in the South Fork Skykomish for #i®8834@riod, anthen for
Gold Bar to more recent periods of 198806 and 1982009. The hydrograph still has two peaks, a rain dominated peak in Novddebember
and snow melt peak in Apriluly. Theformeris supplanting the latter as the major streamflow peak.

Lynch Glacier is on the north side of Mount Daniels, the highest point in the Skykomish Watershed and drains into the South Fork Skykomish
River. In USGS maps of the region the glacier flows down the mountain ending in basin, with a modest fringe of watertBisavainfiguration

is evident in the 1960 image belowhis lake, usually referred to as Pea Soup Lake, expanded rapidly between 1978 and 1983, as the portion of
glacier occupying this basin disintegratbg 1988 the lake is fully open watdrynch Gleacier retreate@®@90 m from 19561979, almost all of it

occurring in a rapid breakup of the the glacier in Pea Soup LFken 19792009 the glacier has retreated 132 m from the lake signeual mass
balance measurements indicate the loss of 13 metems tfickness on averageMore importantly in 200®nthe upperwestsection of thelacier
section, a bedrock ridgend scattered outcrops were exposed. The features have continued to iegpaattle ofthinning of the glacier in its
accumulatia zone note the rock outcrop on the upper right portion of the glacier in 2007 in the right imi&geis an indicator of a glacier that
cannot survive current climatéynch Glacier has lost 35% of its area since 19588.Pea Soup Lake has maturadas turned from pea green to
turquoise in color.
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Figure4: Lynch Glacier from left to right in 1960 (Austin Post), 1988 and 2007.

Hinman Glacier is on the west side of Mount Hinman drains into the South Fork Skykomish River. Thisewagest glacier in the North

Cascades south of Glacier Pé&dikyears agoloday it is nearly gone. Hinman Lake, unofficial name, has taken the placel@ivdreportion of the
former glacier, which still has a couple of separated relict ice mdsdbeUSGS map based on 1958 photographgtheier extends from the top

of Mount Hinman a2300 meterso the bottom of the valley 4625 metergbelow left) The next image is of Hinman Glacier from the west in 1988,
the Hinman Glacier is now a group of f@aeparated ice masses, three are significant in size still.. Lastly is a 2009 view from the far end, north enc
of Lake Hinman up the valley and mountain side that was covered by the Hinman Glacier, now 9@%srgrared to 1958 he new lakas one

kilometer long This is no longer a glacier and is just a few relict pieces adsogewed from the 1958 terminus location in 2a6@ largest has an

area of 0.05 square kilometers.

Figure5. At left outline of HinmarGlacier on the 1965 USGS topographic map based on 1958 aerial photographs, in the middle the glacier in 18
and at right a view from the new Hinman Lake in 260¢he 1958 terminus locatibfom Davneport)

Foss Glacieris on the Northeast side of Moudinmananddrains into the South Fork Skykomish RivAs recently as 1984 this glacier covered the
majority of this mountain face. Today the glacier is rapidly thinning, separating into smaller parts and ref@sgti@Giacier lihby the middle of
August lost all of its snowcover in 1992, 1993, 1994, 1998, 2003, 2005, and 20@%a3ted to thinning of the upper reaches of the glacier.

Thinning of the upper reaches of a gladsean indicator of a glacier that cannot survive current clinfdte lower section detaché&m the upper
sectionin 2003 and melted away 2009. Below left is Foss Glacier in 1988, in the middle in 2005 with the 1988 outline, and in 2009. In the latter
two images the snowpack is essentially gone from this dyingeglamnual balance measurements indicate a loss of over 15 meters of average ice
thickness, which for a glacier that averagee#80m in thickness represents-80% of the volume of the glacier lost between 1984 and 2009. The
reduction in glacier extetias been 40% between 1984 and 2809 60% between 1958 and 2009

Figure65. Foss Glacier at left in 1988, in the middle in 2005 and at right in 2009 taken from the west ridge of the Lynch Glacier.



Columbia Glacier occupesa deep cirque above Blanca Lake ranging in altitude 460 mto 1720 mand is the headwaters of the North Fork of

the Skykomish RiverKyes, Monte Cristo and Columbia Peakirround the glacier with summits o\@200 m This glacier has the lowest are

altitude of any substantial glacier in the North Cascaties.glacier is the beneficiary tafcally heavy precipitation amatographic lifting over the
surrounding peaksausing cooling of the air mass greater than that expected from the elevatierylaicier. Facing southeast Columbia Glacier is
protected fromafternoon sunDuring the winters storm winds sweep from the west across Monte Cristo Pass dropping snow in the lee on Colum|
Glacier. Avalanches spilling from the mountains above dedaario and spread across Columbia Glaci€he avalanche fans created by the settled
avalanche snows are 20 feet deep even late in the suriiarly a third of the glacier is covered by avalanche fans, but no summer avalanches
have been observedColumbia Glacier has retreated 134 m since 198#e head of the glacier has retreated 9Qateral reduction in glacier

width of 95 m in the lower section of the glacier and the reduction in glacier thickness are even more substantiahésga pereanajor issue is

that the glacier is thinning as appreciably in the accumulation zone in the upper cirque basin as at the Tdnisiindgcates glacier that is in
disequilibrium with current climate and will melt away with a continuation of the muchenateconditions. The glacier has lostSIm in thickness

since 1984, but still remains a thick glacier, over 75 meters in the upper basin and will not disappear dui2ki§3, 2004, 2005 and 2009 there

has been nearly a complete exposure ofjtheier surface and the loss of all firn and snowcover on the glacier. This exposed more than 50 annua
layersin the 2005 image seen belo8treamflow and ablation are measueagh summeon Columbia Glacier. Glacier runoff ranges from3b

cfs durirg the summer melt season from this glaelene

Figure7. Headwaters of the North Fork of Skykomish River emerging from Columbia Glacier in 2009 at left. At right a view of th@aColum
Glacier from itshead in 2005 with almost the entire glacier exposed at the start of August.

20122013 summer work

We will continue the glacier monitoring in the basin. In additi@will to complete synchronowssreamflow measurements durilogv flow
periods at many locations in the bagkigure 8) Thismethod allows identification of the percentage of input from each region wetlaeshed
during a low flow period, information that cannot be gleaned from continuous measurements at a single or pair of gaged statio
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Figure 8. Watershed map indicating the location of suggested locations for instantaneous aysdlomwmeasurements. Troublesome Creek, N
Fk Skykomish(2), Beckler River(2), S Fk SkykomishDeception Creek, Miller RiveFoss River,

Figure9. On the following pagés the annual photographs of Columbia Glacier taken from below the terminus each year in earljrémdl&84
2008.






