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ABSTRACT

In early 9ring 2009 a succession of five storm systems moved out of the Pacific Northwest
and into the dsert Southwest region of the United Statasparticular, the 4 Aprik009 storm
system brought strong dynamics at all atmospheric levels including a 97mwaid speed
maximum at 500mb and maximum surface wind gusts up to 84nmpe 4 April storm system
was the first storm of the series to entrain desert dust and deposit it onto the deep April snowpack
of the San Juan and Elk Mountain ranges of western and southwestern CoRXHIOEL
(SNOw TELemetry) data from 32 sites across those mountain rarggegxamined to assess the
rate of snowmelt at least one month earlier thatyer historical records indicate in association
with the stormdeposited dust

In this article we presemneteorological data, snow pack data, streamflow, datd repeat
photograpl of high mountain basins during trimmer months to demonstrate that the events of
2009 exhibited & accelerated rate of snowmelt andhach earlier melting of snow cover from
yearto-year changes in larggcale weather patterns. This includadiativeforcing by desert dust
depositsas a snownelt contributing factor oveprior years of te past decade, particularly 2005
and 1999

1. Introduction

On a recent climb to the highest peak in the San Juan Mountains of Caloradee of
2009 one obvious part of theioib could not be ignored.n®w fieldsof the upper Nellie Creek
basinon the =east sl opes o f Un cwema pirded bnoven arle a k (
remaining snowwas covered in brownishred dirt, dust and soil particles. The simple
explanation is thaabnormally windyspringst or m syst ems deposit deser
high mountains.The phenomenonhas happened naturally through timéecoming more
prominentin recent decades due in part to large scale grazidggriclture in the southwest, as
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well as expansion of recreational usethe Colorado Plateawhich erodeglesert soil§Belnap
and Gillette 1997;Reynolds et a].2001;Neff et al, 2005 2008; Tanaka and Chipb2006;Wells
et al, 2007). Some of the dust may gihate from across the Pacific from the Gobi and
Taklimakandeserts in Chinaandit has been suggested thia¢ intensity of those dust storms has
increased since 1990 (Liu and DiampB@05; Wells et a].2007).

The primary effect of dust on snowpacknsreasd melting from heat absorptioSnow
has the highest albedo of any naturally odogrsurface on EartiCponway et al.1996; Painter
et al, 2007; Gabler eal., 2009). Dustcauses the snow to exhilaitdecreased albedo (especially
from visible wavéengths) and thus abdismore solar radiation than pure white snow, causing a
rapid meltdown of the snowpag¢kWarren and Wiscomhd980; Conway et 311996. Dust has
a negativeeffect not only on the snowpack but on the entire watershed. In heavy sasnike
the winter of 2008009,dustcovered snow magause flooding problems especially in locations
accustomed to seeing peak meltwater faw rivers during thelune instead of May. In fact,
recent trends and investigation of radiative forcing byedetust deposits on mountain snow in
the San Juan Mountaimevealshortened snow cover duration by one month in years-2008
(Painter etal., 2007 Steltzer et al 2009).In combination vth warm spring temperatureew
snow yearsand especiallyearto-year changes in larggcale weather patterndustcan help
contribute toprematureand acceleratetheltdown leading to drier than normsoil conditions
during the lagr part ofJuly and Augus{Neff et al, 2008) Furthermoreaccordingto anecdotal
evidence, historical research, and recent observatteted to the timing of phenological events
(Steltzer et a).2009), the San Juan Mountains receivelltiple dust deposition events annually
in Februarythrough May, arriving before and during the wnaelt period (Painter et a).2007).

Therefore, it is logical that dust is affecting the spatial and temporal pattern of snowmelt.



Increased dust deposition meacsncerns for popularecreationalactivities such as
spring skiing whitewater rafting/kayakig, and hiking The rapidmelting of snow could have a
significant impact on the local rafting and -fighing companies who relgn historical river
flows to keeptheir businesses running for the entire sumnberst can accelerate the meltaf
deepspring snow pack while alsphenologically impacting summer wildflower populatienf
meltwater dries up earlysome flowers may bloom eaetiin the summer arotbe seen at all.

