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&y e Need frequent, dense SWE data at
| all elevations

Manual mquqrementpf SWE
(snow water equivalent), started in
the Sierra Nevada in 1910
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Snow Measurement - Tuolumne

e 17 snow courses, 5 below 7000 ft, 3 > 9000 ft

 Only 8 snow sensors, 5 co-located
» 80 sq ft/sensor, 20 sq ft/course = .06 millionth of a percent of the basin
IS measured

Carson City




Jet Propulsion Laboratory
California Institute of Technology

How much snow?

Using laser radar, known as Lidar, researchers
measure the depth of snowpack in California.

Laser pulse
sent from plane

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.

L.- Winter
______ Snow

Summer ) |
no sNow

Laser reflects back
from surface of snow.

Laser reflects back
from the ground.

Sources: Thomas Painter, Frank Gehrke, Optech Inc.
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county's high school
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How will it melt?

With an advanced light sensor, scientists measure
snow's reflectivity — an indicator of how it will melt.

g .
Light sensor

0ld snow Debris like dust Sunlight
doesn't reflect and plants can
as much light, make snow
which causes it reflect less.
to melt faster.
New snow is

Debris
S R
\\-":"’..‘OL Heat SO

most reflective.

As snow absorbs sunlight, it warms up.
This results in more melting and even
more light absorption.

Maxwell Henderson / The Reqgister
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Winter Data Collection - Weekly
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QUL Lot Propution aboraon April 10, 2013
Morning flight

Top View: Latitude (deg)
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Snow Water Equivalent
Tuolumne Basin
Aprll 10, 2013
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Snow Water Equivalent
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Snow Water Equivalent
Tuolumne Basin
May 03, 2013 4
“-‘:_,,;:* b —
f:l:".r .’“ﬁf {
\ Mono Lake
\
ﬂE (» e #_‘r_./ﬂ‘*.:?'
Re ' \‘“—v‘" E ~
V.
l.:;:"# \"'ﬁ-r*__h\
SWE (meters)__~ \
B ] | \ﬁ':.i.;a
[ 10-0.2 & k"‘t
:] 0.2-0.3 una “'k
03-05 _ : 5.1
~ 05.07 Yosemite Valley |
0.7-09 | 4
0.9-1.2 \
1.3-1.8 ' "’




1

- 10-0.2
. 102-03
0.3-0.5
0.5-0.7
0.7-0.9
09-12
1.3-1.8

SWE (meters)__~

Yosemite Valley

___;—:rd:‘? 3

Snow Water Equivalent
Tuolumne Basin
May 11, 2013

L7 .
{
\ o
Ny
\ Mono Lake
\
\'{
1
\
S Las
*-,'_l"mmu
oY
\ =t \
K=
|’
i " “
h /_)' "
Y
:I__._S"' .
"
. A
N
\
L
\
e
Lake




]

N 0-0.2
7702-0.3
I 0.3-05
Mlo5-07
07-09
09-12
13-1.8

SWE (meters)__~_.

Yosemite Valley

Snow Water Equivalent
Tuolumne Basin
May 20, 2013

Mono Lake

e
Lake




l

- 10-0.2
. 102-03
i 0.3 - 0.5
0.5-0.7
0.7-0.9
09-12
1.3-1.8

SWE (meters)__~

Yosemite Valley

Snow Water Equivalent
Tuolumne Basin
May 25, 2013

Mono Lake

e
Lake




|

- 10-0.2
. 102-03
i 0.3 - 0.5
0.5-0.7
0.7-0.9
09-12
1.3-1.8

SWE (meters)__~

Yosemite Valley

Snow Water Equivalent

. Las
Weimg

e
Lake

Tuolumne Basin
June 01, 2013

Mono Lake




Snow Water Equivalent
Tuolumne Basin
June 08, 2013
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Snow Water Equivalant
Tuohumne Basin
April 79, 2013
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Tuolumne

Basin —
Sensor
and Met
Stations
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Sensor and
Met Stations
& PRMS
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Snow Sensors in Tuolumne, 2013
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TUM Sensor (8600 ft) Vs HRU/ASO
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DAN Sensor (9800 ft) Vs HRU/ASO

25
< 20
- B DAN-
3 HRU
S 15
-
T —DAN
o
£ 10
2
3
o)
S 5
) ‘ | ] |.\\
&) > &) &) &) &) &) &) &) &) >
'& % '\r % \% \% % \% \% '\/ %
& T
L AN N GO CEE O A A U O A




NIBE A Jet Propulsion Laboratory

California Institute of Technology

PDS
Sensor &
HRU
Mean
Depth

Vo

PDS

Snow Water Equivalent (in)

w
(9

w
o

N
(Op)

N
o

[HRY
un

MR
o

PDS Sensor (7650 ft) Vs HRU/ASO

PDS-
HRU

o
-
)

&

g

Q
\\°\rL
©




600,000

Jet Propulsion Lak
California Institute of T

(2N
NA SA

y—

ASO 400,000 4o
Results - s«

Basin

200,000

. ——_ __ WBasin SWE(AF)
——HH Storage(AF)
——HH Capacity(AF)

SWE

100,000

—o—HH inflow cfs

TNY Rad W/m2

~N OSSN S

HHHHH
S~
< <

4/23

4/25

4/27

4/29

IIIIIIIIIIIIII

3
3
3
3
3
3
3
3
3
3
3
3
3

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

R e - - e e e T e e e s T T e e e T T e T T e T T

~N OSSN SN SN

5/
5/
5/
5/
5/
5/23
5/25
5/27
5/29
5/31

12000

10000

8000

- 6000

- 4000

- 2000

 Basin SWE declined from 218 to 42 TAF in 59 days

e [nflow was 289 TAF

e Precipitation and transient storage accounted for the

difference

* Melt rates varied based on solar input (yellow line)




Improved Estimates for Water
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Management in California
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« ASO provides a more complete picture of basin
snow water storage for water management

e End to end ASO operations (hardware, software,
data products) have been demonstrated

« ASO data will likewise improve snow science in
the US and globe

e Substantial value to CA in having an operational
system
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