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October 22, 2016

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

Florida State Board of Administration

1801 Hermitage Boulevard, Suite 100

Tallahassee, FB2308

Dear Commission Chairman:

| am pleased to inform you that thevised version of 6.8f Florida Public Hurricane Loss Model

is ready for review by the Commission. The FPHLM model has been reviewed by professionals
having credentials and/or expereenn the areas of meteorology, engineering, actuarial science,
statistics and computer science; for compliance with the Standards, as documented by the expert
certification forms GiG7.

Enclosed are 7 bound copies of our submission, which includesrimay 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 HamidPh.D, CFA

Professor of Financeand

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: 305 348 2727 fax: 305 348 4245

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

The Florich Public Hurricane Loss Model 62intended to complwith each Standard of the
2015Report of Activities released by the Florida CommissiarHurricane 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 checkj 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 cred
and/or experience in the areas opfeteorology, statisticsstructural /wind

X engineering, actuarial science, and compgufermationsciencehave reviewed thg
model for compiance with the 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 thedatzalyse
required in the disclosures and forms
X 3. General description of any trade secret information the modeling organization inte
present to the Professional Teand the Commission
X 4. Model Identification
X 5. Seven (7) Bound Copidduplexed)
6. Link emailed to SBA staffontainingall required documentation that can be
X . .
downloaded from a single ZIP file
X a. Submission text in PDF format
X b. PDF filesupports highlighting and hyperlinking, and is bookmarked by standa
form, and section
X c. Data file names include abbreviated name of modeling organization, standarg
and form name (when applicable)
X d. Form S6 (Hypothetical Events for Sensitivity and Uncertainty Analysis), if

required,n ASCIl and PDF format

e. Forms M1 (Annual Occurrence Rates)8/(Radius of Maximum Winds and
Radii Of Standard Wind Thresholds);2/(Mitigation Measure$ Range of
Changes in Damage),-A(Zero Deductible Personal Residential Loss Costs by,

X ZIP Code), A2 (Base Hurrican8&torm Set Statewide Losses);3X2004

Hurricane Season Loss&s4 Output RangesA-5 Percentage Change in Output

Ranges, A7 (Percentage Change in Logical Relationship to Risk), aBd A

(Probable Maximum Loss for Florida) in Excel format

X 7. All hyperlinks to the locations of forms are functional

. Table of Contents

9. Materials consecutively numbered from beginning to end starting with the first pa
(including cover) using a single numberigygstem, including date and time

10. All tables, graphs, and other nmxt items consecutively numbered using wh
numberslisted in Table of Contents, and clearly labeled with abbreviation defined

11.All column headings shown and repeated at the top of every subsequent page fo
andtables

X
00
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12.Standards, disclosures, and form#atfics, modeling organization responses in ion
italics
X 13.All graphs and maps conform to guidelineglirNotification Requirements A.5e.
X 14.All units of measurement clearly identified welppropriate units used
15. All forms included in submission appendix except Forass(Mitigation Measure$
X Mean Damage Ratios and Loss Costs, Trade Secret item)-@rfdogical
Relationship to Risk (Trade Secret item)
X 16. Hard copy documentation identical to electronic version
X 17. Signed Expert Certification FormsX3o G7
X 18. All acronyms listed and defined in submission appendix
2. Explanation of fANod0 responses i ndfineededpd above.

Florida Public Hurricane Loss Model :
6.2 /W October 22, 2016

Model Name and Identification Modeler Signature Date
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GENERASAOANDARDS

G-1 Scope of the Model and Its Implementation

A. The model shal/l project | oss costs and proba
damage toriedented|l fpromemtwnyri cane events.

The Florida Public Hurricane Loss Model estimates loss costs and probable maximum loss levels
from huricane 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. Themodel i ng organization shall maias@ai @ a doc
continual agreement and correct corresponden
computer source code to slides, technical p a

document s.

The FPHLM group members follow the process specified in the flowchkrgofel in order to
assure continual agreement and correct correspondence of databases, data files, and computer
source code to slides, technical papers, and FPHLM documents.

C.Al'l software and data (1) | ocated within the
model uséeéd)to project modeled |l oss costs and
|l evel s, and (4) used to create forms require
of Activities shall fall within the scope of
and shall be | ocameddlenetenitel azeds.

All software and data used to validate the modeljgat insured loss cost and PML, aréate
forms required by th€ommission are centrally maintainadthe model hardware infrastructure
and easily accessible by appropriggam membersand comply with the Computer/Information
Standards.
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Disclosures

1. Specify he model version identificationlf the model submitted foreview is implemented
on more than one platform, specify each model platform. Specify which platform is the
primary platform and verify how any other platforms produce the same model output results
or are otherwise functionally equivalent as providedfari t he A Pr ocess for D
Acceptability of a Computer Simulation Model
and Acceptance Criteria for Functionally Equivalent Model Platforms

The model name is Florida Public Hurricane Loss Model (FPHOMg. currenversion
identification is V6.2

2. Provide a comprehensive summary of the model. This sumnsaguldinclude a technical
description of the model including each major component of the model useatdgectloss
costs and probable maximum lossvidsfor damage to insured residential property from
hurricane events causing damage Florida. Describe the theoretical basis of the model and
include a description of the methodology, particularly the wind components, the
vulnerability components, and the insured loss components used in the model. The
descriptionshouldbe complete andhustnot reference unpublished work

The model is a very complex set of computer programs. The programs simulate probable future
hurricane activity, includingvhere and when hurricanes fortheir tracks and intensities, their

wind fields and sizegiow they decay and how they are affected by the tealaing the tracks after
landfall; how the winds interact with differetypes of residential structurdspw much they can
damage roofs, windows, doors, interior, and contegtts;how much it will cst © rebuild the
damaged partgand how much of the loss will be paid by insurdise model consists of three
major components: wind hazard (meteorology), vulnerability (engineering), and insured loss cost
(actuaial). It has over a dozen stimponentsThemajor components are developed independently
before being integrate@he computer platform is designed to accommodated sulbomponents

or enhancements. Following is the description of each of the major componettis emthputer
platform.

METEOROLOG Y COMPONENT
Hurricane Track and Intensity

The storm track model generates storm tracks and intermiti®e basis dfistorical storm

conditions and motiond.he initial seeds for the storms are derived from the HURDAT database.
For historical landfalhg 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, itite¢ conditions are taken

from thetrack fix 36 hours prior to the poiat which the storm first comes within 62 sm of the

coast (threat zone) and has a central pressure below 10@malb, uniform random error terms

are added to the initial pomit, the storm motion change, atiee storm intensity change. The

initial conditions derived from HURDAT are recycled as necessary to generate thousands of years
of stochastic track#\fter the storm is initiated, the subsequent motion and intensity changes are
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sampled from empirically derived probability distribution functions over the namehin
(Figure?2).

Model Domain
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Figure2. 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 traakd intensity are governed by the following
equations L
Vs WA | ©Y0
AT ©
Yo @OE+LYo
Y 0oYo
where ofty are the longitudand latitude of the stormghi— are the storm speed and heading (in
conventional mathematical senggjs central pressurey is the rate of change m andYois the
time step. The time step of the model is currently one hourchidwege irstorm speed and
direction| & —are sampled at every 2ur interval from a probability distributidonction
(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 detetimenspeed and heading angle at each
onehour 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 change$ | for the sixhour period and then determine the corresponding rate of
pressure change. The relative intensity is a function of the climatological sea surface
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temperatures and the upper tropospheric 100 mb temperatures. The Ri#Fshainges
1 & H1 depend onspatial location, as well as the current storm motion and intensity. These
PDFs are of the form

DOP® 01 @

wherea s eitherc, d, orr and are implemented as discrete bins that are represented by multi
dimensionammatrices (arraysA(I,m,i,j). The indicesi(j) are the storm location bins. The model
domain (100W to 70W, 15N to 40N) is divided into-dégree boxes. The indexrepresents the
bin interval that falls into. That is, the range of all possible valuea afe divided into discrete
bins, the number of which depends on the variable, and the imdexresents the particular kan
is in at the current time step. As wahthe range of all possible kees of the change mare also
discretely binned. Given a set of indicesi(j), which represent the current storm location and
state, the quantiti(l,m,i,j) represents the probability that the change, jn ¢will fall into the

I'th bin. WhenrA is randomly sampled, one of the bins represented blittiex, e.gl’, is chosen.
The change ad is then assigned the midpoint value of the bin associated' withuniform

random error term equal to the width of Birs added té8, so thaA may assumany value
within the binl'.

The PDFs described above were generated by parsing the HURDAT database and computing for
each track the storm motion and relative intensity changes at evaag®8hour interval,

respectively, and then binning them. Onoe ¢bunts 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 br a track fix in the historical data but there are two pressure reports withiha4

period that includes the track fix, the pressures are derived by linear interpolation. Otherwise the
pressure is derived by using the wipicessure relation. Exttaopical 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 28@rid units away (both northouth and eastiest 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 lyydindin
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 thalmistvns, as well as sensitivity

tests, were done. Bin sizes need not be of equal width, and a nonlinear mapping function is used
to provide unequatized bins. For example, most storm motion tends to be persistent, with small
changes in direction and sged hus, to capture this detail, the bins are morednagned at

lower speed and direction changes.

For intensity change PDFs, boxes which are centered over shallow water (defined to be less than
656 ft deepseeFigure?2) are notaggregated 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)].

In Figure3 we showa sample of tracks generated by the stochastic track and intensity model.
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Figure3. Examples of simulated hurricane trask 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-5 winds are represented by black, blue, orange, red, and turquoise,
respectively.

When a storm is started, the parameters for radius of maximum winéttodadd Bare
computed and appropriate error terms are added as described beldvall@hd Bterm is
modeled as follows:

6 PX T T COBUTYX PO T8I Tt 1T T DR T O 18T TT U TYQPTHO

whereLat is the current latitud@egreespf the storm centebelP is the central pressure
difference(mb),andRmaxis the radius of maximum windkm). The random error term for the
Holland Bis modeled using a Gaussian distribntith a standard deviation of286. Figure4

shows a comparison between the Willoughby and Rahn (B)@4)aset (see Standardal)

and the modetkresults (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 modelaadtas.
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Distribution of the B parameter
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Figure4. Comparison between the modeled and observed Willoughby and Rahn (2B@iaset.

We developdanRmaxmodel usingalandfall Rmaxdatabasgwhich includesmore than 100
measurements for storms up tdl20We have opted to model tRemaxat landfall rather than the
entire basin for a variety of reasons. One is that the distribution of laRdf@akmay be different
than that over open water. An analysis of the lan&Ralbxdatdbase and the 1988007 DeMaia
extended bestack data shows that there appears to be a difference in the dependemaear
central pressurd’(min) between the two datas€3emuth et al., 2006)Ihe landfall datset
provides a larger set of independent measurements, moreQiatotms compared to about 31
storms affecting the Fla@a threat area region in theditrack data. Since landfaRmaxis most
relevant for loss cost estimation and has a larger independent sample size, we@savéoch
model the landfall daset.

We modekdthe distribution oRmaxusing a gamma distribution. Usitige maximum likelihood

estimation method, we fodrthe estimated parameters floe gamma distributior IE= 4.76 and
— & pWith these estimated values, we show a plot of the observed andeexgistribution
in Figure5. TheRmaxvalues are binned indm intervals, with the-axis showing the end value
of the interval.
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Modeled vs Observed Rmax
Model based on Gamma Distribution
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Figure5. Observed and expected distribution fd(Rmax The xaxis is the radius in statute miles, and
the y-axis is the frequency of occurrence.

An examination of th&maxdatabase shows thatense storms, essentially Category 5 storms
have rather small radii. Thermodynamic considerat{@iioughby, 1998) also suggest that
smaller radii are more likely for these storms. Thus, we model CategbgiB>00 mb, where
DelP=1013PminandPminis the central pressure of the storm) storgiagia gamma

distribution, but with a smaller value of thigparameter, which yields a smaller mé&amaxas

well as smaller variance. We have found that for CategiotyelP<80) storms there is
essentially no discernable dependencBmfixon central presure. This is further verified by
looking at the mean and varianceRyhaxin each 10mb interval. Thuswe model Categoryi#
storms with a single set of parameters. For a gamma distribution, the mean is dideari/
variance isd?. For Category 5 storms, we adjdstuch that the mean is equal to the mean of the
three Category 5 storms in the database: 1935 No Name, 1969 CandlE992 AndrewAn
intermediate zone betwe@&elP=80 mb andelP=90 mb is established where the me&the
distribution is linearly interpolated between the Categdd/ialue and the Category 5 value. As
thed value is reduced, the variance is likewise reduced. Since there are insufficient observations
to determine what the variance should be for Catega@torms, we rely on the assumption that
variance is apropriately described by thesealedd, via kd?.

A simple method is used to generate the gardisiibuted values. A uniformly distributed
variable, a product of the random number generator tiatrissic to the FORTRAN compiler, is
mapped onto the range Bfmaxvalues via the inverse cumulative gamma distribution function.
For computational efficiency, a lookup table is used for the inverse cumulative gamma
distribution function, with interpolain between table value&igure6 shows a test using
100,000 samples étmaxfor Category 14 storms, binned in 1 sm intervals and compared with
theexpected values.
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Simulated vs Theoretical Dist. of Rmax
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Figure6. Comparison of 100,00Bmaxvalues sampled from the gamma distribution for Categorg1
storms to the expected values.

For Category 5 and intermediate Categdry dtorms, weisethe property that the gamma
cumulative distribution function is a function ¢&€x/d). Thus, by recalingd, we can use the same
function (lookup table), but just rescaléRmay. The rescale®maxwill still have a gamma
distributionbut with differentmean and variance.

The storms in the stochastic model will undergo central prestianges during the storm life
cycle. When a storm is generated, an appropRataxis sampled for the storrio ersure the
appropriate mean values Rfmaxas pressure chges, thdRmaxis rescaled every time step as
necessaryAs long as the storm h&®elP < 80 mb, there is in effect no rescaling. In the stochastic
storm generator, we limit the rangeRxinaxfrom 4 sm tol20 sm.

Storm landfall and decay over land are determined by comparing the storm I¢gcafjarnth a
0.6sm resolution landea mask. This land mask is obtained from the U.S. Geological Survey
(USGS) land use cover data, and inland bodies of water have besssifedl as land to avoid
spurious landfalls. Landfall occurs every time the storm moves from an ocean point to a land
point as determined by this land mask. During landfall, the central pressure is modeled by a filling
model described in Vickery (2008)d is no longer sampled from the intensity change PDks.
Vickery (2005) model basically uses an exponentially decaying, in time, function of the central
pressure difference with the decay coefficients varying by remiahe basis dfistorical data.

The pressure filling model also takes into account the speed and size of the storm. When the
storm exits teea, the landilling model is turned off and samplyof the intensity change PDFs
begins again. A storm is dissipated when its central pressured=xt@11 mb.
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Wind Field Model

Once a simulated hurricane moves to within a threshold distance of a AtRi@ade, thewvind

field model is turned onfhe model is based on the slab boundary layer concept originally
conceived by Ooyama (1969) and implented by Shapiro (1983imilar models based on this
concept have been developed by Thompson and Cardone,(Y83@ry et al. (1995 and

Vickery et al. (2000a)The model is initialized by a boundary layer vortex in gradient balance.
Gradient balanceepresents a circular flow caused by balance of forces on the flow whereby the
inward directed pressure gradient force is balanced by outward directed Coriolis and centripetal
accelerationsThe coordinate system translates with the hurricane vortex gavivelocityc.

The vortex translation is assumed to equal the geostriphi@ssociated with the larggcale
pressure gradienin cylindrical coordinates that translate with the moving vortex, equations for a
slab hurricane boundary layer underasgribed pressure gradient are

1 6 v 0T o1, , 0 ¢t o -~ T o
0— — W +— — LNMO — —— OouWd m —,
T 1 17 % T 1 | I T %o T o
T 00U 0T v O ¢! O . T 0
0 — =~ QO —— 0Ny — —— "Oun m —.
T 11 1T %o | I T %o T o

whereu andyv are the respective radial and tantigdrwind componets relative to the moving
storm;p is the sedevel pressurewhich varies with radiug}; f is the Coriolis parametewhich
varies with latitudet is the azimuthal coordinatk;is the eddy diffusion coefficiengndF(c,u),
F(c,v) are frictional drag terms. All terms are assumed to be representative of means through the
boundary layerThe motion of the vortex is determined by the modeled storm track. The
symmetric pressure fielo(r) is specified by the Holland (198pj)essure prae with the central
pressure specified according to the intensity modeling in concert with the stornTtragkodel
for theHolland Bpressure profile and the radius of maximum wanel described above. The
wind fieldis solved on a polar grid with al0R/Rmaxresolution.The inputRmaxis adjusted to
remove a biasaused by a tendency of the wind fislalution to placé&kmaxone grid point
radially outward from the input value.

The marine surface winds from the slab model are adjusted to land suiridseusing a surface
friction model. The FPHLM includes the ability to model losses at the "street level." To
incorporate this feature, the treatment of land surface friction in the model has been enhanced to
provide surface winds at high resolution aodake advantage of recent developments in

hurricane boundary layer theory. Therbihute winds from the slab model are interpolated to a 1
km (0.62 sm) fixed grid¢dovering the entire state of Florida at every time step to obtain a wind
swath for each stm. Surface friction is modeled using an effective roughness model (Axe, 2004)
based on the Source Area Model of Schmidt and Oke (1990) that takes into account upstream
surface roughness elements. The surface roughness elements are derived from-the Multi
ResolutionLand Characteristics ConsortiuRLC) National Land Classification Database
(NLCD) 2011 land cover/land use datasé&n(et al., 2A.3) and the Statewide 20@D11Florida

Water Management District land use classification data (available froRidhida Department of
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Environmental Protection). The effective roughness elements are computed for eight incoming
wind directions on a grid of approximately 90 m (295 ft) resolution covering the entire state of
Florida.

For modeling losses at the ZIP @olével, the effective roughness elements are aggregated over
the ZIP Code by a weighted summation of the roughness elements according to population
density determined from census block dathe methodology for converting marine winds to

actual terrain wds is based on Powell et al. (2003) and Vickery et al. (2009). This method
assumes that wind at the top of the marine boundary layer is similar to the wind at the top of the
boundary layer over land, and a modified-l@igpd profile is then used to deteima the wind near

the land surface. The winds are computed at various height levels that are needed for the
vulnerability functions for residential and commercial residential structures.

The effect of the seland transition of hurricane winds coming oashis modeled by modifying

the terrain conversion methodology of Vickery et al. (2009). This modification is based on the
concept of an internal boundary layer (IBrya, 1988)that develops as wind transitions from
smooth to rough surface conditions. Winds above the IBL are assumed to be in equilibrium with
marine roughness. In the equilibrium layer (EL), defined to beemtd of the IBL, the winds are
assumed to be in equofium with the local effective roughness. Between the EL and IBL the
winds are assumed to be in equilibrium with vertically varying-stisg changes in roughness
associated with upstream surface conditions. This cooéepaltiple equilibrium layerss

similar in philosophy to the method prescribed by the Engineering Sciences Data Unit (ESDU).
The coastal transition function produces wind transitions that are very close to the ESDU and
modified ESDU values reported in Vickery et al. (2009).