In April and May of 2009esert duswasdeposited oto the San Juan and Elk Motain
r a n gsreodpack, causingan increased level of heating from solar radiation to occur on the
surface of thesnow and a reducedalbedq thus apparentlyaccelerating the snowmelThis
causedhe peak of the spring runoff to take place in early Mateasof early Jund. hi s o6 mont h
earlierdé trend is consistent wit RQongsi9%3}dect i ons
Quervain 1947; Painter etal., 2007), as well as by advocates who suggest tiraatg change
has inducednore accelerateand arlier snowmelt runoff (Mote2003; Stewart et al2005).

The impact of dusbn snowpackas to be considered relative to differencethemain
contributing factors ofemperature and snowfalinaximum total snowpack equivalent for the
winter), which fluctuate from year to yeaAll years are not created equal, and low snowpack
combined with higher spring temperatures are likely the most dominant factors in an early
snowmelt yearFurthermore, consideration should be given to global weather nsatechas
ENSO, MJO, and PDOJet stream lodeons can generally be forecdsised onhtese kinds of
global patternsKnowing the dominanpattern(s) several months before a dust evedion
season canin theory serveas a guideline in determining whatfeets might be expected,
includingt he | i kel i hood of dust d dgmpeatutes, snowpacky Col ¢
global weather patternget stream positions, strength and extent of Mexican monseaouis,

guantity ofdust depositin are all contributing fetors. The extent of their contribution will vary



with conditions and specifimountainlocatiors for any given year Alternatively, rot all effects

of dust directly lead to less snowpadbue to additional melting induced by dirty snow in a
particular sewpack, subsequent wind events and snowfalls after a dust event may indeed exhibit
less blowing snow than they would have if the original dust had not been present. Melting
increases the density of a given snowpack, and snowpack of increased denstgusdesptible

to blowing away at a later time.

In this article we present meteorological datmow pack data, and repeat photography
of high mountain basin& the San Juan and Elk Mountains of Colorémldemonstrate that the
events of 209 were much ifferent thanyears of the past dade, particularly 2005 and 1999
and continued mirror the trendgredicted by climate and snowpack experts in this region.
Therefore, the findings we present act as a guideline useful to current and future stakehdlders
researcher® attempt to isolate dust as a factor that impswtsvmelt
2. Analysis of Dust Storms and Meteorologcal Timeline of Events

The first and most pertine2009dustdepositingstorm occurred on 4 Apr2009 across
the San Juan andkEMountain ranges of Colorad@-ig. 1). Both mountain ranges have peaks
exceeding 1 4 and Oekeive Sighifc@@nowfall of over 350 incheg890cm)
annually at elevations above ® 0 0 6 (TRidAs®i@Bnmystem wdsllowed by a succession of
four other dynamic stm systems duringpril (Table B). Using AERONET(AERosol RObotic
NETwork), reverse aerosatind trajectorieswere analyzed (NASA2010)and identifieddesert
dust source regis from as far away aBaja California (Fig. 28). The four additionaktomm
systems following the 4 ApriR009 storm movedhrough thesouthwestUnited Statesalso
entrainingexotic dust and depositing sotarticlesonto theSan Juan and West Elk Mountain
snowpack Each storm system showed similar meteorologibalracteristics to thé April 2009

storm:wind speed maximalose to 100mplaloft and at the surfagg ables 1ab). This paper



descriles the meteorological events of 2009 only, but it is important to recognize that similar
storm systems have been occurrimgh increasing regularity and intensification since 2005
(Table 1¢, and particularly in2006 (Painteet al, 2007) whereas 1999 wasvery low dust
storm intensity yeartGDPHE 1999;HPRCC 2009; NSIDC 2009).
a. 4 April 2009 storm systenan example of a duskeposiinducing event

On 2 April 2009a 1004mb low presse and attendant cold froat the surfee travelled
south from he Pacific Northwessupplanting a 1012mb high press@fey. 2h NOAA, 2009a)
By 3 April 2009 the lowpressure had strengthened to 992mb completely dislodging the 1012mb
high pressureand pushing ittoward the Gulf Coast(Fig. 2c, NOAA, 2009b) The 500mb
analysis on 3 April 200%hows a large troughijffluence over Colorad@nda 69mphwind
speed maximum passirtigrough the deserts of California, Northern Arizona, bitah pushag
into western ColoradoBy 4 April 2009 there weretrong winds at the surfad®@4 mph at
03UTC at CAEGE)xnd the 500mb mageries confirm strong winds alofts wellup to 97mph
(Fig. 2d, NOAA, 2009c;Tables 1(a-b), CAIC, 2010. This suggests omentum transfer between
500mb and the surface station CAEGE and the plausibility of desert dust deposition.

