


 Snow Course (oldest climate records) 

 Snow Pillow / Sensor 



Snow Pack is measured 
from approximately: 

 
• 250 snow courses 

(measured monthly 
February thru May) 
 

• 125 snow sensors 
(measured daily) 

 



Snow Data is used for: 
 
•  Seasonal Runoff 
Determination (Water 
Supply) 
 
• Snow Melt Runoff 
Forecasts (5-20 day 
outlook) 
 
• “Early Warning System” for 
Flood Emergency Response 
 
• Climate/Long term studies 
 

• Recreation 
 
• Giving PhD students 
something to do 



Primary Forecasting Tool   Multiple Linear Regression Analysis 

 

Dependent Variable  April-July Cumulative Unimpaired Runoff 

 

Independent Variables  Prior Year April-July Cumulative Unimpaired Runoff 

    October-March Cumulative Unimpaired Runoff 

 Three basic  Snow Index (High Elevation) 

 types of data  Snow Index (Low Elevation) 

 50-year averages  October-March Precipitation Index 

    April-June Precipitation Index 

 

Ideal forecast accuracy:  5-10%* 

 i.e. – We use statistics from a long historical data record!! 
 



Calibration 

High Water 
Events 

Critically 
Dry Years 

 Based on…historical measurements 
 Errors 
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Source:  DWR Snow Surveys Section and the California Data Exchange Center 



Source:  USFS 



Warning!  Climate Change Slide! 
 

Springtime SWE Under Projected Temperature Increases 

 
 
 
 
 
 
 
 
                    
   Source:  Knowles and  Cayan, 2002  
                          Notes:  Projected temperature increases:  0.6C (2020-2039), 1.6C ((2050-2069), and 2.1C (2080-2099),             

                expressed as a percentage of average present conditions 
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Primary Forecasting Tool   Multiple Linear Regression Analysis 

 

Independent Variables  

 Prior Year April-July Cumulative Unimpaired Runoff 

 October-March Cumulative Unimpaired Runoff 

 Snow Index (High Elevation) 

 Snow Index (Low Elevation) 

 October-March Precipitation Index 

 April-June Precipitation Index 

 

 

Good But Not Ideal 



What a Watershed looks like: 
Lyell Fork of the Tuolumne River 

Watersheds from 
An equation’s point of view 



Feed Me! 
“Healthy” Models Need Many Sources of Many Types of 

Good-Quality, Long-Term Data 

Conceptualized Physical Hydrology Model 

Solar 
Radiation 

Evapo-
transpiration 

Precip/Snow 

Full Natural Flow 

Soil Moisture / 
Groundwater 

Slope / 
Aspect / Elev. 

Soils / Vegetation 
Properties 
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 5% Error on the A-J Inflow To Friant Dam in 
WY2011 was 112,153 AF (above and 
beyond our typical 5-10% error) or about 
21% of Millerton’s capacity. 
 

 5% Error on the A-J Inflow to Folsom Lake 
during WY2006 was 131,119 AF or about 
13% of Folsom’s capacity 

 5% Error on the May 2012 A-J Inflow 
Forecast (175,000 AF) to Terminus Lake on 
the Kaweah is equal to 8,750 AF.  An over-
forecast means the A-J would have been 
less than 172,000 AF which is a Normal/Dry 
year trigger on the Kaweah River. 



 Current forecasting and data network is the 
backbone of our “early warning system” for 
Flood ER as well as responding to droughts 

 Current Forecasting Methods do not take 
advantage of state-of-the-art ability to 
monitor and model physical parameters of 
watersheds 

 Climate Change may limit regression 
correlations in the future leading to an 
increase in forecast error 

 Advanced modeling capabilities have big 
appetites for data 

 USFS and NPS limiting our access to Wilderness 
is a threat to remote data collection 
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When snow sensors 
suggested no more snow 







Thank You 
 
 
 
 
 



North Coast: 
Mix of Snow fed and semi-arid 
regions.  Wide range of mean 
annual precipitation,  snow pack, 
and geology.  Flooding is driven by 
heavy precipitation events. 

Southern Cascades: 
Mainly rainfall driven region with peak 
elevations around 10000 ft (other than Mt. 
Shasta and Mt. Lassen).  Highly 
influenced by volcanic soils and some rain 
shadowed areas.  Flood threats are driven 
by heavy precipitation events.   

Northern Sierra: 
Rainfall driven region.  
Peak elevations top out at 
10000-11000 ft.  Heavy 
rainfall/snowfall events 
possible.   Large area of 
upper Feather watershed 
sits in rain shadowed 
plateau.  1986 and 1997 
extreme precipitation 
storms caused flooding in 
this area. 

Central/Southern 
Sierra:  Snow melt 
driven basins.  Large 
variety in size of 
watersheds.  
Characterized by high 
elevations (up to 
14000 ft.), upper 
elevations consist of 
large areas of exposed  
granite batholiths.  
Susceptible to snow 
melt floods in heavy 
snow pack years.  
Limited data above 
11000 ft which can 
account for up to 15% 
of watershed. 

Eastern 
Sierra/Owens River:  
High elevation, snow 
melt driven basins.  
Watersheds are in 
rain shadow from 
Sierra Nevada.  
Rivers drain to 
terminal sinks in 
Nevada desert.  
Gage data is 
extremely limited.   
Most susceptible to 
snow melt flood 
events. 
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