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The NASA JPL Airborne Snow Observatory
Snow Water Equivalent Snow Albedo

Riegl Q1560 ALS CASI-1500 Imaging Spectrometer
800 kHz Pulse Rate 0.35-1.05 um
A S 2 lasers with fore/aft pointing 2m spatial resolution from 4000m

* Retrieve topography: snow-free & snow-on

« Difference gives snow depth

 SWE from assimilation of modeled density field
constrained by observations

e SWE variation primarily due to depth
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Snow depth & SWE
from LiDAR

* majority of spatial variability in
SWE is due to snow depth

e depth can be measured by
differential elevation mapping

— collect snow-free & snow-covered _ 2 ‘

data sets — .t i

1 e RV Snow Depth

— e o
‘| LiDAR-derived snow depth,

‘| Colorado (Deems et al., 2013)

[ep——

— classify & remove vegetation

— subtract snow-free
from snow-covered
* apply obs/modeled density
— SWE = depth * density

— SNOTEL/manual obs + snow TEE—
. . SNOWPACK model, courtesy CAIC
model can estimate density well
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Snow Albedo from Hyperspectral Imagery
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Assessment CIRES

Riegl Q1560 ALS

 Twin lasers

* Longrange
— 5000m+ AGL

* Fore/aft pointing
enhances coverage

& geometry in
steep terrain

 Wide FOV allows large overlap or efficient planning
* Full waveform processing improves subcanopy surface detection
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Spectrometer
Path

ASO Compute System

operational products

e 24-hour data product latency

e products:
— snow depth

— SWE (using snow pillow + modeled
densities)

— broadband albedo

* LiDAR/spectrometer workflows
are interdependent

— LiDAR DSM used for terrain
correction

— spectrally snow-free areas forced to
zero snow depth
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Western Water Assessment CIRE S

ASO Demonstration MISSIOnS 1 |
2013/14/15 ST G

2 Primary study basins:

 Tuolumne River,
Yosemite National Park, CA

« Uncompahgre River, CO

Snow-off August, 2012

Snow-on Spring 2013-2015
— weekly flights in CA
— monthly flights in CO
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Example Results: 2014 & 2015

Tuolumne Basin, CA — Yosemite National Park
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. 2016 mi Us. eptf’o% tate Geographer.
| 15 G))ogle
Data SIO, NOAA U.S. Navy, NGA! GEBCO
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne River Basin SWE - 2014
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Tuolumne Basin
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Tuolumne River Basin SWE - 2015
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Tuolumne River Basin SWE - 2015
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Tuolumne Basin
Apr 27 2015
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Tuolumne Basin SWE & Reservoir Inflow

ASO HH Basin SWE & Inflow - Tuolumne - 2013 v= 2014 v= 2015

225,000 100
\.\ 2013 Basin SWE {AF}

200,000 ~®-20M4 BasinSWE(AF} - O™
\ —=— 2015 Basin SWE {AF}

175,000 o | 3000

/ — 0= 2013 HH Inflow e}
\ \\ ~ 0= 2014 HH Inflow K}

7000 W

150,000 = -]
— = o= 2015 HH Inflow (cK} %
g smn O
& 125,000 E
N -]
E 100,000 T
o / amo £
2 ¥

75,000
- 3000

50,000 | 2 m0

25,000

1o

o =B _JE_Si.w.J2Rone S
216 B F2 M0 3N B M 46 413 A 4z 54 S 5N ¥5 61 68 &5



Banded SWE Report
Uncompahgre River above Ridgway, 30 April 2015

S — — ——
Upper Uncompahgre Watershed | . 70 3 !
Banded SWE Report- April 30th, 2015 A‘/\’ A e SN
Total SWE: 66,597 Acre Feet oy N Ty

5% below 7,000 ft -

7% between 7,000 and 8,000 ft IR,
13% between 8,000 and 9,000 ft KAk ’ : )
19% between 9,000 and 10,000 ft | 2 = & ey - ] S
23% between 10,000 and 11,000 ft g/ . Rt Pk oA i e
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Hetch Hetchy Reservoir Operations

balancing streamflow, water supply, & hydropower needs

USGS 11274790 TUOLUMNE R A GRAND CYN OF TUOLUMNE AB HETCH HETCHY
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From Yosemite <
to the Bay Area 5 ?;;“

