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July 12, 2013

Chair, Florida Commission on Hurricane Loss Projection Methodology
c/o Donna Sirmons

Florida State Board of Administration

1801 Hermitage Boulevard, Suite 100

Tallahassee, FL 32308

Dear Commission Chairman:

I am pleased to inform you that the final version of 5.0 of Florida Public Hurricane Loss Model
is ready for review by the Commission. The FPHLM model has been reviewed by professionals
having credentials and/or experience in the areas of meteorology, engineering, actuarial science,
statistics and computer science; for compliance with the Standards, as documented by the expert
certification forms G1-G7.

Enclosed are 7 bound copies of our submission, which includes the summary statement of
compliance with the standards, the forms, and the submission checklist.

Please contact me if you have any questions regarding this submission.

Sincerely,

Shahid Hamid, Ph.D., CFA

Professor of Finance, and

Director, Laboratory for Insurance, Economic and Financial Research
International Hurricane Research Center

RB 202B, Department of Finance, College of Business

Florida International University

Miami, FL 33199
tel: 305348 2727 fax: 305 348 4245

Cc: Kevin M. McCarty, Insurance Commissioner
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Statement of Compliance and Trade Secret Disclosure

ltems
The Florida Public Hurricane Loss Model v5.0 is intended to comply with each Standard of the
2011 Report of Activities released by the Florida Commission on Hurricane Loss Projection

Methodology. The required disclosures, forms, and analysis are contained herein.

The source code for the loss model will be available for review by the Professional Team.
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Model Submission Checklist

1. Please indicate by checking below that the following has been included in your submission
documentation to the Florida Commission on Hurricane Loss Projection Methodology.

Yes | No Item
X 1. Letter to the Commission
a. Refers to the certification forms and states that professionals having credentials
and/or experience in the areas of meteorology, engineering, actuarial science,
statistics, and computer science have reviewed the model for compliance with the
X standards
X b. States model is ready to be reviewed by the Professional Team
X c. Any caveats to the above statements noted with a complete explanation
2. Summary statement of compliance with each individual standard and the data and
X analyses required in the disclosures and forms
3. General description of any trade secret information the modeling organization intends
X to present to the Professional Team
X 4. Model Identification
X 5. Seven (7) Bound Copies (duplexed)
X 6. Link containing:
X a. Submission text in PDF format
X b. PDF file highlightable and bookmarked by standard, form, and section
c. Data file names include abbreviated name of modeling organization, standards
X year, and form name (when applicable)
X d. Form S-6 (if required) in ASCII and PDF format
X e. Forms M-1, M-3, V-2, A-1, A-2, A-3, A-4, A-5, A-7, and A-8 in Excel format
X 7. Table of Contents
8. Materials consecutively numbered from beginning te end starting with the first page
X (including cover) using a single numbering system
9. All tables, graphs, and other non-text items consecutively numbered using whole
X numbers
X 10. All tables, graphs, and other non-text items specifically listed in Table of Contents
X 11. All tables, graphs, and other non-text items clearly labeled with abbreviations defined
12. All column headings shown and repeated at the top of every subsequent page for forms
X and tables
13. Standards, disclosures, and forms in italics, modeling organization responses in non-
X italics
X 14. Graphs accompanied by legends and labels for all elements
X 15. All units of measurement clearly identified with appropriate units used
16. Hard copy of all forms included in a submission document Appendix except
X Forms V-3, A-6, and S-6
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2. Explanation of “No” responses indicated above. (Attach additional pages if needed.)

Florida Public Hurricane Loss Model /W July 12,2013
5.0 .

Model Name Modeler Signature Date
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GENERAL STANDARDS

G-1 Scope of the Computer Model and Its Implementation

A. The computer model shall project loss costs and probable maximum

loss levels for residential property insured damage from hurricane
events.

The Florida Public Hurricane Loss Model estimates loss costs and probable maximum loss levels
from hurricane events for personal lines and commercial lines of residential property. The losses
are estimated for building, appurtenant structure, contents, and additional living expense (ALE).

B. The modeling organization shall maintain a documented process to
assure continual agreement and correct correspondence of databases,
data files, and computer source code to slides, technical papers, and/or
modeling organization documents.

The FPHLM group members follow the process specified in the flowchart of Figure 1 in order to
assure continual agreement and correct correspondence of databases, data files, and computer
source code to slides, technical papers, and FPHLM documents.
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Disclosures
1. Specify the model and program version number.
The model name is Florida Public Hurricane Loss Model (FPHLM). The current version is 5.0.

2. Provide a comprehensive summary of the model. This summary shall include a technical
description of the model including each major component of the model used to produce
residential loss costs and probable maximum loss levels in the State of Florida. Describe
the theoretical basis of the model and include a description of the methodology,
particularly the wind components, the damage components, and the insured loss
components used in the model. The description shall be complete and not reference
unpublished work.

