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Rigorous DOS Event Monitoring

Dust-on-Snow Events Documented per Month, by Winter

Senator Beck Basin Study Area at Red Mountain Pass — San Juan Mountains

Oct Nov Dec Jan Feb Mar Apr May Jun Total
2002/2003 2 1 3
2003/2004 2 1 3
2004/2005 0 0 0 0 0 1 2 1 0 4
2005/2006 0 0 1 0 1 1 3 2 0 8
2006/2007 0 0 1 0 1 1 3 1 1 8
2007/2008 0 0 0 0 0 3 3 1 0 7
2008/2009 1 0 1 0 1 4 5 0 0 12
2009/2010 1 0 0 0 0 1 4 3 0 9
2010/2011 0 0 0 0 1 3 3 4 0 11
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Paleo History of Dust Deposition
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Neff, J.C., A.P. Ballantyne, G.L. Farmer, N.M. Mahowald, J.L. Conroy, C.C. Landry, J.T. Overpeck, T.H.
Painter, C.R. Lawrence and R.L. Reynolds. 2008. Increasing eolian dust deposition in the western
United States linked to human activity, Nature Geoscience, Vol. 1, No. 3, pp. 189-195, March 2008,
doi: 10.1038/ngeo136
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Swamp Angel Study Plot
11,050’ (3368 m)

SASP Instrumentation

6 m Mast
CR10X Dataloggers (2), Multiplexer (1)
ETT Precipitation Gauge
Wind Speed & Direction (2)
Air Temp and RH (2)
Barometric Pressure
Height of Snow
Broadband SW (2 up, 1 down, shadow array)
NIR SW (1 up, 1 down)
Pyrgeometer (1 up)
Infrared Snow Surface Temp
Snow Temperature (5)
Snow Wetness Sensor
Soil Temperature (4)
Soil Volumetric Water Content

Soil Heat Flux
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Water Year Cumulative Precipitation at End of Month
Swamp Angel Study Plot - Senator Beck Basin Study Area at Red Mountain Pass

1,397 mm (55”)
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- Senator Beck Study Plot

SBSP Instrumentation

10 m Mast

Campbell CR10X Dataloggers (2),
Multiplexer (1)

Wind Speed & Direction (2)
Air Temp and RH (2)

Height of Snow

Broadband SW (2 up, 1 down, shadow
array)

NIR SW (1 up, 1 down)
Pyrgeometer (1 up)
Infrared Snow Surface Temp
Snow Temperature (5)
Snow Wetness Sensor
Soil Temperature (4)

Soil Volumetric Water Content

Soll Heat Flux
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PTSP Instrumentation

10 m Mast
Campbell CR10X Datalogger
Wind Speed & Direction
Air Temp and RH

Pk 13,510

- . SBSP
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Total Miles of Wind at PTSP by Season
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SBSG Instrumentation

Broad-crested, notched weir
0.1 — 30 cfs capacity
Campbell CR10 Datalogger
Stage — Druck transducer
Stage — HOBOs (2)
Stage — staff gauge
Water Temp and Conduct1v1ty
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Senator Beck Stre;m
Gauge 11,030°
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Acre Feet

Senator Beck Basin Cumulative Discharge - 2006, 2007, 2008, 2009, 2010,
2011
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Snow Albedo Measurement

Senator Beck Study Plot 12,200’







Dust decreases snow albedo
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Enhanced Snowmelt Energy Input
Dusty Snow Surface, Clear Skies — Senator Beck Study Plot, May 2005
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Reduced Albedo = Snowmelt “Forcing”

Modeled
Dust-Free SAG
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Large-Scale Albedo Reductions

May 31, 2008 — San Juan Mountains
NASA MODIS Image




Large-Scale Albedo Reductions

May 18, 2009 — San Juan Mountains
NASA MODIS Image
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ects on snowmelt timing and

upplemental to CBRFC forecasts.

