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Assessing Maritime RiskAssessing Maritime Risk
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Evaluating Risk ReductionEvaluating Risk Reduction

-50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50%

Revised Escort &
Fishing\Tanker Rules

Revised Fishing\Tanker
Rules

Revised Escort

Stricter Closer at
Hinchinbrook Entrance

Base Case

No Ice Transits at Night

Stricter Closer Conditions at
Valdez Narrows and

Hinchinbrook Entrance



© VCU/GWU 2003© VCU/GWU 2003 55

National Research Council ReviewNational Research Council Review

• “The truth is that we are uncertain. The 
language of uncertainty is probability 
Therefore, speaking the truth means to 
develop analyses results in terms of 
probability curves rather than in terms of 
point estimates.”
– Kaplan S. “The Words of Risk Analysis”, Risk 

Analysis, 1997; 17(4) 407-417.
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Modeling the UncertaintyModeling the Uncertainty

•• Uncertainty in the System SimulationUncertainty in the System Simulation
–– Bayesian Simulation ModelBayesian Simulation Model

•• Uncertainty in the Expert JudgmentsUncertainty in the Expert Judgments
–– Bayesian pairBayesian pair--wise comparison modelwise comparison model

•• Propagate the Uncertainty throughout the Propagate the Uncertainty throughout the 
ModelModel
–– Monte Carlo methodsMonte Carlo methods
–– Grid Computing implementationGrid Computing implementation
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Classical Simulation Input ModelingClassical Simulation Input Modeling
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Bayesian Simulation Input ModelingBayesian Simulation Input Modeling

•• Computations are simple with conjugate prior Computations are simple with conjugate prior 
distributionsdistributions

•• To sample interTo sample inter--arrival times in the simulationarrival times in the simulation
–– Sample from the posterior distribution of the parametersSample from the posterior distribution of the parameters
–– Sample from the probability model given the sample parametersSample from the probability model given the sample parameters
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Bayesian InferenceBayesian Inference

•• Conjugate prior distributions are not always Conjugate prior distributions are not always 
availableavailable
–– No close form solution No close form solution 
–– Multiple model parameters => multivariate posteriorMultiple model parameters => multivariate posterior

•• Answer Answer -- Gibbs SamplingGibbs Sampling
–– Sample from posterior, fullSample from posterior, full--conditional distributions of conditional distributions of 

each parameter repeatedlyeach parameter repeatedly
–– This Markov Chain has the multivariate posterior This Markov Chain has the multivariate posterior 

distribution as its limiting, stationary distributiondistribution as its limiting, stationary distribution
–– Start at arbitrary values and iterate until warmed upStart at arbitrary values and iterate until warmed up
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How do you choose the best How do you choose the best 
probability model?probability model?
•• Traditionally Traditionally BayesBayes factors and posterior factors and posterior 

predictive densitiespredictive densities
–– Deviance Information Criteria is a newer developmentDeviance Information Criteria is a newer development

–– SpiegelhalterSpiegelhalter, D. J., N. G. Best, B. P. Carlin, A.van , D. J., N. G. Best, B. P. Carlin, A.van derder LindeLinde. 2002. . 2002. 
Bayesian measures of model complexity and fit. Bayesian measures of model complexity and fit. Journal of the Royal Journal of the Royal 
Statistical Society: Series BStatistical Society: Series B 6464(4) 583(4) 583--639. 639. 
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Deviance Information CriterionDeviance Information Criterion
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Bayesian Output ModelBayesian Output Model

•• Our output is a count of the number of Our output is a count of the number of 
encounters per yearencounters per year
–– Poisson distribution is a natural probability modelPoisson distribution is a natural probability model
–– Gamma distribution is the conjugate prior distribution Gamma distribution is the conjugate prior distribution 

for the expected number of encounters per year for the expected number of encounters per year 
–– Prior shape Prior shape Prior Shape + Total EncountersPrior Shape + Total Encounters
–– Prior scale Prior scale Prior Scale + Nos. Simulated YearsPrior Scale + Nos. Simulated Years

•• We can run 50 years of simulation and collect We can run 50 years of simulation and collect 
the total number of simulated encounters!the total number of simulated encounters!
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Example Example –– Ferries in SF BayFerries in SF Bay

•• Three proposed expansion alternativesThree proposed expansion alternatives
–– Alternative 3: Enhance Existing SystemAlternative 3: Enhance Existing System
–– Alternative 2: Robust Water Transit SystemAlternative 2: Robust Water Transit System
–– Alternative 1: Aggressive ExpansionAlternative 1: Aggressive Expansion

•• These are to be compared to the existing These are to be compared to the existing 
ferry system operating in SF Bayferry system operating in SF Bay
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SF Bay SimulationSF Bay Simulation
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Results with UncertaintyResults with Uncertainty

•• After just one day of simulationAfter just one day of simulation

 
Posterior 5-th 

percentile
Posterior 50-th 

percentile
Posterior 95-th 

percentile



© VCU/GWU 2003© VCU/GWU 2003 1616

Results with UncertaintyResults with Uncertainty

•• After 50 years of simulationAfter 50 years of simulation
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Results with UncertaintyResults with Uncertainty

•• After 1 day of simulationAfter 1 day of simulation

–– After 50 years of simulation the credibility interval bars are nAfter 50 years of simulation the credibility interval bars are not ot 
visiblevisible
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Results with UncertaintyResults with Uncertainty

•• What is the probability What is the probability 
that there will be more that there will be more 
interactions in Alternative interactions in Alternative 
A than in Alternative B A than in Alternative B 
across the study area?across the study area?

–– A = Alternative 3A = Alternative 3
–– B = Current Ferry SystemB = Current Ferry System
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Results with UncertaintyResults with Uncertainty

•• What is the probability What is the probability 
that there will be more that there will be more 
interactions in Alternative interactions in Alternative 
A than in Alternative B A than in Alternative B 
across the study area?across the study area?

–– A = Alternative 1A = Alternative 1
–– B = Alternative 2B = Alternative 2