The model is a very complex set of computer programs. The programs simulate probable future
hurricane activity, including where and when hurricanes form; their tracks and intensities; their
wind fields and sizes; how they decay and how they are affected by the terrain along the tracks
after landfall; how the winds interact with different types of residential structures; how much
they can damage roofs, windows, doors, interior, and contents, etc.; how much it will cost to
rebuild the damaged parts; and how much of the loss will be paid by insurers. The model consists
of three major components: wind hazard (meteorology), vulnerability (engineering), and insured
loss cost (actuarial). It has over a dozen subcomponents. The major components are developed
independently before being integrated. The computer platform is designed to accommodate
future subcomponents or enhancements. Following is the description of each of the major
components and the computer platform.

METEOROLOGY COMPONENT
Hurricane Track and Intensity

The storm track model generates storm tracks and intensities on the basis of historical storm
conditions and motions. The initial seeds for the storms are derived from the HURDAT database.
For historical landfalling storms in Florida and neighboring states, the initial positions,
intensities, and motions are taken from the track fix 36 hours prior to first landfall. For historical
storms that do not make landfall but come within 62 sm (100 km) of the coast, the initial
conditions are taken from the track fix 36 hours prior to the point at which the storm first comes
within 62 sm of the coast (threat zone) and has a central pressure below 1005 mb. Small, uniform
random error terms are added to the initial position, the storm motion change, and the storm
intensity change. The initial conditions derived from HURDAT are recycled as necessary to
generate thousands of years of stochastic tracks. After the storm is initiated, the subsequent
motion and intensity changes are sampled from empirically derived probability distribution
functions over the model domain (Figure 2).
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Figure 2. Florida Public Hurricane Loss Model domain. Circles represent the threat zone. Blue color
indicates water depth exceeding 656 ft (200 m).

The time evolution of the stochastic storm tracks and intensity are governed by the following
equations

Ax = ccos(6)At/ cos(y)
Ay = csin(6)At
Ap = wAt

where (x,y) are the longitude and latitude of the storm, (c,#) are the storm speed and heading (in
conventional mathematical sense), p is central pressure, w is the rate of change in p, and At is the
time step. The time step of the model is currently one hour. The storm speed and direction

(00, 06c) are sampled at every 24-hour interval from a probability distribution function (PDF).
The intensity change after the initial 24 hours of track evolution is sampled every six hours to
capture the more detailed evolution over the continental shelf (shallow water). From the 24-hour
change in speed and heading angle, we determine the speed and heading angle at each one-hour
time step by assuming the storm undergoes a constant acceleration that gives the 24-hour
sampled change in velocity. For changes in pressure, we first sample from a PDF of relative
intensity changes, &, for the six-hour period and then determine the corresponding rate of
pressure change, w. The relative intensity is a function of the climatological sea surface
temperatures and the upper tropospheric 100 mb temperatures. The PDFs of the changes
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(oc,08,0r) depend on spatial location, as well as the current storm motion and intensity. These

PDFs are of the form
PDF (8a) = A(da,a,x,y)

where a is either ¢, 0, or r and are implemented as discrete bins that are represented by multi-
dimensional matrices (arrays), A(/,m,i,j). The indices (i,j) are the storm location bins. The model
domain (100W to 70W, 15N to 40N) is divided into 0.5-degree boxes. The index m represents
the bin interval that a falls into. That is, the range of all possible values of a are divided into
discrete bins, the number of which depends on the variable, and the index m represents the
particular bin « is in at the current time step. As with a, the range of all possible values of the
change in a are also discretely binned. Given a set of indices (m,i,j), which represent the current
storm location and state, the quantity A(7,m,i,j) represents the probability that the change in a, o,
will fall into the /'th bin. When 4 is randomly sampled, one of the bins represented by the /
index, e.g. /', is chosen. The change of a is then assigned the midpoint value of the bin associated
with /". A uniform random error term equal to the width of bin /' is added to &z, so that & may
assume any value within the bin /".

The PDFs described above were generated by parsing the HURDAT database and computing for
each track the storm motion and relative intensity changes at every 24- and 6-hour interval,
respectively, and then binning them. Once the counts are tallied, they are then normalized to
obtain the distribution function. For intensity reports for which pressure is not available, a wind
pressure relation developed by Landsea et al. (2004) is used. In cases where there is no pressure
report for a track fix in the historical data but there are two pressure reports within a 24-hour
period that includes the track fix, the pressures are derived by linear interpolation. Otherwise the
pressure is derived by using the wind-pressure relation. Extra-tropical systems, lows, waves, and
depressions are excluded. Intensity changes over land are also excluded from the PDFs. To
ensure a sufficient density of counts to represent the PDFs for each grid box, counts from nearest
neighbor boxes, ranging up to 2 to 5 grid units away (both north-south and east-west direction),
are aggregated. Thus, the effective size of the boxes may range from 1.5 to 5.5 degrees but are
generally a fixed size for a particular variable. The sizes of the bins were determined by finding a
compromise between large bin sizes, which ensure a robust number of counts in each bin to
define the PDF, and small bin sizes, which can better represent the detail of the distribution of
storm motion characteristics. Detailed examinations of the distributions, as well as sensitivity
tests, were done. Bin sizes need not be of equal width, and a nonlinear mapping function is used
to provide unequal-sized bins. For example, most storm motion tends to be persistent, with small
changes in direction and speed. Thus, to capture this detail, the bins are more fine-grained at
lower speed and direction changes.