VULNERABILITY COMPONENT: PERSONAL RESIDENTIAL MODEL

The engineering component performs several tasks: (1) it estimates the physical damage to
exterior components of typical buildings, including roof cover, roof decking, walls, and openings;

(2) it assesses thiaterior and utilities damage and contents damage due to water penetration

through exterior damage and defects to interior walls, ceiling, doors, etc.; (3) it combines the
exterior and interior damage to estimate the building and content vulnerabiijige<timates

additional living expenses; and (5) it estimates the appurtenant structure vulnerability (Pinelli et

al., 2003a, 2003b, 2004a, 2004b, 2005a, 2005b, 2006, 2007a, 2007b, 2008a, 2008b, 2009a, 2010a,
2011a, 201102012 Cope, 2004; Cope et a2003a, 2003b, 2004b, 2005; Gurley et al., 2003,

Torkian at al., 201,12014.

Exposure Study

Personal residential singfamily home buildings (PRB), either site buikigure?7) or
manufacturedKigure8), are categorized into typical generic groups with similar structural
characteristics, layound materials within each group. These buildings can suffer substantial

external structural damage (in addition to envelope and interior damage), including collapse under
hurricane winds. The approach to assessing damage for each of these buildingdymesled

the building as a whole so that interactions among components can be accounted for. The models
are intended to represent the majority of the
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An extensive survey of the Florida building stock was carried out to develop a maleagea

number of building models that represent the majority of the Florida residential building stock.

The modelers analyzed several sources of data for building stock information. One source was the
Florida Hurricane Catastrophe Fund (FHCF) exposure daaBasther source was the Florida
countiesd6 property tax appraiserso databases.
county to county, many dhese databases contain the structural information needed to define
common structural types. Each oétG7 counties were contacted to acquire their tax appraiser
database, producing new information from 33 counties. This collection of new data coupled with

the existing data from an additional 18 counties yielded a total of 51 counties. These 51 counties
acount for approximately 97 % bufldingslineach aumtys pop
database were divided into singéamily residential buildings and mobile homes.

County property tax appraiser (CPTA) databases contain large quantities ofgouifdrmation,

and it was necessary to extract those characteristics related to the vulnerability of buildings to
wind. The available building characteristics vary from county to county and include some
combination of the following: exterior wall materiaterior wall material, roof shape, roof cover,
floor covering, foundation, opening protection, year built, number of stories, area per floor, area
per unit, and geometry of the building. The parameters important for modeling are roof cover,
roof shapegexterior wall material, number of stories, year built, and building area. For each of
these categories, the authors extracted statistical information. The dependency between critical
building characteristics was also investigated. For example, it was tbatroof shape and area

of the building are strongly dependent on the year built. The survey statistics were calculated for
different eras to account for the correlation between various factors and year built.

Figure?ypical single‘amilyhomes (Goole Earth).
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The modelers divided Florida into four regions: North, Central, South, and the Keys. Geography
and the statistics from the Florida Hurrica@atastrophe Fund (FHCF) provided guidance for
defining regions that would have a similar building mix. Eeample, North Florida has primarily

wood frame houses while South Florida primarily has masonry hobgpse9 shows the regions.

Each county for which data were available is shaded. Databases representing the 2014 tax roll are
shaded in green. Databases collected prior to 2014 are shad#idw(Michalski, 2016)

Keys “’f;/

-
. -~
. r

Figure9. Regional Classification of Florida with the corresponding sample counties (shaded).

Structural types are delineated by a combination of four characteristics: number of stories (either
one ortwo), roof cover (either shingle, tile, or metal), roof shape (either gable or hip), and exterior
wall material (either concrete blocks or timber). Statistics were computed for each structural type
in every sampled county. Weighted average techniqueswserkto extrapolate the results to the
remaining counties in each region.

Building Models

SiteBuilt Home Models
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In addition to a classification of building by structural types (wood or masonry walls, hip or gable
roof), it was also necessary ttassify the buildings by relative strength to reflect changes in
construction practice over many years. The vulnerability team has developed strong, medium, and
weak strength models for each diglt structural type to represent relative quality of iorad
construction as well as pesbnstruction mitigation. The weak and medium models have additional
variants that reflect historical building practices, roof retrofits, and reroofing of existing structures
as mandated by the newer building standards sifieag model has two variants to delineate code
requirements that are regionally dependent. One strong variant reflects inland arabrmmd
debris region (WBDR) construction, and another (stronger) variant reflects construction in the high
velocity huricane zone (HVHZ).

Both the WBDR and the HVHZ are defined in the Florida Building Code (FBC, 2010):
A WIND-BORNE DEBRIS REGION: Areas within hurricapeone regions located:
A 1. Within 1 mile (1.61 km) of the coastal mean high water line where the ultimate
design wind speed Vult is 138ph (58 m/s) or greater; or
A 2.In areas where the ultimate design wind speed Vult is 14068ph/§) or greater.
A HIGH VELOCITY HURRICANE ZONE Broward and MiamDade counties
Since the definition of WBDR is linked to the most current wind map in the FBC, its boundaries
are not static, and can evolve with changes in the wind speed maps adopted by the FBC. In
particular, it was revised in ti#010edition of theFBC, effective March 2012 The FPHLM has
implemented both the pi2010, and the post 2010 boundaries of the WBDR. Consequently, a
building might be assigned to a different WBDR depending on its year built (pre or post 2012).

The three strength categories are basedhensame model framework, in which strength is
represented by the capacities assigned to the modeled building components. For example, the strong
models differ from the weak models by stronger assigned capacities faotwafl (r2w) and stud

to sill conrections, garage pressure capacity, cracking capacity of masonry walls, gable end walls,
decking and shingle capacities. The medium models differ from the weak models by increasing the
strength of the roefo-wall connections (toe nails vs. clips), roof Hexg capacity (nailing
schedule), and masonry wall strength-(amforced vs. reinforced).

Any given strong, medium, or weak model may be altered by additional mitigation or retrofit
measures individually or in combination. For example, from the bas& wmedel, additional
models were derived to represent historical building practices and mitigation techniques. The
modified weak W10 model accounts for the use of toranbgroove plank decking in pr&960s
buildings. These buildings tend to exhibit higlaeck strength capacities than the buildings with
the plywood decking implemented in the base weak model, referred to aSW&GNugam et al.,
2009)

A modified medium model M10 was adopted that reflects the use of oriented strand board (OSB)
decking wth staples in the 1980s and pkedrew 1990s. This was considered an adequate
alternative to nailed plywood at the time. It was, however, weaker in terms of wind resistance and
was assigned a weaker deck attachment capacity than the standard medium model.

Additionally, retrofitted weak W01 and medium M01 models were derived from the base weak and
medium models. They represent the case in which a structure has been reroofed and the decking re
nailed according to current code requirements. On the basiwe addverage lifespan of a roof,
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reroofing would be required periodically thro

increase in the deck attachment capacity and shingle ratings to meet current building code
requirements. The deck attachmeapacities of these models were therefore upgraded to produce
the retrofitted weak W01 and medium MO1 cases. The roof cover was also upgraded to rated
shingles (Pinelli et al., 2012).

The base, retrofitted and modified versions of the weak and mediudalsnaere developed in

order to provide a fine model resolution of quality of construction for homes constructed prior to
1994 and a portion of the homes prior to 2002. Weak and medium models represent approximately
80% of the existing singl&amily residatial inventory in Florida, and are describedablel.

Two basic variations of the strong model represent construction quality for the remaining
approximately 2% of the singleamily residential inventory. The base strong model, SO0,
represents modern construction in locations inland, as well as the WBDR that is not overlapping
the HVHZ. The base strong model, S02, is the SO0 vanigintsingle straps and metadof on a

strong deckfor inland and WBDR. The difference in strong models between inland, SO0 or S02,
and WBDR, SO8DP or S020P, is due to the presence of metal shutters in WBDR. This base
strong model incorporates modern requirements for nailingdstd® roof to wall connection
products, masonry reinforcing, and roof shingle products and installation methods. The second
strong model, S01, has upgrades to the capacity for roof cover, roof decking and roof to wall
connections to reflect additional adequirements for HYHZ construction. The strong models are
described inrable2.

All models may be run without opening protection, with plywood omgeprotection, or with metal
panel shutter opening protection installed, with increasing protection respectively.

The distribution of the weak, medium and strong model variations with respect to year built will be
presented later ilable7and i n the discussion of the model

Table 1. Weak andMedium Models

Weak Medium

WO00 wo1 W10 MO0 M01 M10

(base) (retrofitted) (modified™*) (base) (retrofitted) (modified™** )
Roof to wall Weak Weak Weak Medium Medium Medium
Stud to sill Weak Weak Weak Medium Medium Medium
Roof cover Weak Strong Weak Weak Strong Weak
Roof deck Weak Strong Strong Medium Strong Weak
Wall Weak Weak Weak Medium Medium Medium
Gable end Weak Weak Weak Weak Weak Weak
Garage Weak Weak Weak Weak Weak Weak
*retrofitted refers to reéoof and renailed deckingpccurring postt993 for HYHZ and Monroe, and pe2001 for
everywhere else. No other retrofits are included.
**modified weak(W10) refers to the base weak model with stronger decking to reflect the use of plank decking
***modified medium (M10) refers to tle base medium model with weak decking to reflect the use of staples and/
osB

Table 2. Strong Models
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S00 or S02 SO00-OP or S020P S01
Strong- inland Strong- WBDR Strong- HVHZ
Roof to wall Strong Strong UpgradedStrong
Studto sill Strong Strong Strong
Roof cover Strong Strong UpgradedStrong
Roof deck Strong Strong UpgradedStrong
Wall Strong Strong Strong
Gable end Strong Strong Strong
Garage Strong Strong Strong
Shutters no shutters metal metal

ManufacturedHomes Model

On the basis of the exposure study, it was decided to model four manufactured home (MH) types:

(1) pre1994 fully tied down, (2) prel9945 not tied down, (3) post9945 Housing and Urban
Development (HUD) Zone Il, and (4) pek8945 HUD Zone lll. The partiall tieddown homes
are assumed to hagevulnerability that is an average of the vulnerabilities of fully-tedn and
not tieddown homes. Because little information is available regarding the distribution of
manufactured home types by size or geométry,assumed that all model types are sirwjide

manufactured home$he modeled singteride manufactured homes are 56 ft x 13 ft, have gable

roofs, eightwindows, a frait entrance door, and a slidigtpss back door.

Damage Matrices

Exterior Damage

The model accounts for a number of construction factors that influence the vulnerability of single

family dwellings, including classification (s#auilt or manufactured home), size, roof shape,
location, age, and a variety of construction details and atiibig measures. The effects of

mitigation measures such as code revisions andgoostruction upgrades to the wind resistance

of homes (e.g., new roof cover on an older home, shutter protection against debris impact, braced
garage door, raailed roof deking, etc.) are accounted for both individually and in combination

by selecting the desired statistical descriptors of the capacities of the various components. Thus

the comparative vulnerability of older homes as built, older homes with combinations of

mitigation measures, and homes constructed to the new code requirements can be estimated.

The vulnerability model uses a componbased Monte Carlo simulation to determine the
external vulnerability at various wind speeds for the different building mote¢ésapproach
accounts for the resistance capacity of the various building components, tHeadreffects

from different directions, and associated uncertainties of capacity and loads to predict exterior

damage at various wind speeds. The simulatitate® probabilistic strength capacities of
building components to a series of themeond peak gust wind speeds through a detailed wind
and structural engineering analysis that includes effects oflmonuke debris. Damage to the

structure occurs when theo a d s
capacity to resist them. The vulnerability of a structure at various wind speeds is estimated by

from wind

or

flying

debri

S

guantifying the amount of damage to the modeled components. Damage to a given component
mayinfluence the loads on other components, e.g., a change in roof loading from internal

pressurization due to a damaged opening. These influences are accounted for through an iterative
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process of loading, damage assessment, load redistribution, and relaatdiognvergence is
reached. The flow chart irigure10 summarizes the Monte Carlo procedure used to predict the
external damage. The random valeghinclude wind speed, pressure coefficients, debris impact,
and the resistances of the building components (roof cover, roof sheathing, openings, walls,
connections).

The damage estimations are affected by uncertainties regarding the behavior attd cttéeg

various components and the load effects produced by hurricane winds. Field and laboratory data
that better define these uncertain behaviors can thus be directly included in the model by refining
the statistical descriptors of the capacities, lpaiths, and applied wind loads.
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Load Building Matrices

Geometry and Type ¢

Initialize the Builfding Compo|neDefine ®Wild Difection |«
to zero damage and Initialize Enclosure |«
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Figurel0. Monte Carlo simulation procedure to predict external damage.
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The output of the Monte Carlo simulation model is an estimate of physical damage to structural
and exterior components tife modeled homé&.he results arpresentedn the form of a damage
matrix, where each row presents the output of an individual simulation. The 15 rows of this
matrix (Table3) correspondo damage to 14 components, andittternal pressure of the

building upon completion of that simulation (column JAseparate matrix is created for each
peak threesecondgustwind speed between 50 and 250 mph indghnmcrements (50, 58,, 250
mph)and for each windngle between 0 and 315 degrees itd§ree incrementé description

of the values in each of the nine columns of the manufactured home damage matrix is given in
Table4. Note that internal pressure is not included as an output from the manufactured home
model Table4). Change# internal pressure due to breach are accounted for and utilized to
guantify damage, but the final internal pressure value is not needed as an output.

Table 3. Description of values given irthe damage matrices for sitébuilt homes.

Col# Description of Value Min Max Value

Value

1 |% failed roof sheathing 0 100

2 |% failed roof cover 0 100

3 |% failed roof to wall connections 0 100

4 # of failed walls 0 4

5 # of failed windows 0 15

6 # offailed doors 0 2

7 |y or n failed garage O0=no| 1l=yes

8 |y or n envelope breached 0O=no| 1l=yes

9 # of windows broken by debris impact 0 15

10 |% of gable end panels broken 0 100

11 |internal pressure N.Ot N.Ot
defined| defined

12 |% failed wall panel$ front 0 100

13 |% failed wall panel$ back 0 100

14 |% failed wall panel$ side 0 100

15 |% failed wall panel$ side 0 100
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Table 4. Description of values given in the damage matrices for manufactured homes.

Col # Description of Value Min Max Value
Value
1 # of failed windows (out of 8 for single wide) 0 8
2 |# of broken windows that were brokby impact load cas 0 8
3 # of failed doors (front and back = 2 total) 0 2
4 % of roof sheathing failed 0 100
5 |% of roof cover failed 0 100
6 (% of wall sheathing failed 0 100
7 |# of failed roof to wall connections (out of 58) 0 58
3 sliding (0 = no sliding, 1 = minor sliding, 2 = major 0 5
sliding)
9 |overturning (0 = not overturned, 1 = overturned) 0 1

Interior and Utilities Damage

Once the external damage has been calculated for a given Monte Carlo simulation, the internal,
utilities, and contents damages to the building are then extrapolated from the external damage.
For the interior and utilities af home, there is no explicit means by which to compute damage.
Damage to the interior and utilities occurs when the building envelope is breached, allowing wind
and rain to enter. Damage to roof sheathing, roof cover, walls, windows, doors, and gable ends
present the greatest opportunities for interior damage. For manufactured homes, sliding and
overturning are additional factors.

Interior damage equations were derived as functions of each of the external components. These
eqguations are developed primarily the basis of experience and engineering judgment.
Observations of homes damaged during the 2004 hurricane season helped to validate these
predictions. The interior equations are derived by estimating typical percentages of damage to
each interior compweent, given a percentage of damage to an external component. The interior
damage as a function of each modeled component is the same for bbthisdad

manufactured homes.

To compute the total interior damage for each model simulation, all valtles damage

matrices are converted to percentages of component damage. The interior equations are applied to
each component, one at a time. The total interior damage for each simulation is the maximum
interior damage value produced by these equationsmBix@num value is used instead of a

summation to avoid the possibility of counting the same interior damage more than once. That is,
once water intrusion from one breach of the envelope has thoroughly damaged any part of the
interior, further water intrusn from other sources will not increase the cost of the damage of that
part.

Utilities damage is estimated on the basis of interior damage. A coefficient is defined for each
utility (electrical, plumbing, and mechanical), which multiplies the interioagquos defined for
each component. As in the case of interior damage, the maximum value is retained as the total
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damage. The utilities coefficients are based on engineering judgment. In bdihilsisead
manufactured homes, it is assumed that electi@alage occurs at half the rate of interior
damage (0.5). Plumbing damage is set to 0.35 of interior damage fbusiteomes and for
manufactured homes. Mechanical damage is set to 0.4 of interior damage hoilsliemes and
for manufactured homes.

Contents Damage

As with the interior and utilities, the contents of the home are not modeled by Monte Carlo
simulations. Contents damage is assumed to be a function of the interior damage caused by each
failed component that causes a breach of the imgldnvelope. The functions are based on
engineering judgment aradevalidated using actual claims data.

Additional Living Expenses

Additional Living Expense (ALE) coverage covers only expenses actually paid by the insured.
This coverage pays only tiecrease in living expenses that results directly from the covered
damage and having to live away from the insured location. The value of an ALE claim is
dependent on the time required to repair a damaged home and the surrounding utilities and
infrastructre.

The equations and methods used for manufactured and residential homes are identical. However,
it seems logical to reduce the manufactured home ALE predictions because typically a faster
repair or replacement time may be expected for these home Tymeefore, an ALE multiplier

factor of 0.75 was introduced into the manufactured home model.

Vulnerability Matrices
The estimates of total building damage result in the formulation of vulnerability matrices for each

modeledbuilding type. The flowchain Figurell summarizes the procedure used to convert the
Monte Carlo simulations of physical external damage antalnerability matrix.
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Figurell. Procedure to create vulnerability matrix.

For each Monte Carlo model, 2000 simulations are performed for each of 8 different wind angles
and 41 different wind speeds. This is 2000 x 8 x 41 = 656,000 simulations of external damage
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per model, which are then expanded to cover interior, utilitiescantents damage, plus ALE, as
explained above.

Knowing the components of a home and the typical square footage, the cost of repairing all
damaged components is estimated using cost estimation resources [e.g., RSMeans Residential
Cost Datg RSMeans, 2008 and RSMeans Square Foot Costs (RSMeans, 2608b)

Construction Estimating Institufeangedyk & Ticola, 2003)and expert advice. These resources
provide cost data from actual jobs based on estimates and represent typical conditions.
Unmodeled nonstraigral interior, plumbing, mechanical, and electrical utilities make up a
significant portion of repair costs for a home.

Replacement cost ratios provide a link between modeled physical damage and the corresponding
monetary losses. They can be definethascost of replacing a damaged component or assembly

of a home divided by the cost of constructing a completely new home of the same type. The sum
of the replacement cost ratios for all the components of a home is greater than 100% because the
replacementosts include the additional costs of removal, repair, and remodeling.

An explicit procedure is used to convert physical damage of the modeled components to monetary
damage. Since the replacement ratio of each modeled component is known, the momeigey da
resulting from damage to a component expresse
obtained by multiplying the damaged percentag
replacement ratio. For example, if 30% of the roof cover is damaged, ahdfpatticular home

type the replacement ratio of roof cover is 14%, the value of the home lost as a result of the
damaged roof cover would be 0.30 x 0.14 = 4.2%. If the value of this home were $150,000, the

cost to replace 30% of the roof would be $150,8®.042 = $6,300. In addition, the costs will be
adjusted as necessary because of certain requirements of the Florida building code that might

result in an increase of the repair costs (for example, the code might require replacement of the
entire roof f 30% or more is damaged).

