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Statistical Standards


S-1
Modeled Results and Goodness-of-Fit 

A. The use of historical data in developing the model shall be supported by rigorous methods published in currently accepted scientific literature.

B. Modeled and historical results shall reflect agreement using current state of the science and statistical methods.


Purpose:
Many aspects of model development and implementation involve fitting a probability distribution to historical data for use in generating stochastic storms.  Such fitted models should be checked to ensure that the distributions are reasonable.  The chi-square goodness-of-fit test may not be a rigorous methodology for demonstrating the reasonableness of models of historical data.  


This Standard explicitly requires the modelers to have the results of data fitting with probability distributions available for the model assessments.  Also, this Standard requires the production of graphical and numerical statistical summaries by the modeler in advance of an audit (which could have the desirable effect in a self-audit of identifying potential problem areas).

Disclosures

1. Identify the form of the probability distributions used for each function or variable, if applicable.  Identify statistical techniques used for the estimates and the specific goodness-of-fit tests applied.  Describe whether the p-values associated with the fitted distributions provide a reasonable agreement with the historical data.  

2. Provide the source and the number of years of the historical data set used to develop probability distributions for specific hurricane characteristics. If any modifications have been made to the data set, describe them in detail and their appropriateness. 

3. Describe the nature and results of the tests performed to validate the windspeeds generated.
4. Provide the date of loss of the insurance company data available for validation and verification of the model.

5. Provide an assessment of uncertainty in loss costs for output ranges using confidence intervals or other accepted scientific characterizations of uncertainty.
6. Provide graphical comparisons of modeled and historical data and goodness-of-fit tests.  Examples include hurricane frequencies, tracks, intensities, and physical damage.

7. Provide a completed Form S-1, Probability of Florida Landfalling Hurricanes per Year.

8. Provide a completed Form S-2, Probable Maximum Loss.


Audit

1. Forms S-1 and S-2 will be reviewed.

2. The modeler’s characterization of uncertainty for windspeed, damage estimates, annual loss, and loss costs will be reviewed.
S-2
Sensitivity Analysis for Model Output 

The modeler shall have assessed the sensitivity of temporal and spatial outputs with respect to the simultaneous variation of input variables using current state of the science and statistical methods and have taken appropriate action.  

Purpose:
Sensitivity analysis goes beyond mere quantification of the magnitude of the output (e.g. windspeed, loss cost, etc.) by identifying and quantifying the input variables that impact the magnitude of the output when the input variables are varied simultaneously.  The simultaneous variation of all input variables enables the modelers to detect interactions and to properly account for correlations among the input variables.  Neither of these goals can be achieved by using one-factor-at-a-time variation, hence such an approach to sensitivity analysis does not lead to an understanding of how the input variables jointly affect the model output.  The simultaneous variation of the input variables is an important diagnostic tool for the modelers and provides needed assurance of the robustness and viability of the model output.

Disclosures

1. Provide a detailed explanation of the sensitivity analyses that have been performed on the model above and beyond those completed for the original submission of Form S-5 and provide specific results.  (Requirement for modeling organizations that have previously provided the Commission with Form S-5.  This Disclosure can be satisfied with an updated Form S-5 that incorporates changes to the model since the previous submission of the Form.) 
2. Provide a description of the statistical methods used to perform the sensitivity analysis. 

3. Identify the most sensitive aspect of the model and the basis for making this determination.  Provide a full discussion of the degree to which these sensitivities affect output results and illustrate with an example.  

4. Describe how other aspects of the model may have a significant impact on the sensitivities in output results and the basis for making this determination. 

5. Describe actions taken in light of the sensitivity analyses performed.

6. Provide a completed Form S-5, Hypothetical Events for Sensitivity and Uncertainty Analysis (requirement for models submitted by modeling organizations which have not previously provided the Commission with this analysis). 
Audit
1. The modeler’s sensitivity analysis will be reviewed in detail.  Statistical techniques used to perform sensitivity analysis shall be explicitly stated.  The results of the sensitivity analysis displayed in graphical format (e.g., contour plots with temporal animation) will be reviewed. 