For intensity change PDFs, boxes which are centered over shallow water (defined to be less than
656 ft deep, see Figure 2) are not aggregated with boxes over deeper waters. Deeper waters may
have significantly higher ocean heat content, which can lead to more rapid intensification [see,
for example, Shay et al. (2000); DeMaria et al. (2005); Wada and Usui (2007)]. The depth that
defines deep and shallow waters is not too critical, as the continental shelf drops rather sharply.
The 200 m (656 ft) bathymetric contour line appears to distinguish well estimates of regions with
high and low tropical cyclone heat potential (see http://www.aoml.noaa.gov/phod/cyclone/data/).
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When gridded long-term analyses of tropical cyclone heat potential, or similar characterization
of oceanic heat content, become available, we intend to use that data in lieu of bathymetry.

In Figure 3 we show a sample of tracks generated by the stochastic track and intensity model.
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Figure 3. Examples of simulated hurricane tracks. Numbers refer to the stochastic track number, and
colors represent storm intensity based on central pressure. Dashed lines represent tropical storm
strength winds, and Cat 1-5 winds are represented by black, blue, orange, red, and turquoise,
respectively.

When a storm is started, the parameters for radius of maximum winds and Holland B are
computed and appropriate error terms are added as described below. The Holland B term is
modeled as follows:

B = 1.74425 — 0.007915 Lat + 0.0000084 DelP? — 0.005024Rmax
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where Lat is the current latitude (degrees) of the storm center, DelP is the central pressure
difference (mb), and Rmax is the radius of maximum winds (km). The random error term for the
Holland B is modeled using a Gaussian distribution with a standard deviation of 0.286. Figure 4
shows a comparison between the Willoughby and Rahn (2004) B dataset (see Standard M-2.1)
and the modeled results (scaled to equal the 116 measured occurrences in the observed dataset).
The modeled results with the error term have a mean of about 1.38 and are consistent with the
observed results. The figure indicates excellent agreement between model and observations.
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Figure 4. Comparison between the modeled and observed Willoughby and Rahn (2004) B dataset.

We developed an Rmax model using a landfall Rmax database, which includes more than 100
measurements for storms up to 2010. We have opted to model the Rmax at landfall rather than
the entire basin for a variety of reasons. One is that the distribution of landfall Rmax may be
different than that over open water. An analysis of the landfall Rmax database and the 1988—
2007 DeMaria extended best track data shows that there appears to be a difference in the
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dependence of Rmax on central pressure (Pmin) between the two datasets (Demuth et al., 2006).
The landfall dataset provides a larger set of independent measurements, more than 100 storms
compared to about 31 storms affecting the Florida threat area region in the best track data. Since
landfall Rmax is most relevant for loss cost estimation and has a larger independent sample size,
we have chosen to model the landfall dataset. Future studies will examine how the extended best
track data can be used to supplement the landfall dataset.

| We modeled the distribution of Rmax using a gamma distribution. Using thean approximate
maximum likelihood estimation method, we found the estimated parameters for the gamma
distribution, & = 5.44035 and @ = 4.71464 . With these estimated values, we show a plot of the
observed and expected distribution in Figure 5. The Rmax values are binned in 5 sm intervals,
with the x-axis showing the end value of the interval.
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Figure 5. Observed and expected distribution for Rmax. The x-axis is the radius in statute miles, and
the y-axis is the frequency of occurrence.

An examination of the Rmax database shows that intense storms, essentially Category 5 storms,
have rather small radii. Thermodynamic considerations (Willoughby, 1998) also suggest that
smaller radii are more likely for these storms. Thus, we model Category 5 (Del/P>90 mb, where
DelP=1013-Pmin and Pmin is the central pressure of the storm) storms using a gamma
distribution, but with a smaller value of the 8 parameter, which yields a smaller mean Rmax as
well as smaller variance. We have found that for Category 14 (DelP<80) storms there is
essentially no discernable dependence of Rmax on central pressure. This is further verified by
looking at the mean and variance of Rmax in each 10 mb interval. Thus, we model Category 14
storms with a single set of parameters. For a gamma distribution, the mean is given by k6, and
variance is k6°. For Category 5 storms, we adjust @ such that the mean is equal to the mean of the
three Category 5 storms in the database: 1935 No Name, 1969 Camille, and 1992 Andrew. An
intermediate zone between De/P=80 mb and De/P=90 mb is established where the mean of the