After the simulation results have been translated into damage ratios, they are then transformed
into vulnerability matrices. A total of 4356 matrices for 4itelt homes is created for different
combinations of wall type (fram@ masonry), region (North, Central, or South), subregion (high
wind velocity zone, wineborne debris region, or other), roof shape (gable or hip), roof cover (tile
or shingle), window protection (shuttered or not shuttered), number of stories (ong,@rtevo
strength (base weak W00, modified weak W10, retrofitted weak W01, base medium MOO,
modified medium M10, retrofitted medium MO1, or strong (base S00, stronger S01 for HVHZ,
S02with single straps and metal roof on a strong §leck

The cells of a vulnerability matrix for a particular structural type represent the probability of a

given damage ratio occurring at a given wind speed. The columns of the matrix represent three
second gust wind speeds at 10 m, from 50 mph to 250 mph jph%amnds. The rows of the

matrix correspond to damage ratios (DR) in 2% increments up to 20%, and then in 4% increments
up to 100%. If a damage ratio is DR= 15.3%, it is assigned to the interval 14%<DR<16% with a
midpoint DR=15%. After all the simulatioimve been counted, the total number of instances in

each damage interval is divided by the total number of simulations per wind speed to determine

the percentage of simulations at any damage state occurring at each speed. These percentages are
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the conditimal probabilities of occurrence of a level of damage, given a certain wind speed. A
partial example of a vulnerability matrix is shownTiable5.

Table 5. Partial example of vulnerability matrix.

DamageWind Speed (mph) 475t052.5 52.5t057.5 57.5t062.5 62.5t067.5 67.5t072.5
0% to 2% 1 0.99238 0.91788 0.77312 0.61025
2% to 4% 0 0.00725 0.08 0.21937 0.36138
4% to 6% 0 0.00037 0.00135 0.007.35 0.0235
6% to 8% 0 0 0.000125 0.000375 0.0025
8% to 10% 0 0 0 0 0.000375

10% to 12% 0 0 0 0 0.000375
12% to 14% 0 0 0 0 0.000625
14% to 16% 0 0 0 0 0.0005
16% to 18% 0 0 0 0 0.000125
18% to 20% 0 0 0 0 0.00012
20% to 24% 0 0 0 0 0.00025
24% to 28% 0 0 0 0 0

An important plot derived from the vulnerability matrix is the vulnerability curve. The

vulnerability curve for any structural type is the plot of the mean damage ratio vs. wind speed.
The model can also generate fragility curves (the probability of eaneedf any given damage

level as a function of the wind speed) for each vulnerability matrix, although these curves are not
used in the model.

Similar vulnerability matrices and vulnerability curves are developed for contents and ALE, one
for each struttiral type. The whole process is also applied to manufactured homes.

Weighted Vulnerability Matrices

Building vulnerability matrices were created for every combination of region (Keys, South,
Central, and North), construction type (masonry, wood, @arhttoof shapggable or hip), roof
cover (tile or shingl®r meta), number of stories (one or twahuters (with or without), and
sulregion (nland, wind-borne debris regiomr high velocityhurricanezone).However, in

general, there is littlsnformation available in an insurance portfolio file regarding the structural
characteristics and the wind resistance of the insured propetyad, insurance companies rely
onthel nsur ance Sd{IBQ fircresistanCGelassificater@Psrtfolio files have
information on ZIP ©de and year built. The ISO classification is used to determine if the home is
constructed of masonry, timber, or other. T Codeis used to define the region and
sulregion. The year the home was builtugedto assst in definingthe strength to be assigned to
the home

Region, subegion, construction type, and year baile determined from the insurance fil€kis
leaves theoof shaperoof cover, and shutter options undefinécbm the exposure study of 51
Florida countiegMichalski, 2016)the distribution ohumber of storiegpof shape, androof
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coverby ageper regioncan be extrapolateéor each age groupie define aveightedmatrix for
each constru@n type in each county belonging to a region arateggion. Theweightedmatrices
are the sum of theorresponding vulnerabilitnodel matrices weighted on the basis of their
statistical distribution. For exampleonsider a masonry home built in the winokne debris
region of central Florida in 1990. &lexposure study indicates that 66% of such homes have
gable roofs, 85% have shingle roof cover, and 20% have window shuftsigit factors can be
computed for each model matrix based on these atatifor example, the Central Florjdgble,
tile, noshutters, masonry matrix would have a weight factor of 66% (masonry percent gable) x
15% (percent tile) x 80% (percenithout shutters) = 7.9%his is the percentage of that home
type that would be expected in this regitor that year builtEach modematrix is multiplied by
its weight factor, and the results are summed. The final result is a weighted matrix that is a
combination of all the model matrices and can be applied to an insurance policy if adlly the
Code year built, and ISO classificatiaare kiown. As a result, for each county in eachreginn
(inland, wind-borne debris region, and high velodiyrricanezone) of each region (Keys, South,
Central, and North), there will be seif weighted matrices (masonry, wood, and others) for
weak,medium, and strong structures.

AgeWeighted Matrices

The yearbuilt or year of last upgrade of a structure in a portfolio might not be available when
performing a portfolio analysis to estimate hurricane losses in a certain regiloat case, it
becomes necessary to assume a certain distribution of ages in the relgioelopan average
vulnerabilityby combiningweak, medium, and strong.

Thetaxappr ai sersodo databases include effective ye
to how to weigh the combined weak, medium, and strong model results when year built

information is not available in other portfolio files. In each region, the data analyzed to

provide the age statistics. These statistics were used to weigh the average of weak, medium, and
strong vulnerabilities in each region. The results are showigurel2 for the windborne debris

zone in the Central region. The different weighted vulnerability curves are shown for the weak,
medium, and strong models, superimposed with thenagghted vulnerability curve.
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Figurel2. Weighted masonry structure vulnerabilities in a central widabrne debris region.

Mapping of Insurance Policies to Vulnerability Matrices

The FPHLM processes insurance portfolios from many different insurance companies. Since

there is no universal way to classify building characteristics, each company assigns different

names or classifications to the building variables. In many cases most of the building structural
information in a portfolio is unknown since, in general, dethrecords of building characteristics

are missing. In a minority of cases, parameters are known, but they do not match any value in the

l' i brary of the FPHLM. Il n this case these para
FPHLM models only timber or masonry residential singi@mily homes. A steel structure would

be classified as other.

This makes the mapping of existing portfolio policies to available vulnerability matrices
challenging. The engineering team designed a mapping tool to read a policy and assign building
characteristics, if unknown or other, on the basis of building popualatatistics and year built,

where the year built serves as a proxy for the strength of the building. The process is summarized
in Table6. Once althe unknown parameters in the policy have been defined, an unweighted
vulnerability matrix based on the corresponding combination of parameters can then be assigned.
If the number of unknown parameters exceeds a certain threshold defitrechbiuarial eam, a
weighted matrix or ageveighted matrixs usednstead.
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In the few cases in which a policy in a portfolio has a combination of parameters that would result

in a vulnerability matrix different than any of the existing matrices in the library of the FPHLM,

the program assigns to the policyacsa | | e d fgliddrhagrix (Seelaldeb below). The

Aot hero matrices are an average of timber and

Table 6. Assignment @ vulnerability matrix depending on data availability in insurance portfolios.

In[;itraag::e Bt Exterior | 0. of | Roof Roof | Opening Vulnerability Matrix
Portfolio Built Wall Story Shape| Cover | Protection Yy

Use unweighted
vulnerability matrix

use weighted matrix

Case 1 known known known | known | known known

or
known or | Any combination of the four parameter replace all unknown ang
Case 2 known Y
unknown | is either unknown or other others based on stats a

use unweighted
vulnerability matrix

Any combination of the four parametefus e t he fiot

Case 3 known other is either unknown or other matrix

use age weighted matri

or
Any combination of the four parameter replace all unknown ang
Case 4 | unknown| known |: '~
is either unknown or other others based on stats a

use unweighted
vulnerability matrix

Any combination of the four parameter Use age weighted

Case 5 | unknown other is either unknown or other matrices f 0

Model s6 Distribution in Time

Over time the codes used for construction in Florida have evolved to reduce wind damage
vulnerability. The weak W00, modified weak W10, retrofitted weak W01, medium MOQO,

modified medium M10, retrofitted medium MO01, and strong models represent this evahutio

time of relative quality of construction in Florida. Each model is representative of the prevalent
building type for a certain historical period. However, the assignment of a building strength (its
relative vulnerability to wind damage) based on éaryof construction is not a straightforward

task. The appropriate relationship between age and strength is a function of location within
Florida, code in place in that location, and code enforcement policy (also regional). It is therefore
important to dahe the cutoff date between the different periods since the overall aggregate
losses in any region are determined as a mixture of homes of various strengths (ages)ffhe cut
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dates are based on both the evolution of the building code and the preeaiing
builder/community code enforcement standards in each era.

Given the importance of these issues in the estimation of wind damage vulnerability, a brief
history of codes and enforcement is presented next.

Construction practice in South Florida renagd the importance of tru¢s-wall connection as

early as the 1950s, when it became common to use clips rather than toe nails. The clips were not
as strong as modern straps, but they were an improvement over nails. North Florida has fewer
historical ocarrences of severe hurricane impact, resulting in weaker construction in general than
in the south within the same given era. The use of clips became relatively standard statewide by
the mid1980s. The use of improved shingle products and resistant ghvaigebecame more

common after Hurricane Andrew.

The issue of code enforcement has also evolved over time. The State of Florida took an active
role in uniform enforcement only recently. Prior to Hurricane Andrew, a given county may have
built to standarsl that were worse than or exceeded the code in place at the time. Following
consultation with building code development experts, which included the director of the-Miami
Dade building department, the president of an engineering consulting firm and adrisulte

South Florida Building Code, the consensus was that the issue was not only the contents of the
code, but also enforcement of the code.

In an attempt to standardize construction, some cities and counties in Florida adopted building
codes, somefdhe earliest being Clearwater, which adopted a draft of the Standard Building Code
(SBC) in 1945 Cox, 1962) Daytona Beach in 194@he Morning Journal, 1946Bradenton and
Manatee counties by 1950; Sarasota County in {S&fasota Journal, 195@ndRiviera Beach

in Palm Beach County in 19§The Palm Beach Post, 195RK)iami-Dade and Broward counties
adopted the South Florida Building Code (SFBC) in 1957 and 1961, respectively. The SFBC, one
of the most stringent codes in the United States, had s@maeprovisions since its inception.

SBC made windoad provisions mandatory in 1986. Modern wind design started in 1972 and

improved considerably for lowise construction in 198@Mehta, 2010) I n addi t i on, F
construction boom of the 1970s ldabtstate authorities to promote a statewide uniformity of
buil ding standards. The first attempt was Cha

Florida Statutes (F.S.), which was enacted in 1974 and required all counties to adopt a code by
Januay 1%, 1975. The statute selected four allowable minimum codes as the pool from which
jurisdictions needed to adopt their official building codes, namely: (1) (&B0Gthern Building

Code Congress International, 19,7/&) the SFBQSouth Florida BuildingCode, 1957)(3) the

One and Two Family Dwelling Code, (CABQYC, 1992)and (4) the EPCOT code (enforced in

Walt Disney World and based on the SBC, SFBC, and Uniform Building ¢Bdejly Creek
Improvement District, 2002However, the responsibility féhe administration and enforcement

was left to the discretion of 400 local jurisdictions as diverse as local governments, local school
boar ds, and state agencies (Governoro6s Report
choose any code from theuioallowed codes and granted them the authority to amend the code
according to their needs, as long as the amendments resulted in more stringent requirements and
the power to enforce it.

Problems in the Buildin@ode System
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After 1975, there were two rnmacodes in use in Florida before the 1990s: the SFBC in Miami
Dade and Broward counties and the SBC in most of the rest of the state. Although the SFBC was
the most stringent code in Florida, this was uncorrelated with compliance and enforcement from
manybuilders, design professionals, and inspectors. To a lesser extent, some of the code
stringency was eroded for almost three decé@ester, 1992; Fronstin & Holtmann, 1998ome
measures that watered down the code included the allowance ofgvesrstaples instead of

nails for roof decking, thinner roofiniglt, 63 mph resisting shingles, and waferboards (pressed
wood) as a replacement for plywood for roof decking. A study by Florida ABWersity

published in 1987 also highlighted deficienciesade& compliance and enforcement in the rest of
Florida. Furthermore, the local amendments created a state of confusion, making it difficult for
engineers, architects, and contractors to identify the locally administered codes and their
jurisdictions(Shingk, 2007; Barnes et al., 1991)

The aftermath of Hurricane Andrew confirmed the concerns reported abowstédtostiamage
surveys revealed innumerable violations to the SFBC (the absence of corner columns, vertical
reinforcement, and gypsum board usewal sheathing to name a few) that produced
catastrophic failures of building&han & Suaris, 1993; Siddiq Khan & Associates, 1993)

Clearly there were serious shortcomings in the compliance and enforcement process.

For later hurricanes like Opal and i 1995, the rebuild process was also delayed because of

the intricacies of the jurisdictional, enforcement, and compliance issues of the codes, exacerbating
losses. An expeditious and unambiguous system would have eased proper compliance and
enforcemenand t herefore would have drastically red
PostAndrew Building Code Development Enforcement

The South Florida Building Code

Three to four months after Hurricane Andrew, South Florida began to reform the code and the
code enforcement system. Engineers became directly involved in the design of residential
structures. OSB decking and staples were banned.-¥dited shingles were required. In 1994 the
whole SFBC was reformed and adopted the ASCE 7 wind provisions.

The Horida Building Code

After HurricaneAndrew, local and stte agencies were unsure ablooiv to guarantee building

safety Concerns arose that a diminution of insurance availability would paduch threatened

the continuity of economic growtin response, Governor Lawton Chiles establishBdilding

Codes Study Commission in 1996 to reviewdheents y st em of codes. The Go
Commi ssion found that the existing system had
administrative processedts recommendations led to the formation of the Florida Building

Commission in 1998~vhich wasresponsible for creating unified Florida Building Code
(Governor,0996.Repor t

For the new unified Florida Building Code (FBC), themmission selected the SB@:veloped
in Alabamafrom 1940 to 194%Ratay, 2009)as the base code because 64 out of 67 counties
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were already using the 1973 and the 1997 vessibthe code with amendmer(Shingle, 2007)

The §-BCwas later included as an additional base cod®#9 to meet South Floriaspecial
requirements. The Building Commission worked to reach a consensus among all stakeholders,
and the first version of a unified FBC was made effective on March 1,(Bléig, 2009) Studies
indicate that the losses duehiarricanes have decreased since the enactment of théGtBIEy

et al., 2006Gurley & Masters, 201

Application of the Building Code History

The history above clearly indicates that a completely accurate accounting of all building practices
in every region of Florida going back many decades is not possible, given the limited policy
information of age and location. To accommodate the histomysidential building construction
practice in Florida, buildings were classified into different eras. The classificatioms in

Table7 were adopte for characterizing the regions by age and model.stiemgthdescriptions

within Table7 are provided at the bottom ©&ble7 in terms of the nomenclature usedliable
landTable2. The specific building eras and classifications per region are based on the evolution
of the building codes in Floridand the opinions of the experts consulted.
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Table 7. Age classification of the models per region.

Pre1960 19601970 | 19711980 19811993 | 19942001 2002pres.

HVHZ | W modified | W Weak, %2 Wealk, W Wealk, Modified Modified
Weak, OMedium | % modified | Qmodified | Strong Strong
OMedium Medium Medium

Keys Y% modified | Medium Medium Medium OMedium Strong_OP
Weak, W Strong_OP
% Medium

WBDR | modified W Weak, OWeak, OWeak, Y% Medium, Strong_OP
Weak OMedium | W Medium | % Medium | %2 Strong_OP

Inland | modified W Weak, Y2 Weak, Y2 Weak, Y2 Medium, Strong
Weak OMedium | ¥ Medium Y% Medium | ¥z Strong

Table7 Nomenclature with respect Tablel andTable2

Strong: S00 or S02
Strong_OP: SO0GOP or S020P
Modified Strong:  S01

Medium: MO0

Modified Medium: M10

Weak: W00

Modified Weak: W10

Note: HVHZ means high velocity hurricane zone; WBDR means Winhe debris region. The
boundaries of the WBDR vary depending on the year built, and the edition of the FBC which
applies, as explained in Standardl@n the description of the sitauilt models.

Appurtenant Structures

Appurtenant structuresre notattached to the dwelling or main residence of the homareut

located on the insured property. Thegeetyof structures could includetached garages,
guesthouses, pool houses, sheds, gazebos, patio covers, patio decks, swimming pools, spas, etc.
Insuance claims dateevealno obvious relationship between building damage and appurtenant
structure claimsThe variability of the structures covered by an appurtenant structure palicy

be responsible for this result

Since the appurtenant structures damage is not derived from the building damage, only one
vulnerability matrix is developed for appurtenant structures. To model appurtenant structure
damage, three equations wetevelopedEach determines the appurtenant structure insured
damage ratio as a function of wind speed. One equation predicts damage for structures highly
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susceptible to wind damage, the secpretlicts damagfor structuresnoderately susceptibte

wind damageand the thirgpredicts damagm®r structureghatare afected only slightly by wind.
Because a typical insurance portfolio file gives no indication of the type of appurtenant structure
covered under a particular policy, a distributiorire three types (slightly vulnerable, moderately
vulnerable, and higy vulnerable) must be assumaad is validated against the claim data.
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VULNERABILITY COMPONENT: COMMERCIAL RESIDENTIAL MODEL

Given the hurricane hazard defined by the atmosphengonent, the engineering component
performs several tasks: (1) it estimates the physical damage to exterior components of typical
buildings or apartment units; (2) it assesses the interior and utilities damage and contents damage
due to water penetratigdghrough exterior damage and defects to interior walls, ceiling, doors, etc.;
(3) it combines the exterior and interior damage to estimate the building and content
vulnerabilities; (4) it estimates the time related expenses; and (5) it estimates appurtenan
structure vulnerability (fa et al., 2008, 2009a, 2002#)09c, 201020114a, 2011b, 2011c, 2012a,
2012b, 2013, 2014 inelli et al., 2009b, 20102012, 2013a, 2013Weeket al., 20092014.

Exposure Study

Most lowrisecommercial residentidduildings(LB) (Figurel3) can be categorizedtma few
genericgroups havingimilar structural characteristiceyout, and materialsalthoughthey may
differ somewhatn dimensions. These buildings can suffer subithexternal structural damage,
in addition toenvelope and interior damadeym hurricane winds. The modeling approach to
assesng damagdor thesebuilding types is the sanas that fomassessing damage for personal
residential buildings, modelinge building as a whole.

However,commercial residential itk and highrise buildingdMHB) (Figure14) are very

differentfrom low-rise buildings andinglefamily homes.The mid/high-rise buildings are

engineered structures, which suffer few structural failures during a windstoamelsubject to

water ingress from cladding and openfatures These buildings, which come in many different
types, shapes, height, and geometries, consist of steel, reinforced concrete, timber, masonry, or a
combination of different structural materials.

It is not realistic to perform damage simulatiomsa reduced collectiomf &6 based bui |l di
done forsinglefamily residential and lowise commercial residential buildingsecause that will
necessarily leave out a majority of existing fradd highrise typologies. For instance, for steel
framestructures alone there are a wide variety of possible building shapes and configurations.
These different shapes lead to very different woatling scenarios and therefore different
vulnerabilities. Equally important, the number of MHB is at least aarayfimagnitude smaller

than the number of PRB or LB. It is therefore not feasible to average the losses over a very large
number of buildings and compensate small differences between buildings, as in the case of PRB.
On the contrary, the analyst is faceith a relatively small number of buildings, each of which is
different from the other.

As a result, the FPHLM has adopted a modular approach to modeamaidhighrise buildings.

Rather than considering a structure as a wiloémnodel treats thbuilding as a collection of
apartment unitsThe base modules are typical apartment units, divided as corner and middle units.
Thus, buildings with any number of stories and any number of units per floor can be modeled by
aggregating the corresponding apartments vulnerabilities and accounting for correlation of
damage among units (e.g., water ingress through an envelope breach Hii@ofiftimit creates
problems for lower units with no failures).

