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How it works

Snow depth from lidar Snow depth observations are converted to
SWE usinF snow density maps from the
physically-based ARS iSnobal model

— SWE
0 Laser pulse Depth
%/ sent from plane —— Density

- SWE [2]

The time it takes
@ the laser to return
to the plane is
proportional to the
elevation. The
difference between
summer elevation
and snow elevation
is the snow depth.

Summe
no SNow

Coefficient of variation
Mean SWE (mm) [2]

.9 Laser reflects back 9‘ Laser reflects back
from the ground. from surface of snow.

Sources: Thomas Painter, Frank Gehrke, Optech Inc. Maxwell Henderson / The Register




ASO Team

ASO is a partnership between NASA-Jet Propulsion Lab (JPL) and
USDA Agricultural Research Service (ARS)

JPL Project Management
>.




ASO WORKFLOW

SPECTROMETER

Lidar range Real-time CASI Raw

ASO Operational Data Products
& POS/IMU differential Radiance

GeOTIFF ma ps Of: Data correction Data
e Snow depth (3m)

e SWE (50m) using observed + modeled
densities

e broadband albedo (3m)

Text products:

e Total basin SWE

e Elevation-banded SWE

24-hour turnaround for established basins

Elevation point cloud Calibrated Spectral Radiance

Surface elevation grid
with & without snow

Spectral Hemispherical
Directional Reflectance Factor

Snow depth
below trees

Snow depth
exposed

SCA & Surface Snow Spectral
Classification Albedo

Grain size
+
Dust+BC Rad Forc
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Band, total area (sq.mi), snow area (sq.mi), band coverage (%), SWE volume (AF), Mean SWE depth (inches)

Bandl 0.0125 0.0000 0.0 . NaN | bk e e e e e e e e e e o = —
Band2 0.0039 0.0000 . NaN .

Band3 0.0116 0.0000 NaN ASO Primary Products
Band4 9.09193 0.0010 0.0609

Band5 0.0251 0.0019 0.1648

Band6 0.0125 0.0000 NaN

Band7 9.0193 0.0010 0.4256

Band8 3.5444 3.4344 3.4846

Band9 23.5369 23.0388 . 6.7389

Band1@ 20.8255 20.6874 . . 13.3423

Band11l 13.6883 13.5928 . . 18.7503

Band12 6.7163 6.5512 . . 20.9246

Band13 0.3523 0.3195 . . 18.1381
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Total SWE Volume (AF) = 44852.6 AF



History of ASO program

Considered in 2009

Startup commitment by JPL in 2010
Partnership with DWR initiated in 2011
Funding committed by NASA in 2012

First snow-free flights Aug 2012 (Tuolumne)

WATER AUTHORITY:
First snow-on acquisition Apr 3 2013 (Tuolumne)

First 24 hour turnaround late April 2013 7| Ity
Expansion of California to include Lakes, Merced, Kings, Rush in 20 e EBISON
Expansion to include Cherry/Eleanor (2016) and San Joaquin (2017)

50t full Tuolumne acquisition (2018)
300+ snow-on acquisitions by ASO (2013-2019)

11/12/2019 6



Building a legacy in the southern Sierra Nevada:
7 years of ASO in the Tuolumne

Snow Water EquivalentZiggy = £
Tuolumne Basin .

Apr 26,2016

Basin SWE

B 0.65
0.78
0.90
1.00

Example: Tuolumne River Basin
utility to operations in a wide range of conditions
refined data processing for fast data turnaround

bridge to partnerships in neighboring basins



Improvement brings impact ...

Remarkable Accuracy . .
ASO performance at Hetch Hetchy: near perfect predictions over 5 years Conventional site- ASO square fOOtage
based measurements measurements

1600
From very wet to very
1400  dryyears, ASO's data
prediction and collection
1200 remains highly and
1000 reliably accurate across  ~
all climate conditions , = 2013

800 2014

= 2015 } Drought
600 m 2016

400 2017 — Very Wet
- = Perfect Prediction
200
R2=0.98734

SNOW ONLY
DETECTED
BY ASO
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10 Station Snow Index (% of median)
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Measured Inflows to the Reservoir (TAF)




April 2019 SWE (TAF)

ASO California 2019

Cherrys o
e 2019 Snow Survey Areas: 331
e Tuolumne/Cherry/Eleanor , -Elea " o
e Merced 179 g

e SanJoaquin N g
e Lakes A

] | SJ) Lower
* Kings i 677

Kaweah

March (3/9- 3/29)
April (4/17-4/21)
Early May (4/27-5/5)

Mid-May (5/12-5/14)

Early June (6/4-6/15)

Early July (7/3-7/7)

Mid-July (7/13-7/16)

Late July/Early August (7/26-8/2)
Grand Total



2019 Total Flight Hours by Basin

otal Flight Hours
March (3/9-3/29)
April (4/17-4/21)

Early May (4/27-5/5)
Mid-May (5/12-5/14)
Early June (6/4-6/15)

Tuolumne/
Kaweah Kings Lakes Merced San Joaquin Cherry/Eleanor TOTAL

Early July (7/3-7/7)

Mid-July (7/13-7/16)

Late July/Early August (7/26-8/2)
Grand Total

Total Flight Hours by Basin

ay Early June Early July  Mid-July




North 04/17 - 04/18, 2019
Elevation (ft)
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ASO: Kings River, South Fork, 27 April 2019
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April 2019 SWE by Elevation Band Examples

Basin 04/18 - 04/21, 2019
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California Snow- Free ASO Coverage
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Outlook to the Future

e ASO operations at JPL will cease at the end of 2019

e ASO data is being transferred to long-term archives:
 National Snow & Ice Data Center (NASA Archive):
 CDEC:

e A private company will be taking over operational surveys for water
management entities in both California & Colorado starting in 2020


https://nsidc.org/
https://cdec.water.ca.gov/
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