It is important to recognize that the origin of the dust isfrmn deserts aloe. Low-
altitude, semiarid portions ofOregon, IdahoNevada,California, Arizona, UtahNew Mexico
arealsoresponsible for contributing to these dust storm evéiitese semarid steppe regions
consist ofsand,dry soils,and lightweight soilparticles. These lowing soils (later deposited as
loess)extend much higher into the atmosphere than sand, and can be transported further
3. Discussionof Mountain Ranges, Associated Snow Pack Data, and Basin Photography

In 2009, allColoradomountain rangeshowed earlier than normal "meut” dates as
well as an accelerated rate of melting for the overall snowpack. Earlyoutettates were

widespread irthe San Juan Mountains, but none as abnormally early as the West Elk Mountains.



In this analysis, seasahsnowpack melout rates from bth mountain ranges will be examined
in detail in relationship to the meteorological events.
a. San Juan Mountains and Uncompaghre Peak

Uncompaghre Peakhe monarchof the San Juan Mountains, l&cated in the northern

part of the rangeand risest 0 1 443@&L0).9IM late June of 1999, 2005, and 2009, the

snowpack was viBly decreased each year leading up to the présemt. 3(a-c), Figs. 4(aDb)).
The 20® snowpack numbers indicate that the San Juan Mountains were impatheddeagert
dust, incrased spring temperatures, and daseel snowpack levels at the SNOTEL sites.
SNOTEL data from 1%&ites averaged togethéfable 2 NRCS 200%-b) specify the snow

throughout the San Juan Mountain range medtetd30 days earlier in 2009 ¢ble 3 Figs. 5(a

b), NRCS 20099 than the30-year runningaverage (June 22 versus July).22ne noteworthy
limitation is that both temperature and snow paclagatesented in this analysis wealected
and averagefrom sites located at much lower valley elevatitimsn wherebasin photos were
taken Temperatues werehigherin lower valley locations, whereas/erage snowpack may be
higher at higher elations where photos were sta® opposed to data caited at te SNOTEL
sites

The earlyand rapidi med utt 0 i s f ur t h dearincelencedoéEmasnend by e
peakstream flows in the Lake Fork of the Gunnison River as repbstetie USGSat Gateview
(Table 9. Peak stream flows in Cubic Feet per @et(CFS) have been recordeach year since
1938. 26 Jund.999 waghe lates peak ruroff flow since 11 July1983, and the %Alatest peak
since 193825 May 2005 andl9 May 2009 respectivelywere among two of the earliest peak
flow years for Gateviewas well as th7 May 2006 reading(USGS 200%). In fact, 19 May
2009 matched 970 and 1963 for the earliest pe&df in the records since 1938his indicates

that the dust deposited on the snow may have been a catalyst for morenpielt earlier in



2009and 2006 Photos from 1999, 2005, and 2068both Nellie Creek basirF(gs. 3(ac) and
Figs. 4(ab)) and Matterhorn Creek basirear the smmit of Uncompaghr&eaklooking west
(Figs. 6(ae)) depict thes descriptions in detail and correlate with the peak stream flow
information presented for the USGS gage at Gatevidw Lake Fork of the Gunnison River
flows north from Lake Cityand is the main drainage fatl snow contained withirthe Nellie
Creek bam east of UncomgghrePeak and the Matterhorni€ek basin southeast of Wetterhorn
Peak( 14, 01706/ 4272m) .

Furthermore, datandicated abovenormal temperaturef®r April to June2009across the
San JuamMountains(Table 5§ HPRCC, 2009).Even tiough the temperatures were above normal
in 2009,2005 and 1999, the solar insolation from decreased albedo on the surface of the snow
from deposited dusilsoplayed a role iranearlie and faster rate aglowmelt in 2009 over 2005
andmuch earlier thar1999.Rate of snowmelt for 2009 and 2005 is demonstratédgs. 5(a-b)
(1999 minor dust yeadata umvailable).The steeper the curves from NRCS, therenrapid the
melt-off, which is more likely in a dust yeailhe nelt-rate airve for 2009is steeper and of
shorter duration (late April to late June) compared to 2005 (early April to early Auly).
important aspect of seasonal temperature departures tirermormal is spatial ontext. For
example 2009 and 2005 were warmer at high elevation (200a0L&ard Head Pass) compared
to 2008(MesoWest 2010)Also, the amount of seasonal snowfall was less in 2009 than 2008
(Figs. Ya-b)). Early snowmelt is certainly expected in light water years. Therefore, the impact of
dust has to be considered relative to diffeemnin temperature and snowfall, whante the main
factors contributingo the rate of snowmelt.
b. Elk Mowntains and Pierre Lakes Basin