To summarize, in the case of LB (low rise buildingspjd¢gal models of the whole structure that
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are representative of the vast majority of this building population in Florida were defined. In the
case of MHB (miehigh rise buildings), typical models of individual units that are representative
of the vast majaty of units in Florida were defined.

An extensive survey of the commercial residential Florida building stock was carrited out
generate a manageable numbethekebuilding and apartmennodels taepresenthe majority

of the Floridaresidentiabuilding stock Themodelersanalyzedlorida countieSproperty tax
apprai ser s o6 (foCHhRiliAgstoclirEdrnzation. &lth@igh thelatabaseontents and
format varyfrom county to countymany of the databasesntain the structural information
neededo define the most common structural typ&gsgormation from 40 counties was collected
for commercial residential buildingMichalski, 2016) Themodelersxtracted information on
severabuilding characteristics farlassification, including roatover, roof shapexterior wall
material, number of stories, year buitilding areafoundation type, floor plan, shape, and
opening protection.

Figurel4. Examples o_f&r;idanr;la»ﬁ_ighriéé uiIdings (MHB).

Commercial Residential Building Survey

In the case of the commercial residentialldings the CPTAs classify the buildings either as
condominiums or as muléimily residential (MFR) baseahly on thetype of ownershipCondo
buildings aresuch that each unit or apartment has a different ownercdrmounit can then be
occupied by the owner or by a rent€he CPTAs do not record if the condo unit is rented or
owned.Condo owner@expenses include ¢hmaintenance and use of the common areas and
common facilitiesdbecause the condo owner actually owns a percentage of the entire. fEladity
condo buildings relevant to this survey are all classified by the CPTAs as residamtiahercial
office condo hildings are out of the scope of the survey.
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A MFR building hasa singleownerwho rents the unit$o tenantsThe CPTAs classify MFR

buildings with fewer than 10 units (duplex, triplex, and quadruplex) as residential buildings; MFR
buildings with 10 units or more are classified as commercial buildings. Both residential and
commercial MFR buildings were considetiadhis survey. MFR buildings araterchangeably
referred taas apartment buildingsy CPTAs. Residential MFR buildings (fewer than 10 units)
account for approximately 70% of the MFR building stock, and the remaining 30% are
commercial MFR buildings (10nits or more).

The commerciatesidential buildings, regardless of whether they are condos or MFR buildings,
were divided in two categoriesw-rise (onéthreestories) ananid-high rise(four stories and
more).Low-rise buildings have three stories ewier. The survey shows these buildings, which
represent the majority of the building stock, have different characteristics than taller buildings.
Unanwa (1997uses a similar defition in his study. The midand highrise buildings tend to be

more heterogneous and necessitate a different treatment in the vulnerability model. Owned as
well as rented apartment units are included in this survey; the CPTAs do not distinguish between
the two.

Appraiserdiave confirmedhatMFR buildingstend to have feweraties than condo buildings
and the majorityf MFR buildings ar@luplexes, triplexesand quadruplexeg#lso, the proportion
of MFR buildings that can be classified as #thdyh-rise is negligible according to available
information and consultation with GRs.

Building Models

Distinctly different construction characteristics and modes of damage in high winds led to the
development of separate models for{ose commercial residential construction (LB) and mid
/highrrise commercial residential constructiMHR).

Low-Rise Commercial Residential Models

The LB modelwas developed to represdémpical apartment and towimouse style structures of

three stories diewer Figurell). The model framework is based on the sivghaily, site-built
residential model, which uses a probabilistic description of wind loads and exterior and structural
component capacities togpect physical damage as a function of wind sp&ad.components in
theLB damage model include roof cover, roof sheathiagf-to-wall connections, wall type,

wall sheathing, windows, entry doors, slidiglgss doorssoffits,andgable end truss inteity.

Given the large array of sizes and geometries fofrisercommercial residential structures, the
program is developed to provide flexibility in choosing a building layout and dimensioning details
(footprint, overhag length, roof slope, roof shapdc.). The changes in construction practice

over decades in Florida also necessitate flexibility when choosing construction quality with regard
to hurricane wind resistance. The model allows the selection of building components with a
variety of strengtloptions to represent a range fréow to high wind resistance (braced or

unbraced gable ends, old or new roof cosbgathing nailing schedulestgc.).
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A standard (defaultmodel was developed based onhbédding exposure study that quantified
averagesquare footage per stomynits per storyand other descriptors. Default settings were also
developed to represent weak, medium, and strong construction prAatyogiven strong,

medium or weak model may be altered by additional mitigatonetrofitmeasures individually

or in combinationFor example, reroofing an older apartment can be represented by increasing the
probabilistic descriptor of capacity for the roof cover.

Outputs (damage matrices) have been produced for each combination ofoivenéplbuilding
height (one, two, or three stories), wall type (timber or masonry), roof shape (hip or gable),
strength (weak, medium, or strong), and window protection (no protection or with metal shutters).

Mid-/High-Rise Commercial Residential Models

The mid/high-rise modeluseshe Monte Carlo simulation concept, udiffers from the low

rise model in significant ways. There is a high level of variability among/Inigh-rise buildings
because athe combination of the number of storidge numker of units per floor, intentionally
unigue geometries, and the materials used for tlexiexiThis makes the application of a

i s t a noddefault modelnfeasible Because ofhe construction methods and materials used

in these structures, damagelte superstructure and exterior surfaces of the buildergts to be
relatively minor The majority of damage accumulation in rindgh-rise structures is due to

water penetration arfdilure of openings. The model reflects this by focusing on the failure of
windows and doors, the ingress of rain water, and the proliferation of water from the source of the
ingress to adjacent living units. The structure in whole is not modeled. Rather, uadlividts are
modeled in isolation. That is, the vulnerability of a single unit is explicitly modeled, and damage
is assessed to openings as a function of wind speed.

Two different mid/high-rise classificatit s ar e model ed f or gtohiasidst udy
Aopen bui | duildmgsare ch@dcterized thy the location of the unit entry doors at the

interior of the building. The slidinglass doors and windows are all facing theeeat of the

building. For the openuilding model there is exteni corridor access to each unit entry door on

one side of the buildinggndthe patio areas are situated on the opposite side of the building

(Figurel5). The type of building chosen can increase or decrease the vulnerability of a selected

unit because afhe exposure of the exterior openings. Middhés in a closear open building

have oneor two exterior walls, respectively.

There are three ain differences between the lesdsse andmid-/high-rise models(1) the use of a
modular (i.e, per unitrather than per buildingpproach(2) the exterior components being
analyzed for failureand(3) the use of two basic floor plans. Location of unit witthe plan view
of the building, unit square footagEdnumber of available openings are some of the napb
factors that separatae unit from another

Corner units are subjected to higher wind pressures that are present along the edges of the
building, compared to the middle units, which are located within lower pressure zones at the
center of thavall area Figurel5). Increasesgquare footag typically results in an increase in
exterior wall frontage and the number of openings vulnerable to damage.
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TheMHB modelusesthe same analysis and output technique akBhmodel. The difference is
the number of failure typasodeled TheMHB model analyzes only the damage to the opesning
which include the windows, sliding dogemnd entry doors. Each of the components caréesl

to pressure adebris impact.

¥ ~
Middle
P A //ﬁ/ Unit
N A
¥ ¥ Y
Middle Exterior Entry D
Unit zterior Entry Door
Interior Entry Door

Figurel5. Apartment types according to layout (leftlosed building with interior entry door; right:
open building with exterior entry door).

Damage Matrices
Exterior Damage

The vulnerability model uses a Monte Carlo simulation based on a component approach to
determine the external vulnertity (asshown inFigurel10Q) at various wind speeds of buildings

in the case of LB, or apartment units in the case of MHB. For the case of LB, the procedure is
identical to the one described for sinfgenily residential PRB). In the case of MHBthe
simulations address only wind pressure and debris impact on the openings.

The damage assessment is conducted over a range of wind speeds and wind directesd{sand
are stored in a damage matifrobabilistic damage assessment is conducted by first creating an
individual building realizatiolby mapping each component according to typical construction
practice. Rndom capacity valuegeassigned to the varis.ccomponentsn the basis of a
probability distribution for each component tyddiis realizations subjected to a peak three
secondyust windspeedrom a particular direction. Directional loads are calculated using
randomized pressure coefficients basadlirectional modifications to ASCEas well as wind
tunnel data (NIST Aerodynamic Databadstp://fris2.nist.gov/winddatapnd a comparison of
resulting surfacand internaloads to component capacities is condudBaimage occurs when

the assignedapacity of a component is exceeded by its loading. Once the openings have been
checked for failure due to pressure, the damage due to the impact of windborne debris is also
evaluatedDamaged components are removed, and a series of checks are perfodetednine
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if lost components will redistribute loading to adjacent components or change the overall loading.
For example, loss of a retd-wall connection places additional load on adjacent connections,
whereasan envelope breach will potentially altaternalloading® changing the overall loading

on most components. Iterative convergence is used to produce the final damage state for that
building realization. The results of this single simulation are documentéke basis of the final
iteration anotler realization of that building is constructeg assigning new random capacities to
each componenpand tke process repeats for the same ts®®ond gust, same wind direction, and
newly randomized pressure coefficiehtsed on the number of desired ditions the user

would like to run The process is repeated for eight wind directions and a setleg@$econd

wind speeds between 50 and 250 mph in 5 mph increments

The output of the Monte Carlo simulation model is an estimate of physical dansigectoral

and exterior component§he results are in the form ofeur-dimensional damage matrixagh

row of the matrix listdhe results of one simulationh& amount of damage to each of the

modeled omponents for a simulation listed in75 columrs. The third dimension represerite

peak threesecondgust wind speed between 50 and 250 mph in B mgrements, and the fourth
dimension represents the eigimgles between 0 and 315 degrees hld&eancrementsTable

7 delineates the damage matrix contents for the case of the LB. A description of each of the nine
columns of the MHB damage matrix is givenTiable9.
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Table 8. Description of damage matrices for LB.

Column # Timber Models | Masonry Models
Col 1 Percent roof cover (shingles or tiles) failed
Col 2 Percent field roof sheathing lost (field roof sheathing is all but overh;
Col 3 Percent edge (overhang) roof sheathing failed
Col 4 Percent rocto-wall connections failed
Col 5 Collapse of gable end trusses (0 = no, 1 to 20) starting from side
Col 6 Collapse of gable end trusses (0 = no, 1 to 20) starting from side
Percent gable end wall covering failed (side 1 and 2, positive for|
Col 7-8 . .
windward, negative for leeward)
Percent gable end sheathing failed (side 1 and 2, positivarfdward,
Col 910 .
negative for leeward)
Per_cent wall covering faileg Shear Damage Ratio for Masonry Wall
I 1st floor (walls 14, o
Col 11- 14 " . 1st Floor (walls 34, positive for
positive for windward, ) )
. windward, negative for leeward)
negative for Leeward)
Perfigmggrs(w;f?:f faile Bending Damage Ratio for Masonry
Col 1518 i . ’ Walls- 1st Floor (walls 34, positive for
positive for windward, . .
. windward, negative for leeward)
negative for leeward)
Col 1922 Number of windows failed frorwind pressuré 1st floor- (walls 1-4,

positive for windward, negative for leeward)
Col 2326 Number of windows failed from wind Debrid st floor- (walls 1-4)
Number of sliding glass doors failed from wind pressutst floor (+ for
Col 27 .
windward- for leeward)
Col 28 Number of sliding glass doors failed from debris impatst floor
Number of entry doors failed from wind pressurkst floor (+ for

Col 29 ,
windward- for leeward)
Col 30 Number of entry doors failed from debris impadist floor
Col 31-:50 Repeat Col 11 Col 30 for 2nd Floor
Col 51-70 Repeat Col 11 Col 30 for 3nd Floor
Col 71 Garage Door Damage (positive for windward, negative for leewar(
Col 7275 Percent Soffit Damage (walls4)
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Table 9. Description of the damage matrices for MHB apartments.

Commercial and Single Family Residential
CoI;mn Inner and Outer Stair Models
Col 1 Number of Windows failed from wind pressurd
Col 2 Number of Entry Doors failed from wind pressu
Col 3 Number of Sliding failed from wind pressure
Col 4 Number of Windows failed from debris impact
Col 5 Number of Entry Doors failed from debris impa
Col 6 Number of Sliding failed from debris impact
Col 7 | Number of Windows breached from debris imp{
Col 8 | Number of Entry Doors breach from debris imp
Col 9 Number of Sliding breach from debris impact

Interior and Utilities Damage

TheFPHLM introducel a novel approach to assiggthe interior damage by considering the
physics of the problem. The approach starts from the datodige building envelop@Neekes et
al., 2009) described in the previous sectidine model therestimates the amount of whaltiven
rain that enters thrgin the breaches and defects in the building envelope and cahterts
interior damage. The approachsismmarizedelow. More details are provided in standardV
and in(Pita, 2012pita et al., 2012a).

The methodKigure16) combines existing building defects and estimated building envelope
damage with the impinging rain to predict the amount of water that will enter a building. This
physically lased approach models the main contributor to interior damage, addresses the
uncertainty in the interior damage source, and documents the individual water ingress
contribution of each component to the total water intrusion.
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Figurel6. Flowchart of the interior damage model.
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The exterior building components that the model considers include roof cover, roof sheathing,
wall cover, wall sheathing, gable cover, gable sheathing, windows, doors, and sliding doors. In
the case of MHRunits, only windows, doors, and sliding doors are considered. For a given wind
speed, the model first estimates breach areas of each comfyonettie exterior damage array.
The area of existing defects in envelope components is estimated based on(Muitegs et

al., 2006)and engineering experience.




This approaclior both lowrise and mid/highise buildingsestimates the amount of water that
enters througlthe breaches and defectseaich component of the envelope. The total amount of
water is catulated by adding the contribution of all components for a given wind speed, and by
estimating the water which percolates from story to story. The final step maps water inside the
building to interior damage with a bilinear relationship, where total otedlamage is achieved

for a certain threshold of height of accumulated water.

Contents Damage

Contents include anything in theiilding that is not attached to the structure its&f.in the case

of interior and utilitieddamagethe contents damagedssumed to be a function of the amount of
water that penetrates the buildjragd it is therefore proportional to interior damaljee function

is based on engineering judgment asdalidated using claims datkn the case of a condo

building, only the ontents of the common areas are covered by the policy. In the case of an
apartment building, the personal contents of the renters are not covered by the building policy.

Time Related Expenses

Time Related Expensesfer to loss of rent for owners apartment buildings, which are mainly
low-rise commercial residential buildingss in the case of interior and utilitieamagethe

Time Related Expenseseassumed to be a function of the amount of water that penetrates into
the building and they aréherefore proportional to interior damadde functionis based on
engineering judgment arshould bevalidated usinglaims data, which is almost n@xistent.

Vulnerability Matrices for Low -Rise Buildings
Unweighted Vulnerability Matrices of LB

A de<cription of the process to estimake total vulnerability ofow-rise buildings is displayed in
Figurel7. Given a particular building type, the Mentarlo simulatiorgenerated damage array

that expresses the exterior damage in the envelope is loaded. For a particular wind speed and wind
direction, each componemhysical damage is normalized to a percentage value. For instance, the
number of damagedoors, windows, and sliding doors is divided by the total number of the
corresponding openings; collapsed trusses are divided over the total number of trusses, etc. The
cost of the damage is then assessed.

Interior damage is estimated by (1) simulating amount of windiriven rain that enters through
the breaches and defects in the building envel®)eropagating water from floor to floand
(3) convering to damageo interior and utilities

Replacement cost ratios provithe link between modeled physical damage and the
corresponding monetary losses. They can be defined as the cost of replacing a damaged
component or assembly obailding divided by the cost of constructing a completely new
building of the same typeAn explicit procedure is used to convert physical damage of the
model@& components to monetary damagkee procedure is almost identical to the one already
described for singkéamily residential buildings. The damage ratio (DR) as a function of wind
speed for thexterior, interior, and utilities is calculated by adding the corresponding costs of
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damaged exterior plus damaged interior plus damaged utilities divided over the overall building
cost that is contingent upon the type and size of the building.

Derivation of the probability distribution functions of damage at each wind speed interval is the
final step of the process. For each wind speed interval, the probability of damage given that wind
speed interval (i.e., the cells of the vulnerability matricespisputed as the summation of

specific damage ratios for all wind directions divided by the total number of simulations at that
particular wind speed interval.
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Figurel?. Procedure to create a CR vulnerability matrix.
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Weighted Vulerability Matrices of LB

In the case of LByulnerability matrices were created for every combination of construction type
(masonrytimber, or other)roof shapggable or hip), roof cover (tile or shingbe meta),

shutters (with or withoutpumberof stories (one, two, or three), and gedpon {nland wind-

borne debris region, and high velocity zonédwever, in general, there is little information
available in an insurance portfolio file regarding the structural characteristics and the wind
resigance of the insured propertpstead, insurance companies rely on the figfresistance
classification Portfolio files have information on ZIPdde and year built. The ISO classification

is used to determine if the home is constructed of masonneitimbother. Th&IP Code is used

to define the sulegion. The year built issedto assist in defining whetherailding should be
considered weak, mediyror strong.

From the insurance filesubregion, construction type, and year baile determiad This leaves
theroof shaperoof covernumber of storiesand shutter options undefindetom the exposure
study of 21 Florida countiethe distribution othese parameters can be extrapoldfed each
age groupwe define aveightedmatrix for eacltconstruction type in each swbgion.The
procedure is identical to the one already described for siagigy buildings

AgeWeighted Matrices of LB

The yearbuilt or year of last upgrade of a structuraiportfolio maynot be available when
performing a portfolio analysis to estimate hurricane losses in a certain regiloat case, it
becomes necessary to assume a certain distribution of ages in the relgioelopan average
vulnerabilityby combining weak, mediupand strong. Here again, the procedure is identical to
the one described for singlamily residential buildings.

Mapping of Insurance Policies to Vulnerability Matrices for LB

The mapping of the lowise vulnerability matrices to the insurance poliégieany given portfolio
is also very similar to the process already reported for sfagtdy buildings.

LB ModelsdDistribution in Time

Thelowr i se buil ding model s6 di st r i bfanilybaoildings.n t i me
Vulnerability of Mid-/High-Rise Buildings

MHB openingvulnerabilites

In the case of MHB, a process similar to the one described above is followed to derive exterior
vulnerability and breach curves for different openings of typical apartment Tinése curves are

derived for the cases of open and closed buildings, for corner and middle units, with different

opening protections (with or without impaesistant glass; with or without metal shutters). Each

vulnerability curve for openings of corner or middle apartnogitis (window, door, or slider)
gives the number or fraction of opening damaged as a function of wind dpaetbreach curve
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for openings of corner or middle apartment units (window, door, or slider) gives the breach area
in ft? of opening damaged adunction of wind speed.

MHB building vulnerability

Unlike the singlefamily home loss model in which interior and exterior damage was aggregated
inside the vulnerability module, the aggregation for+high-rise buildings is performed outside
that modile because of the interior damage propagation. The modular approach produces
independent assessments of exterior damage for each unit while also considering the interior
water damage that can spread from unit to unit and trigger damage far from its Ebaretore,
interior damage is treated in two stages: the first stage occurs as a direct result of the exterior
damage, and the second occurs as a consequence of propagation between units. The separate
modeling of exterior and interior damage is also weited to dealing with the insurance issue of
different insurance coverage for apartment and condo buildings.

