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O The changing face of water in the West to motivate SAIL
O What SAIL measured
O What we have learned from the SAIL data so far

0 Summary and next steps
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The Colorado River Watershed is changing

1955-2016 trends in April Snowpack
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The Mystery of the Missing Water

Percent of Normal Precipitetion (%)
10/1/2020 - 9/30/2021

The 2021 Drought Emergency
was a wake-up call, not just for
water management, but for the
science too.

The emergency occurred in a year
of slightly-below-normal
precipitation, with potential to
directly impact hydropower
generation.

Frearas
A N .

Where did that water go?!?!

——ts Bae S * e T
Bt e e
—— .

~




The Mystery of the Missing Water
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Let's Go Where the Water Is ...
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But That's Not Always so Easy ...

(b)

Maddox et al.,
2002, BAMS
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But That's Not Always so Easy ...
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But That's Not Always so Easy ...

WASHGLCHCAM2 01 DEC 2021 06:00 pm
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SAIL Science Objectives

The Surface Atmosphere Integrated Field
Laboratory (SAIL) Campaign deployed the
AMF2 near Crested Butte, Colorado from
9/21 to 6/23 to study atmosphere-hydrology
connections including:

IDAMO
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SAIL: Surface Atmosphere bty
Integrated Field Laboratory |

Advancing scientific understanding of how ‘
mountainous watersheds deliver water

1. Precipitation: how and how much.

2. Winds: sublimation and snow
redistribution.

3. Aerosols: surface and atmosphere
radiative impacts

4. Aerosols: interactions with
precipitation.

ENERGY ARM
5. Surface fluxes: controls on the surface L DO

energy and mass balance.
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Precipitation, Clouds, Winds, Aerosols, Radiation, Temperature, Humidity ...

e Numerous datastreams collected.
e https://sail.lbl.gov/what-we-measure
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https://sail.lbl.gov/what-we-measure

And Even More with TBS and Guest Instruments

e Seven separate TBS deployments across seasons.
o A dozen guest instruments supported.
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SAIL in the news!

e Come

High i the Colorado Rockdes, sclentists launch Collaboration in the Rockies Aims to Model

search for causes of western water woes

Mountain Watersheds Worldwide

I Deatngnn Pow

Atmospheric research IO mx et e Prveiad s o TN T —
e’ s Kem Willams, AN - —— bt bilhgwn 0
seeks o inform water policy wersigrer and LEXIS weler swscruey  soevrs foen the powed

progree Sad (Crwsd Bene OO0 "Whan sy W ground Th dorur w

e Ot T = He spent almost 50 years alone at 10,000
Lo e e e e i e e = e feel. His hobby helped shape elimate

hange wd Sodonlly dochernd  wamor mah ol w We Mheve Ow wt a1 wdoreesd -

i Tk Lbemaey (A i b ety g b maen wenrd e TESeArch in the Rockies. i 45514 Tackle Chijenges

ot Fardd Labwwawy (VAL | wbe bugan  thumer pud y mnabiong o basme Welisrr v primoped iwven
-olorado River Water

opertemn on Sepeember G w e “The thooats e mattlesensnel, ¥ BN O DOF Warmdy

beadwntary of the Cobrnde Mvec sewr  mot st wompernay”. sy Alsjandss  SFA and profvsss & Font | A smatons soentas bagan Qg Mrowisd i temp tuny. MOng Tw sy, e becare en wreEling oh -
Consind Batne, Codowndie Calld O frst  Fliwrs, o snm pdakognt sy SAIL and Mtwngn, C1 SAEr I B M R B T A M A T S A - et

e Podooch s stwwaphont” whwerve  amsocsty pradoser it Boee Sate sy Ab wenits  mgagr

ton spiem, the SAZL pegecth priosary sty (Beow 1071 For example, ek aere wrcen podHs. a4 e o~

L R T S T N R T L T T R e g

wernll and wwer adaming moihe Und ol arr bmbed Sach %o s sty heh ey wil mend ba e e b pee

~
U.S. DEPARTMENT OF

ENERGY




SAIL Team: It takes a (large) village

e The science team covers 4 National Labs, 10 universities, and 2 research centers.
e Supported by ARM Program: operations team led by LANL, significant support across Nat’l Labs
e Much larger extended community of researchers across multiple disciplines.
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A Snowball Effect

e SAIL began with a close partnership with ESS’s Watershed Function SFA.
e [t grew to include NOAA Study of Precipitation, the Lower Atmosphere, and Surface for
Hydrometeorology (SPLASH) and NSF Sublimation of Snow (SOS)

|| BERKELEY LAB {2 ENERGY



SAIL/SPLASH/SOS (S3) Science Summits
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 Lots of SAIL data! https://adc.arm.gov//discovery/#/results/site code::quc