The Elk Mountain rangecontainsa majority o f Co | o rstaigblatédsand mumgged

FourteenergKedrowski 2006 2009). These mountains are characterized by steep granite spires,



loose sedimedary cliff bands, anduggedglacid-cut basins that hold snomearlyall year For
example, theemote glacialbasins surrounding Capitol Peak and Snowmass Moustaw
noteworthy contrasts in the amount of remaining snowpack by late August, especially since 2005
(Figs.7(a-q)). SNOTELssites inthe EIk Mountain rangéhatrepresent th80 year mekout dates
in closest proximity to the Pierre Lakes basin and the upper west Snowmass Creek basin near
Capitol Peakand Snowmas Mauntain are listed in Table 3SNOTEL data suggests that the
&Elksdwere hitharder by the2009 dust than the San Judese photo$igs 7(aQq)). The 2009
snowpack data from 1different SNOTEL sitesclosest to Pierre Lakesabin Tables 34)
averaged together indicated the snow throughout the Elk Mountain range-meltéd days
earlierand melted much faster in tepringthan the 36year running average (June 5 werguly
15, NRCS 2009h. The Gunnison River basin high/low snowpack sumniary2009 and 2005
is presented irfrigs. 8(a-b), showing that the metiut date for the basin and the Elk range was
much earlier in 200%han 2005 (1999 data not available). The matié curve for 2009 is steeper
and of shorter duration (midlpril to 1 June) compared to 2005 (early April to early July).
Recent trends generally indicatapid melting of snow andnelt-outs earlier in the summer in
past years, especially sindeetdrought years of 208002 Qainter et a).2007; NRG, 2009h
d).

Furthermore, datandicated belownormal temperaturger April to June 200%cross the
Elk Mountain ranggHPRCG 2009) comparedo warmer than normal temperatures in 2006
2005 and 1999T(@able 5. Thisindicates that thetemperaturesvere less of a factor than teelar
insolation from decreased albedo on the surface of the snowdepwosited dust whh may
have contributed tearlier snowmelt in 2009 over 2005 and 1999. This pe@slly evident in

the Pierre Bkesbasin in late Aigustfor both 2009 and 200&-igs.7(aQ)).



Streamflow data to support these trends is not as clear because of the distance and
orientation of where the USGS has located the stftmmngauges for rusoff coming directly
from the Pierre Lakes and West Snowmass creek drainages in the Elk Raadmasins below
Snowmass Mountain and Capitol Peak feed into creeks that eventually flow into the Roaring
Fork Rivernorthwest of AspenTherefore, a reasonable site to assess is the Roaring Fork River
in GlenwoodSprings, a river carryinghe majority of the Elk Ring® snowsnelt. The early
Amedut 0 happened again in the EI Kk Mountains
in the Roaring Fork River as reportey the USGSat Glenwood SpringsT@ble §. Peak stream
flows in CFShave beenecorded for each year since 1906. By sheer coincidence to the Lake
Fork of the Gunniso River in the San Juan Ran@é Junel999 was also the latest peak-afh
flow for the Roaring Fork River since 13 July985.24 Jun&005 was also a later than notma
year for a peak flow siitar to that of the 1999 yealn quite a contrast, a samate to the San
Juan ge of 19 May2009,the Roaring Fork River peak flow was among the earliest peak flow
years for the Glenwood Springggcation (USG$200%). In fact, 19 May 2009 was the earliest
peak flow in the records sin@& May 1966.2006 was a very similar peak streflow year to
2009, as peak flow was recorded on May 28cimearlier than 1999 and 200Ehis suggests
that the dust depositech dhe snow may havactored ito amore rapid melt earlier in 20G#hd
2006for the Elk Mountais. Photos fom 2009, 2005, and 19%f the Pierre Lakes bas{figs.
7(aQq)) depict these descriptions intdé and correspondvith the peak streanilow data
presented for the USGS gauge at Glenwood SprfdgS for the fouryears (20092006,2005,
and 1999)werevery similar, even thugh peak stream flows occurred at a different timgeaf