' Sprlng 2009 From Senator Beck Basm Study Area
T AN W T SR A Ef:r?!:w,_\.*fﬁ'




CSAS Colorado Dust-on-Snow Program

CODOS Program Funders WY 2007 | wy2008 | wy2009 | wy2010 | wy 2011 \Ijvr\c()pzcc))sﬁd
Colorado River Water Conservation District 8,000 8,000 8,000 | 10,000 | 10,000 10,000
Southwestern Water Conservation District 5,000 5,000 4,000 5,000 5,000 5,000
Rio Grande Water Conservation District 3,000 4,000 5,000 5,000 5,000
Upper Gunnison River Water Conservancy Dist. 5,000 7,500 7,500 7,500 7,500
Northern Colorado Water Conservancy District 1,500 2,500 2,000
Tri-County Water Conservancy District 1,000 1,000 1,500 2,500 2,500 2,500
Animas-La Plata Water Conservancy District 500 600 600 750
Dolores Water Conservancy District 600 600 750
Denver Water 2,500 2,500 2,500 5,000 5,000 5,000
Bureau of Reclamation — Western Colorado
Area 5,000 7,500 7,500 7,500
Bureau of Reclamation — Lower Colorado
Region 7,500 | 10,000 10,000
Bureau of Reclamation — Eastern Colorado Area 2,500 2,500
Bureau of Reclamation — Albuquerque Area 2,500
Western Water Assessment — Univ of Colorado 20,072
Colorado Water Conservation Board 28,034 | 15,000 25,000
City of Grand Junction 2,500 2,500
TOTAL | 16,500 | 24,500 | 54,572 | 81,734 | 75,700 86,500




CODOS Products
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Colorade Dust-on-Snow Alert #8, June I, 2008

Following the expected brief pause in mowmelt diseussed in Alert #7 of May 24, 21l Snotel sites that we've
been monitorng this spring have shown a second steep declne m SWE duting the past week Al sites
showed Iosses in SWE of equal or greater nugnimde than the drop seen earlier, in mid-Afzy, and some sites
have reached “Snow All Gone (SAG). The substantal dust layer (composed of multiple, “merged” layers) that
was temporarly coversd 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 aspects, and more recently at the highest
elevations on even northerly azpects. Lingermg patches of the MMay 23,/24 stomm snow stand In stark, boght
white contrast to the surrounding dirty snow, 23 seen in the May 31st photo below, looking westward at the
Senator Beck Basin Study Area (far right) and nearby terrain at Red Mountin Pass, here in the San Juan
Mounzains.

‘The direet absorption of sclar energy by this dust layer, in tandem with two pedods of suany weather and
wamm zr temperatures, has produced two periods of much-greater-than-average rmtes of nowmelt, as
compared to the 30-vear average rate of decline in SWE. This iz cleardy evident in Snotel 2007/2008 Water
Year graphs arcund the State. Thus, gven thoush all the Snotel cites we menitor reporred substantialle

reater-than-average SWE values this seazon. most sites are also curently on 3 snowmelt trajectory that will
result in exlier-than-aversge date: of SAG (Snow All Gone), some perhaps several weeks earlier than
averape  Some lower elevation sites that have recendly reached SAG on/about their average date have done
30 beginning with a much above-average season maximum 3WE, under very high snowmelt mies.
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Colorado Dust-on-Snow Alert #9, June 8, 2008

As anticipated by NS — Grand Junction, fresh snow and cool air ‘zeset’ the mowmelt clock on Wednesday
and Thursday of last week; we received 16 mm of SWE in the Senator Beck Basin Study Area, a3 4-87 of new
snow, varping by elevation. We did not detect any fresh dust with this storm here in our srady ares, and have
received no reports of fresh dust elsewhere. That fresh snow layer resulted in 2 temporary retum to a high
albedo that, ined with cocler dropped our Basin discharge from near 17 ofs on June 3 to
& ofs by June 6, as seen below, endmg our second major sarge of snowmel: and stretching the date of snow-
All-gone (SAG) a few days further into the future. Following that low point in suweamfow on June 6,
however, the new clean new snow quickly succumbed to sumny skies and the absception of direct solar
radiztion by the undedying dust, revealing the undedying dirty snow surface onee again. O third surge n
fows this seasen has now begun, 3s of this wiiting, despite somewhat cocler air temperatures kere in the San
Juans over the past weekend.

