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Desert/Mountain
Interactions

influencing Colorado snowmelt
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Findings ... Collaborative Research funded by: National
SR G S Science Foundation Atmospheric Sciences,
Geography, and Hydrologic Sciences
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- Exposing layers of dust-in-snow decreases snow
albedo and increases radiative forcing on a regional
scale, accelerating SWE ablation

*Observed reductions in snow albedo have advanced |
snowmelt by up to one month and resulted in a higher|
amplitude and shorter duration hydrograph
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Snow Albedo Measurement

Senator Beck Study Plot 12,200’




Snowmelt Energy Budget

Dusty Snow Surface, Clear Skies — Senator Beck Study Plot, May 2005
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7 * Dust at Top of Snowpack (all
f'{ 65 or most layers merged):

Spring 2008 = 12 gm/m?
Spring 2009 = 55 gm/m?




May 18, 2009 — San Juan Mountains
NASA MODIS Image




May 31, 2008 — San Juan Mountains
NASA MODIS Image




May 18, 2009 — San Juan Mountains
NASA MODIS Image
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Senator Beck Basin: March 22, March 29, April 3, April 8, April 15 layers

Below Treeline — April 22 Above Treeline — April 24



April 16, 2009 — Wolf Creek Pass




April 17, 2009 — Berthoud Pass |




Dust Updates

AN}

AN ¢
THE A ‘3\1(3\,&&\.\ ANLH
UUN[\-’EP.SIT‘E \w?' U

OF UTAH

Colorado Dust-on-Snow Alert #8, June I, 2008

Followmg the expected boef pause in snowmelt diseussed in Alert #7 of May 244, all Snote] sites that we've
been monitoring this spring have showvm a second steep decline m SWE during the past week All sites
showed losses in 3WE of equal or greater magnitade than the drop seen earlier, in mid-1fay, and some sites
have reached “Snow All Gone (S3AG). The substantal dust layer (compesed of multiple, ‘merged’ layers) that
was temperaily covered by clean new snow over the weekend of May 24* and 25% has extensively re-
emerged at the snowpack surface, first at lower elevations on all aspeets, and more recently at the highest
elevations o even northerly aspects. Lingering patches of the May 23,/24 storm snow stand In stark, boght
white confrast to the swrounding dirty snow, is seen in the May 31st photo below, looking westward at the
Senator Beck Basin Smdy Area (far rght) and nearby terrain at Red Mounmin Pass, here in the San Jusn
Iountains.

The direct absarption of solar energy by this dust layer, in tandem with two penods of sunny weather and
wamm sir temperamires, has produced two periods of much-greater-than-average rawes of snowmelt, az
compared to the 30-vear average rate of decline in SWE. This iz clearly evident in Snotel 2007 /2008 Warer

Year graphs around the State. Thus, 3 sifes I i subs
reater-than.zrersgs SWE values this season most sites are ako cuxrently on 3 snowmelt tmjectory that will
result m earlier-than-zverace date: of SAG (Snow All Gone), some perhaps several weeks earlier tham
aversge  Some lower elevation sites that have recently reached SAG on//about their average date have done
0 beginning with a much above-average season maximum SWE, under very high snowmelt rates.
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Colorado Dust-on-Snow Alert #9, June 8, 2008

As anticipated by NWSE — Grand Junction, fresh snow and cool air ‘reset” the snowmelt clock on Wednesday
and Thursday of lust week; we received 16 mm of SWE in the Senator Beck Basin Study Ares, as 4-8" of new
snow, varying by elevation. W did not deteet any frech dust with this storm here in our sL—.u:L area, and have
:enel."ed. no reports of fresh dust elsewhere. That fresh snow laver resulted in a temporacy retum to a high
albedo that, combined with cocler temperatares, dropped cur Basin dischargs from near 17 cofs on June 3 to
& ofs by June 6, a5 seen below, ending our second major surge of snowmelr and stretching the date of mow-
all-gone (3AG) a few days further into the fumre. Following thar low point m sweamfow on June 6,
however, the new clean new snow quickly suecumbed to sunny skies and the absorption of direct solar
radiation by the underlying dust, revealing the undedring dirty snow surface onee again. Our third surge n
flows this season has now begun, a3 of this wiiting, despite somewhat cosler air temperatures here in the San
Juans over the past weekend.