2. Form S-5 will be reviewed for models submitted by modeling organizations which have not previously provided the Commission with this analysis. 

S-3
Uncertainty Analysis for Model Output 

The modeler shall have performed an uncertainty analysis on the temporal and spatial outputs of the model using current state of the science and statistical methods and have taken appropriate action.  The analysis shall identify and quantify the extent that input variables impact the uncertainty in model output as the input variables are simultaneously varied.  

Purpose:
Modelers have traditionally quantified the magnitude of the uncertainty in the output (e.g. windspeed, loss cost, etc.) through a variance calculation or by use of confidence intervals.  While these statistics provide useful information, uncertainty analysis goes beyond a mere quantification of these statistics by quantifying the expected percentage reduction in the variance of the output that is attributable to each of the input variables.  Identification of those variables that contribute to the uncertainty is the first step that can lead to a reduction in the uncertainty in the output.  It is important to note that the input variables identified in an uncertainty analysis are not necessarily the same as those in a sensitivity analysis nor are they necessarily in the same relative order.  As with sensitivity analysis, uncertainty analysis is an important diagnostic tool for the modelers and provides needed assurance of the robustness and viability of the model output.

Disclosures

1. Provide a detailed explanation of the uncertainty analyses that have been performed on the model above and beyond those completed for the original submission of Form S-5 and provide specific results.  (Requirement for modeling organizations that have previously provided the Commission with Form S-5.  This Disclosure can be satisfied with an updated Form S-5 that incorporates changes to the model since the previous submission of the Form.)  
2. Provide a description of the statistical methods used to perform the uncertainty analysis. 

3. Identify the major contributors to the uncertainty in model outputs and the basis for making this determination.  Provide a full discussion of the degree to which these uncertainties affect output results and illustrate with an example.  

4. Describe how other aspects of the model may have a significant impact on the uncertainties in output results and the basis for making this determination.

5. Describe actions taken in light of the uncertainty analyses performed.

6. For models submitted by modeling organizations, which have not previously provided this analysis to the Commission, Form S-5 was disclosed under Standard S-2 and will be used in the verification of Standard S-3. 

Audit

1. The modeler’s uncertainty analysis will be reviewed in detail.  Statistical techniques used to perform uncertainty analysis shall be explicitly stated.  The results of the uncertainty analysis displayed in graphical format (e.g., contour plots with temporal animation) will be reviewed.  

2. Form S-5 will be reviewed for models submitted by modeling organizations which have not previously provided the Commission with this analysis. 
S-4
County Level Aggregation 

At the county level of aggregation, the contribution to the error in loss cost estimates attributable to the sampling process shall be negligible.

Purpose:
The intent of this Standard is to ensure that sufficient runs of the simulation have been made or a suitable sampling design invoked so that the contribution to the error of the loss cost estimates due to its probabilistic nature is negligible.  To be negligible, the standard error of each output range should be less than 2.5% of the loss cost estimate.

Disclosure
1.
Describe the sampling plan used to obtain the average annual loss costs and output ranges.  For a direct Monte Carlo simulation, indicate steps taken to determine sample size.  For an importance sampling design, describe the underpinnings of the design.
Audit

1.
Provide a graph assessing the accuracy associated with a low impact area such as Nassau County.  We would expect that if the contribution error in an area such as Nassau County is small, the error in the other areas would be small as well.  Assess where appropriate, the contribution of simulation uncertainty via confidence intervals.  

S-5    Replication of Known Hurricane Losses

The model shall estimate incurred losses in an unbiased manner on a sufficient body of past hurricane events from more than one company, including the most current data available to the modeler.  This Standard applies separately to personal residential and, to the extent data are available, to mobile homes.  Personal residential experience may be used to replicate structure-only and contents-only losses.  The replications shall be produced on an objective body of loss data by county or an appropriate level of geographic detail.