(Table §.

by



4. Conclusions

The repeat photography demonstratksir and striking differences in snowpack within
the San Juan and Elk Mountain rasgfrom 2009, 2005, ant©999 from the same locations
duringthe same week of each ydar themountain basinsThe meteorological datshows that a
succession of five significant April 2009 storm systemght 2006 esnts, andour 2005 storms
entraineddesert dust fronthe southwestern U.Sdepositing it onto the high, ruggeshd remote
areasof both mountain range3he data averagefrom SNOTEL sites across mountananges
for 2009 and2005revealthreeprimary findings: 1) the San Juan Mountain snowpack meibexd
one month earlieand at a much faster rate ovethkn the 36/ear averagmeltout date 2) the
Elk Mountain range raeltedout at least 40 days earliand at a much faster rate ovetatn the
30-yearaveragemelt-out date and, 3) epeat photos available from threeparateyears within
the past decade (2009, 2005, and 198&n specifiedmountain basinwisually indcate the
earlier meltoutand more acceleratedte of snowmeltfor theyearsclosest to the present

Why? Dusty snow absorbs more incoming shortwave radiatiam ¢fean snow and
melts faster The duration of snow pack in the mountains of Coloradiically controls the
timing and magnitude of water supplies, power generation, agricultural activities, and forest fire
regmes (Westerling et gl2006).The net impactare earlier mekout datesaccelerateanelting
rates overall, antess simmer snowpek in the &n Juan and Elk MountanWhen less water
runs down river basins during late summer aral,fit can impactfarming and ranching
communities, andiver rafting companiesss well aswildflower populations, and the overalbil
moisture of surronding watersheds.

While this duststorm phenomenon is not the only factor for increased melt, higher than
average seasonal temperatures and lack of sslawfparticular basins areontributing factors

thatwill also require morénvestigation.The rateof decrease is a better indicathan the date of
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melt-off. If the snowpack builds to a sutormal level, it is susceptible to early meft whether
there is dust or noPotential for avalancheand blowing snovon slopes that haveeenlayered
by dug particles also needs further reseafCAIC, 2010). The recent trends magontinue for
the San Juan and Elk Mouwamts ifdrier soil conditions in the @uthwestern United States remain
for future decades herefore,continual monitoring by repeahotograpy in addition to tracking
snowfall totat and seasonal temperatures would neeletaone forthese bass for every

season ifuture yearsto document potential trends.
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TABLES AND FIGURES

ALL PHOTOS © Jon Kedrowski

Table 1a. 2005 and2009 dist storm events in Southwestern Coloradim 2006 there wer

eight events, but dates of those events and photos are not available and thus omitied here
2005, there were four major dust storm events, three of which occurred in early April and one in
early May (Painter et al2007 Steltzer et al.2009, whereas1999 demonstrated a lack of
significant dust storm events compared to recent years)

2009 April 4* April 9 April 12 April 17 April 26
500mb Wind Speed, 97mph 92mph 69mph 81mph 69mph
Surface Wind Speeq 84mph 38mph 72mph 46mph No Data

2005 April 1* April 4 April 8 May 9

*Indicates primary weather event in each year.
Surface Wind Speed data courtesy of the Colorado Avalanche Information Center 20M)C

Table 1b. Surface Winds associated with the primary weather event in 2248. courtesy of
the CAIC reporting station CAEGEEagle Station, CAIC2010)in the San Juan Mountains.

2009 Surface WindSpeed Maxima

2 April i 64mph at 03UTC

3 April i 72mph at 18UTC

4 April T 84mph at 03UTC

5 April T 43mph at OOUTC

Table 1c A look back: qualitativesummary of dust storm intensity by year

2009 Above Average
2006 Above Average
2005 Average

1999 Below Average
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Table 2. NRCS SNOTELsitesfrom 17sites across the San Juan Mountand 15 sites from
the Elk Rangdor the years of interest in thhotos presented(Although some of the Elk Range
sites may not be geographically located within the mountain range, thauotbér of sites were
used by NRG to determine snowpack and 30 year roalttaverages for the complete drainages
for the mountai ranges and any adjacent mountain ranges).

