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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 comparison of two Poisson oil spill rates.  This paper develops Excel functions that compute exact confidence intervals for the ratio of the two Poisson means.  Both the statistical and Excel VBA work are discussed with tips for creating Excel functions and Excel Add-Ins. These functions along with needed exact binomial Excel functions are available free on the web at http://www.otterbein.edu/home/fac/WLLVHRPR/.  The functions are illustrated with actual Gulf of Mexico oil spill data.
Introduction
A major source of U.S. oil production is the Outer Continental Shelf (OCS) region of the Gulf of Mexico (GOM).  This is done under the oversight of the Minerals Management Service within the U.S. Department of the Interior.  There is an extensive history of statistical analysis of oil spill occurrence rates, for example see Smith et al. (1982); Lanfear & Amstutz (1983); LaBelle & Anderson (1985); Anderson & LaBelle (1990, 1994, and 2000).  

The most recent Minerals Management Service oil spill work is Eschenbach and Harper (2006) and is available on the web at http://www.mms.gov/alaska/reports/2006rpts/2006_059.pdf.  In this 150+ page report both pipeline and platform oil spills were statistically analyzed over the period 1972-2005.  While homogeneity for the pipeline spill data could not be rejected, as detailed in the next section the platform spill data was not homogeneous.

This work introduced statistical techniques not previously used in the analysis of oil spill data.  This included the use of exact binomial confidence intervals developed as Excel functions [(Harper, 2005)] and exact Poisson ratio confidence intervals now converted to Excel functions as presented in this paper.  The development of Excel (Visual Basic for Applications) VBA functions is valuable as Excel is a common software package used by many for analysis needs.  These routines may be used in the same manner as any built-in Excel function once they are loaded.  
Additionally if loaded as an Add-In as often done with the Analysis ToolPak or Solver Add-In, it provides additional benefits to the user and security for the developer’s VBA code.  It is not necessary to understand Visual Basic to use this software.  The functions perform user checks to ensure valid input and issue error messages in a form that is typical of Windows based software.
Excel VBA Functions Developed and Application to Gulf of Mexico Platform Oil Spills
The following six functions have been developed and may be downloaded from the web page given in the abstract.  Six identical functions with shorter names are also found in the zip file on this web page.
PoissonRatioLowerCI(Alpha, XLambda, NX, YLambda, NY)

PoissonRatioUpperCI(Alpha, XLambda, NX, YLambda, NY)

ExactBinomialLowerCI(Alpha, N, X)

ExactBinomialUpperCI(Alpha, N, X)

ExactBinomialLowerCI_P(Alpha, N, Prop)

ExactBinomialUpperCI_P(Alpha, N, Prop)

The first two above compute exact Poisson ratio confidence intervals as discussed in this article.  The four exact binomial confidence interval routines are called by the Poisson routines and are enhanced versions of routines documented in Harper (2005).

One issue explored in Eschenbach and Harper (2006) was whether the pipeline and platform spill rates were stationary over time.  This was examined in several ways including the development of exact Poisson mean ratios.  The 1972-2005 time period was divided into the two time periods given below as described in Eschenbach and Harper (2006).  The next paragraph details the statistical background of the exact Poisson ratio confidence interval.
Let X and Y be two Poisson random variables with x and y spills, respectively.  Let the Poisson mean rate for X be λ and let the Poisson mean rate for Y be γλ.  The total sample size will be the sum of x and y where there are x inter-spill and y inter-spill values in the 1972 – 1989 and 1990 – 2005 time intervals, respectively.  Let 
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.  Then X has a binomial (n, ρ) distribution.  Using exact Excel binomial confidence intervals, 
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 may be developed.  As given in Chapman (1952), a confidence interval for the ratio γ of the two Poisson mean rates is 
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.  Thus it is possible to compute an exact confidence interval for the ratio of the two Poisson mean rates.  If the resulting interval does not contain the value 1.0 at a given level of confidence, then the two Poisson rates are significantly different.  Note that a ratio of 1.0 implies the two rates are the same.
Before giving the resulting 95% confidence interval the Figure XX below is a Minitab probability plot showing the exponential distribution fits to the 1972 – 1989 and 1990 – 2005 time intervals for platform spills.  It is a more powerful statistical goodness of fit test to assess the inter-spill data with an assumed exponential distribution using an Anderson-Darling rather than lumping the data into cells for a chi-square test based on the Poisson distribution.  If the inter event data is exponentially distributed, then the rate follows a discrete Poisson distribution.
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Using the data seen in the Minitab plot the Poisson ratios are rates that are the inverse of the exponential means.  As seen below the resulting Poisson ratio interval may be directly calculated by letting Excel do this simple math along with the corresponding math above.  This is shown just for the lower part of the resulting 95% two-sided confidence interval with a resulting lower bound of 0.3051.  
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The resulting 95% two sided confidence interval for the Poisson mean rate ratio γ of (0.3051, 0.8330) with the point estimate of 0.5041 for γ.  Since 1.0 is not in this Poisson mean rate ratio confidence interval, this implies at the 95% confidence level that the two rates are significantly different and the 1990 – 2005 rate is significantly lower.  Thus platform spill rates have dropped from the 1972 – 1989 to 1990 – 2005 time interval.  Indeed the rate is roughly ½ of the earlier time period rate. 
Example of an Exact Binomial Confidence Interval Function