 Lots of SPLASH data!
https://zenodo.org/communities/splash/records?qg=&l=list&p=1&s=10&sort=newest

 Lots of SOS data! https://data.eol.ucar.edu/master lists/generated/sos/

« These data provide unprecedented data density for the UCRB!
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https://adc.arm.gov/discovery/
https://zenodo.org/communities/splash/records?q=&l=list&p=1&s=10&sort=newest
https://data.eol.ucar.edu/master_lists/generated/sos/

SAIL by the Numbers

Publications, Reports, Seminars, Scientific Meeting Presentations ...

* 51 S3seminars (and counting) * 20 publications, 36 reports (and counting)
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Missing Water Mystery Solved ... For Now
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Al for Resilient Snowpack Estimation &“L/
* The network for estimating vob e
snowpack across the Mountain ; . @ " ‘Y,\?}
West is sparse and hard to sl ¥ ¥
augment. l i | '
06p
* We can use different data )
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Snowpack estimation skill in the 21st

Current in situ snowpack measurement network Century using three levels of obs.
information and data algorithms.
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Pervasive Cold Biases in Surface Temperature
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Pervasive T2m cold biases in atmospheric process
models over mountainous regions exist. SAIL data

identified the multiple underlying causes of this bias.
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Case Study on the Santa Slammer Precipitation

*  Why are there very different patterns of snowfall for major storms, even at the same elevation?

* Coordinated radar scans, radiosonde data, and surface observations from the SAIL and SPLASH show how snow
crystal formation and mountain-driven wind patterns produce snowfall near the surface.

(a)  12:30:10 - 12:34:20 UTC 24 Doc 2021 at 4.80 km above MSL
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Seasonal Cloud Radiative Forcing in Complex Terrain
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SAIL Activities at 2024 ARM Summer School

* What are the best ways to foster a
rising class of scientists to use ever-
advancing ARM data?

* Open science approaches foster
workforce development and rapid
science.

e Cohort found SAIL snow albedo
dropped from impurities, but WRF
simulations don’t.

The 2024 ARM Summer School Cohort
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Trojan-Horse Snowfall

* Many SAIL observations allow us to infer that most dust deposition is actually from snow scavenging.
* Quantified snowpack albedo change from dust hidden in snowfall.

* Some snow appears to be a gift for the snowpack, but it has dust inside. An earlier snowpack melt-out date results.
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A Diurnal Cycle in Fluorescent Bioaerosol

e SAIL observed many

fluorescent bioaerosol Change in FBAP Concentration
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Warmer temperatures decrease streamflow

* Integrated hydrologic modeling, forced with SAIL data, show how warming temperatures lead to
streamflow tipping points.

Contemporary Temperatures Warmer Temperatures
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Joint ARM User Facility and ASR Pl Meeting Posters

Check out the 12 SAIlL-related posters!

Robert Jackson: Quantitative precipitation estimation from SAIL (Session 2, Poster 51)

Will Rudisill: Albedo dependence of cloud radiative forcing (Session 5, Poster 1)

Matthew Rybecky: Snowpack & atmospheric processes from vapor isotopes (Session 5, Poster 3)
Katherine Benedict: Supermicron aerosol science (Session 5, Poster 5)

Ethan Gutmann: Diurnal energy cycle and net water vapor flux (Session 5, Poster 21)

Bianca Adler: Boundary layer, clouds, and aerosols (Session 5, Poster 22)

Jingfeng Wang: Observations and modeling of snow energy budget (Session 5, Poster 23)

Sierra Liotta: Precipitation processes in the Rockies (Session 5, Poster 45)

Daniel Feldman: Super-unit albedo (Session 6, Poster 11)

Russell Perkins: Ice-nucleating particle science (Session 6, Poster 13)

Marianne Cowherd: Snow bedforms with terrestrial scanning lidar (Session 6, Poster 16)
Swarup China: Machine-learning for primary biological aerosol particles (Session 6, Poster 20)
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Summary

O Atmospheric and surface processes are central to the Mountain West, its
water resources, and associated hydropower capacity.

O SAIL and partners headed up to the mountains, gathered data, and
solved some missing water mysteries ...

O ... but uncovered a few more. Many, many science opportunities remain.

a Join the community! We have bi-weekly S3 seminars, and monthly work
sessions and aerosol science meetings.

Email me drfeldman@libl.gov and/or Sara Hefty (shefty@lbl.gov) to join!
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