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35 % 

65 % 





Paul Stanton Duckboy Cards 

Frequently there’s not enough 



Flooding Prompts Visalia to 

Declare Local Emergency 

Dec 19, 2010 

Sometimes there’s too much 



Dec 22nd, 1955 

Tulare co. library 



43 day megastorm started in  

December 1861 and left much  

of the state flooded for months 
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Mechanisms that cool air to generate 
precipitation; Orographic lifting 

• Pressure-gradient force large enough to drive air up and over a 
mountain range 

Low pressure 

High pressure 
PGF 

Aguado & Blunt 
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Orographic precipitation in the Sierra Nevada 

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

http://geography.sierra.cc.ca.us/
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Manual measurement of 

SWE 
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R. Bales, UC Merced 

Stream stage & 

discharge 
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Automated measurement with snow pillow 



A changing western snowpack? 

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 

Land surface temperatures 

5-yr average  
Departure from 1901-2000 mean 

Warming by +2 to +6oC 
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 (*) 

 



Empirical & 
regression 
methods 

Volume  
forecasts 

Precipitation 
forecast 

Enhancing seasonal water-supply forecasting 

Decision 
making 

Ground data 
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Turning unknowns into knows through 

new water information systems  





Snow is a 

collection of 

scattering 

grains 



Snow spectral reflectance 



Streamflow 
forecasts 

Precipitation 
forecast 

Enhancing seasonal water-supply forecasting 

Landcover 
information 

Integration 
& modeling 

Enhanced ground data 

Digital elevation 
model 

Satellite snowcover 



Satellite remote 

sensing of 

snowpack 

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 

March 9, 2008 

Sierra Nevada fractional snow 
covered area (SCA) from MODIS 

MODSCAG algorithm – Painter et 
al., 2008 

SCA is binned into 4 classes for 
ease of viewing 

Pixel size: 500 m 

Data available for 2000-present 



Jan 6 

Kaweah River basin SCA & 
snowmelt volume – 2008 

Jan 11 



Feb 3 
Feb 12 



Mar 9 



Apr 10 



May 11 



Jun 11 



Jul 7 
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Source: ncalm.cive.uh.edu and pictometry.com 

vertical accuracy 5 to 10 cm 

horizontal accuracy 10 to 70 cm, dependent on altitude  

 



Imaging Spectrometer 

0.35-1.05 μm 

2 m spatial resolution from 4000 m 

AGL  

3D Scanning LiDAR 

1064 nm 

1 m spatial resolution 

Albedo 

SWE 

Uncertainty < 2% 

Uncertainty < 5 cm  









Tuolumne River Basin – ASO snow-free 











Sylvain Masculine 

Questions 