The process for damage estimation for MHB is presentEdyure 18. For each policy in the
portfolio, the program reads the information on the building (location and number of stories and
units) and assigns a wind speed profile based on its location (i.e., surrounding terrain). The
algorithm @lculates the number of corner and middle units per fle@n@ a) and loads the
corresponding opening vulnerability and breach curvesi(@d B:m). The vulnerability curves,
combined with the wind speed value at every story yWld the number odpenings of each kind
damaged at each story, which are then assigned a replacemenigostT@e result is the cost

of damage to the openings at each story (§P#&hich is then accumulated over all the stories as
the total expected cost of damagehte vpenings (TECDO).

For the interior damage estimation the process is sirkitamthewind profile, the

correspondingvind speed, Wis calculated at each story. For a given story and its corresponding
wind speed, the value of the expected breachfeiagindows, entry door, and sliding door,
BcV-PSand BaV'P'S, are retrieved from the correspondbmgachcurves The breach size of each
component is added to get the total breach size per story. The next step is to estimate the amount
of water thawill enter a particular story with a given breasthe as described in the section
describing the interior damage maoddbte that for the sake of simplification, defects are not
represented in the flow chart.

Increased water penetration through possidé cover damage as well as roof defects or
ventilation ducts coultiapperin the upper floors, which would then trickle down to the lower
stories Thereforean additionalvolume of watepenetration is modeleat the upper story.

A scheme for verticgbropagation of water between floors was implemented. The water content is
then transformed at each story into an interior damage ratio (ID) baskee bitinear relationship
described in Standard-V. The final product of the interior damage assessrsehtiExpected

Interior Damage Ratio (EIDR).

At this point in the process, the algorithm has computed expected damages, both exterior
(TECDO) and interior (EIDR), for the particular building of the policy under stidg EIDR is
then multiplied by the interior insured value expressed as a percentage of the total insured value
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BV, thanks to a coefficient kvhich varies for condos and apartment buildings. The final value is
the total expected damage value (EDV).
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Figure 18. Exterior and interior damage assessment for MHB.
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Contents Vulnerability

Contents include anything in tieiilding that is not attached to the structurethe case of a

condo building only the contents of the common sug& covered by the policy. In the case of an
apartment building, the personal contents of the renters are not covered by the building policy. In
both cases, the contents vulnerability is proportional to the interior vulnerability. The constant of
proportonality is based on engineering judgment asdalidated using claims data.

TimeRelated Expenses

Time-related expenses are coverage for loss of income due to the building damage. The value of a
claim is obviously dependent on the time it takesepmir a damaged building as well as the
surrounding utilities and infrastructure. This coverage applies only to apartment buildings, where
the loss of income is the loss of refiie timerelated expenses are modeled as directly

proportional to the inteor vulnerability.

Appurtenant Structures

For commercial residential structures, appurtestmtturesnightincludea clubhouse or
administration building, which are treated like additional buildikgs other structures such as
pools, etc., the app@mant structures model developed for residential buildings is applicable.

ACTUARIAL COMPONENT

The actuarial component consists of a set of algorithms. The process involves a series of steps:
rigorous check of the input data; selection and use of theargleutput produced by the

meteorology component; selection and use of the appropriate vulnerability matrices for building
structure, contents, appurtenant structure, and additional living expenses; running the actuarial
algorithm to produce expected lessaggregating the losses in a variety of manners to produce a
set of expected annual hurricane wind losses; and producing probable maximum losses for
various return periods. The expected losses can be reported by construction type (e.g., masonry,
frame,manufactured homes), by county or ZIP Code, by policy form (e.g=3H@D-4, etc.), by

rating territory, and combinations thereof.

Expected annual losses are estimated for individual policies in the portfolio. They are estimated
for building structure, appurtenant structure, contents, and ALE on the basis of their exposures
and by using the respective vulnerability matrices or vubil#gacurves for the construction

types. For each policy, losses are estimated for all the hurricanes in the stochastic set by using
appropriate damage matrices and policy exposure data. The losses are then summed over all
hurricanes and divided by timmber of years in the simulation to get the annual expected loss.
These are aggregated at the ZIP Code, county, territory, or portfolio level and then divided by the
respective level of aggregated exposure to get the loss costs. This is a computdiomatiging
method. Each portfolio must be run through the entire stochastic set of hurricanes.

The distribution of losses is driven by both the distribution of damage ratios generated by the
engineering component and by the distribution of wind speedsajed by the meteorology
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component. The meteorology component provides, for eattrigtgrid, the associated

probabilities for a common set of wind speeds. Thus, locations are essentially differentiated by
their probability distribution of wind speedBhe meteorology component uses up to 56,000 year
simulations to generate a stochastic set of storms. The storms are hurricane events at landfall or
when bypassing closely. Each simulated storm has a track and a set of modeled windfields at
successive timmtervals. The windfields generate the an@mute maximum sustained wind

speeds for the storm at various locationsl@ag grid) along its track. These en@nute

maximum sustained winds are then converted to tbeeend peak gust winds and corrected fo
terrain roughness by using the gust wind model and the terrain roughness model.

For each latong grid, an accounting is then made of all the simulated storms that pass through it.
On the basis of the number of palssough storms and their peak wispleeds, a distribution of

the wind speed is then generated for the grid. On the basis of this distribution, probabilities are
generated for eachrph interval of wind speeds, starting at 20 mph. Thesg’ bins constitute

the column headings of the dansagatrices generated by the engineering component.

The engineering group has produced vulnerability matrices for personal residential buildings and
vulnerability curves for commercial residential buildings.

Vulnerability matrices are provided for pensd residential building structure, contents,

appurtenant structures and additional living expenses for a variety of residential construction
types and for different policy types. The construction types are masonry, frame, mobile home, and
other. The vulnebility matrices are also developed for weak, medium, and strong construction as
proxy by year built.

Within each broad construction category, the vulnerability matrices are specific to the roof types
and number of stories, etc. Since the policy dataadgrovide this level of specificity, weighted
matrices are used instead, where the weights are the proportion of different roof types in given
region as determined by a survey of the building blocks and exposure data. The vulnerability
matrices are usegk input in the actuarial model.

The starting point for the computations of personal residential losses is the vulnerability matrix
with its set of damage intervals and associated probabilities. Appropriate vulnerability matrices
are applied separatelgrfbuilding structure, content, appurtenant structure, and ALE. Once the
matrix is selected, for a given wind speed, for each of the midpoint of the damage intervals, the
ground up loss is computed, the appropriate deductibles and limits are applidd Esd nhet of
deductible is calculated. More specifically, for each damage outcome the damage ratio is
multiplied by insured value to get dollar damages, the deductible is deducted, and net of
deductible loss is estimated. Percentage deductibles arertmhinto dollar amounts. Both the
replacement cost and actual cash value are generally assumed to equal the coverage limit.
Furthermore,fithere are multiple hurricanes in a year in the stochastic set, the wind deductibles
are applied to the first huoane, and any remaining amount is then applied to the second
hurricane. If none remains then the general peril deductible can be applied.

The net of deductible loss is multiplied by the probability in the corresponding cell to get the
expected loss for thgiven damage ratio. The results are then averaged across the possible
damages for the given wind speed. Next, the wind probability weighted loss is calculated to
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produce the expected loss for the property. The expected losses are then adjusted by the
appopriate expected demand surge factor.

In the case of lowise commercial residential structures, the expected damage ratios (EDR) are
derived from the vulnerability curves for the maximum wind in the given storms. The EDRs are
multiplied by the respeaté coverage limits to produce the expected ground up building damage
value (ED\P), and expected ground up content damage value fE@Ythe storm. The

deductible is then applied to these damage values onratarbasis to generate the net of
deductibleexpected losses. The process is repeated across all the storms in the stochastic set to
produce the average loss for the policy. The expected losses are then adjusted by the appropriate
expected demand surge factor.

In the case of midhigh rise commerclaesidential buildings, the vulnerability component

produces, for a given storm (or given vertical maximum wind profile) and across all the floors in
the building, the total expected cost of damage to the openings (TECDO) and the expected
interior damageatio (EIDR). The EIDR is then multiplied by the fraction of the coverage limit
corresponding to the value of the interior and added to the TECDO to produce the expected
building damage value (EDY. The expected content damage value (EDY produced by

multiplying a fraction of the EIDR by the content coverage limit. The deductible is then applied
ona prarata basis to generate the expected loss for the storms. The process is repeated across all
storms to produce the average loss for the policy. Theoteg losses are then adjusted by the
appropriate expected demand surge factor.

For commercial residential policies, if there are multiple risks (multiple structures) within the
policy, the default is to apply the deductible at the risk level. The pge deductible is applied
to each risk based on their individual limit. If information is so available, then deductible is
applied at the policy level.

The demand surge factors are estimated by a separate model and applied appropriately to each
hurricare in the stochastic set. The surge factors for structures are a function of the size of
statewide storm losses and are produced separately for the different regions in Florida. The surge
factors for content and ALE are functionally related to the surderféar structure. To estimate

the impact of demand surge on the settlement cost of structural claims following a hurricane, data
from 1992 to 2007 on a quarterly construction cost index producktalshall & Swift/Boeckh

are usedThe approach to estiniag structural demand surge was to examine the index for

specific regions impacted by one or more hurricanes since 1992. From the history of the index
we projected what the index would have been in the period following the storm had no storm
occurred. Anygap between the predicted and actual index was assumed to be due to demand
surge. In total ten stofimegion combinations are examined. From these ten observations of
structural demand surge the functional relationship is generalized.

After the losses are adjusted for demand surge, they are summed across all structures of the type
in the grid and also across the grids to get expected aggregate portfolio loss. The model can
process any combination of policy type, construction type, dibliess, coverage limits, etc. The

model output reports include separate loss estimates for structure, content, appurtenant structure,
and ALE. These losses are also reported by construction type (e.g., masonry, frame,
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manufactured homes), by county or ZBde, by policy form (e.g., H3, HO-4, etc.), by rating
territory, and combinations thereof.

Another function of the actuarial algorithms is to produce estimates of the probable maximum

loss for various return periods. The PML is producedpamrametically using order statistics of

simulated annual losses. Suppose the model produces N years of simulated annual losses. The
annual |l osses L are ordered in increasing ord
period of Y years, let p =1/Y. The corresponding PML for the return period Y is the pth

guantile of the ordered losses. Let k = (N)*p. If k is an integer, then the estimate of the PML is the
kth order statistic, L(k), of the simulated losses. If k is not an integer, then let k* =alestm

integer greater than k, and the estimate of the pth quantile is given by L(k*).

COMPUTER SYSTEM ARCHITECTURE

The FPHLM is a largscale system that is designed to store, retrieve, and process a large amount
of historical and simulated hurricane data. In addition, intensive computation is supported for
hurricane damage assessment and insured loss projection.hieveasystem robustness and
flexibility, a threetier architecture is adopted and deployed in our system. It aims to solve a number
of recurring design and development problems and make the application development work easier
and more efficient. The commrtsystem architecture consists of three layers: the user interface
layer, the application logic layer, and the database layer.

The interface layer offers the user a friendly and convenient user interface to communicate with the
system. To offer greateonvenience to the users, the system is prototyped on the web so that the
users can access the system with existinghvelwser software.

The application logic layer activates model logic based on the functionality presented to the user,
processes data, @rcontrols the information flow. This is the middle tier in the computer system
architecture. It aims to bridge the gap between the user interface and the underlying database and
to hide technical details from the users.

The database layer is responsiioledata modeling to store, index, manage, and model

information for the application. Data needed by the application logic layer are retrieved from the
database, and the computational results produced by the application logic layer are stored back to
the chtabase

Software, Hardware, and Program Structure

The system is primarily a wetased application that is hosted on a Tomcat web application server.
The backend server environment is Linux and the server side scripts are written in Java Server
Pages (JB) and JavaBeans. Backend probabilistic calculations are coded in C++ using the IMSL
library and called through Java Native Interface (JNI). The system uses a PostgreSQL database that
runs on a Linux server. Server side software requirements are the iid&ly ICNL 5.0, JDBC 3,
JNI'1.3.1, and JDK 1.5.

The enduser workstation requirements are minimal. The recommended web browsers are Internet
Explorer 8.0 running on Windows XP or Internet Explorer 9.0 running on Windows 7. However,
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other modern web browssesuch as Mozilla Firefox running on either Windows or Linux should

al so deliver opti mal user experience. Typical
given web browser and operating system combination is sufficient for an optimal opefahien
application

Translation from Model Structure to Program Structure

TheFPHLM uses a componebtased approach in converting from model to program structure.
The model is divided into the following components or modules: Storm Forecast Module, Wind
Field Module, Damage Estimation Module, and Loss Estimation Module. Each of these modules
fulfills its individual functionality and communicates with other modules via-defined

interfaces. The architecture and program flow of each module are defingedorresponding use
case document following software engineering specifications. Each model element is translated
into subroutines, functions, or class methods on a@oee basis. Changes to the models are
strictly reflected in the software cade

3. Providea flowchart that illustrates interactions among major model components.
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Figurel9. Flow diagram of the computer model.
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4, Providea comprehensive list of complete references pertinent to rifedel by standard
grouping, using professional citation standards.

References
Meteorology Standards

Anctil, F., & Donelan, M. (1996). Airwater Momentum Flux Observations over Shoaling
waves.Journal of Physical Oceanography,(Z§, 13441353.

Arya, S. P. (1988)ntroduction to Micrometeorologycademic Press.

ASTM. (1996). D574496, Standard practice for characterizing surface wind using a wind vane
and rotating anemometer. Annual Book of ASTM Standar@lol. 11.07). American
Society for Testing of Materials.

Axe, L. M. (2004) Hurricane surface wind model for risk assessmil8.Thesis, Florida State
University, Department of Meteorology.

Batts, M. E., Cordes, M. R., Russell, L. R., & Simiu, E. (19Bljricane wind speeds in the
United StatesNational Burea of Standards Building Sciences Series 124. Washington,
D.C.: US Government Printing Office.

Bosart, L., Velden, C. S., Bracken, W. E., Molinari, J., & Black, P. G. (2000). Environmental
influences on the rapid intensification of Hurricane Opal (1995) theeGulf of Mexico.
Montly Weather Review, 12822352.

Bove, M. c. , El sner, J. B. , Landsea, c. WwW., N
U.S. land falling hurricanes, revisitd8ulletin of the American Meteorological Society,
79, 2477 2482.

Darling, R. W. (1991). Estimating probabilities of hurricane wind speeds using a large scale
empirical modelJournal of Climate, 410351046.

DeMaria, M., & Kaplan, J. (1995). Sea surface temperature and the maximum intensity of
Atlantic tropical cyclonesJournal of Climate, 713241334,

DeMaria, M., Mainelli, M., Shay, L. K., Knaff, J. A., & Kaplan, J. (2005). Further improvements
to the statistical hurricane intensity prediction scheieather and Forecasting, 2631
543.

DeMaria, M., Panington, J., & Williams, K. (2002Pescription of the Extended Best track file
(EBTRKL1.4) version 1.Retrieved 2002, from ftp://ftp.cira.colostate.edu/demaria/ebtrk/

FPHLM V6.2 March 15, 201%:00 PM
71



Demuth, J., DeMaria, M., & Knaff, J. A. (2006). Improvement of advanced microwavdesoun
unit tropical cyclone intensity and size estimation algorithlnarnal of Appliced
Meteorology, 4515731581.

Dingle, A. N., & Lee, Y. (1972, August). Terminal Fall Speeds of Raindipsgnal of Applied
Meteorology, 11877- 879.

Donelan, M. A., Fws, B. K., Reul, N., Plant, W. J., Stiassnie, M., Graber, H. C., et al. (2004). On
the limiting aerodynamic roughness of the ocean in very strong Wastghysical
Research Letters, 818), L18306.

Dunion, J. P., & Powell, M. D. (2004 reconstructioro f Hur ri cane Bet syads
Final Report to Army Corps of Engineers, New Orleans District.

Dunion, J. P., Landsea, C. W., & Houston, S. H. (2003).-&naysis of the surface winds for
Hurricane Donna of 196®lonthly Weather Review, 1319922011.

Emanuel, K. A. (1987). The Dependence of Hurricane Intensity on Cliatere, 326483
485.

Evans, J. L. (1993). Sensitivity of tropical cyclone intensity to sea surface tempefaturel of
Climate, 6 11331140.

Franklin, J. L., Black, M. L,.& Valde, K. (2003). GPS dropwindsonde wind profiles in hurricanes
and their operational implication®/eather and Forecasting, 182 44,

Goldenberg, S. B., Landsea, C. W., Medtagiez, A. M., & Gray, W. M. (2001). The Recent
Increase in Atlantic Hurcane Activity: Causes and Implicatior&cience, 293474479.

Ho, F. P., Su, J. C., Hanevich, K. L., Smith, R. J., & Richards, F. P. (198if)cane
Climatology for the Atlantic and Gulf Coasts of the United St&&\A Technical
Report NWS 38. Marylah Silver Spring.

Hock, T. R., & Franklin, J. L. (1999). The NCAR GPS drop windsoBdéetin of the American
Meteorological Society, 8@07 420.

Holland, G. J. (1980). An analytic model of the wind and pressure profiles in hurribéoesly
Weather Reiew, 108 12121218.

Homer, C., Huang, C., Yang, L., Wylie , B., & Coan, M. (2004, July). Development of a 2001
National Landcover Database for the United Std&béstogrammetric Engineering and
Remote Sensing, (0, 829840.

Houston, S. H., & Powell, MD. (2003). Reconstruction of Significant Hurricanes affecting
Florida Bay: The Great 1935 Hurricane and Hurricane Donna (196&®nal of Coastal
Research, 19503513.

FPHLM V6.2 March 15, 2013:00 PM
72

(!



Jarvinen, B. R., Neumann, C. J., & Davis, M. A. (19&4)topical cyclone data tapier the
North Atlantic basin, 1888963: Contents, Limitations, and Us&EDAA Technical
Memo NWS NHC22, National Hurricane Center.

Jin, S., Yang, L., Danielson, P., Homer, C., Fry, J., and Xian, G. 2013. A comprehensive change
detection method for updati the National Land Cover Database to circa 2BEmote
Sensing of Environmertt32: 159 175.

Kanamitsu, M., Ebisuzaki, W., Woollen, J., YangKS, Hnilo, J. J., Fiorino, M., et al. (2002).
NCERDEO AMIP-II Reanalysis (R2). Bulletin of the AmericaMeteorological Society,
83, 16311643.

Kaplan, J., & DeMaria, M. (1995). A simple empirical model for predicting the decay of tropical
cyclone winds after landfallournal of Applied Meteorology, 324992512,

Kurihara, Y. M., Bender, M. A., Tuleya, E., & Ross, R. J. (1995). Improvements in the GFDL
hurricane prediction systerilonthly Weather Review, 1237912801.

Landsea, C. W. (2004). The Atlantic hurricane databasaabysis projectdocumentation for
18501910 alterations and additions to the HURDAT database. In R. Murnane, & K. Liu,
Hurricanes and Typhoons: Past, Present, and Fufppe 178221). Columbia Uiversity
Press.

Landsea, C. W., Pielke Jr, R. A., Meshhgfiez, A. M., & Knaff, J. A. (1999). Atlantic basin
hurricanes: Indices of climatic chang€dimatic Change, 4289-129.

Large, W. G., & Pond, S. (1981). Open ocean momentum flux measurementseiratadd
strong windsJournal of Physical Oceanography,,1324336.

Lonfat, M., Marks, F. D., & Chen, S. S. (2004). Precipitation Distribution in Tropical Cyclones
Using the Tropical Measuring Mission (TRMM) Imager: A Global Perspedthamthly
WeathermReview, 13216451660.

