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Sub-Seasonal to Seasonal (S2S) 
Precipitation Forecasting 

• Operational weather models – typically 2 
weeks out (higher skill in first week)

• Sub-seasonal – 2 weeks to about 60 days

• Seasonal – up to 12 months



NOAA NWS Climate Prediction Center Skill Scores



NOAA NWS Operational 
Products
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Sources of National Weather Service  
Seasonal Forecast Skill

• 1. El Nino-Southern Oscillation
• 2. Trends (difference between 

10yr temp mean or 15yr  
precip mean & 30yr 
climatology)

• 3. Madden-Julian Oscillation
• 4. North Atlantic Oscillation
• 5. Pacific Decadal Oscillation
• 6. Soil moisture/snow cover
• 7. Statistical forecast tools
• 8. Dynamical forecast models 
• 9. Consolidation of trends & 

forecasts
Remember the Godzilla El Niño?

NWS CPC



The Godzilla El Niño –
forecasted vs. observed 
precipitation, NWS CPC 
verification 

Present Forecasting Skill Not Usable for Water Management



Variability of Western Precipitation

Dettinger et al, 2011

Std Dev of Annual Precipitation
Mean Annual Precipitation

Slide courtesy of Mike 
Dettinger, USGS



Lead Time Very Important for Water 
Management

• Public health & safety decisions

• Balancing risk/cost trade-offs

• Increasing water management efficiency

• Operating within legal & regulatory frameworks

• Reducing impacts of extreme events

• Responding to increased competition for 
resources

• Operating reservoirs and other infrastructure



Will the Rest of This Winter be Wet or Dry?
Example Sub-Seasonal Decisions

• How much water will we be able to provide to our 
water users?  When can we make the announcement?

• Will we hit hydrologic shortage triggers that require 
extraordinary conservation measures, or the need to 
negotiate contracts or adopt regulations?

• Is an elevated flood risk likely this spring? Should we 
pre-position resources?

• If the rest of this winter looks dry, can we use reservoir 
flood control space to store water for allocation to 
users (e.g., forecast-informed reservoir operations)?

• Will we have to curtail diversions on intensively used 
rivers?  How early in the season?  



Will This Winter be Wet or Dry?
Example Seasonal Decisions

• Should we begin negotiating contracts for one-time 
sale of surplus wet-weather water? Can we set up a 
temporary groundwater banking program to take 
advantage of wet conditions?

• Do we need to seek additional drought response 
funding or raise water rates?  Do we need to budget for 
enhanced water conservation activities?

• Should we make plans and adopt regulations for 
adopting a drought water bank?

• Should we intensify flood preparedness activities in 
vulnerable areas?



Lake Mendocino Vulnerability Need to Update 

Atm. River 
Events 

Atm. River 
Events

WY 2013 
Rainfall 

WY 2012 
Rainfall

Reservoir Storage Curve

Atmospheric 
River Events

Can we save some 
of this water?

To avoid 
this

J. Jasperse, SCWA



Improving Water Conservation at Prado 
Dam on the Santa Ana River

Adam Hutchinson, P.G., C.HG.  

Recharge Planning Manager 

November 9, 2017





State of California Investments in Observing & 
Understanding  Atmospheric River Storms

• NOAA Hydrometeorology Testbed  (state share) --
$15M

• Advanced precipitation monitoring & forecasting 
grant to Bay Area water agencies -- $19M

• Calwater I & II field observing campaigns -- $5M

• Other research with University of California 
system -- $3.5M
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Distribution of Landfalling Atmospheric Rivers Over the U.S. West 

Coast During Water Year 2017

AR Strength AR Count

Weak 21

Moderate 26

Strong 16

Extreme 5

Exceptional 0

• 68 Atmospheric Rivers made landfall on the USWC 
during the 2017 water year 

Location of landfall represents 
position where AR was strongest 
at landfall .  Many ARs move 
down the coast over time.  This 
map does not show these areas.

By F.M. Ralph, C. Hecht, J. Kalansky

Ralph/CW3E AR Strength Scale
• Weak: IVT=250–500 kg m–1 s–1

• Moderate: IVT=500–750 kg m–1 s–1

• Strong: IVT=750–1000 kg m–1 s–1

• Extreme: IVT=1000–1250 kg m–1 s–1

• Exceptional: IVT>1250 kg m–1 s–1



Distribution of Landfalling Atmospheric Rivers on the U.S. West Coast 

During Water Year 2015

Ralph/CW3E AR Strength Scale
• Weak: IVT=250–500 kg m–1 s–1

• Moderate: IVT=500–750 kg m–1 s–1

• Strong: IVT=750–1000 kg m–1 s–1

• Extreme: IVT=1000–1250 kg m–1 s–1

• Exceptional: IVT>1250 kg m–1 s–1

AR Strength AR Count

Weak 22

Moderate 20

Strong 13

Extreme 1

Exceptional 1

Location of landfall represents 
position where AR was strongest 
at landfall .  Many ARs move 
down the coast over time.  This 
map does not show these areas.

By F.M. Ralph, C. Hecht, J. Kalansky

• 57 Atmospheric Rivers made landfall on the USWC 
during the 2015 water year 



From Observing to Experimental Research 
Weather Forecasts…..



Courtesy of D. Waliser et al.

Initial Preliminary Experimental Research AR S2S Probability 
Forecasts 



UCAR/NCAR, 2014

New experimental effort to 
forecast ridging, CDWR 
contracts with NASA JPL, 
Scripps







Next Winter – Wet or Dry??