Purpose:
Each model shall reasonably replicate past known events for hurricane frequency and severity.  The Meteorological Standards assess the model’s hurricane frequency projections and hurricane tracks.  This Standard applies to severity or the combined effects of windfield, vulnerability functions, and insurance loss limitations.  To the extent possible, each of the three functions of windfield, vulnerability, and insurance should be separately tested and verified.

Given a past hurricane event and a book of insured properties at the time of the hurricane, the model should be able to provide expected losses.  

Disclosures

1. Describe the nature and results of the analyses performed to validate the loss projections generated by the model.
2. Provide a completed Form S-3, Five Validation Comparisons.


Audit

1. The following information for each insurer and hurricane will be reviewed:

a. The validity of the model assessed by comparing expected losses produced by the model to actual observed losses incurred by insurers at both the state and county level,  

b. The version of the model used to calculate modeled losses for each hurricane provided,

c. A general description of the data and its source,

d. A disclosure of any material mismatch of exposure and loss data problems, or other material consideration,

e. The date of the exposures used for modeling and the date of the hurricane,

f. An explanation of differences in the actual and modeled hurricane parameters,

g. A listing of the departures, if any, in the windfield applied to a particular hurricane for the purpose of validation and the windfield used in the model under consideration,

h. The type of property used in each hurricane to address:

(1) Personal versus commercial

(2) Residential structures

(3) Mobile homes

(4) Condominiums

(5) Structures only

(6) Contents only,

i. The inclusion of demand surge, storm surge, loss adjustment expenses, or law and ordinance coverage in the actual losses, or the modeled losses.

2. The following documentation will be reviewed:

a. Publicly available documentation referenced in the submission,

b. The data sources excluded from validation and the reasons for excluding the data from review by the Commission (if any),

c. An analysis that identifies and explains anomalies observed in the validation data,

d. User input sheets for each insurer and hurricane detailing specific assumptions made with regard to exposed property.

3. The confidence intervals used to gauge the comparison between historical and modeled losses will be reviewed.

4. Form S-3 will be reviewed.

5. The results of one hurricane event for more than one insurance company and the results from one insurance company for more than one hurricane event will be reviewed to the extent data are available.

 S-6
Comparison of Projected Hurricane Loss Costs

The difference, due to uncertainty, between historical and modeled annual average statewide loss costs shall be reasonable, given the body of data, by established statistical expectations and norms.

Purpose:
This Standard requires various demonstrations that the differences between historical and modeled annual average statewide loss costs are plausible from a statistical perspective.


Disclosures

1. Describe the nature and results of the tests performed to validate the expected loss projections generated.  If a set of simulated hurricanes or simulation trials was used to determine these loss projections, specify the convergence tests that were used and the results.  Specify the number of hurricanes or trials that were used. 

2. Identify differences, if any, in how the model produces loss costs for specific historical events versus loss costs for events in the stochastic hurricane set.  

3. Provide a completed Form S-4, Average Annual Zero Deductible Statewide Loss Costs – Historical versus Modeled.

Audit

1. Form S-4 will be reviewed.  

2. Justify the following:

a. Meteorological parameters,

b. The effect of by-passing storms,

c. The effect of actual hurricanes that had two landfalls impacting Florida,

d. The departures, if any, from the windfield, vulnerability functions, or insurance functions applied to the actual hurricanes for the purposes of this test and those used in the model under consideration, and

e. Exposure assumptions.

Form S-1:  Probability of Florida Landfalling Hurricanes per Year

Complete the table below showing the probability of landfalling Florida hurricanes per year.  Modeled probability should be rounded to four decimal places.  The historical probabilities below have been derived from the National Hurricane Center’s HURDAT as of June 25, 2007.  If another version of the National Hurricane Center’s HURDAT as specified in Standard M-1 is used by the modeler, then the historical probabilities should be modified accordingly.  and the HURDAT revision date provided.

