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BACKGROUND



Why?

• To enhance and expedite flood hazard 
assessments within the Flood Risk 
Management, Planning, and Dam and 
Levee Safety communities of practice

• The Bayesian method can incorporate all available 
sources of hydrologic information, such as 
paleofloods, regional rainfall-runoff results, and 
expert elicitation. 

• As such, it provides higher confidence in the fitted 
flood frequency curves and resulting reservoir stage-
frequency curves

• RMC-BestFit was developed by the RMC, in 
collaboration with ERDC–CHL



What?
Model likelihood

𝑝𝑝 𝐷𝐷|𝜃𝜃

Observations
𝐷𝐷 = 𝑥𝑥1, … , 𝑥𝑥𝑛𝑛

Prior knowledge

Inference
Prediction
Decision

Bayes’ theorem

Bayes’ Theorem
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When?
• Semi-Quantitative Risk or Hazard Assessments, 

or higher level of effort

• Most valuable when there are multiple sources 
of data

• Can be used in flood and/or seismic hazard 
assessments and reliability analysis
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Model 
Selection 
Criteria

• Three “goodness-of-fit” measures to assist with 
model selection:

• Akaike Information Criterion (AIC)
• Bayesian Information Criterion (BIC)
• Root Mean Square Error (RMSE)
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Case Study: Lookout Point Dam
• Willamette River Basin (Oregon, USA)

• 11,500 mi2

• Contains several high priority dams
• Blue River
• Cougar
• Fall Creek
• Foster
• Green Peter
• Hills Creek
• Lookout Point

• 996 mi2

• Portland, OR downstream
• Dams operate as a complex system



Systematic Data

• Large uncertainty in the 
quantile estimate for the 
1:10,000 (1E-4) AEP

• Very large uncertainty in 
the estimated AEP for the 
PMF 

• Well over 4 orders of magnitude 
of uncertainty



Temporal Information Expansion

• Flood Interval
• A paleoflood event took place 

approximately 370 years ago 
that produced a 3-day flow of 
approximately 105,000 cfs

• Perception Threshold
• A 3-day flow of approximately 

260,000 cfs has not been 
exceeded (non-exceedance 
bound) in the last 2,300 years. 



Temporal Information Expansion

• A minor reduction in 
uncertainty in the quantile 
estimate for the 1:10,000 (1E-4) 
AEP

• Paleoflood increased our 
perception of the natural 
variability

• A reduction in uncertainty in 
the estimated AEP for the PMF 

• still over 3 orders of magnitude





Spatial & Causal Information 
Expansion

• A regional rainfall-frequency 
analysis was performed

• Rainfall-frequency events 
were routed with HEC-HMS

• Results suggest much rarer 
AEPs for the PMF



Spatial & Causal Information 
Expansion

• Rainfall-Runoff at AEP of 1E-4
• Normally distributed
• Mean of 105,000 cfs
• Standard Deviation of 20,000 cfs



Spatial & Causal Information Expansion

• A major reduction in 
uncertainty in the quantile 
estimate for the 1:10,000 
(1E-4) AEP

• A sizeable reduction in 
uncertainty in the 
estimated AEP for the PMF 

• ~ 3 orders of magnitude

• The expected and most 
likely curves are much 
closer together



Systematic Data



Temporal Information Expansion



Spatial & Causal Information Expansion



Comparison to EMA
• Bulletin 17C recommends fitting 

the LPIII distribution using the 
Expected Moments Algorithm 
(EMA)

• EMA was developed as an 
alternative to Maximum Likelihood 
Estimation (MLE)

• The Bayesian approach is closely 
related to the MLE method.

• Both methods produce similar 
results given typical censored data; 
however, EMA is not capable of 
incorporating the causal rainfall-
runoff information in a formal, 
probabilistic manner. 



Conclusions
• The Bayesian flood frequency approach can incorporate all 

available sources of hydrologic information, such as paleofloods, 
regional rainfall-runoff results, and expert elicitation.

• The ability of the Bayesian approach to use all pieces of 
information in conjunction is a major advantage over other 
methods, such as EMA, and provides much better estimates of 
design floods with specified AEPs.

• Complementing systematic flood data with temporal, spatial, and 
causal information should become the standard procedure for 
estimating exceedance probabilities for extreme floods.
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