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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



Water Managers Have Wanted Better 
S2S Forecasts for a Long Time!

• Although it would be desirable to develop additional skill in 
forecasting the weather a month hence, what is needed for 
operation & management of a complex water supply project is a 
long-term projection, at least a year in advance, with a high degree 
of reliability. (CDWR, 1978, review of 1976-77 Drought)

• The Panel recommends that DWR identify & seek funding for 
research in the areas of long-range weather forecasting…Improved 
long-range weather forecasting would be invaluable in operating 
federal, State, and local water projects…(Governor’s Advisory 
Drought Planning Panel, 2000)

• Top findings include: Improve seasonal prediction.  Numerous 
stakeholders commented on the need for a seasonal prediction 
capability focused on cool season mountain precipitation, both in 
California and in the Colorado River Basin.  (NOAA, California 
Drought 2014 Service Assessment)



Variability of Western Precipitation

Dettinger et al, 2011

Std Dev of Annual Precipitation
Mean Annual Precipitation

Slide courtesy of Mike 
Dettinger, USGS



Can S2S Precipitation Forecasting be 
Improved?

• 2018 marks 10th anniversary of DWR Winter 
Outlook Workshops with research community 
– originally begun due to 2007-09 drought

• Two recent National Academies of Science 
reports

• Weather Research & Forecasting Innovation 
Act of 2017



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



State of California Investments in Observing & 
Understanding/Forecasting Precipitation

• 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 NOAA & University of 

California system -- $7+M



Courtesy of D. Waliser et al.

Initial Preliminary Experimental Research AR S2S Probability 
Forecasts 



UCAR/NCAR, 2014

New experimental effort to 
forecast ridging, CDWR contract 
with NASA JPL





NOAA Research Example – Seasonal Prediction of 
Western Snowpack



Predicting western US snowfall and 
runoff before the winter begins: 

a prospectus
Tom Hamill1, Sarah Kapnick2, Dave DeWitt3, Brian Gross4, John Lhotak5

1 NOAA/OAR Earth System Research Lab, Physical Sciences Division, Boulder Colorado
2 NOAA/OAR Geophysical Fluid Dynamics Laboratory, Princeton New Jersey

3 NOAA/NWS Climate Prediction Center, College Park, Maryland
4 NOAA/NWS Environmental Modeling Center, College Park, Maryland

5 Colorado Basin River Forecast Center, Salt Lake City, Utah

a presentation to Western States Water Council, Coeur d’Alene ID, October 2018
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Can S2S Precipitation Forecasting Be 
Improved?

• Research
• Funding, increased 

federal priority
• Reauthorize Weather 

Research Act of 2017
• Focused pilot projects, 

e.g., winter 
precipitation in Western 
U.S.





So What About WY 2019 -- Are We Back to 
Extended Dry Conditions?

• 2007-09 drought
• 2010  normal year
• 2011  wet year

• 2012-16 drought
• 2017  very wet
• 2018  dry





What Can We Say About WY 2019?

• Historically, no guidance from ENSO
• If atmospheric ridging sets up, persistence 

may offer short-term guidance
• Need to understand wet season climate 

system regime shifts (transitions), potentially 
predictive guidance there 



DWR Strategy for Improving S2S 
Prediction

• Extend weather forecasts out (week 3-4 
experimental forecasts of atmospheric river 
storms)

• Experimental forecasts of persistent ridging 
(weeks to couple of months)

• Explore ability to predict wet season regime 
shifts

• Encourage research on Western seasonal 
snowpack prediction
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