Lonfat, M., Rogers, R., Marchok, T., & Marks, F. D. (2007). A Parametric Model for Predicting
Hurricane RainfallMonthly Weather Review, 1350863097.

Marks, F. D., Atlas, D., & Willis, P. T. (1993). Probabiltyatched Reflectity-Rainfall relations
for a Hurricane from Aircraft Observationkurnal of Applied Meteorology, 32134
1141.

Masters, F. J. (2004Measurement, modeling and simulation of grodewel tropical cyclone
winds.PhD Dissertation, University of Florida.

Merrill, R. T. (1988). Environmental Influences on Hurricane Intensificafioarnal of the
Atmospheric Sciences, 4B6781687.

FPHLM V6.2 March 15, 2013:00 PM
73



Miller, B. 1. (1964). A study on the filling of Hurricane Donna (1960) over |&honthly Weather
Review, 92383406.

Moss, M. S., & Rosenthal, S. L. (1975). On the estimation of planetary boundary layer variables
in mature hurricaneddonthly Weather Review, 10841-849.

Neumann, C. J., Jarvinen, B. R., McAdie, C. J., & Hammer, G. R. (1988)ical Cyclones of
the Noth Atlantic Ocean, 187#1998.National Oceanic and Atmospheric Administration.

Ooyama, K. V. (1969). Numerical simulation of the life cycle of tropical cyclalmsgnal of the
Atmospheric Sciences, ,2840.

Paulsen, B. M., Schroeder, J. L., Conder, M.&RHoward, J. R. (2003). Further examination of
hurricane gust factord&1th International Conference on Wind Engineerifpp. 2005
2012). Lubbock, Texas.

Pennington, J., DeMaria, M., & Williams, K. (200@evelopment of a X@ear Atlantic basin
tropical cyclone wind structure climatologRRetrieved from
www.bbsr.edu/rpi/research/demaria/demaria4.html

Peterson, E. W. (1969). Modification of mean flow and turbulent energy by a change in surface
roughness under conditions of neutral stabi@uarterly Jaurnal of the Royal
Meteorological Society, 9%561-575.

Powell, M. D. (1980). Evaluations of diagnostic marine boundary layer models applied to
hurricanesMonthly Weather Review, 10857-766.

Powell, M. D. (1982). The transition of the Hurricane Fredeoigndary layer wind field from the
open Gulf of Mexico to landfalMonthly Weather Review, 1109121932.

Powell, M. D. (1987). Changes in the lé@wvel kinematic and thermodynamic structure of
Hurricane Alicia (1983) at landfalMonthly Weather Review151), 7599.

Powell, M. D., & Aberson, S. D. (2001). Accuracy of United States tropical cyclone landfall
forecasts in the Atlantic basin 192600.Bulletin of the American Meteorological
Society, 8227492767.

Powell, M. D., & Houston, S. H. (199&)iurricane Andrew's Landfall in South Florida. Part Il
Surface Wind Fields and Potential Réale ApplicationsWeather and Forecasting, 11
329-349.

Powell, M. D., & Houston, S. H. (1998). Surface wind fields of 1995 Hurricanes Erin, Opal, Luis,
Marilyn, and Roxanne at landfaMonthly Weather Review, 1262591273.

Powell, M. D., & Reinhold, T. A. (2007). Tropical cyclone destructive potential by integrated
kinetic energyBulletin of the American Meteorological Society, B83526.

FPHLM V6.2 March 15, 201%:00 PM
74



Powell, M. D., Bownan, D., Gilhousen, D., Murillo, S., Carrasco, N., & St. Fleur, R. (2004).
Tropical Cyclone Winds at Landfall: The ASE&ESVIAN Wind Exposure Documentation
Project.Bulletin of the American Meteorological Society, 885851.

Powell, M. D., Dodge, P. P., &l8ck, M. L. (1991). The landfall of Hurricane Hugo in the
CarolinasWeather and Forecasting, 879399.

Powell, M. D., Houston, S. H., & Ares, |. (1995). Réale Damage Assessment in Hurricanes.
21st AMS Conference on Hurricanes and Tropical Meteoolgap. 500502). Miami,
Florida.

Powell, M. D., Houston, S. H., & Reinhold, T. (1996). Hurricane Andrew's landfall in south
Florida. Part I. Standardizing measurements for documentation of surface wind fields.
Weather and Forecasting, 1304328.

Powell,M. D., Houston, S. H., Amat, L. R., & Morisseaaroy, N. (1998). The HRD redime
hurricane wind analysis systeduournal of Wind Engineering and Industrial
Aerodynamics, 77 & 7&364.

Powell, M. D., Murillo, S., Dodge, P., Uhlhorn, E., Gamache, J., Cardone, V., et al. (2010).
Reconstruction of Hurricane Katrinabés wind
Ocean Engineering, 326-36.

Powell, M. D., Reinhold, T. A., & Marshall,.B®. (1999). GPS sonde insights on boundary layer
wind structure in hurricanes. In A. Larsen, G. L. Larose, F. M. Livesey, M. D. Powell, T.
A. Reinhold, & R. D. Marshall (Eds.Wind Engineering into the 21st Century.
Rotterdam: A.A. Balkema.

Powell, M. D, Soukup, G., Cocke, S., Gulati, S., Morisseawoy, N., Hamid, S., et al. (2005).
State of Florida Hurricane Loss Projection Model: Atmospheric Science Component.
Journal of Wind Engineering and Industrial Aerodynamics,653-674.

Powell, M. D., Uhlhorn, E., & Kepert, J. (2009). Estimating maximum surface winds from
hurricane reconnaissance aircréffteather and Forecasting, 2868883.

Powell, M. D., Vickery, P. J., & Reinhold, T. (2003). Reduced drag coefficient for high wind
speeds in tropical cyclonedature, 4222793283.

Reinhold, T., & Gurley, K. (2003). Retrieved from Florida Coastal Monitoring Program:
http://www.ce.ufl.edu/~fcmp

Reynolds, R. W., Rayner, N. A., Smith, T. M., Stokes, D. C., & Wang, W. (2002). An improved
in situ and satellite SST analysis for climateurnal of Climate, 1516091625.

FPHLM V6.2 March 15, 201%:00 PM
75



Rotunno, R., & Emanuel, K. A. (1987). An-@ea interaction theory for tropical cyclones, Part II:
Evolutionary study using a nonhydrostatic axisymmetric numerical maaighal of the
Atmospheric Sciences, 4842561.

Russell, L. R. (1971). Probability distributions for hurricane effddsrnal of the Waterways,
Harbors and Coastal Engineering Division,,939154.

Schmidt, H. P., & Oke, T. R. (1990). A model to estintatesource area contributing to turbulent
exchange in the surface layer over patchy ter@irarterly Journal of the Royal
Meteorological Society, 11865988.

Shapiro, L. (1983). The asymmetric boundary layer flow under a translating hurdoanal of
the Atmospheric Sciences,, 49841998.

Shay, L. K., Goni, G. j., & Black, P. G. (2000). Effects of a warm oceanic feature on Hurricane
Opal.Monthly Weather Review, 18, 13661383.

Simiu, E., & Scanlan, R. H. (1996)ind effects on structures: Rdamentals and applications to
design.New York: John Wiley and Sons.

Simpson, R. H. (1974). The hurricane disapigtential scaleWeatherwise, 27p. 169186.

Smith, E. (1999). Atlantic and East Coast Hurricanes 11980A Frequency and Intensity Study
for the Twentyfirst Century.Bulletin of the American Meteorological Society(118,
2717-2720.

Thompson, E. F., & Cardone, V. J. (1996). Practical modeling of hurricane surface wind fields.
Journal of Waterway, Port, Coastal, and Ocean Engineering, 122205.

Tuleya, R. E., Bender, M. A., & Kurihara, Y. (1984). A simulation study of the landfall of
tropical cyclones using a movable nesteelsh modelMonthly Weather Review, 1,12
124-136.

Uhlhorn, EW., & Black, P. G. (2003). Verification of remotetgnsed sea surface winds in
hurricanesJournal of Atmospheric and Oceanic Technology, 9201 16.

Uhlhorn, E. W., Black, P. G., Franklin, J. L., Goodberlet, M., Carswell, J., & Goldstein, A. S.
(2006). Hurricane surface wind measurements from an opasbtitepped frequency
microwave radiometeMonthly Weather Review, 1350703085.

Vickery, P. J. (2005). Simple empirical models for estimating the increase in the central pressure
of tropical cyclones after landfall along the coastline of the Unite@S#murnal of
Applied Meteorology, 4418071826.

Vickery, P. J., & Skerlj, P. F. (2000). Elimination of exposure D along the hurricane coastline in
ASCE 7.Journal of Structural Engineering, 12645549.

FPHLM V6.2 March 15, 2013:00 PM
76



Vickery, P. J., & Skerlj, P. F. (2005). Hurrieagust factors revisitedournal of Structural
Engineering, 131825832.

Vickery, P. J., & Twisdale, L. A. (1995). Wind field and filling models for hurricane wind speed
predictionsJournal of Structural Engineering, 1217061709.

Vickery, P. J., Skerlj, P. F., & Twisdale, L. A. (2000a). Simulation of hurricane risk in the United
States using an empirical storm track modeling technibpuenal of Structural
Engineering, 12612221237.

Vickery, P. J., Skerlj, P. F., Steckley, A, @& Twisdale, L. A. (2000b). A hurricane wind field
model for use in simulationdournal of Structural Engineering, 1262031222.

Vickery, P. J., Wadhera, D., Powell, M. D.,Ghen, Y. (2009). A hurricane boundary layer and
wind field model for use in engineering applicatiohsurnal of Applied Meteorology and
Climatology, 48381-405.

Vogelmann, J. E., Howard, S. M., Yang, L., Larson, C. R., Wylie, B. K., & Van Driel, N1j200
Completion of the 1990s National Land Cover Data Set for the Conterminous United
States from Landsat Thematic Mapper Data and Ancillary Data So®toetmgrammetric
Engineering and Remote Sensing, 650652.

Vukovich, F. M. (2005)Climatology of oean features in the Gulf of Mexico: Final Rep@CS
Study MMS 2005031. U.S. Department of the Interior.

Wada, A., & Usui, N. (2007). Importance of tropical cyclone intensity and intensification in the
Western North Pacificlournal of Physical Oceanogpay, 63 427-447.

Walsh, E. J., Wright, C. W., Vandemark, D., Krabill, W. B., Garcia, A. W., Houston, S. H., et al.
(2002). Hurricane directional wave spectrum spatial variation at landtfalinal of
Physical Oceanography, 326671684.

Willis, P. T., & Tattelman, P. (1989). Dre@ize Distributions Associated with Intense Rainfall.
Journal of Applied Meteorology, 28-15.

Willoughby, H. E. (1998). Tropical cyclone eye thermodynandsnthly Weather Review, 126
30533067.

Willoughby, H. E., & Rahn, ME. (2004). Parametric Representation of the Primary Hurricane
Vortex. Part I: Observations and Evaluation of the Holland (1980) Mbtteithly
Weather Review, 1330333048.

Willoughby, H. E., & Shoreibah, M. D. (1982). Concentric eyewalls, secondarymax@na,
and the evolution of the hurricane vortdrurnal of the Atmospheric Sciences, 395
411.

FPHLM V6.2 March 15, 201%:00 PM
7



Xue, M., Droegemeier, K. K., & Wong, V. (2000). The Advanced Regional Prediction System
(ARPS)- A Multiscale Nonhydrostatic Atmospheric Simulation andd?fection Model.
Meteorology and Atmospheric Physics, I61:193.

Vulnerability Standards

ACI, ASCE, & TMS. (2008)Building Code Requirements for Masonry Structures (AC} 530
08/ASCE 58/TMS 40208). American Concrete Institute, American Society of Civil
Engineers, The Masonry Society.

Allen, E. (1999) Fundamentals of Building Constructions: Materials and Meth{8dd ed.).
Wiley.

American Wood Council. (1997Allowable Stress Design (ASD) Manual Engineered Wood
Construction.

Amirkhanian, S., Sparks, P. R., Watford, S. (1994). Statistical analysis of wind damage to single
family dwellings due to Hurricane Hug8tructures Congres$0421047.

Ang, A., Tang, W. (1975Probability Concepts in Engeering Planning and Desigdohn
Wiley & Sons.

Aponte, L., Gurley, K., Prevatt, D., Reinhold, T. A. (2007). Uncertainties in the measurement and
analysis of fullscale hurricane wind pressures on-ase structuresl2th International
Conference on WinEngineering.

Artiles, A. (2006).Florida Public Hurricane Loss Projection Model: Calibration and Validation
of Vulnerability Matrices with 2004 Hurricane Season Claim DM&. Thesis, Florida
Institute of Technology, Department of Civil Engineering.

ASCE.(2010).Minimum Design Loads for Buildings and Other Structures (ASC&).7
American Society of Civil Engineers.

ASHRAE. (2001) ASHRAE Handbook Fundamentalfie American Society of Heating,
Refrigerating and AiConditioning.

Axe, L. M. (2004) Hurricane surface wind model for risk assessmigl8.Thesis, Florida State
University, Department of Meteorology.

FPHLM V6.2 March 15, 2013:00 PM
78



Ayed, S.B., ApontdBermudez, L.D., Hajj, M.R., Tieleman, H.W., Gurley, K.R., Reinhold, T.A.
(2011).Analysis of hurricane wind loads on lemge structuresEngineering Structures,
33(12): 35903596.

BaheruT., Chowdhury A.G., Pinelli J.P. (2014&stimation of WindDriven Rain Intrusion
through Building Envelope Defects and Breaches during Tropical CyclaB€E Natural
Hazard Review10.1061/(ASCE)NH.1526996.0000158

BaheruT., Chowdhury A.G., Pinelli J.R BitsuamlakG. (2014b)Distribution of WindDriven Rain
Deposition on LowRise Buildings: Direct Impinging Raindrops versus Surface Runoff
Acceptedfor publicationJournal of Wi Engineering & Industrial Aerodynamics

Balderrama, J.A., Masters, F.J., Gurley, K.R. (20P2grk factor estimation in hurricane surface
winds, Journal of Wind Engineering and Industrial Aerodynamid2 1-13.

Baker, C.J. (2007). The debris flight etjoas.Journal of Wind Engineering and Industrial
Aerodynamics95, 329353.

Barnes, W. C., Mitrani, J. D., Dye, J. M. (199Rjoblems in Building Code Enforceméntocal
Amendments to Model Codetniformity of Enforcement and Certification of Personne
Florida International University, Department of Construction Management, Miami.

Baskaran, A., Dutt, O. (1995). Evaluation of roof fasteners under dynamic loathing.
International Conference on Wind Engineering.

Baskaran, A., Ham, H., Lei, W. (2006). New Design Procedure for Wind Uplift Resistance of
Architectural Metal Roofing System3ournal of Architectural Engineering, (@, 168
177.

Baskaran, A., Peterka, J. A., Cermak, J. E., Cochran, L. S., CochranH&s0Bya, N., et al.
(1999). Wind Uplift Model for Asphalt Shingledournal of Architectural Engineering,
5(2), 67-69.

Berke, P., Larsen, T., Ruch, C. (1984). Computer system for hurricane hazard assessment.
Computers, Environment and Urban Syster(#), 259-269.

Beste, F., Cermak, J. E. (1997). Correlation of internal andeaseraged external wind pressures
on lowrise buildingsJournal of Wind Engineering and Industrial Aerodynamicsy®9
557-566.

Bhinderwala, S. (1995)nsurance loss analysis single family dwellings damaged in Hurricane
Andrew.MS Thesis, Clemson University, Department of Civil Engineering.

Bitsuamlak, G. (2008 Assessment of Roof Secondary Water BarriResearch Report, Florida
International University, International Hurane Research Center.

Blair, J. A. (2009)Florida Building Commission Milestondslorida State University, FCRC
Consensus Center, Tallahassee.

FPHLM V6.2 March 15, 2013:00 PM
79



Blocken, B., Carmeliet, J. (2006). On the validity of the cosine projection indviadn rain
calculations orbuildings.Building and Environment, 41.1821189.

Blocken, B., Carmeliet, J. (2007). On the errors associated with the use of hourly data in wind
driven rain calculations on building facad@smospheric Environment, 423352343.

Blocken, B., Carmeligetl. (2010). Overview of three staiéthe-art wind-driven rain assessment
models and comparison based on model thd&wiyding and Environment, 4591703.

Boswell, M. R., Deyle, R. E., Smith, R. A., Baker, E. J. (1999). Quantitative method for
estimaing probable public costs of hurrican&svironmental Management, &3, 359
372.

Canfield, L., Niu, S., Liu, H. (1991). Uplift resistance of various raftell connectionsForest
Products Journal, 4(7-8), 27-34.

Cardona, O. D. (2004). The Need for Reking the Concepts of Vulnerability and Risk from a
Holistic Perspective: A Necessary Review and Criticism for Effective Risk Management.
In G. Bankoff, G. Frerks, & D. Hilhorst (EdsMapping Vulnerability: Disasters,
Development and Peopleondon: Eathscan.

Chandler, A., Jones, E., Patel, M. (2001). Property loss estimation for wind and earthquake perils.
Risk Analysis, 2R), 235249.

Conner, H., Gromala, D., Burgess, D. (1987). Roof Connections in Houses: Key to Wind
Resistancelournal of Structual Engineering, 11@.2), 24592474,

Cope, A. (2004)Predicting the vulnerability of typical residential buildings to hurricane
damagePhD Dissertation, University of Florida, Department of Civil Engineering.

Cope, A., Gurley, K. (2001). Spatial charaigics of pressure coefficients on low rise gable roof
structuresAmer i cads Conference on Wind Engineeri

Cope, A., Gurley, K., Filliben, J., Simiu, E., Pinelli, J. P., Subramanian, C., et al. (2003a). A
hurricane damage prediction model for residéstiaictures9th International Conference
on Applications of Statistics and Probability in Civil Engineering.

Cope, A., Gurley, K., Gioffre, M., Reinhold, T. A. (2005). Laise gable roof wind loads:
characterization and stochastic simulatidsurnalof Wind Engineering and Industrial
Aerodynamics, 99), 719738.

Cope, A., Gurley, K., Pinelli, J. P., Hamid, S. (2003b). A simulation model for wind damage
predictions in Flada. 11th International Conference on Wind Engineering.

FPHLM V6.2 March 15, 201%:00 PM
80



Cope, A., Gurley, K., Pinelli, J. P., Murphree, J., Subramanian, C., Gulati, S., et al. (2004). A
Probabilistic Model of Damage to Residential Structures from Hurricane WAS{E
joint specialty caference on probabilistic mechanics and structural reliability.

Cox, B. (1962, November 12). Building Congress to Be§inPetersburg Times

Crandell, J. H. (1998). Statistical assessment of construction characteristics and performance of
homes in Hurganes Andrew and Opalournal of Wind Engineering and Industrial
Aerodynamics, 778, 695701.

Crandell, J. H., Kochkin, V. (2005). Scientific Damage Assessment Methodology and Practical
Applications.Structures Congress.

Crandell, J. H., Gibson, M. T. dlatsch, E. M., Nowak, M. S., vanOvereem, A. J. (1993).
StatisticallyBased Evaluation of Homes Damaged by Hurricanes Andrew and Iniki. In R.
A. Cook, & M. Soltani (Ed.)Hurricanes of 199519528 American Society of Civil
Engineers.

Croft, P., Dregger, PHardyPierce, H., Moody, R., Olson, R., Robertson, R., et al. (2006).
Hurricanes Charley and lvan Investigation RepitDonough: Roofing Industry
Committee on Weather Issues, Inc.