Senator Back Basin Hourly Dischargs - 2008, 2007, 2008
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Based on our firs-hand observation of extensive dust layers in mid-May, it is our assumption that 2 similar
return to high albeds (caused by new snow) occurred throughout most of the remaining Colorade
snowpack last Wednesday and Thuesday, followed by a similar, subsequent ablation of the clean new snow
and re-emergence of the underying dirty smew surfice Some Cenwal and Northem meuntain areas may
have received additional snow showers on Samurday or Sunday, but not in amounts that will cause 2 prolonged
return to high snoweover albedo values. Therefore, given that the current WS — Grand Jer. 7-day forecast calls
for generally sunny skies through Sunday, Tupe 15%, excapt for a brief distarbance on Wednesday the 11" and
temperatures at 10,000° n the 60°s (excepr Wednesdsy and Thursdsy), another surge of dust-enhanced snowmelr is
expected.
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Colorado Dust-on-Snow Program — Water Year 2011

Update #6 - Monday, June 13, 2011

Figure 1: a headwater tributary of Walton Creek at Rabbit Ears Pass on June 9, 2011 showing the

very dark May 29" DI1I-WY2011 dust layer merged with underlying dust lavers.

This season’s largest reductions 1n snowcover albedo are currently contributing to Colorado’s
high rates of snowmelt runoff Recent observations at most Colorado Dust-on-Snow (CODOS)
monitoring sites found all of this season’s desert dust layers merged and exposed at the snowpack
surface. angmented in many locales by the last dust-on-snow event, D11, of May 29 2011. That
amalgamation of all dust layers mto a single, merged laver at the snowpack surface, on all aspects
and at all elevations, occurred earliest 1n the southern mountains but 1s more recent (or underway) at
most northern sites. The following photos illustrate the magnitude of albedo reductions at the
snowpack surface at several recently visited CODOS sites, 1n dramatic contrast to the cleaner snow
immediately below the surface. The Park Cone, McClure Pass, and Spring Creek Pass CODOS

At teer e cafee Fatrae lact #hadre cremire st rar aetiraltr o mae Fae fhe i llatr Craals Dace cqtea HAatirarrar




Fost-Feall aw L, proouced the manest rate of " Ilean Daly Loss owk . Pmally, the later the date or
FPeak SWE, the higher the mean snowmelt peniod temperature, as would be expected.

Last, a comparison of WY 2011 short term snowmelt rates (Tahle 5 helow), using a 5-day
moving average beginning on the 5 day after Peak SWE and running until SAG, provides
additional insight into the effects of dust-reduced snow albedo seen in the photographs m Update
#6— WY 2011

CODOS and Other SNOTEL Sites
WY 2011 Snowmelt Season Summary Data
Highest 5-Day
Moving Average | Final Day of
SNOTEL Site Loss SWE o-Day Perod
Fed Min Pass 1.74" (2% June 17,14
=lurmgullion Pass 1.28" June 4
Woalf Creek Sumrmit 1.48" June 19
Beattown 1.74" (26 June 8,49
Lizard Head 1.40" May 31
Park Cone 1.00" hay 11
Schofield Pass 2.44" June 29
MecClure Pass 1.78" May 30
fndependence Pass 1.54" June 7
Hoosier Pass 1.20" June 16
Grizzly Peak 1.38" June B
Berthoud Surnrmit 1.4g6" June 12
Willow Creek Pass 2.40" Jure 11
Fabbit Ears Fass 1.94" June 7
hMesa Lakes 1.52" June 9
Nop-CoO0S SNOTEL sifes shown in talics

Table 5. showing the highest Sday perind snowmelt rates, a5 lass aff
SWE, during Spring 2001 at [l CODOS SNOTEL sites and §
additional SNOTEL sites. Ukits of srowmelt {Loss SWE) are inches of
Wweter