While the above is the main focus of the new work presented in this paper, the below example illustrates the use of the exact binomial confidence intervals which are a major improvement over the normal approximation often used.  In this application 36 pipeline oil spills were divided into two categories to assist in the extrapolation of Gulf of Mexico data to the Arctic of Alaska.  One category of size 21 was oil spills that were felt to be relevant in terms of cause to the Arctic while the other category of size 15 were due to causes not relevant to the Arctic.  The Excel functions were used to develop an exact 95% confidence interval for the proportion of GOM spills applicable to the Arctic.  Two variations of the exact binomial functions are provided, so that users can choose which is easier in their spreadsheet.  Both versions ask for the alpha level and the sample size n.  Then one version asks for X the number of “successes,” while the other asks for the proportion (which is X/n).  The resulting two-sided exact binomial confidence interval is (0.4076, 0.7449) of which the lower value is seen below from the Insert Function screen dump.
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General Excel VBA Tips
While it is not possible to add Help to such User-Defined functions, the user can be aided by the selection of a good function name, reasonable function argument names such as above, and by an added comment as seen above for the function.  This comment may be added by selecting Tools, Macro, Macros as seen below once the function has been created and is loaded into Excel.
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Then it is necessary to type in the name of the VBA routine as it will not appear on the drop-down.  After doing so, click on Options, and enter useful commentary.  This will result in the helpful words when using Insert Function as seen earlier.
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In the particular application created all the exact binomial and Poisson confidence interval functions in a VBA module seen as Module3 below that can be shared with others however it requires some knowledge of how to load such modules.  See Harper (2005) for more information on this or the excellent Excel VBA Programming for Dummies book by Walkenbach (2004).  John Walkenbach is one of the few (in our opinion) authors that can really explain and entertain one while learning advanced Excel capabilities.  Two of his books are listed in the references though newer editions are available.
Creating an Add-In makes life even sweeter for the user.  It also provides some protection of the developer’s code if that is a concern.  Rather than repeat all of what is so well written elsewhere, we refer the reader to Chapter 22: Creating Excel Add-Ins on pages 339-350 of Walkenbach (2004).  As some illustration to make Add-Ins perhaps somewhat less vague the image below shows Exact CI for Binomial proportions and Poisson mean ratios below in the Excel Add-Ins dialog box that many users are familiar using to load other Add-Ins.
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For those used to going to the Visual Basic Editor (VBE) by Alt+F11 or Tools, Macro, Visual Basic Editor as seen below, the 2nd image below taken from the VBE shows the current version of our VBA Add-In.  For those that will be creating VBA code in the future the VBE will become a familiar sight.
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Keeping an Eye on the User
Whether the user is the developer only or others, it is paramount to check user input.  If not the user gets pulled into the VBE when an incorrect input is used.  They may become lost and in frustration abort Excel losing whatever work has been accomplished to date.  In addition to error checking it is important to provide meaning error messages.  Who has not been upset at obtaining error messages that make no sense, .e.g. “Error 303: Invalid Exception” or something similar?  
One example of the error messages packaged with the exact binomial and Poisson confidence interval VBA functions is given below.  In the example below the user meant to have 50 successes from n = 75 trials; however, only n = 7 was entered.  The error message catches the faux pas and provides the user with a hopefully clear error message that will allow a quick fix.  If the user is not familiar with the binomial distribution, this message may not be so clear!
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A Few Recommendations for the Road
It is recommended to place contact information into the VBA code so that a user may find the developer for questions or suggestions for improvement.  Comment lines are shown in green by default in the VBE and should be used liberally and intelligently.
The use of Option Explicit is a must in our opinion as it forces the declaration of all variables.  Doing so prevents many hard to find typos in variable names that can plague the debugging effort.  The definition of variables such as seen below prior to any functions or subprograms allows these variables to be global in scope rather than local across many routines which has numerous advantages.

Option Explicit
' December, 2006 by William V. Harper, Otterbein College, 

'
Westerville, OH 43081-2006 USA

' wharper@otterbein.edu, 614-823-1417

' Defining Global Variables

Dim PL As Double, PU As Double, Error_Flag As Long

Dim X As Long, N As Long, Alpha As Double

Dim XLambda As Double, NX As Long, YLambda As Double, NY As Long, Gamma As Double, Prop As Double

Dim two_nx1 As Double, two_x As Double, F_lower As Double, F_upper As Double
More Basic (no pun intended) Thoughts on VBA from the Applications End
Many Excel VBA novices are not sure of the difference between a VBA sub procedure and function.  A Sub procedure performs potentially multiple actions using VBA with Excel and may perform numerous differing results directly in one or more worksheets including altering the formatting.  A VBA Function performs a calculation and usually returns a single value (though it is possible to return an array).  VBA functions cannot manipulate ranges or change properties of any cells.  Unlike Sub procedures, they are passive.  All they can do is return a value to Excel or show messages such as error indicators.

When loading an Excel program with VBA modules (either Sub procedures or Functions) one may see something similar to the following.  
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The above dialogue box might not be seen if the Macro Security is set too high – if this is the case, then it must be lowered.  A Medium setting will result in the dialog box above.  The two figures below depict the lowering security steps.  After completion of the steps below the Excel file may be reloaded successfully and the user should click Enable Macros.
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Conclusion
This article describes how to compute exact Poisson mean ratio confidence intervals which is not a generally known statistical method.  This method is made available to others via Excel functions stored on the web.  Users are encouraged to download and try these functions and provide feedback to the authors.

Entering the world of VBA is not for the timid.  It takes guts, fortitude, and determination.  But the results are well worth the effort.  Whether it is sub procedure or (as in this article) functions, the routines will increase productivity and add functionality not usually available to many spreadsheet users.  We encourage others to take the plunge just as Beowulf did in the deep murky waters to conquer Grendel’s mother.
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