Senator Back Basin Hourly Discharge - 2008, 2007, 2005
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Eased on our first-hand observation of ex‘teu_t.i"e dust layers in mid-Day, it Is our assumption that 2 similar
return to high albedo (caused by new snow) ocourzed chl:ou.g]:o‘ut most of the remaning Colorade meountam
snowpack last T\'ed.u.esﬂ:l}' and Thu:sﬂa}' followed by 3 similar, subsequent sblation of the clean new snow
and re-emergence of the undedying diny snow surface. Some Cenmal and Northem mountain areas may
have cecerved additgonal snow showers on Sanurday or Sunday, bur not in amounts that wil cause a prolonged
return to high snoweowver albedo values. Therefore Eiven thar the currens WWS — Grand Tes T-day forec asr calls
for generally snnny skies threugh Sunday, Tune 15" except for @ brief disnrbance oo Wednesday the 11" and
temperstures 3t 10,0007 i the 60°s (except Wednesday and Tharsdav), another surge of dust-anhanced snﬂwmelt s
expected.
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Created: 10:48 AM May 31, 2009

07M335:Red Mountain Pass
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Thi= i2 an automated product based on SHOTEL data, provigional data are subject to change.

This product combines the historical period of record data (gray background) with the recent daily data (heawy red, left) to project
inta the future (colored lines, right). This product does not consider climate information such as El Nino or short range weather
forecasts and therefore should only be used as & sessonal planning tool. Contact Tom Pagano@por wsda.goy 503 414 3010
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06J05S:Willow Creek Pass
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Thi= iz an automated product based on SHOTEL data, provisional data are subject to change.

This product comhbines the historical period of record data (gray background) with the recent daily data (heawy red, left) to project
inta the future (colored lines, right). Thiz product does not conzsider climate information such az El Mino or short range weather
forecasts and therefore should only be used as & seasonal planning tool. Contact Tom Paganoi@por usda.goy 503 414 3010



Created: 03:33 AM Aug 17, 2009

07K09S:Mc Clure Pass

35

Maximum
Jin10
5in10
7in10
Minimum
Observed
71-00 Avy
------- POR Median
| Gray: Histerical Range

30 1

[
o
1

[
o

Y
o

Y
o

Snow Water Equivalent (inches)

This is an automated product based on SHOTEL data, provisional data are subject to change.
Thiz product combines the historical period of record data (gray background) with the recent daily data (heawvy red, left) to project
\ ’ into the future (colored lines, right). This product does not consider climate information zuch as El Mino or short range weather

forecasts and therefore should only ke used az a seasonal planning tool. Contact Tom Pagano@@por usda.goy 203 414 3010
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07M32S5:Beartown
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Thi= i2 an automated product based on SHOTEL data, provigional data are subject to change.
This product combines the historical period of record data (gray background) with the recent daily data (heawy red, left) to project
\ ’ inta the future (colored lines, right). This product does not consider climate information such as El Nino or short range weather

forecasts and therefore should only be used as & sessonal planning tool. Contact Tom Pagano@por wsda.goy 503 414 3010
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May 13, 2009 —Senator Beck Stream Gauge at 16 cfs
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Cubic Feet per Second

Senator Beck Basin Discharge — WY 2006, 2007, 2008 & 2009
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USGS 09361500 ANIMAS RIVER AT DURANGO, CO

Discharge, cubic feet per second
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Colorado Dust-on-Snow (CODQOS) Progtram Participants:

Colorado River, Southwestern, and Rio Grande Water Conservation Districts
Upper Gunnison River, Tri-County, Animas-La Plata, and Northern Water Conservancy Districts

Colorado Water Conservation Board

Bureau of Reclamation — Western Colorado, Denver Water, Western Water Assessment

Center for Snow & §
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