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Project History

• NOAA Small Business Innovation Research Grant
– Phase I

• Purpose is not to improve forecast skill, but to 
develop methods for providing information about 
forecast skill to assist in the decision making process

• “Not making forecasts better, making them more 
useful.”



Columbia River Basin



Source of Forecast Skill
Pacific Northwest - Snow Accumulation

Ross Reservoir



3TIER Columbia Long-Range Forecast

Ensemble Streamflow Prediction

Evaluate multiple possible versions of the future 

Use past weather as a possible version of the future 

What would next year’s flow be:
• given current conditions in the basin
• if the past were to repeat itself

Water storage:
• Soil moisture
• Snow water equivalent



Forecast generation
(the UW method)

past
end of water yearstart of water year now

Meteorological observations
® Hydrological model
® Initial state

simulate future as if the past were to 
repeat itself

observations

now



Volume Forecast
• Use ensemble members to generate probabilities



3TIER Long Range Hydrological Forecast System
3TIER Ensemble Forecast Mixing Panel



Northwest River Forecast Center
Interactive Ensemble Builder

NWRFC: http://www.nwrfc.noaa.gov/espadp/espadp.cgi



Northwest River Forecast Center
Interactive Ensemble Builder

NWRFC: http://www.nwrfc.noaa.gov/espadp/espadp.cgi



What Is Missing?

For forecasts to be useful, 
verification information is needed 

Most forecasts are wrong, users 
need to know how wrong



3TIER Long Range Hydrological Forecast System
Ensemble Forecast Verification



Hindcast Archive

Hindcasts made:
– during water year 1949-2005 (57 years)
– for 12 month period
– for first of month from November-May (7 forecasts per year)
– using 57 ESP traces per forecast 
– for 74 locations

57x57x7 = 22,743 one year VIC simulations for 6,392 model grid 
cells

Modeled on 300 core computing cluster.  Results stored in a 
mySQL database that is queried directly by the user using the 
Ensemble Mixing Panel



3TIER Long Range Hydrological Forecast System
Ensemble Forecast Verification

• Forecast information
• Reliability Diagram
• Discrimination Plots
• Scatter Plot
• Skill Statistics

– RPS Score
– Brier Skill Score
– Bias
– Hit Rate
– False Alarm Rate
– Threat Score

* (Wilks 1996), (Franz, Hartmann, Sorooshian and Bales, 2003 )
* WMO -WWRP/WGNE Joint working Group on Forecast Verifications
* “Verification” R package by Matt Pocernich (UCAR)



Forecast Skill by Time and Place
(forecast for May-June-July flows)

• Evaluated verification 
statistics over seven 
months, at 33 locations 
with 30+ years of 
observations

• Knowledge of ENSO 
state helps (sometimes)



Forecast Skill by Time and Place



Forecast Verification

• November 
forecast of May-
June-July flow on 
Owyhee River 
(RPS -0.29)

• Related to model 
bias at this 
location



Forecast Verification

• April forecast of 
May-June-July 
flow on 
Columbia at 
Rock Island 
Dam (RPS 
0.70)

• Highly skilled 
time and 
location



Forecast Skill by Time and Place

• Evaluated verification 
statistics  over seven 
months, at 33 locations 
with 30+ years of 
observations

• Knowledge of ENSO 
state helps (sometimes)

• Weak spatial patterns

• Clear temporal patterns



Forecast Verification
May-June-July flow at The Dalles

• Lots of information available

• Sometimes too much information

• Important to balance relevance against 
users willingness to spend time interpreting 
plots



Conclusions

• How good are these forecasts?

• Are these forecasts reliable?
– Usually (but not always)

• Are these forecasts useful for decision making?
– Yes



Conclusions

• Providing verification information alongside forecasts 
is important to building user confidence and essential 
to enable decision making.

• Forecast quality varies by time, location and lead 
time.

• Conveying forecast quality information, even to 
educated users, is difficult.



What’s Next?
NOAA SBIR grant

• Phase I (complete)

– Proof on concept

• Phase II (if approved)

– Refine web interface and online help

– Test with end users to improve verification 
comprehension

– Build into operational prototype
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