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Abstract

An extensive study [Eschenbach and Harper (2006)] of offshore oil spills in the Gulf of Mexico with extensions to the northern seas of Alaska involved the estimation of the likelihood of oil spill volumes in the Gulf of Mexico for both pipeline and platform spills.  This paper develops both maximum likelihood based reliability and percentile confidence intervals for the 3-parameter Weibull distribution.  The statistical aspects are discussed along with applications of developed Excel VBA functions.  The Excel routines are available free on the web at http://faculty.otterbein.edu/WHarper/.  The functions are illustrated with Gulf of Mexico oil spill data.

Three parameter Weibull distribution
γ: location, minimum life, threshold, shift, and origin
α: scale
β: shape, slope
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Maximum likelihood estimation (MLE) has much to offer 
· Consistency
· Asymptotic normality
· Asymptotic efficiency
But such properties are based on large samples.  

Likelihood Based Weibull Confidence Intervals
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· Lawless suggests maximizing the profile log-likelihood.
· Assess value for 
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 and maximize ln(L) at current 
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· Solving the two parameter MLE problem for 
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 are the original data and current value of the threshold.  
· Iterative process in Weibull MLE VBA code.
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Asymptotic maximum likelihood based confidence intervals 
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Partial Derivatives for Fisher Info matrix F
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Reliability Confidence Intervals

Reliability R(x*) = 1-F(x*) where F(x*) is the cdf.
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Pipeline oil spill data (n = 36) in the Gulf of Mexico Reliability CI
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Input: X = 100 barrels, 95% confidence level  
Output triplet: Estimated likelihood of a spill > 100 barrels is 81.6%.  The first and third numbers in this triplet are the associated 95% confidence interval of (68.5%, 89.7%).  
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Percentile Confidence Intervals
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Percentile Confidence Intervals, cont.
Input: 0.99 for the desired percentile, 95% confidence level

Output triplet: Estimated 99th percentile is 37,647 barrels of oil with a 95% confidence interval of 14,953 to 94,892 barrels of oil.  
[image: image1.wmf](()/)

1

(()/)

(

:())

;0 otherwise.

:()1

x

x

pdffxxe

forx

cdfFxe

b

b

ga

bb

ga

bag

g

--

--

--

=-

>

=-


[image: image18.png]Function Arguments

‘computePercentieCt
Percentile |53
Confidencelevel |95

= 0%
= 055

“{14953. 3733135367, 37646840885
‘Computes 2-aied confidence interval for a given percentie of a Webul distribution for which the MLES
were just computed.

ConfidenceLevel

Formula result = {14953.3733135367, 37646.8408853048, 94691.804263018).
oK Cancel

Help on tis function





References
Dodson, Bryan and Dennis Nolan (2002), Reliability Engineering Handbook, CRC Taylor & Francis, ISBN 0-8247-0364-2. Note: good book, but a fair number of typos.
Dodson, Bryan (2006), The Weibull Analysis Handbook, 2nd Ed., ASQ Quality Press, Milwaukee, Wisconsin, ISBN 978-0-87389-667-2.

Eschenbach, Ted G., and Harper, William V. (2006), Alternative Oil Spill Occurrence Estimators for the Beaufort/Chukchi Sea OCS (Statistical Approach), OCS Study MMS 2006-059, http://www.mms.gov/alaska /reports/2006rpts/2006_059.pdf.

Harper, William V., Thomas R. James, Ted G. Eschenbach, Leigh Slauson (2008), “Maximum Likelihood Estimation Methodology Comparison for the Three-Parameter Weibull Distribution with Applications to Offshore Oil Spills in the Gulf of Mexico,” JSM Proceedings, Risk Analysis Section, pp. 1231-1238, American Statistical Association, Denver, CO.
Harper, William V., Thomas R. James, Ted G. Eschenbach, (submitted May 2009), “Maximum Likelihood Estimation Statistical Software Comparison for the Three-Parameter Weibull Distribution”, submitted to The American Statistician. 

Lawless, Jerald F., Statistical Models and Methods for Lifetime Data, 2nd Ed., 2003, John Wiley & Sons, New York.

10

_1303994664.unknown

_1303994913.unknown

_1303995069.unknown

_1303996066.unknown

_1304594581.unknown

_1304601097.unknown

_1303995200.unknown

_1303995062.unknown

_1303994814.unknown

_1303994886.unknown

_1303994785.unknown

_1303991411.unknown

_1303991421.unknown

_1303991344.unknown

_1303991274.unknown