Historical Probability numbers in table to be updated
	Model Results

	Probability of Florida Landfalling Hurricanes per Year

	
	
	

	Number
	
	

	Of Hurricanes
	Historical
	Modeled

	Per Year
	Probability
	Probability

	0
	0.5943
	

	1
	0.2547
	

	2
	0.1226
	

	3
	0.0283
	

	4
	0.0000
	

	5
	0.0000
	

	6
	0.0000
	

	7
	0.0000
	

	8
	0.0000
	

	9
	0.0000
	

	10 or more
	0.0000
	


Form S-2:  Probable Maximum Loss (PML)
Provide projections of the insured loss for various probability levels using the hypothetical data set provided in the file named “FormA1Input07.xls.”  Provide the total average annual loss for the PML distribution.  If the methodology of your model does not allow you to produce a viable answer, please state so and why.  
Part A
	Return

Time (years)
	Probability of Exceedance
	Estimated

Loss

	
	
	

	Top Event
	________________
	________________

	10,000
	0.01%
	________________

	5,000
	0.02%
	________________

	2,000
	0.05%
	________________

	1,000
	0.10%
	________________

	500
	0.20%
	________________

	250
	0.40%
	________________

	100
	1.00%
	________________

	50
	2.00%
	________________

	20
	5.00%
	________________

	10
	10.00%
	________________

	5
	20.00%
	________________


Part B

	
	

	
	

	Mean (Total Average Annual Loss)
	________________

	
	

	Median
	________________

	
	

	Standard Deviation
	________________

	
	

	Interquartile Range
	________________

	
	

	Sample Size
	________________

	
	


Form S-3:  Five Validation Comparisons

A.
Provide five validation comparisons of actual exposures and loss to modeled exposures and loss.  These comparisons must be provided by line of insurance, construction type, policy coverage, county or other level of similar detail in addition to total losses.  Include loss as a percent of total exposure. Total exposure represents the total amount of insured values (all coverages combined) in the area affected by the hurricane.  This would include exposures for policies that did not have a loss.  If this is not available, use exposures for only those policies that had a loss. Specify which was used.  Also, specify the name of the hurricane event compared.

B. Provide scatter plot(s) of modeled vs. historical losses for each of the five validation comparisons.  (Plot the historical losses on the x-axis and the modeled losses on the y-axis.)

Rather than using directly a specific published hurricane windfield, the winds underlying the modeled loss cost calculations must be produced by the model being evaluated and should be the windfield most emulated by the model.

Example Formats:

Hurricane =   




Exposure =  Total exposure or loss only (please specify) 




	
	Company Actual
	Modeled
	

	Construction
	Loss / Exposure
	Loss / Exposure
	Difference

	Wood Frame
	
	
	

	Masonry
	
	
	

	Other (specify)
	
	
	

	Total
	
	
	


Hurricane =   




Exposure =  Total exposure or loss only (please specify) 




	
	Company Actual
	Modeled
	

	Coverage
	Loss / Exposure
	Loss / Exposure
	Difference

	A
	
	
	

	B
	
	
	

	C
	
	
	

	D
	
	
	

	Total
	
	
	


Hurricane =   




Exposure =  Total exposure or loss only (please specify) 




	
	Company Actual
	Modeled
	

	Line of Insurance
	Loss / Exposure
	Loss / Exposure
	Difference

	
	
	
	

	
	
	
	

	Total
	
	
	


Form S-4:  Average Annual Zero Deductible Statewide Loss Costs – Historical versus Modeled
Part A

A. Provide the average annual zero deductible statewide loss costs produced using the list of hurricanes in the Base Hurricane Storm Set based on the 2002 Florida Hurricane Catastrophe Fund’s aggregate personal residential exposure data, as of August 1, 2003 (hlpm2002.exe). 