Cunningham, T. P. (1993Roof sheathing fastening schedules for wiptift. APA Report T92
28. American Plywood Association.

Dao, T. N., van de Lindt, J. W. (2010). Methodology for Wibiiven Rainwater Intrusion
Fragilities for LightFrame Wood Roof Systemi¥ournal of Structural Engineering,
136(6), 706706.

DASMA. (2002. DASMA Garage Door and Commercial Door Wind Load Guide, Technical
Data Sheet No. 155bDb. Door & Access Systems

Datin, P.L. (2010).Structural Load Paths in LoWise, Wood-ramed Structured?hD Dissertation,
University of Florida, Department of Civdnd CoastaEngineering.

Datin, P. L., Liu, Z., Prevatt, D. O., Masters, F. J., Gurley, K., Reinhold, T. A. (2006). Wind
Loads on Singld-amily Dwellings in Suburban Terrain: Comparing Field Data and Wind
Tunnel Simuléion. ASCE Structures Congress

Datin, P.L., Prevatt, D.O., Pang W. (2011). Windift capacity of residential wood roof
sheathing panels retrofitted with insulating foam adhedmarnal of Architectural
Engineering 17(4), 144154.

Dawe, J. L., Aridru, G. G. (1993). Prestressed concrete masonry walls subjected to unform out
of-plane loadingCanadian Journal of Civil Engineering, 2069979.

FPHLM V6.2 Novembetf, 20165:00 PM
81



Devlin, P. A. (1996). Wind resistance of roof coveringdN&tural Hazard Mitigation Insights.
Insurance Institute for Property Loss Reduction.

Dingle, A. N., Lee, Y. (1972). Terminal Fall Speeds of Raindrdpgrnal of Applied
Meteorology, 11877879.

Dixon, C.R., Masters, F.J., Prevatt, D.O., Gurley, K.R. (20AR)Historical Perspective on the
Wind Resistance of Asphalt Shinglésterface Journal of the RCMay/June.

Dyrbye, C., Hansen, S. O. (199Wind Loads on Structure€hichester: John Wile& Sons.

Drysdale, R. G., Hamid, A. (2008Ylasonry StructuresBehavior and Design 2nd EditioBoulder,
Colorado: The Masonry Society.

Ellingwood, B., Rosowsky, D., Li, Y., Kim, J. (2004). Fragility assessment offighte wood
construction subjected wind and earthquake hazardsurnal of Structural Engineering,
13Q(12), 19211930.

ENR. (2009) Square Foot Costbookngineering News Record.

FEMA. (1992).Building performance: Hurricane Andrew in Florida observations,
recommendations, and technicplidance FEMA Report FIA22. Washington, D.C.:
Federal Emergency Management Agency.

FEMA. (2003).Multi-hazard Loss Estimation Methodology, Hurricane Model, HAZUS®MH
Technical ManualWashington, D.C.: Federal Emergency Management Agency.

FEMA. (2006a)Ho me Bui |l der 6s Gui de to Coastal Constr
Nos. £31. Washington, D.C.: Federal Emergency Management Agency.

FEMA. (2005b).Hurricane Charley in Florida: Observations, Recommendations and Technical
Guidance FEMA Report FEMA488. Washington, D.C.: Federal Emergency
Management Agency.

FEMA. (2005c) Hurricane Ivan in Alabama and Florida: Observations, Recommendations and
Technical Guidance=EMA Report FEMA489. Washington, D.C.: Federal Emergency
Management Agency.

FEMA. (2005d)Hur ri canesd6 i mpact on FI| orWashmgon, Bui | di
D.C.: Federal Emergency Management Agency.

FEMA. (2006).Hurricane Katrina in the Gulf Coast: Observations, Recommendations and
Technical Guidancd=EMA Report FEMA549.Washington, D.C.: Federal Emergency
Management Agency.

FEMA. (2007).Multi-hazard Loss Estimation Methodology, Hurricane Model, HAZUS®MH
MR3 Technical ManualWashington, D.C.: Federal Emergency Management Agency.

FPHLM V6.2 November 1, 2015:00 PM
82



Fernandez, G., Masters, F., Gurley, K01Q). Performance of Hurricane Shutters Under Impact
by Roof Tiles.Engineering Structures, 820), 33843393.

Florida A&M University. (1987)Building Construction Regulations in Floridglorida A&M
University, Institute for Building Sciences. State @dri€la Department of Community
Affairs i Division of Codes and Standards.

Florida Building Code. (200). Retrieved from Florida Department of Community Affairs:
http://lwww?2.iccsafe.org/states/florida_codes/

FM Global Technologies. (2002)pproval standad for class 1 roof covers (FM 447GM
Global Technologies.

Foliente, G., Kasal, B., Paevere, P., Macindoe, L., Banks, R., Mike, S., et al. (20@03.
structure testing and analysis of a light frame wood building, phdstedt house details
and prelminary resultsNAHB Research Center.

Franklin, J. L., Black, M. L., Valde, K. (2003). GPS dropwindsonde wind profiles in hurricanes
and their operational implicationd/eather and Forecasting, 182 44.

Fronstin, P., & Holtmann, A. G. (1994). The deteramts of residential property damage caused
by Hurricane AndrewSouthern Economic Journal, @), 38%397.

Garcia, F. (2005)Cost Effectiveness of Mitigation Measures in Floribks Thesis, Florida
Institute of Technology, Department of Civil Engineering.

Getter, L. (1992, October 11). Building Code Eroded over Years Wairreth Rules Meant
Weaker HomesThe Miami Herald

Ginger, J. D., Letchford, C. W. (1995). Pressure factmredge regions on low rise building
roofs.Journal of Wind Engineering and Industrial Aerodynamics554337-344.

Ginger, J. D., Letchford, C. W. (1999). Net pressures on aikull-scale buildingJournal of
Wind Engineering and Industrial Aerodymics, 881-3), 239250.

Gioffre, M., Gurley, K., Cope, A. (2002). Stochastic simulation of correlated wind pressure fields
on lowrise gable roof structure$5th ASCE Engineering Mechanics Conference.

Gioffre, M., Gusella, V., Grigoriu, M. (2000). Sinatlon of norGaussian field applied to wind
pressure fluctuation®robabilistic Engineering Mechanics, (4, 339345.

Governor's Building Codes Study Commission. (198K)e Foundations for a Better Built
EnvironmentTallahassee: Governor's Building d&s Study Commission.

Grossi, P., & Kunreuther, H. (2006, March/April). New Catastrophe Models for Hard Times.
Contingenciespp. 3236.

FPHLM V6.2 November 1, 2015:00 PM
83



Gurley, K. (2006)Post 200Hurricane Field Survey An Evaluation of the Relative
Performance of the Standard Building Code and the Florida Building Qémigersity of
Florida, Department of Civil and Coastal Engineerfgnject report presented to the
Florida Building Commission.

Gurley, K., Cope, A., Pinelli, J. P., Hamid, S. (2003). A simulation model for wind damage
predictions in Floridallth International Conference in Wind Engineering.

Gurley, K., Davis, R. H., Ferrera, S., Burton, J., Masters, F., Reinhold, T. A.(20@6). Post
2004 hurricane field survdyan evaluation of the relative performance of the Standard
Building Code and the Florida Building Cod&SCE Structures Congress.

Gurley, K. and Masters, F. (20119ost 2004 Hurricane Field Survey of ResidenBallding
PerformanceASCE Natural Hazards Reviet2(4), 177183.

Hajj, M. R., Jordan, D. A., Tieleman, H. W. (1998alysis of atmospheric wind and pressures
on a lowtrise building.Journal of Fluids and Structures, (B), 53%#547.

Hamid, S., GolanKibria, B. M. G., Gulati, S., Powell, M. D., Annane, B., Cocke, S., et al.
(2010). Predicting Losses of Residential Structures in the State of Florida by the Public
Hurricane Loss Evaluation Modeliournal of Statistical Methodology(5), 552573.

Hamid,S., Pinelli, JP., Chen, SC., Gurley, K. (2011). Catastrophe Model Based Assessment of
Hurricane Risk and Estimates of Potential Insured Losses for the State of AGCEA.
Natural Hazard Revieyd2(4), 171176.

Harris, R. 1. (1990). The propagatiohinternal pressures in building®ournal of Wind
Engineering and Industrial Aerodynamics(3% 169184.

Ho, T., Davenport, A. G., Surry, D. (1995). Characteristic pressure distribution shapes and load
repetitions for the wind loading of low buildimgof panelsJournal of Wind Engineering
and Industrial Aerodynamics, 6%3), 26%£279.

Holland, G. J. (1980). An analytic model of the wind and pressure profiles in hurritéoehly
Weather Review, 1082121218.

Holmes, J. D. (1979). Mean and fluctuating internal presStindnternational Conference on
Wind Engineering435 450, Fort Collins, Colorado.

Holmes, J. D. (1996). Vulnerability curves for buildings in tropical cyclone regrmobabilistic
Mechanicsand Structural Reliability78-81.

Holmes, JD. (2001).Wind Loading of Structurekondon: Spon Press.

Holmes, J. D. (2004). Trajectories of spheres in strong winds with application tdoainel
debris.Journal of Wind Engineering and Industrial Aerodynamicg1932-22.

FPHLM V6.2 November 1, 2015:00 PM
84



Holmes, J. D., Letchford, C. W., Lin, N. (2006). Investigations of gigte windbone debris-
Part Il: Computed trajectorie3ournal of Wind Engineering and Industrial Aerodynamics,
94(1), 21-39.

Hosoya, N., Cermak, J., Dodge, S. (1999). Aaearaged pressure fluctuations on surfaces at roof
corners and gable peaks. In A. Larsen, Q.drose, & F. M. Livesey (Eds.Wind
Engineering in the 21st Centufgotterdam: A.A. Balkema.

Huang, Z. (1999)Stochastic models for hurricane hazard analyBisD Dissertation, Clemson
University, Department of Civil Engineering.

Huang, Z., Rosowsky, DSparks, P. R. (1999). Evenased hurricane simulation for the
evaluation of wind speeds and expected insurance loss. In A. Larsen, G. L. Larose, & F.
M. Livesey (Eds.)Wind Engineering into the 21st CentuRotterdam: A.A. Balkema.

Huang, Z., Rosowsk D., Sparks, P. R. (2001a). Hurricane simulation techniques for the
evaluation of winespeeds and expected insurance loskrgnal of Wind Engineering
and Industrial Aerodynamics, 888), 605617.

Huang, Z., Rosowsky, D., Sparks, P. R. (2001b). kiengn hurricane risk assessment and
expected damage to residential structuRediability Engineering and System Safety,
74(3), 239249.

ICC. (1992).CABO/ANSI A117.1 Standardternational Code Council.

Iman, R. L., Johnson, M. E., Watson, C. C. (200Sapsitivity Analysis for Computer Model
Projections of Hurricane LosRisk Analysis, 2b), 12771297.

Iman, R. L., Johnson, M. E., Watson, C. C. (2005b). Uncertainty Analysis for Computer Model
Projections of Hurricane Lossd®isk Analysis, 2B), 12991312.

Institute for Business and Home Safety. (2000, February). Industry Perspective: Impact
Resistance Standarddatural Hazard Mitigation Insights, 12

Insurance Information Institute. (2001). Catastrophes: Insurance Itssiess Update

Jain, V. K.,Guin, J., & He, H. (2009). Statistical Analysis of 2004 and 2005 Hurricane Claims
Data.11th American Conference on Wind Engineertban Juan.

Jordan, D., Hajj, M., Miksad, R., Tieleman, H. (199)alysis of the velocitypressure peak
relation for wind loads in structureBlth International Conference on Wind Engineeying
443448.

Kareem, A. (1985). Structural performance and wind spl@dage correlation in Hurricane

Alicia. Journal of StructuraEngineering, 1112), 25962610.

FPHLM V6.2 November 1, 2015:00 PM
85



Kareem, A. (1986). Performance of cladding in Hurricane Alimarnal of Structural
Engineering, 11¢12), 26792693.

Kareem, A. (1987). Wind effects on structures: a probabilistic viewd@inbabilistic
Engineering Mekanics, 24), 166200.

Kasperski, M. (1996). Design wind loads for loise buildings: a critical review of wind load
specifications for industrial buildingdournal of Wind Engineering and Industrial
Aerodynamics, §2-3), 169179.

Keith, E. L., Rose, D. (1994). Hurricane Andreiv structural performance of buildings in South
Florida.Journal of Performance of Constructed Facilitie€3)3 178191.

Khan, M. S., Suaris, W. (1993). Design and Construction Deficiencies and Building Code
Adherence. In R. ACook, & M. Sotani (Ed.)Hurricanes of 1992American Society of
Civil Engineers.

Khanduri, A. C., Morrow, G. C. (2003). Vulnerability of buildings to windstorms and insurance
loss estimationJournal of Wind Engineering and Industrial Aerodynamicg49u455
467.

Kleindorfer,P. R., Kunreuther, H. (1999). The complementary roles of mitigation and insurance
in managing catastrophic riskRisk Analysis, 1@), 727738.

Kopp, G. A., Oh, J. H., Inculet, D. R. (2008). Wihdluced Internal Pressures in Hosislournal of
Structural Engineeringl34(7): 11291138.

Kordi, B. and Kopp, G.A. (2009). The debris flight equations by C.J. Ba&arnal of Wind
Engineering and Industrial Aerodynamj&v, 151154.

Laboy, S., Smith, D., Gurley, K.R., Masters, F.D1(2). Roof tile frangibility and puncture of
metal window shutterswind and Structured7(2): 185202.

Landsea, C. W., Pielke, R. A., Mesfdanez, A. M., Knaff, J. A. (1999). Atlantic basin
hurricanes: indices of climatic chang&€imatic Change, 4289-129.

Langedyk, R., & Ticola, V. (2002CEIA Cost 2002Construction Estimating Institute, Sarasota.

Lavelle, F. M., Vickery, P. J., Schauer, B., Twisdale, L. A., Laatsch, E. (2003). The HNMEHUS
hurricane modell1th International Conference on Winddgneering.

Li, Y., & Ellingwood, B. R. (2005). Vulnerability of Wood Residential Construction to Hurricane
Winds.Wood Design Focus, 15), 11-16.

FPHLM V6.2 November 1, 2015:00 PM
86



Liu, Z., Dearhart, E., Prevatt, D., Reinhold, T. A., Gurley, K. (2005). Wind load on components
and claddig systems for houses in coastal suburban at@#s Americas Conference on
Wind Engineering.

Liu, Z., Pita, G., Francis, R., Mitraiiteiser, J., Guikema, S., Pinelli;R. (2010)Imputation
Models for Use in Hurricane BuildinRisk AnalysisSalt LakeCity: Society of Risk
Analysis.

Liu, Z., PogorzelskiH., MastersF. M., Tezak,S.,Reinhold,T. A., (2010. Surviving nature's
fury: performancef asphaltshingleroofsin therealworld. RCI Interface Mag.1129i 44.

Liu, Z., Prevatt, D., Gurley, K., Reinhold, T. A. (2007). Validating wind tunnel technique using
full scale wind pressure datB2th International Conference on Wind Engineering.

Lonfat, M., Marks, F. D., Chen, S. S. (2004). Precipitation Distributidirapical Cyclones
Using the Tropical Rainfall Measuring Mission (TRMM) Microwave Imager: A Global
PerspectiveMonthly Weather Review, 132, 16451660.

Lonfat, M., Rogers, R., Marchok, T., Marks, F. D. (2007). A Parametric Model for Predicting
HurricaneRainfall. Monthly Weather Review, 15, 3086 3097.

Lstiburek, J. W. (2005Rainwater Management Performance of Newly Constructed Residential
Building Enclosures During August and September 2B@tida Home Builders
Association.

Mahendran, M. (1995). Wd resistant lowrise buildings in the tropicgournal of Performance
of Constructed Facilities,(@), 330346.

Marks, F. D., Atlas, D., Willis, P. T. (1993). Probabiityatched ReflectiviRainfall relations
for a Hurricane from Aircraft Observationkournal of Applied Meteorology, 32134
1141.

Marshall, R. D. (1977)The measurement of wind loads on a$athle mobile home (NBS IR-77
1289).National Bureau of Standards.

Marshall, R. D. (1993)wind load provisions of the manufactured haraestruction and safety
standards: A review and recommendations for improvement (NIST IR Bleg@nal
Institute of Standards and Technology.

Marshall, R. D. (1994 Manufactured homeisprobability of failure and the need for better
windstorm protection through improved anchoring systems (NIST IR 38&@)nal
Institute of Standards and Technology.

FPHLM V6.2 November 1, 2015:00 PM
87



Marshall, R. D., Yokel, F. (1995Recommended PerformarBased Ctieria for the Design of
Manufactured Home Foundation Systems to Resist Wind and Seismic Loads (NIST IR
5664).National Institute of Standards and Technology.

Maruta, E., Kanda, M., Sato, J. (1998). Effects on surface roughness for wind pressure on glass
ard cladding of buildingsJournal of Wind Engineering and Industrial Aerodynamics, 74
76, 651-663.

Marwood, R., Wood, C. J. (1997). Conical vortex movement and its effect on roof pressures.
Journal of Wind Engineering and Industrial Aerodynamicsy$9589595.

Masters, FJ. and Kiesling, Audra A. 201Zask 5 Final RepofSoffits (structural and wind
drivenrain resistance of soffitsyniversity of Florida Department of Civil and Coastal
Engineering. s.l.: Florida Building Commission, 2012.

MastersF. J. 2006.Preliminary Investigation of Win@riven Rain Intrusion through soffits.
Miami, The International Hurricane Research Center Florida International University,
2006.

Masters, F. J., Gurley, K., Shah, N., Fernandez, G. (2010). Vulnerability of Resdidféimdow
Glass to Lightweight Windborne DebriBngineering Structures, 82), 911921.

Meecham, D. (1992). The improved performance of hip roofs in extreme wiAdsase study.
Journal of Wind Engineering and Industrial Aerodynamicg143, 17171726.

Meecham, D.Surry, D., Davenport, A.G1991). The magnitude and distribution of wind
induced pressures on hip and gable ragdsrnal of Wind Engineeringnd Industrial
Aerodynamics, 3857272

Mehta, K. C. (2010). Wind Load History: ANSI A581B72 to ASCE 705. Structures Congress
21342140.

Mehta, K. C., Cheshire, R. H., McDonald, J. R. (1992). Wind resistance categorization of
buildings for insurancelournal of Wind Engineering and Industrial Aerodynamicg144
3), 26172628.

Meloy, N., Sen, R., Pai, N., Mullins, G. (2007). Roof damage in new homes caused by Hurricane
Charley.Journal of Performance of Constructed Facilities(2197107.

Mewis, B., Babbitt, C., Baker, T. (Eds.). (200B5Means Residential Cost Data 20R(5.
Means.

Michalski, J., (2016) Building Exposure Study in the State of Florida and Application to the
Florida Public Hurricane Loss Model, Master thesis, Department of Civil Engineering and
Cosntruction Management, Florida Tech, Melbourne, FL.

FPHLM V6.2 March 15, 201%:00 PM
88



Mileti, D. (1999).Disasters by Design: A Reassessment of Natural Hazards in the United States.
Joseph Henry Press.

Minor, J. E. (1994). Windborne debris and the building enveldmanal of Wind Engineering
and Industrial Aerodynamics, BB2), 207227.

Minor, J. E., & Schneider, P. (2001). Hurricane loss estimétibme HAZUS preview modelLst
Americabdbs Conference on Wind Engineering.

Mitsuta, Y., Fujii, T., Nagashima, I. (1996). A predicting method of typhoon wind damébes.
Specialty Conferenc@robabilistic Mechanics and Structural Reliabili§70-973.