San Juan Mountains Elk Mountains
Site Name (Site #) Site Name (Site #)

1. Idarado (538) 1.North Lost Trai(669)
2. Red Mountain Pass (713) 2. McClure Pass (618)
3. Mineral Creek (629) 3. Schofidd Pass (737)
4. Molas Lake (632) 4. Butte (380)
5. Cascade (386) 5. Upper Taylor (1141)
6. Cascade #2 (387) 6. Cochetopa Pass (1059
7. Beartown (327) 7. Columbine Pass (49
8. Lizard Head Pass (586) 8. Idarado (538
9. El Diente Peak (&) 9. Mesa Lakes (632
10. Scotch Creek (769) 10. Overland Reservoir (6Y5
11. Columbus Basin (904 11. Park Cone (680
12. Lone Cone (589 12. Porphyry Creek (701
13. Mancos (90b 13. Red Mountain Pass (713
14. Sharkstooth (1060 14. Sargents sa (1128
15. Vallecito (843 15. Slumgullion Pass (762)
16. Stump Lakes (797
17. Wolf Creek Pass (843

Map of sites available at: http://www.wcc.nrcs.usda.gov/snotel/Colorado/colorado.html
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Table 3. Snowmack meltout datesfor each mountain rangetusly area (NRCS2009ab).
Although we do not have photos of the basins from 2006, theauettate was earlier than that
of 2009 which was also earlier than 2005.

30-Year Melt-Out Date 2009 2006 2005 1999

San JuanRange: July 22 June22 June 8 July 5  June 28

Elk Range: July 15 June5  June?2 July3  June 16

For the Elk Rangetwo recent years were quite similar, 2006 and 2009, with earlier-ouglt

dates of June 2 and June 5, respectively. In 2005, by contrast, the year was closer to the average
melt-out of July 15 with snow completely disappearing by July 3. In 1999;guélvas anonth

earlier as wellas temps were slightly higher than norntalf the Elk Range snowpack overall

was only 85% of the average normal snowpack for the preceding witiieh may have
contributed to earlier metiut by June 16 (NRG2009b; NRCS$2009d).
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Table 4. Peak stream flow oflaily mean discharge statistics from stream flow gauges on the
Lake Fork of the Gunnison River monitored by the U.S. Geological Survey at Gat&x@w
(USGS200%). Years of interest (2002006,2005, & 1999) are irbold. Notable yeardisted.
Runoff for the three years of interagére also very similar, even though peak stream flows may
have occurred at different times of the year.

Water Year Date of Peak Flow| Gage Height (Feet| Stream Flow (CFS
2009 May 19 4.25 1690
2008 June 4 4.32 1780
2007 June 6 3.98 1450
2006 May 27 3.75 1370
2005 May 25 4.18 1720
2004 June 8 3.65 1320
2003 May 30 4.04 1700
2002 May 21 2.34 406
2001 May 28 3.71 1370
2000 May 30 4.08 1730
1999 June 26 4.26 1720
1998 June 3 3.64 1240
1997 June 5 4.61 2080
1996 May 20 4.05 1500
1970 May 19 3.37 1780
1963 May 19 2.62 975
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Table 5. Temperature variations (°Fjom normal in suthwesternColorado(HPRCG 2009
MesoWest 2010

April -June 2009 April -June 2006 ApritJune 2005 ApritJune 1999

San Juar Range 0to (+3 0to (+4) 0to (+1) 0to (+2)

Elk Range: 0 to (4) 0to (+3) 0to (+1) 0to (+1)
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Table 6. Peak stream flow oflaily mean discharge statistitmm stream flow gauges on the
Roaring Fork River (Elk Range drainagapnitored by the U.S. Geological Suyvat Glenwood
Springs, CO (USG200%). Years of interest (2009, 2005, ¥99) are irbold. Notable years
are also listed.