Average Annual Zero Deductible Statewide Loss Costs

	Time Period – 2002 FHCF Exposure Data
	Historical Hurricanes
	Produced by Model

	Current Year
	
	

	Previous Year
	
	

	Second Prior
	
	

	Percentage Change Current Year/Previous Year
	
	

	Percentage Change Current Year/Second Prior
	
	


B.
Provide a comparison with the statewide loss costs produced by the model on an average industry basis.

C.
Provide the 95% confidence interval on the differences between the mean of the historical and modeled loss.

Part B

D.
Provide the average annual zero deductible statewide loss costs produced using the list of hurricanes in the Base Hurricane Storm Set based on the 2006 Florida Hurricane Catastrophe Fund’s aggregate personal residential exposure data, as of August 1, 2007 (hlpm2006.exe).
Average Annual Zero Deductible Statewide Loss Costs

	Time Period – 2006 FHCF Exposure Data
	Historical Hurricanes
	Produced by Model

	Current Year
	
	


E. Provide a comparison with the statewide loss costs produced by the model on an average industry basis.

F.
Provide the 95% confidence interval on the difference between the mean of the historical and modeled loss.
Form S-5:  Hypothetical Events for Sensitivity and Uncertainty Analysis (requirement for models submitted by modeling organizations which have not previously provided the Commission with this analysis) 

Provide output in ASCII files based on running a series of hurricanes as provided in the Excel file “FormS5Input06.xls.”  Specifically, the output shall consist of windspeeds (in miles per hour for one minute sustained 10-meter winds) at hourly intervals over a 21×46 grid for the 500 combinations (600 combinations if the second quantile in the following list is used) of initial conditions specified in the Excel file for the following model inputs:

· CP = central pressure (in millibars)

· Rmax = radius of maximum winds (in statute miles)

· VT = translational velocity (forward speed in miles per hour)

· Quantiles for other input used by the modeler (0 ( p ( 1), e.g. Holland B parameter

· Quantiles for possible additional input variable (use is optional)

The value of CP in the Excel file will be used by some modelers as a direct input while other modelers will use CP as the basis for calculating pressure difference, which will then be used as an input.  Modelers should indicate whether CP was used as a direct input or as the basis for calculating pressure difference.  Rmax and VT are to be used as direct inputs.

The fourth (and optional fifth) input in the above list specifies quantiles (0 ( p ( 1) of the distribution for any remaining model input such as the Holland B parameter.  Quantiles from 0 to 1 have been provided in the Excel input file rather than specific values since modelers may use different ranges and distributions for the Holland B parameter or other input variables.

As an illustration, if the quantile has been specified as 0.345 in the Excel input file, then the modeler should input the specific value of x into the model such that P(X ( x) = 0.345 where X is a random variable representing the distribution of the Holland B parameter or other input variable used by the modeler.

If quantile input variables are used, describe how the fourth and/or fifth input variables were used and provide the specific values that correspond to the quantiles in Form S-5.  For example, if the first quantile input is used for the Holland B parameter, then the modeler needs to make that known and provide the specific values of the Holland B parameter that were used on each run.  

The Excel input file contains 500 (or 600) combinations of initial conditions for each of three categories of hurricanes (1, 3, and 5), which follow a straight due west track passing through the point (25.7739N, 80.1300W).  The first 100 combinations of initial conditions for hurricane categories 1, 3, and 5 are used in sensitivity analysis calculations.  These initial conditions are given in the first worksheet (Sen Anal all Variables) of the Excel input file.  The second set of 100 initial conditions for hurricane categories 1, 3, and 5 are given in the second worksheet (Unc Anal for CP) in the Excel input file.  These conditions will be used in the uncertainty analysis for CP.  The third worksheet (Unc Anal for Rmax), fourth worksheet (Unc Anal for VT), fifth worksheet (Unc Anal for Quantile 1), and sixth worksheet (Unc Anal for Quantile 2) are similar to the second worksheet and are used for performing uncertainty analyses for Rmax, VT and the input variable corresponding to the given quantiles, respectively.  

Depending on the operational model, each of the 500 (or 600) simulated hypothetical events may not produce a maximum windspeed over the grid within the category given in the Saffir-Simpson scale.  This is to be expected due to the deviation from the mean levels in a specific simulated event (for example, higher than average central pressure, slower than average forward speed could lead to a weak hurricane) and the grid resolution may not detect the maximum windspeed.  However, the modeler should provide the maximum windspeed produced over the 12 hours, if available, which may occur at an intermediate time point.  For example, if the maximum windspeed occurs at 1.5 hours, this windspeed is the value that should be provided.

