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Outline

• Introduction/Background
• Logic Tree Method for Probabilistic 

Storm Surge Hazard Analysis
–Framework; 
–Sensitivity results;
–Takeaways; 

• Discussion
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Storm Surge Hazard

Source: http://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=d9ed7904dbec441a9c4dd7b277935fad&entry=1
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Storm Surge HazardFEMA – Hurricane Sandy Impact

USACE NACCS

Source: https://chswebtool.erdc.dren.mil/

Example Hazard Curves 
(Chesapeake Bay)
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General Methodology / Example Analysis

• Deterministic analysis; 

• Probabilistic analysis: 
– Empirical simulation technique (e.g., TR 

CHL-99-21, Scheffner, et al., 1999); 
– Empirical track method (e.g., Vickery et al., 

2009); 
– Synthetic track method (e.g., Lin et al., 

2010); 
– Joint probability method (e.g., FEMA, 2008 

& 2014 and USACE TR-15-5, 2015); 

“Best Estimate”

Source: New York City Hurricane Surge Risk Assessment, Lin et al., 2010

Mathematically 
determined
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Sources of Epistemic Uncertainty

Sources: Corps Risk Analysis Gateway Training Module; Franklin and Landsea, 2013; NOAA 2017.  

• Uncertainty   =   Knowledge Uncertainty +  Natural Variability
Facts that can be known with 
uncertainty, but are not 
currently known by the 
observer. 

Obtaining more information can 
reduce this type of uncertainty. 

Inherent variability in the 
physical world that cannot be 
known for certain. 

Cannot be reduced, however, 
our estimation can be improved 
with more information. 

* Storm surge hazard analysis – epistemic uncertainty, e.g.,

• Limited historical record; 
• Limitations in physical models; 
• Storm recurrence rate; 
• Coincident astronomical tides; 
• Meteorological parameters;
• Hydrodynamic modeling; 
• Projected sea level rise scenarios; 
• … 
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Logic Tree Method

Sources: Gonzalez, et al., 2017, 3rd PFHA Workshop; Bensi and Kanney, 2015.  

Comprehensive & 
systematic treatment of 
uncertainty

• Alternative models; 
• Alternative parameter 

values; 
• Weights;

Mean hazard +
confidence interval
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Logic Tree Example

for Probabilistic Storm Surge Analysis
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Example Alternatives 

PFHA Method

Empirical 
simulation 
technique

Synthetic 
tracks
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Non-
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Error / 
Uncertainty
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Example Joint Probability Logic Tree 
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Sensitivity Analysis – Storm Recurrence Rate

Model Grid A Model Grid B

λ = λa +/- 40% λ = λb +/- 50%
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Sensitivity Analysis – Probability Distributions
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Effect of radius of maximum winds distributionsEffect of intensity probability distributions

Source: Fig. 11 of Vickery and Wadhera, 2008. 
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Sensitivity Analysis – Parameter Co-variability
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Example: heading vs. wind intensity 
(Gulf of Mexico)

With co-variability

With  no co-variability
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Effects of Different Input

1.E-02

• Parameter co-variability; 

• Parametric vs non-
parametric; 

• Storm surge modeling 
results; 

Tested: 
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Example Hazard Curves with Error/Uncertainty
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i = branch number
𝜀𝜀1 = uncertainty representing tide 

coincident with storm surge
𝜀𝜀2 = uncertainty in numerical surge 

modeling 
𝜀𝜀3 = uncertainty due to sampling 

(intensity variability)
𝜀𝜀4 = correction factor (project specific)

𝑎𝑎𝑖𝑖 = 𝜀𝜀1
2 + 𝜀𝜀2

2

𝜎𝜎 = 𝑎𝑎𝑖𝑖2 + (𝑏𝑏𝑖𝑖 � 𝜂𝜂)2

𝑏𝑏𝑖𝑖 = 𝐹𝐹(𝜀𝜀3, 𝜀𝜀4)
where

Source: FEME Operating Guidance 8-12, 2012.  
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Example Branch Weights

Σ wi = 1.0 Σ wi = 1.0
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Effect of Weights on Mean Hazard Curves

1.E-02 1.E-02
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Effect of Sea Level Change Scenarios
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Sources: NOAA, 2017. USACE, 2017.  
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USACE Risk Analysis Gateway

• Comprehensive and systematic approach for epistemic 
uncertainty assessment;

• Flexibility for sensitivity evaluation; 

• Transparency for risk assessment and communication; 

• Diverse applications for complex multi-component system; 

• …

Takeaways
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