Water Year Date of Peak Flow| Gage Height (Feet| Stream Flow (CFS
2009 May 19 6.41 6100
2008 June 20 6.72 7850
2007 June 18 5.27 4490
2006 May 23 6.08 6350
2005 June 24 6.09 6370
2004 June 8 5.13 4080
2003 May 31 6.43 7650
2002 June 1 4.39 2480
2001 June 2 5.10 3880
2000 May 30 5.99 6240
1999 June 26 6.10 6240
1998 June 2 5.74 5530
1997 June 8 6.72 8170
1996 June 22 6.25 6630
1995 July 13 8.31 13000
1994 June 2 5.19 4550
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Figure 1. Study Area: San Juan and Elk Mountains of Southwestern Colorado.
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Startin% Location Station (red dot): Red_Mountain_Pass
7-Day Back-Trajectories: kinematic, 2009-04-04
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Figure 2a AERONET (AERosol RObotic NETwork). Reverse aerosol trajectory for 4 April
2009. Note the reverse traject from Baja California (NASA 2010). Red dot indicates
location of Red Mountain Pass, Colorado.
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Surface Weather Map at 7:00 A.M. E.5.T.

Figure 2b. The location of storm and frontal systems on 2 April 2009 which generated the
primary dust storm events for 4 April 2009 impagtsouthwestern Colorado (NOAZ009a)
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Figure 2c. The location of stormand frontal systems on 3 Aprd009 which generated the
primary dust storm events fdr April 2009 impacting southwestern Coloradintice the tight
packing of the igsbars at the surfac®/er Nevada, Utah, Btern California ad Northern Arizona
(NOAA, 2009b)
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Surface Weather Map at 7:00 A.M. E.5.T.

Figure 2d. The location of storm and fntal systems on 4 Apri2009 which generated the
primary dust storm events impacting southwestern Colofddtice that, ly 4 April 2009, the
packingof the isobars wasven tigheér across sanmereas including estern Colorado(NOAA,

2009¢)
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Figure 3a.21 June 1999 Nellie Creek Basin jesist of Uncompaghfeeak(4361m)

Figure 3b. 23 June 200%Above). Figure 3c. 26 June D09 (Below).




Figure 4a.Nellie Creek Basir21 June 1999Above).

Figure 4b. 23 June 200%Below).
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San Miguel, Dolores, Animas & San Juan River Basins High/lLow Snowpack Summary
Based on Provisional SNOTEL data as of Sep 20, 2009

35
Current Peak as Pct of Avg Peak: 93%
Current Peak Date: Apr 18
Average Peak Date; Apr 07
30 4 Current Meltout Date: Jun 22 :
Ayerage Meltout Date: Jul 22 Natural Resources
Conseryation Service
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Figure 5a. Colorado NRCS line graph snow summary: 30 year averagesimomaxand
minimum including the 2009 line. The river basins listed have their sources in the San Juan
Mountains (NRC$S2009c¢)
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San Miguel, Dolores, Animas & San Juan River Basins High/Low Snowpack Summary
Based on Provisional SNOTEL data as of Sep 30, 2005

35
Current Peak as Pct of Awvg Peak: 141%
Current Feak Date: Apr 02
Average Peak Date) Apr07
3 4 Current Meltout Date: Jul 05
Average Meltout Date: Jul 22 Natural Resources
Conservation Service
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Figure 5b. Colorado NRCS line graph snow summary: 30 year averagesmomaxand
minimum including the 2005line. The river lasins listed have their sources in the San Juan
Mountains (NRC$S2009c¢)
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Figure 6a. Wetterhorn Peak, upper Matterhorn Creek basin {Efteak and extreme upper
East Fork Cimapn River Basin (righof peak on 23 June 2005.

Figure 6b. 26 Jure 2009 (Below).
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Figure 6¢.26 June 2009.

Figure 6d. 23 June 2005.
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Figure 6e. 26 June 2009.
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Figure 7a.Pierre lakes Basin and Snowmass Mountgid 4 , 0926/ 4325m) 14 Aug!

Figure 7b. 18 August 2005Pierre lakes Basin and Snowmass Mountdiiote the presence of
ice in the lower lakat bottom of photo
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Figure 7c.22 August 2009Pierre Lake®Basin and Snowmass Mountaiote the lack of ice in
the lake closest to bottom of photo as compared to 2005, as well as the dusty tint of the snow in
20009.
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Figures 7(de). 18 August 2005 (Above)Pierre lakes Basin and Snowmass Mountain looking
south from the summit of Capitol PeaR2 August 2009 (Below).
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Figure 7f. 18 August2005.Pierrela k es Basi n and Snowmass Mount ai

Figure 7g9.22 August2009.Pierrelak es Basin and Snowmass Mount ai
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