The 21×46 grid of coordinates uses an approximate 3 statute mile spacing and is depicted in Figure 6 for all three hurricane categories.  For purposes of hurricane decay, the modeler is instructed to use existing terrain consistent with the grid in Figure 6.

The point (0, 0) is the location of the center of the hurricane at time 0, and is 30 miles east of the landfall location (25.7739N, 80.1300W), identified by the red rectangle in Figure 6.  The exact latitudes and longitudes for the 966 vertices in the grid (21×46) are given in the seventh worksheet of the Excel input file.

Figure 6
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Provide output on CD in ASCII and PDF format.  Five output files (or six if second quantile input variable is used) should be provided for each of the three hurricane categories.  These files shall be named as shown in Figure 7:

Figure 7
Summary of Form S-5 Input and Output Files*

	Hurricane Category
	Input Values given in

FormS5Input06.xls file
	Output

File
	Modeler Windspeed Output

File Name

	
	Sensitivity Analysis all Variables
	1
	XXX06FormS51SA.dat

	
	Uncertainty Analysis CP
	2
	XXX06FormS51UACP.dat

	1
	Uncertainty Analysis Rmax
	3
	XXX06FormS51UARmax.dat

	
	Uncertainty Analysis VT
	4
	XXX06FormS51UAVT.dat

	
	Uncertainty Analysis Quantile
	5
	XXX06FormS51UAQuantile1.dat

	
	
	
	

	
	Sensitivity Analysis all Variables
	6
	XXX06FormS53SA.dat

	
	Uncertainty Analysis CP
	7
	XXX06FormS53UACP.dat

	3
	Uncertainty Analysis Rmax
	8
	XXX06FormS53UARmax.dat

	
	Uncertainty Analysis VT
	9
	XXX06FormS53UAVT.dat

	
	Uncertainty Analysis Quantile
	10
	XXX06FormS53UAQuantile1.dat

	
	
	
	

	
	Sensitivity Analysis all Variables
	11
	XXX06FormS55SA.dat

	
	Uncertainty Analysis CP
	12
	XXX06FormS55UACP.dat

	5
	Uncertainty Analysis Rmax
	13
	XXX06FormS55UARmax.dat

	
	Uncertainty Analysis VT
	14
	XXX06FormS55UAVT.dat

	
	Uncertainty Analysis Quantile
	15
	XXX06FormS55UAQuantile1.dat

	
	
	
	


*If the second quantile input variable is used, a sixth output file will be required for each hurricane category.

Each of the files will contain 96,600 lines (100×21×46 = 96,600), each written according to the format (3I5,14F6.1).

Note:  Use of ASCII files reduces the size of the files.  Zipping the ASCII files is encouraged as it greatly reduces the file size.

Each row in the output files shall contain the following values:

1. Sample number (1-100)

2. E-W Grid Coordinate (0, 3, 6, 9, 12, 15, …, 135)

3. N-S Grid Coordinate (-15, -12, -9, -6, -3, 0, 3, 6, 9, …, 45)

4. Windspeed at time 0hr

5. Windspeed at time 1hr

6. Windspeed at time 2hr

7. Windspeed at time 3hr

8. Windspeed at time 4hr

9. Windspeed at time 5hr

10. Windspeed at time 6hr

11. Windspeed at time 7hr

12. Windspeed at time 8hr 

13. Windspeed at time 9hr

14. Windspeed at time 10hr

15. Windspeed at time 11hr

16. Windspeed at time 12hr

17. Maximum windspeed*

*This is the maximum windspeed overall, if produced.  Otherwise, provide the maximum windspeed over the 13 time points.

Successful completion of Form S-5 demonstrates that the modeler is capable of running an insurance portfolio at a latitude/longitude level directly and at a street address level indirectly with appropriate conversion to latitude/longitude.