Park Cone displays the slowest 5-day average rate of snowmelt; as previously discussed, Park
Cone was noted as the cleanest snowpaclk, with the least dust, among the 11 sittes monitored by
CODOS during Spring 2011 {dust event D11, on May 2% came just two days hefore SAG at Park
Cone). Schofield Pass displays the highest 5-day average, bhut Willow Creel Pass 15 not far hehind.
Some of the 15 SNOTEL sites recorded their highest 5-day rate of SWE loss near the very end of
snowmelt, when radiation mayv have penetrated through the thinning snowcover and been absorbed




Senator Beck Basin: March 22, March 29, April 3, April 8, April 15 2009 layers

Below Treeline — April 22, 2009 Above Treeline — April 24, 2009






* MaX|mum Dust at Top of Snowpack
(all or most layers merged):

Spring 2008 = 12 gm/m?
Spring 2009 = 55 gm/m?
Spring 2010 = ~40 gm/m?
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Snow Profile #24 - June 14, 2011
Swamp Angel Study Plot
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Dust Layers #11-4, merged

Snow Profile #25 - June 21, 2011
Senator Beck Study Plot
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May 26, 2010 — Grizzly Peak Snotel, A-Basin




April 17, 2009 — Berthoud Pass |




April 18, 2009 — Willow Creek Pass



May 27, 2010 — Grand Mesa







Cubic Feet per Second

Senator Beck Basin Discharge — WY 2006, 2007, 2008 & 2009, 2010
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USGS 09361500 ANIMAS RIVER AT DURANGO, CO

68808

186808

DAILY Discharge, cubic feet per second

Har 81 Apr 81 Hay 81 Jun 81 Jul a1 Aug 81 Sep 81
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— Hedian daily statistic (98 years) — Estinmated daily nean discharge

— Daily nean discharge w== Period of approved data




Rio Grande at Del Norte
WY 2010
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Acre Feet

Senator Beck Basin Cumulative Discharge - 2006, 2007, 2008, 2009, 2010,
2011
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Dust-on-Snow Shifts Upper CRB Hydrograph*

*not including 2009, 2010 dust deposition rates

Runoff at Lee’s Ferry, AZ
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Atz the scale of the Upper CRB, modeling shows:
DOS = Earlier SAG = Increased ET = Reduced

Rav £
2.0 ................. 8
e Mean A Runoff: Ne é :
-4.9% g 15 5' ] l :::.' - 6 >
-811,000 acre-ft é [ 'E : [ ] P
1.0 [f 185 P
c =R
* Range: T b S
S =05 2 <
-2.3 to -7.6% Z — BCM '
- == Percent |
-243k to -1,460k acre-ft o0l o o 0
1920 1940 1960 1980 2000

*based on pre-2009 dust loading

Painter, Deems, ez al., PNAS (2010)




What we have learned since 2003/2004 ...

« Dust-on-snow is extensive, affecting all Colorado mountain watersheds

* Dust deposition rates are about 5X higher than pre-settlement rates

e The Colorado Plateau is the dominant source of dust on Colorado snow

Dust effects vary year-to-year ...

 Reduced albedo = 2x to 3x more melt energy available (vs. air temp only)
 Snowpack ripening and snowmelt onset are advanced (vs. air temp only)
» Melt rates accelerate, advancing SAG up to 50 days (vs. air temp only)

» Dust effects already exceed projected climate forcing effects

* Dust-on-snow has reduced Upper CRB flows at Lees Ferry by 3-7%

What we do not yet know ...

» Exactly why the winters of 2008/2009 and 2009/2010 were so dusty
* Whether 2008/2009 and 2009/2010 are a new normal

» Shares of dust attributable to the variety of agents disturbing CP soils
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Center for Snow & Avalanche Studies

PO Box 190, Silverton, CO 81433
Phone: (970) 387-5080 Email: clandry@snowstudies.org
Web: www.snowstudies.org
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