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Water in the West ~2/3 of water originates as snow

Water Supply A Water Demand
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Oct. 15t < Water Year (WY) » Sep. 3ah

A Storage of cold season water supply is critical to meet warm season wat
demand. Storage is manmade (reservoirs) and natural (snowpack).

Inspired by Hale et al. (2023); Li et al (2017); Mankin et al. (2015)
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Clean snow reflects ~ 90%
of visible solar radiation
(albedo ~ 0.9)
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Brighter snowpack
Less melting
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Snow darkened by dust
absorbs more visible solar
radiation, adding energy for melt

N\,

‘.-\,

o o S
2 S

l.)

s Darker snowpack
More-melting




Background Satellite Observan'
Water in the West

Water Supply Water Demand
ﬁ

@
©
S
=
c
o)
©
=

Fall Winter Spring Summer

Dust on snow> Earlier snowmelt> Shorter snow season The Impacts of dust on snow are not
A Further offset between peak supply and peak demand  well constrained, spatially or
A Additional strain on reservoirs and ecosystems historically

Skiles et al. (2012; 2015); Painter et al. (2010); Deems et al. (2013); Bryant et al. (2013)
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The Great Salt Lake Basin (GSLB)

. % A Home to ~2.7 million, 80% of Utahns
A Water from snow
A Economic driverof agriculture and rangeland
A Primary inflow to the GSL
A Seasonal dust deposition from upwind West Desert playas
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Research Question:
How does dust impact snowmelt timing in the Great Salt Lake Basin?

Approach Primary Method

Field
bservation

One year field campaign to quantify dust on snow
processes

Remote
Sensing

Use satellite observationsto detect changes in snow
darkening over two decades

on snowmelt Modeling

Quantify the spatial variability of snow darkening effects] > Processased
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Field campaign to track dust on snow Atwater Study Plot (ASP)Alta, UT
events over 2022 snow season

A How much dust?
A How did it impact snowmelt?

Source

Instrumentation_
Tower Snowpit
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2022 Field
Observations

ATimes series of snow hydrology field S e i
SWE (snowpit)

measu re m e ntS Dust events
A Monthly-weekly snowpits

AMeteorology and radiation data

A Temperature, wind, humidity .
A Snow albedo, energetic components of snowmelt

Lang et al. (2023)
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How did dust affect snowmelt timing?

a SnObaI Marks et al. (1998)

Q‘ 1D Snow mass and energy balance model

Atwater Study Plot (ASP)
Instrumentation arkened Snow Run
Observed conditions

A Snow albedo changed to
represent snow without
impurities

A c! GYq6lJgqR#HC U Wbl

Following Painter et al. (2007), Skiles et al. (2012)

Lang et al. (2023)
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How did dust affect snowmelt timing?
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Lang et al. (2023)
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¥e?r2|§af§ﬂfeor -miAT How have dust on snow patterns and their impacts changed in the

Iggul GSLB over the last 23 years?

We use satellite retrievals to quantify the additional energy absorbed by the
snowpack due to snow darkening by dust
Dust Radiative Forcing (RF, )

MODIS Dust Radiative Forcing in Snow (MODDRFS) algorithm, Painter et al. (2012)
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Dust Radiative Forcing Retrievals

®.. MODIS Dust Radiative Forcing
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<> (Alta, UT) Dust Radiative Forcing
(W/m?)

B rixels with snow cover fraction below treshold

A Daily ~500 x 500 m retrievalsfrom 2001-2023 A Spatiotemporal patterns in RF over
A ~344 million pixels! the entire Great Salt Lake Basin

Lang et al. (2025)
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Record-averaged patterns in Radiative Forcing
April T June, 2001-:2023
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A The impact of dust increases exponentially A The impact of dust is similar between
over the snowmelt season GSLB watersheds

Lang et al. (2025)
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Above average dust impact year:
2009

A Combination of high dust deposition andlong exposure
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Lang et al. (2025)




Background S RVEESIEInI> Satellite Observations Modeling
1

Spatiotemporal Patterns in Dust Radiative Forcing
April T June, 20012023

Radiative Forcing Anomalies for Watersheds in the Great Salt Lake Basin
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

A No definite cyclical A High interannual variability A Below average RF common
pattern in last decade

Even in below average years The impact of darkened snow is substantial (~80 W/A)
Lang et al. (2025)




Background Field Measurements Satellite Observg Modeling

e

ey .

3 / oot s .. 0 7 g. & -
¥ . e e Y R o S i 3 I 4 |\
D .A'. DCUEN _J&.i\\‘ i s 4"(} . X -

-ty _

How does the impact of dust darkened snow translate to snowmelt timing?

We use amodeling approach to
Simulate snowmelt with and without snow darkening




Hourly inputs from

Background Field Measurements Satellite Observg

wind, etc.

Modeling Conclusion
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Model scenarios run over theentire GSLB
for water years2022 and 2023
numerical weather
prediction model THRRR
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Generating 17 TBof data!
N

Daily outputs of Snow
parameters

Bear Rivey Ran G
vs]
(1)
Q
*

at 100m x 100m resolution

|
|
Great Salt

' Lake

A Snow depth, SWE, snowpack

temp, liquid water content,
Wyoming

>
queSQN\
3
o
()
e

e

=

Elevation
>3500 m
-y

Uinta
High Resolution Rapid Refresh (HRRR)
Benjamin et al. (2016)

Pl

Mountains
2500

<1500

<
Q

£

=
=24

.

2000 1

N

Jordan
A

Atwater Study Plot\
(Alta, UT) \O

P on
Cany
Cc,m_)“wood
e

Salt Lake;
County,=
Earthstarn
Geographics




Background Field Measurements Satellite Observg Modeling

Ground-truthing modeled results: Jordan watershed WY 2022
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Ground-truthing modeled results: Jordan watershed WY 2022
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Modeled baseline scenario

@ SNOTEL pixels

A Low darkening impacts by
dust and other impurities
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