The Hetch Hetchy water
system is 2 key water source
that serves 2.5 million people
in the Bay Area. Percentage
of selected cities’ water

supphies from Hetch Hetchy: oy \

San francisco I 100%
Menlo Park I 100
East Palo Alto s 100
Burlingame N 100
Redwood City I 99
Hayward [ 98
Palo Alto I 94
Mtn, View N 88
Mipitas I 60
Sunnyvale 45
Fremont B 20
Union City 820
Santa Clara B19
San Jose

L
@‘ - Caldveras
| fes

o0 5 R,

Water

Lake Lioyd Res.  Lake Eleanor ) ¥
{Cherry Lake)
Stocktons '1’-:‘”
&qfvmm San . 4

Where Hetch Hetchy water goes
Partially served by Hetch Hetchy
= Pipelines

# Union City

> ) Yosemite
New Don Netiora
Pedro Res
) Morced R
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Tuolumne Basin Hydrology Modeling
SWE/Met Stations & PRMS Model Units

ASO SWE & Albedo
aggregated to PRMS

_ ) B 031041
hydrologic response units B 0206
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Tuolumne Basin Hydrology Modeling

Results: 2014

Inflow (cfs)

2000 —
1500 [
1000

500

2014 Hetch Hetchy Observed & Forecasted

4

,
fppnhnr e,

PRMS w/o ASO

’

| Inflow Obs | (37% error)
c
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o
£
3
9 PRMS w/ ASO
< (6% error)
R PR I T E— o -
155 160 165 170
Day of Year 2014

Courtesy Bruce McGurk — McGurk Hydrologic

http://wwa.colorado.edu
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Current ASO products

LiDAR

* High resolution DEM & DSM

* Tree/canopy height maps
 Terrain morphology
 Water body mask

e Surface roughness

* Snow depth

e SWE

Spectrometer

Land surface albedo

High resolution
imagery (RGB)

High resolution
land cover
classification

Snow albedo

e SCA and SC%

300

* Elevation band SWE |%
map & report % .

* SWE time series % g

- Snowline estimation |° f

http://wwa.colorado.edu
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SWE & SCA Reports

Upper Uncompahgre Watershed
Banded SWE Report- April 30th, 2015
Total SWE: 66,597 Acre Feet

5% below 7,000 ft

7% between 7,000 and 8,000 ft

* Integration with existing
32% above 11,000
data needs '
e Banded SWE products |- tcet
Snow Water
Equivalent (m)
— Map & tabular s
) o
* Basin aggregate — A
N o7 i i
B os = Idarado S 19
- SWE & SCA I oo / i / Py ?;?0/02“23?5\/2/' above p
o 1 Red Mountain Pass Snotel (11,322 ft) SNOTEL elevation
000 LL] KC2015053 1_bandedSWE. txt ~30% of basin SWE above SNOTEL elevation

Airborne Snow Observatory, Jet Propulsion Laboratory, NASA
Kings Basin - full basin data (North & South)