Form S-5 Uncertainty and Sensitivity Analysis Extended to Loss Cost

In addition to uncertainty and sensitivity analyses performed for windspeed in Form S-5, modelers are to perform uncertainty and sensitivity analyses for loss cost using a $100,000 fully insured structure with a zero deductible policy at each of the 586 non-shaded grid points in Figure 6.  The Excel input file contains a seventh worksheet (Land-Water ID) that lists the 966 grid coordinates with an indicator variable defined as follows:


0 = coordinate is over water


1 = coordinate is over land

The following house is assumed at each of the land-based grid points designated by the indicator variable.

Single story

Masonry walls

Truss anchors

Gable end roof

No shutters

Shingles with one layer 15# felt

1/2" plywood roof deck with 8d nails at 6" edge and 12" field

House constructed in 1980

The Professional Team will extend analyses to loss cost based on a surrogate damage function as part of its preparation prior to reviewing the modeler’s internal analyses (using the model’s actual damage functions) during the on-site reviews.  The modeler shall present to the Professional Team their analysis of their model using the model’s vulnerability functions.

The Professional Team will use commercial software to create contour plots based on Form S-5 input and output for the following:

Hourly windspeed for each hurricane category

Hourly standardized regression coefficients for sensitivity analysis

Expected percentage reduction in the variance of windspeed for uncertainty analysis

Loss cost based on the Professional Team’s surrogate damage function

A summary of all the contour plots is given in Figure 8.

Figure 8
Summary of Contour Plots
	Model Output
	Contour Plot

	Windspeed
	Hourly plots for the windspeeds in output files 1, 6, and 11 in Figure 7 (39 contour plots).  See example contour plot provided in Figure 9.



	Sensitivity Analysis
	Hourly plots of standardized regression coefficients based on Form S-5 input as specified in Figure 7 and the corresponding windspeed output files 1, 6, and 11 in Figure 7 (39 contour plots). See example contour plot provided in Figure 10.



	Uncertainty Analysis
	Hourly plots of the expected percentage reduction in variance based on Form S-5 input as specified in Figure 7 and the corresponding output files (39 contour plots for each of the following input variables), which are as follows:

Central pressure: output files 2, 7, and 12 in Figure 7
Radius of maximum winds: output files 3, 8, and 13 in Figure 7
Translational velocity: output files 4, 9, and 14 in Figure 7
Quantile:  output files 5, 10, and 15 in Figure 7
See example contour plot provided in Figure 11.


	Loss Cost
	Loss cost based on the maximum windspeed recorded over the 12hr time period in output files 1, 6, and 11 in Figure 7 is to be calculated at each land-based grid point in Figure 6.  The 586 land-based grid points in Figure 6 are identified in the last worksheet (Land-Water ID) of the Form S-5 input file.  Since there are 100 input vectors for each hurricane category, there are 100 estimates of loss cost at each of the land-based grid points.  The contour plots are based on these values expressed as a percentage.  See example loss cost contour plot provided in Figure 12.


Figure 9 is a contour plot of windspeed (mph) for a Category 1 hurricane at 2hr.  Contours in this figure represent average windspeeds over all 100 input vectors at each grid point at t=2hr.  The dark red and red contours represent hurricane or near hurricane force winds.  These contours show the effect of decay as the hurricane moves from right to left across the grid as time increases.

Figure 9
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Average Windspeed (mph) Contours for Category 1 Hurricane at 2hr

Figure 10 shows contours of standardized regression coefficients (SRC) for VT for a Category 1 hurricane at 4hr.  The calculation of the SRCs is explained on page 22 of the Professional Team Demonstration Uncertainty/Sensitivity Analysis by R.L. Iman, M.E. Johnson, and T.A. Schroeder, September 2001, (available at

www.sbafla.com/methodology/pdf/meetings/2001/materials/demo%20ua-sa.pdf).  The contours in this figure represent average SRCs for VT over all 100 input vectors at each grid point at t=4hr.  Red contours represent positive values of SRC while the blue contours represent negative values.  If the SRC is positive, windspeed increases as VT increases while negative SRC values indicate that windspeed decreases as VT increases.  These contours show the effect of each input variable on the magnitude of windspeed (and therefore on loss cost) as the hurricane moves from right to left across the grid as time increases.

