Snow Drought: Concepts, Monitoring, and Impacts
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Snowpack alone may not tell the whole story

Westwide SNOTEL Current Snow Water Equivalent (SWE) % of Normal
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How did we get to the April
1 snow water equivalent
(SWE) values?

Were these values purely
driven by precipitation
deficits (or surplus)?

What role is temperature
playing?

What are the impacts?



Two types of snow drought:

Defining Snow Drought and Why It
Matters 1.

Swings from snow drought to extreme winter rainfall make managing
reservoirs, like the Oroville Dam, incredibly difficult. But what exactly

is "snow drought"?

Dry, driven by precipitation
deficits
* Precipitation and snow
water equivalent (SWE)
below average

Warm, driven by above
average temperatures
* Precipitation above
average and SWE below
average

Both types result in below
average SWE

Snow drought year
commonly defined by April 1
SWE value

Harpold, A. A., M. Dettinger, and S. Rajagopal (2017), Defining snow drought and why it matters, Eos, 98, https://doi.org/10.1029/2017E0068775.
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Northern Sierra Nevada April 1 Snow Droughts
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Hatchett, B. and D. J. McEvoy (2018), Exploring the origins of snow drought in the northern Sierra Nevada, California,
Earth Interactions, 22 (2) https://doi.org/10.1175/EI-D-17-0027.1.
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Elevation (m)

Elevational SWE Gradients in Warm Snow Droughts

Lake Tahoe Region Snow Courses

2018 Water Year

2600 1 O
O
O
2400 -
O
O L0
22001 L
A O
O
@),
2000 1 O
O
r~2 = 0.46
p <0.01
1800 -
T T O T . L2
0 2 20 50 80 100

120

April 1 SWE % of Median (1981-2010)

-80

+60

200

bt = =
£ ()] (o]
o o o

S
Oct-Mar Prcp % of Median (1981-2010)

N
o

o

2018...another warm
snow drought year (more
on this later)

50-70% of median SWE at
lower elevations

60-100% of median SWE
at higher locations



Monitoring: Drought.gov

Current conditions, updated bi-weekly Snow Drought Tools Dashboard

UL Owonigin Ariw ? T‘

Soow Drangit Tooks
A mo t'gov WRCS SNOTEL A Snow Counse Dats
] >
” . S T

Snow Drought

Paath mnps and e st hos maps of ssom

. - -y - e pagutveient, snaw degeh, and wow
awe s - e denaity from the Navund Resouries
.~ ”.’1 e e . —— ——— Conservaton Sanvice INRCS) Soow Telemetry
ISNOTIL)
(1w g b b
Ll -t
. -

NOMRSC Wational Snow Analysas

e sddod sivow (ks Sram the Natmns
Oparational Mpdrologc Bwmote Senvng
Condar (NOHRSC), alxn avaladle in an
Ineractave wap

Covborndo Banin Miver Fareonst Conte (CRRIC)

A

. . N
Big thanks to all the NIDIS regional A
coordinators and staff for making this

happen!

https://www.drought.gov/drought/data-maps-tools/snow-drought
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Monitoring: Climate Engine
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 SNOw Data Assimilation System (SNODAS) made available on Climate
Engine in early 2018
 SWE and snow depth, anomaly maps, time series

* Short period of record (2003-present)
https://clim-engine.appspot.com/
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Snow Course % of April 1 Median SWE (1981-2010)

Monitoring: Products in development

Lake Tahoe Region
300

@ 2015

@ 2017

@ 2018
- * Regional SWE vs.

precipitation scatters

Apr 1, 2018 X e

200- ko : «  Snow Course SWE
" , o
o & 2 PRISM precipitation
e
® e Can easily be applied

100 — to other regions

Dry

roug
e * Move from manual
50 A
updates to automated
te Warm Snow Drought processing
04, é ‘ ; : ®
0 50 100 150 200 250 300

PRISM % of Oct-Mar Median Precipitation (1981-2010)



Elevation (m)

Monitoring: Products in development

Lake Tahoe Region Snow Courses
2018 Water Year
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Lake Tahoe Region Snow Courses
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Classify warm and dry snow drought at each location
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@ Dan McEvoy
J @nydromet_man

Monitoring: Social Media

Update on Donner Summit snow drought:
2018 now the lowest SWE in SNOTEL record
for Feb 11.

Current SWE percentile: 0
Current P percentile: 26th

Deep dry type #snowdrought now in place.
Quickly falling below 2015 for both SWE and
P.
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* 20,479 impressions on Twitter

* Weather, climate, hydrology
community very interested in this
topic

* General public, especially those

who live in mountain towns, are
also very interested

https://twitter.com/hydromet man/status/962736040099291136
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Recreational Impacts

LA Times, February 13, 2018

Dry, hot California winter closes ski resorts, stalls wildflower blooms
and revives drought fears

Roval Gorge, Tahoe Donner, TahoeXC and other Nordic trails were closed to skiers, in
hibernation until the next storm. Fat tire biking instead was in order.

Teton Gravity Research, April 3, 2018

HISTORICALLY LOW SNOWFALL CLOSES
SAN JUAN SKI RESORTS

Apr 03, 2018 | By: Katie Lozancich | Follow | WO | EIO

Yosemite Ski and Snowboard Resort, February 21, 2018

Season Pass Update 2/21/2018; Thank you, everyoneg, for your patience. Unfortunataly




Recreational Impacts
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Not ALWAYS bad!
Mountain biking in early January near 7,000 feet in the Sierra Nevada

foothills



Hydrologic Impacts
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Daily Oct-Mar Streamflow at North Fork American River, 1951-2017

* Four of seven snow drought year coincided with peak runoff

* You CAN have floods during drought years

Hatchett and McEvoy, 2018



Summary

Two primary snow drought types: warm and dry

April 1 SWE and Oct-Mar precipitation can be used identify snow droughts at a
single point in time

Snow droughts have major recreational and hydrologic impacts

More research needed to better understand hydrological and ecological impacts
of snow drought

Impacts on fire season?
Develop a real-time snow drought monitor?

How is/should snow drought and the impacts be incorporated in the Drought
Monitor products?



Lake Tahoe as seen from
Thank you! top of Incline Peak, NV.

February, 2014
Questions?

 mcevoyd@dri.edu




