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• Preliminary conclusions



Folsom Motivation

• Flood control drawdown

• Climate change

• Decision confidence as a 
function of forecast skill

• Repeatability and staff 
experience offsets

• Competing management 
objectives

• 2022 example



Types of FIRO

• First Kind – Informal 
• Forecasts are used to inform operator expert judgement

• Second Kind – Reanalysis
• Hindcasts are used to evaluate operation guidelines for changes

• Third Kind – Real-time Operations
• Forecasts are coupled with hydrologic/hydraulic/decision models to calculate 

real time optimal solutions

• Extension – Climate Adaption
• Climate projections are used to evaluate operations guidelines



Stages of FIRO

Precipitation 
Forecast Skill

Hydrologic 
Model Skill

Operational 
Benefit FIRO



Ensemble Forecasts

https://www.metoffice.gov.uk/

• NOAA Global Ensemble 
Forecast System (GEFS)

• GEFS v11
• 0.5 degree resolution

• 21 ensemble members

• 16 day length

• GEFS v12
• 0.25 degree resolution

• 31 ensemble members

• 16/35 day length

• Reanalysis has   
different properties



Statistical Forecast Evaluation

• Converts forecasts to water 
management skill

• Must capture the 
variability/uncertainty of the 
ensemble

• No single metric is sufficient to 
describe all forecast features

Need to critique forecast skill across 
metrics and use in formulating risk-

based rule curve
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Spearman 
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Forecast Metrics
Correlation Pearson Correlation

Spearman Correlation

p Value

Distance MAE

ME

MSE

RMSE

Probabilistic Brier Score

CRPS

CRPSS

Discrimination

Rank Histogram

Contingent Hit Rate

Miss Rate

False Alarm Rate

Success Ratio

Relative Operation Characteristic

• Accuracy
• Error

• Reliability
• Average agreement

• Discrimination
• Greater prediction frequency

• Resolution
• Magnitude differences



Correlation



Hit Rate

𝐇𝐢𝐭 𝐑𝐚𝐭𝐞 =
𝐡𝐢𝐭𝐬

𝐡𝐢𝐭𝐬 +𝐦𝐢𝐬𝐬𝐞𝐬

What fraction of observed 
“yes” events were correctly 

forecasted?

Probability of Detection



False Alarm Rate

𝐏𝐎𝐅𝐃 =
𝐟𝐚𝐥𝐬𝐞 𝐚𝐥𝐚𝐫𝐦𝐬

𝐜𝐨𝐫𝐫𝐞𝐜𝐭 𝐧𝐞𝐠𝐚𝐭𝐢𝐯𝐞𝐬 + 𝐟𝐚𝐥𝐬𝐞 𝐚𝐥𝐚𝐫𝐦𝐬

What fraction of forecasted 
“no” events were incorrectly 

forecasted?

Probability of False Detection



Relative Operation Curve

How well can the forecast 
discriminate between 

events and non-events?



Dam Safety Example 



Summary

• Some skill across whole forecast window

• Significant fall off after day two

• High hit rate with high false alarm rate
• Get most events, but have a large number of false positives

• Real-time FIRO provides realizes most benefits



Next steps

• Use GEFS archive data product
• More ensemble members

• Higher spatial resolution

• Look at cumulative precipitation

• Apply similar approach to CNRFC inflow forecasts
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