Figure 10
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Contours of Standardized Regression Coefficients for VT

for a Category 1 Hurricane at 4hr

Figure 11 shows contours of the expected percentage reduction in variance for Rmax for a Category 1 hurricane at 3hr.  The calculation of the expected percentage reduction is explained on pages 26-30 of the Professional Team Demonstration Uncertainty/Sensitivity Analysis, (available at www.sbafla.com/methodology/pdf/meetings/2001/materials/demo%20ua-sa.pdf).  The contours in this figure represent the average value of the expected percentage reduction in the variance of the windspeed attributable to Rmax when taken over all 100 input vectors at each grid point at t=3hr.  Dark red contours represent expected percentage reductions of 40-50% while the red contours represent reductions of 25-35%.  Blue contours represent expected percentage reductions of 20% or less.  These contours illustrate the effect of each input variable on the uncertainty in windspeed (and therefore the uncertainty in loss cost) as the hurricane moves from right to left across the grid as time increases.

Figure 11
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Cat 1: Exp Percentage Reduction at 3hr for Rmax


Contours of the Expected Percentage Reduction for Rmax

for a Category 1 Hurricane at 3hr

Figure 12 shows contours of the average percentage loss cost for a Category 5 hurricane for each land-based grid point.  A percentage loss cost should be calculated for each land-based grid point based on the maximum windspeed observed at the point during the 12hr duration of the hurricane track.  This calculation is repeated for each of the 100 input vectors.  The contours in Figure 12 represent the averages of these 100 percentages at each grid point over the 12hr duration of the hurricane track.  Dark red contours correspond to average percentage loss costs of 15-25%.  The largest losses occur shortly after landfall to the right of the hurricane path.  The pattern in the lower right-hand corner of Figure 12 corresponds to the Florida coastline south of Miami.  While the average percentage loss costs depicted in Figure 12 are based on the Professional Team’s surrogate loss cost function, modelers are to generate average percentage loss cost contours based on their own loss cost calculations.

Figure 12
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Average Percentage Loss Cost Contours for a Category 5 Hurricane

Figure 13 shows sample sensitivity analysis results for loss cost for all input variables based on a model that utilizes the Holland B parameter as the quantile variable.  Figure 14 shows the corresponding uncertainty analysis results.  The results shown in Figure 13 and Figure 14 are based on log transformed data to ameliorate the influence of some very large observations.  Such a transformation may or may not be beneficial for individual modelers.

Figure 13
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Standardized Regression Coefficients for Loss Cost

by Hurricane Category for Each Input Variable

Figure 14

[image: image6.wmf] 

0%

 

25%

 

50%

 

75%

 

100%

 

125%

 

150%

 

1

 

3

 

5

 

Hurricane Category

 

Expected Percentage Reduction

 

Holland B

 

CP

 

VT

 

Rmax

 


Expected Percentage Reduction for Loss Cost

by Hurricane Category for Each Input Variable









































E





(Georgia))





F





(Alabama/


Mississippi)






































15

_1152959629.doc


-0.25







0







0.25







0.5







0.75







1







1.25







1







3







5







Hurricane Category







Standarized Regression Coefficient







Holland B







CP







VT







Rmax












_1152959668.doc


0%







25%







50%







75%







100%







125%







150%







1







3







5







Hurricane Category







Expected Percentage Reduction







Holland B







CP







VT







Rmax












_1092724687.doc


0.5    







1.0    







1.5    







2.5    







5.0    







10.0   







15.0   







20.0   







25.0   







0







15







30







45







60







75







90







105







120







135







45







35







25







15







5







-5







-15







Miles (East to West)







mi (South to North)



























































































Average Percentage Loss Cost for Cat 5












