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Tonight's talk

1. Why does this matter? Water Cycle

2. Measuring Snow, the Past Climate and Weather -
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scussing Water Rights, A Western Pa time

Frequently there’s not enough



Flooding Prompts Visalia to
Declare Local Emergency

Dec 19, 2010

Sometimes there’s too much






M. ATRELEL. IRON THE LEVILE

INUNDATION OF THE STAYE CAMTOL,
Citp of Sarraments 1862,
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Sublimation : -
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Water storage
in oceans
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Blue Canyon
Wind—»  EL 1600 m (5280 ft)
Precip. 152 cm (60 in.)

Auburn
El. 380 m (1250 ft)
Precip. 89 cm (35 in.)

Sacramento
El. 7.5 m (25 ft
Precip. 40.5¢cm (16in.) <

Kilometers

Truckee
El. 1800 m (5900 ft)
Precip. 79 cm (31 in.)

Reno

El. 1375 m (4500 ft)
\ Precip. 20.5 cm (8 in.)

120 140 160



http://geography.sierra.cc.ca.us/

Tonight's talk

1. Why does this matter?
2. Measuring Snow, the Past Climate and Weather '
3. Measuring Snow, the Future The physics of fight

\

Water Cycle

oy



SCIENCE [N. 8. VoL XXXVI. No. 036

THE FPROGRESS OF MOUNT ROSE
ORSERVATORY, 1906-1912

Moovwt RosE OpservaTory, although the
voungest of the meteorological obzervatories
1in America, has an environment so unique that
ita staff has not only obtained a series of prob-
lems of prime importance to pure sclence and
to agriculture but has also found such abun-
dant material that rapid progress has heen
poseible in their solution. A brief statement
of planz and progress at this observatory may,
therefore, not be without interest to workers
in the meteorological field.

Mount Bose 18 a peak of the Sierra Nevada
Mountains at the western edge of the Great
Platean. The observatory on the summit,
which 13 3,292 meters above sea level, at pres-
ent i the highest meteorclogical station in the
United States, and was established privately
for the purpose of ascertaining the winter




Manual measurement of
SWE







Automated measurement with snow pillow

ANTENNA

RAIN l '-‘: AIR
GAGE| |[" TEMPERATURE
PRESSURE
TRANSDUCER 1__RTU
COMMUNICATES

WITH SATELLILTE

SNOW PILLOWS:

FOUR STAINLESS STEEL PANELS ARE PLUMBED TOGETHER
AND FILLED WITH AN ANTIFREEZE SOLUTION. THE WEIGHT OF
THE WATER IN THE SNOW FORCES THE FLUID TO THE
PRESSURE TRANSDUCER WHICH CONVERTS THE DATA TO A
SIGNAL FOR TRANSMISSION,




A changing western snowpack?

O ':'O_ Dacrease Increass Days earlier  Days later
§ =20 P =20
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O 10-15 1015
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) Within 5 days

1950-2000 1948-2000

Less snow? Earlier melt?

Service, R. F., As the West goes dry, Science, 20 Feb 2004



http://www.sciencemag.org/cgi/content/full/303/5661/1124

Mountain water cycle & climate change

Warming by +2 to +6°C
drives significant
changes:

— rain-vs-snow storms *
— snowpack amounts *
— snowmelt timing *

— flood risk

— streamflow timing *

— growing seasons *

— groundwater recharge

Precipitation changes are
uncertain

Already observed (*)

Land surface temperatures

Global
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Enhancing seasonal water-supply forecasting

Ground data

T 17

UV
=1 Volume
Empirical & ToTECE Lt
regression
. methods
Precipitation
forecast
=
Decision

making
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Turning unknowns into knows through
new water information systems

J. Parks
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Atmosphere?

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
Wavelength (m) 107 10° 0.5%10°° 10" 107t 107

10°

Buildings Humans  Butterflies Meedle Point Protozoans Molecules  Atoms  Atomic Nuclei

10* 10% 104 1085 10 104 1077

Temperature of

objects at which
this radiation is the ﬂ
mostintense ™
- 1K 100 K 10,000 K 10,000,000 K

wavelength emitted _272 °C ~173°C 9727 °C ~10,000,000 °C



Snow IS a

collection of g f

scattering ’
grains




0.9

o o
~J co

o
o

snow reflectance
o o
N w

©
w

0.2

0.1

T :10-

-
SN .
~ .
R ~ ,\ \ eﬁ\c\en .
N on €@
_ ‘ O(pt\ -3
ATIER Y s =10
q" \ _-
| vy o
v R
~ 1\ L.
— 2 1 - _: 10 O
. N p 1 ' \ -
grain size V. —
\ +—
= —0.05mm | ' s 5
0.2mm R 10
i -=-=0.5mm oA ] z
— 1.0mm " o
1y 1an® C
- [ T - - 210 .O
\ * =
; \ 8_
1 1
» 1 1 107 8
\ i 3 0
™ 1 (1]
‘-I
B 1
" , .
h W 210
i h P | ]
“\ I” "\‘\ /, *
v \ i
! ! |"\""‘-""“| AUl X, T B
' =10

ATy
08 10 12 14 16 18 20 22 24
wavelength, um

Snow spectral reflectance



Enhancing seasonal water-supply forecasting

Landcover
! information

Digital elevation

Streamflow

Integration \ ToTEEE s
& modeling

Precipitation N\ hAbAL

forecast
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Satellite remote - -
sensing of
- showpack
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Satellite data provide a
spatially continuous time series
of Sierra Nevada snowpack —
but how accurate is an issue




-Sierra Nevada fractional snow
covered area (SCA) from MODIS,
MODSCAG

(Painter et al., 2008)

-SCA is binned into 4 classes
for ease of viewing pixel size 500 m

SCA fract'ion

[ ]o.75-1

I lo05-075
B 0.25-0.5
B o15-025 -

9,2008

a“"&

March




Kaweah River basin SCA &

snowmelt volume — 2008
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SCA fraction
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SCA fraction
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SCA fraction
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Jun 11

SCA fraction
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SCA fraction
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LiDAR Scanner - Laser pulses at
up to 167kHz and receives up to
4 returns per pulse, measuring a
range and intensity for each.

Airborne GPS/INS -
Measures the location
and altitude of the
aircraft at up to 300
times per second.

’ ¥ :

Ground GPS - Records GPS data at
up to 10Hz during flights to improve
‘accuracy to CM level 1.

vertical accuracy 5to 10 cm
horizontal accuracy 10 to 70 cm, dependent on altitude

Source: ncalm.cive.uh.edu and pictometry.com
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Color Composite Direct Irradiance Diffuse Irradiance




Albeda
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Tuolumne River Basin — ASO snow

Image © 2012 TerraMetrics

© 2012 Google
Image USDA Farm Service Agency
Image © 2012 GeoEye

Googleearth



Airborne Snow Observatory

Snow water equivalent
San Juan Mountains
11 May 2012

AVIRISng color composite
San Juan Mountains
11 May 2012
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Sylvain Masculine