Processing Date: Fri Jun 05 19:55:28 2015

Flight Code and Date: KC20150531

SWE file=U:\ASO_Flight_Data\sn

g B B

Band 1 = 3000.00 to 4000. 00
Band 2 = 4000.00 to 5000.00 ft
Bnd 4 - 6000.00 1o 7000.00 ft 000 _|7T820150528 swe.report OUT.txt
Band 5 = 7000.00 to  8000.00 ft eglculate basin sater volume.dn snovpack
Band 6 = 8000.00 to 0p00.00 Tt *****’f***’f****************
Band 7 = 9000.00 to 10000.0 ft Tuolumne River Basin
Band 8 = 10000.0 to 11000.0 ft Arcborfie;Snow Observatory
Band 9 = 11000.0 to 60000.0 ft 23:3éy23/:§é§?15 S
Band, total area (sq.mi), snow area (sq.mi), band coverage (%), SWE volume (AF), Mean SWE depth (inches) ;:22’;‘:":;:: g;s:r;;‘:?): 336732;
g::g; ?g;gg ggggg gg ggggg ggggg volume of snowpack water (m*3): 5.34373e+007
Band3 26.5879 0.0512 0.2 2.6818 0.9829 volume of snowpackowaterldere=fty:. =~ 43322.3
Band4 48.4558 0.1959 0.4 4.7924 0.4586
Band5 73.4540 0.3745 0.5 5.4774 0.2742 et ﬁﬁgt;mz;,. pre
Band6 106.8306 0.5039 0.5 7.3039 0.2718 o ASEER TR E 4.60300
Band7 130.6878 3.1535 2.4 111.7572 0.6645 min rho  (kg/m*3): 218,189
Band8 176.7517 34.4596 19.5 3695.4087 2.0107 max rho (kg/mA3): 501.896
Band9 251.1255 103.3112 41.1 19519.0371 3.5425 mean rho (ka/m~3): 485. 464
B i e e
file used:
U:\ASO_Flight_Data\snowon_2015\LIDAR\processed
\USCATB2015052871al
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ASO Expansion: California

State of CA & water manager support
for full Sierra Nevada coverage

http://wwa.colorado.edu
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ASO Expansion: Colorado River Basin

 Uncompahgre River

e Grand Mesa

x 7 J";
* Rio Grande/Conejos R. ? ”"‘ WP
(Colorado Water «
Conservation Board) '
* Wyoming:
(State Engineer’s Office)
— Wyoming Range
— Wind River Range
— Sierra Madre

— Medicine Bow
Mountains
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Megafire Disaster Response: NASA JPL and
USDA Forest Service inter-agency collaborations

AVI

IS hyperspectral improves burn area imaging over
* Objective: characterize pre, active and post-burn Rim Fire
conditions of megafires, to observe ecosystem

properties influencing fire probability, behavior

and recovery as a basis for aiding management |
 Coverage: California King (2014) and Rim (2013) §
megafires i
e Data collection, processing and dissemination
(wildfire.jpl.nasa.gov) is a collaborative effort
that aids disaster response and post-fire
recovery planning such as:

AVIRIS
June 2014
Band # (wavelength micrometers)

I Rec: 200 (~2.20) Shortwave Infrared

. . . [ Groen: 53 (~0.87) Near Intrared " N L
— ldentify endangered species habitat | I e cosnome - e
. A) MASTER — 1 thermal infrared band, a B) NIROPS progression with MODIS C) MASTER multiband thermal infrared
- Wate r q U a | Ity a SSESS m e nt proxy for NIROPS (~ 1 m resolution) multi-band thermal infrared active (35 m resolution)
. used in active fire management fire pixels (~ 1000 m resolution) can
_ E rosion assessme nt perimeter mapping be used to calculate Fire Intensity
>
— Removal of hazardous logs
— Timber harvesting o 9? &
- sz s ~ f,l,'f' G ‘— y &)
Pl »{, 2 5’
e ¥’ =
AT ' 4
; * >
g *3 ging Fll: ;
- = > lay of Burning
B _ 4 E - <. Soptampor 15
7 i } ar e ¢ ?oymmvvs
b $ ./ v / j ,. B septombver 19
:la:-bo‘r 19,2014 g ms - = ::::: f s.ul:::w19. 2014
Low 0 ot e o

x " [} 428 as 7 o ez Al " = 21um
et e — Sum

Increasing Information

LiDAR before (left) and after (right) King Fire



snow & weather patterns are increasingly
different from past years

dust on snow
climate warming

new tools are becoming available to support
resilient management of water resources

expanded measurements of the snow energy balance
airborne & satellite mapping of snow depth & albedo

high resolution weather forecasts
integrated snowmelt & hydrology forecasts

http://wwa.colorado.edu
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NASA AIRBORNE SNOW OBSERVATORY
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