Mizzell, D. P. (1994)Wind Resistance of Sheathing for Residential RbfEsThesis, Clemson
University, Department of Civil Engineering.

Morrison, M.J., Henderson, D.J., Kopp, G.A. (2012). fdsponse of a woefilame, gable roof
to fluctuating wind loadsEngineering Structuregl, 498509.

Mullens, M., Hoekstra, R., Nahmens, I., Martinez, F. (2008ter Intrusion in Central Florida
Homes During Hurricane Jeanne in September 2Q0dversity of Central Florida
Constructability Lab.

Munich Re Group. (2002)opics- Annual Review: Natural Catastrophes 208hnual Review.
Munich: Munich Re Group.

Munson, B., Young, D., Okiishi, T. (199@®undamentals of Fluid Mechanickohn Wiley&
Sons.

Murphree, J. (2004}:lorida Public Hurricane Loss Projection Model:Development Calibration
and Validation of Vulnerability Matriced4S Thesis, Florida Institute of Technology,
Department of Civil Engineering.

NAHB Research Center. (1993ssessent of Damage to Singleamily Homes Caused by
Hurricanes Andrew and Inikl.S. Department of Housing and Urban Development.

NAHB Research Center. (199&ssessment of Damage to Homes caused by Hurricane Opal.
Florida State Home Builders Association.

NAHB Research Center. (1998)actory and site built housing, a comparison for the 21st
century.U.S. Department of Housing and Urban Development.

NAHB Research Center. (199%Reliability of conventional residential construction: an
assessment of roof comport performance in Hurricane Andrew and typical wind regions
of the United Statesl.S. Department of Housing and Urban Development.

FPHLM V6.2 March 15, 201%:00 PM
89



NAHB Research Center. (200RoofSheathing Connection TolerancéksS Department of
Housing and Urban Development.

Neuenhofer, A. (2006). Lateral Stiffness of Shear Walls with Opem®GSE Journal of
Structural Engineeringl32(11): 18461851.

Oliver, C., &Hanson, C. (1994). Failure of Residential building envelopes as a result of hurricane
Andrew in Dade County. In R. A. Cook, & M. Soltani (EdHyrricanes of 1992496
508.

Owens Corning. (2001). Certificate of conformance, owens corning select vimg.s2lvens
Corning.

Pearson, J. E., Longinow, A., & Meinheit, D. F. (1996). Wind protectierdte/ns for
manufactured homeBractice Periodical on Structural Design and Constructiof),1
126-140.

Peterka, J. A., Cermak, J. E., Cochran, L. S., Cocla@,, Hosoya, N., Derickson, R. G., et al.
(1997). Wind uplift model for asphalt shingldsurnal of Architectural Engineering,
3(4), 147155.

Peterka, J. A., Hosoya, N., Dodge, S., Cochran, L. S., Cermak, J. E. (1998). Area average peak
pressures in aadple roof vortex regiondlournal of Wind Engineering and Industrial
Aerodynamics, 778, 205215.

Pettit, C., Jones, N., Ghanem, R. (1999). Detection, analysis and simulationcdmoef
pressure transient$0th International Conference on Wind Enginieg, 18311838.

Phang, M. K. (1999). Wind damage investigation of low rise buildi@ggsictures Congress.

Pielke, R. A., Landsea, C. W. (1998). Normalized hurricane damages in the United States: 1925
1995.Weather and Forecasting, (3, 621631.

Pielke,R. A., Landsea, C. W., Musulin, R. T., Downton, M. (1999). Evaluation of catastrophic
models using a normalized historical record: Why it is needed and how taldorital of
Risk and Insurance, 1(3), 177194.

Pinelli, J-P., & O'Neill, S. (2000). Effet of tornadoes on residential masonry structiMéad
and Structures, @), 23-40.

Pinelli, J-P., Gurley, K., Pita, G. (2010a). Hurricane Risk Management in Fldrida.
Australasian Wind Engineering Worksh@anberra.

Pinelli, J:-P., Gurley, K., Sulamanian, C., Hamid, S., Pita, G. (2008a). Validation of a
probabilistic model for hurricane insurance loss projections in Flataanal of
Reliability Engineering and System Safety(123, 18961905.

FPHLM V6.2 November 120165:00 PM
90



Pinelli, J-P., Hamid, S., Gurley, K., Pita, G. (Z¥). Florida Public Hurricane Loss Model:
Vulnerability Modeling, Loss Prediction, and Certification Proc2ssl. International
Conference on Asian Catastrophe Insurarigejing.

Pinelli, J-P., Hamid, S., Gurley, K., Pita, G., Subramanian, C. (2008b). Impact of the 2004
Hurricane Season on the Florida Public Hurricane Loss M¥dglcouver:Structures
Congress

Pinelli, J-P.,JohnsonT., Gurley,K., Weekes,J.,Pita,G., Cocke,S., Hamid,S. (2013a)
Vulnerability Model for Mid/HighRise Buildings Subjected to Hurricane Winds and
Rain.Proceedings, 12th Americas Conference on Wind Engineehimge 1620, Seattle,
WA.

Pinelli, J-P., GurleyK., Pita, G.JohnsonT. Weekes,J. (2013). Modeling the vulnerability of
mid/high rise commercial residential buildings to wind and rain in tropical cyclones
Proceedings, 11th International Conference on Structural Safety & Relialiine 16
20, 2013, Columbia University, New York, NY.

Pinelli, J-P.,JohnsonT., Pita G., Gurley,K. (2012) Life-cycle assessment of personal
residential roof decking and cover under hurricane thRrateedings, Advances in
Hurricane EngineeringOctober 2426, Miami, FL.

Pinelli, J-P., Murphree, J., Subramanian, C., Zhang, L., Gurley, K., Cope, A.(2064a).
Hurricane loss estimation: model development, results and validation.International
Conference on Probabilistic Safety Assessment and Management.

Pinelli, J-P., Pita, G., Gurley, K., Subramanian, C., Hamid, S. (20@imnhmercialResidential
Buildings Vulnerability in the Florida Public Hurricane Loss Model. Orlar&taictures
Congress

Pinelli, J-P., Pita, G., Gurley, K., Torkian, B. B., Hamid, S., Bubanian, C. (2011). Damage
Characterization: Application to Florida Public Hurricane Loss MOASCE Natural
Hazard Reviewl2(4), 196195.

Pinelli, J-P., Pita G.L., (2011b)Management of Hurricane Risk in Florideroceedings, ESREL
11, September 122, Troyes, France.

Pinelli, J-P., Simiu, E., Gurley, K., Subramanian, C., Zhang, L., Cope, A., @Q04b).
Hurricane damage prediction model for residential structdoesnal of Structural
Engineering, 13(11), 16851691.

Pinelli, J-P., Subramanian, C., Artiles, A., Gurley, K., Hamid, S. (2006). Validation of a
probabilistic model for hurricane insurance loss projections in FldEdiaapean Safety
and ReliabilityConference.

FPHLM V6.2 November 120165:00 PM
91



Pinelli, J-P., Subramanian, C., Garcia, F., Gurley, K. (2007a). A study of hurricane mitigation
cost effectiveness in Florideuropean Safety and Reliability Conference.

Pinelli, J-P., Subramanian, C., Gurley, K., Hamid, S. (200YhJidation of the Florida public
hurricane loss model2th International Conference on Wind Engineering.

Pinelli, J-P., Subramanian, C., Murphree, J., Gurley, K., Cope, A., Gulati, S.(20@ba).
Hurricane loss prediction: model development, resultsyahdation.International
Conference on Structural Safety and ReliabiRgpme.

Pinelli, J-P., Subramanian, C., Murphree, J., Gurley, K., Hamid, S., Gulati, S. (2005b). Florida
public hurricane loss projection vulnerability modedth American Conferee on Wind
Engineering.

Pinelli, J-P., Subramanian, C., Zhang, L., Gurley, K., Cope , A., Simiu, E., et al. (2003a). A
model to predict hurricane damage for residential structlifeéls.International
Conference on Wind Engineering.

Pinelli, J-P., Torkan, B. B., Gurley, K., Subramanian, C., Hamid, S. (2009b). Cost effectiveness
of hurricane mitigation measures for residential buildiddsh Americas Conference on
Wind EngineeringSan Juan.

Pinelli, J-P., Zhang, L., Subramanian, C., Cope, A., Gurley, K., Gulati, S., (@083b).
Classification of structural models for wind damage predictions in Fldkith.
International Conference on Wind Engineering.

Pita, GL. (2012),Hurricane vulneability of commercialresidential buildingsPhD Dissertation,
FloridaTech Department of Civil Engineering

Pita, G.L., Pinelli, J.P.,Gurley, K., Mitrani-Reiser,J. (2014)fi St at e of ridaree Ar t
Vulnerability EstimationMethods: A Review) aceptedfor publication ASCE Natural
Hazard Review

Pita, G.L., Pinelli, J.P., Gurley, K., Hamid, S. ( 201 3) AHurricane Vul nel
Evol uti on an dJoufnaltofuwing Engineermg & Indastrial Aerodynamics,
114, 961 105.

Pita, G.L., Pinelli, J.P., Cocke, S., Gurley, K., Weekes, J. and MiReaiser J. (2012aj\ssessment
of hurricaneinduced internal damage to lewse buildings in the Florida Public Loss
Model, Journal of Wind Engineering and Industrial Aerodynamid®} 76-87.

Pita, G.L, Pinelli, J-P.(2012b) fiProbabilistic Hurricane Rain Model for the Evaluation of
Buil di ng Damage Du eProteedingéaBESREL 1Rrel22X r at i on, 0
Helsinki, Finland.

FPHLM V6.2 November 1, 2015:00 PM
92



Pita, G.L, Pinelli,J-P.(2011a)i Anal yt i c al Met hod for Low, ®Ri se |
Proceedings, ESREL 1%eptember 122, Troyes, France.

Pita, G.L, Pinelli, J-P.(2011b)'Wind Vulnerability Curves Assessment in the Florida Public
Hurricane Loss ModelProceedings, ICRAM 2011 Hyattsville, MD, April 1313, 2011.

Pita, G.L, Pinelli, J-P., Gurley,K., WeekesJ.,, Hamid,S . , (2011c) AnChall enge:
the Florida Public Hurricane Loss Model for Residential and CommedReisidential
s t r u c Praceedirmysldth International Conference on Applications of Statistics and
Probability in Civil EngineeringAugust 14, Zurich, Switzerland.

Pita, GL., Pinelli, J-P., Gurley, K., Weekes, J., Subramanian, C., & Hamid, S. (2009a).
Vulnerability of lowrise commercilaresidential buildings in the Florida Public Hurricane
Loss Model.11th Americas Conference on Wind Engineeran Juan.

Pita, GL., Pinelli, J-P., Gurley, K., Weekes, J., Subramanian, C., & Hamid, S. (2009b).
Vulnerability of Mid/highrise CommerciaResidential buildings in the Florida Public
Hurricane Loss ModeEuropean Safety and Reliability Conferenéeague.

Pita, GL., Pinelli, J-P., MitrantReiser, J., Gurley, K., & Hamid, S. (2010). Latest Improvements
in the Florida Public Hurricane Lossddel.2nd American Association for Wind
Engineering Workshoparco Island.

Pita, GL., Pinelli, J-P., MitrantReiser, J., Gurley, K., Hamid, S., & Jones, N. (200Rak
analysis of Buildings with the Florida Public Hurricane Loss Mo8etiety of Risk
Analysis.Baltimore.

Pita, GL., Pinelli, J-P., Subramanian, C., Gurley, K., & Hamid, S. (2008). Hurricane
Vulnerability of Multi-Story Residential Buildings in FloridBuropean Safety &
Reliability Conferencevalencia.

Porter, K., Scawthorn, C., & BkcJ. (2006). Coseffectiveness of stronger woodframe buildings.
Earthquake Spectra, 2P), 239 266.

Powell, M. D., Houston, S. H., & Reinhold, T. (1996). Hurricane Andrew's landfall in south
Florida. Part I. Standardizing measurements for documentdtgurface wind fields.
Weather and Forecasting, 1204328.

Powell, M. D., Soukup, G., Cocke, S., Gulati, S., Morisdeawy, N., Hamid, S., et al. (2005).
State of Florida hurricane loss projection model: atmospheric science com@douoenal
of Wind Ehgineering and Industrial Aerodynamics,, $51-674.

Prevatt, D. O., Hill, K. M., Datin, P. L., &opp, G. A. (2009). Revisiting Wind Uplift Testing of
Wood Roof Sheathinglnterpretation of Static and Dynamic Test Resuttstricane

FPHLM V6.2 November 1, 2015:00 PM
93



Hugo 20th Anniversary Symposium on Building Safer Communltiggroving Disaster
ResilienceCharleston.

RSMeans.Z008a) RSMeans Residential Cost DalReed Construction Data.
RSMeans. (2008bRSMeans Square Foot CodReed Construction Data.

Ratay, R. (2009)-orensic Structural Engineering HandbodkcGraw-Hill Professional.

Reed, T., Rosowksy, D., &chiff, S. (1997). Uplift capacity of ligitame rafter to top plate
connectionsJournal of Architectural Engineering(8), 156163.

Reed, T., Rosowsky, D., & Schiff, S. (1998}ructural analysis of lightramed wood roof
construction (PB®60602). Clemson University, Wind Load Test Facility.

Reedy Creek Improvement District. (2002PCOT Building Code, 2002 Editi¢a3th ed.). Lake
Buena Vista, Florida.

Reinhold, T. A. (2002). 13 Homes destroyBisaster Safety Reviewm1), 9-14.

Reinhold, T. A.Dearhart, A., Gurley, K., & Prevatt, D. (2005). Wind loads on-ts& buildings:
is one set of pressure coefficients sufficient for all types of terildie?Second
International Symposium on Wind Effects on Buildings and Urban Environfrodyto.

Reinhdd, T. A., Gurley, K., Masters, F., & Burton, J. (2005). US hurricanes of 2004: A clear
demonstration that improvements in building codes, enforcement and construction are
reducing structural damaggth Asia Pacific Conference on Wind Engineering.

Rigatg A., Chang, P., & Simiu, E. (2001). Databassisted design, standardization, and wind
direction effectsJournal of Structural Engineering, 1@8), 855860.

Robertson, A. P. (1992). The whildduced response of a ftdtale portal framed building.
Jourral of Wind Engineering and Industrial Aerodynamics, ¥8771688.

Rosowsky, D., & Cheng, N. (1998eliability of a light frame roof systems subjected to wind
uplift. NAHB Research Center and the National Association of Home Builders.

Rosowsky, D., & Raihold, T. A. (1999). Ratef-load and duratiowf-load effects for wood
fastenersJournal of Structural Engineering, 185, 719724.

Rosowsky, D., & Schiff, S. (1999). Combined loads on sheathing to framing fasteners in wood
constructionJournal of Arclitectural Engineering, &), 3743.

Rosowsky, D., Schiff, S., Reinhold, T. A., Sparks, P. R., & Sill, B. (2000). Performance of Low
Rise Structures Subject to High Wind Loads: Experimental and Analytical Program. In

FPHLM V6.2 November 1, 2015:00 PM
94



Wind Performance and Safety of Wood &iaijs 67-83. Madison: Forest Products
Society.

Russell, J. (2004 National Renovation & Insurance Repair Estimatarlsbad, California:
Craftsman Book Company.

Sadek, F., & Simiu, E. (2002). Peak ngaussian wind effects for databassisted low rise
building designJournal of Engineering Mechanics, 188 530539.

Salzano, C., Masters, F., & Katsaros, J. (2010). Water Penetration Resistance of Residential
Window Installation Options for Hurricarierone AreasBuilding and Environment,
45(6), 13731388.

Sambare, D., Khan, H., Tecle, A., & Bitsuamlak, G. (2008). Assessing Effectiveness of Roof
Secondary Water Barriersst Workshop of the American Association for Wind
EngineeringVail, Colorado.

Sarasota Journal. (1956, April 23). County Building €sdApproved. p. 1956.

Schneider, P. J., & Schauer, B. A. (2006AZUS - Its Development and Its Futumdatural
Hazards Review,(2), 4044.

Sciaudone, J., Freuerborn, D., Rao, G., & Daneshvaran, S. (1997). Development of objective
wind damage function® predict wind damage to levise structuresdth U.S. National
Conference on Wind Engineering.

Shanmugam, B., Nielson, B. G., & Prevatt, D. O. (2009). Statistical and analytical models for
roof components in existing ligifitamed wood structure&ngineering Structures, §11),
2607-2616.

Sharma, R. N., & Richards, P. J. (1997). The effect of roof flexibility on internal pressure
fluctuations.Journal of Wind Engineering and Industrial Aerodynamics,17%5186.

Sheffield, J. (1993). A Survey of Bding Performance in Hurricane Iniki and Typhoon Omar.
Hurricanes of 199Zpp. 446455). American Society of Civil Engineers.

Shingle, H. (2007). Joe Belcher lives with the Florida Building Cbidericane Protection
Magazine

Siddig Khan & Associates. 993).ldentified Violations and Constructions Deficiencies in the
Aftermath of Hurricane Andrew Reporbdetro-Dade County Building and Zoning
Department.

Sill, B. L., & Kozlowski, R. T. (1997). Analysis of storm damage factors forise structures.
Journal of Performance of Constructed Facilities(4)], 168176.

FPHLM V6.2 November 1, 2015:00 PM
95



Sill, B. L., & Sparks, P. R. (1990). Hurricane Hugo one year |8gmposium and Public Forum.
American Society of Civil Engineers.

Simiu, E., & Cordes, M. R. (1980probabilistic assessmenft tornadeborne missile speeds.
Technical Report, National Engineering Lab, Report Ne2 8D7.

Simiu, E., & Cordes, M. R. (1983). Tornatiorne Missile Speed Probabilitiekurnal of
Structural Engineering, 1d2), 154168.

Simiu, E., &Scanlan, R. (1996)Vind Effects on Structures, Fundamentals and Applications to
Design(3rd ed.). New York: John Wiley & Sons.

Simiu, E., Vickery, P., & Kareem, A. (2007). Relation between S8&ffinpson Hurricane Scale Wind
Speeds and Peaks3Gust Speis over Open Terraidournal of Structural Engineering
1337): 10431045.

Simmons, K., & Kruse, J. (2002). Does a market of mitigation ekis&ster Safety Review, 3
8.

Simmons, K., & Willner, J. (2001). Hurricane mitigation: rational choice oketdailure.
Atlantic Economic Journal, Z9), 470471.

Simpson Strongtie. (2003y.onnectors for factory built homes, Technical BulletiRBS02.
Retrieved from http://www.strongtie.com/ftp/bulletindFBS02.pdf

Simpson Strongtie. (20)11High Wind Resisint Construction GuideRetrieved from
http://www.strongtie.com/products/highwind/

Smith, T. L. (1994). Causes of Roof Covering Damage and Failure Modes: Insights provided by
Hurricane AndrewHurricanes of 1992303-312. New York: ASCE.

South FloridaBuilding Code. (1957). Board of County Commissioners, Miami, Florida.

Southern Building Code Congress International. (198&ndard Building CoddBirmingham,
Alabama.

Sparks, P. R. (1991). Damages and lessons learned from hurricaneBhagdoint Meahg of
the USJapan Cooperative Program in Natural Resources Panel on Wind and Seismic
Effects.

Sparks, P. R., & Schiff, P. (1994). Wind damage to the envelopes of houses and consequent
insurance lossedournal of Wind Engineering and Industrial Aerodgmias, 53 145 155.

Stewart, M. G. (2003). Cyclone damage and temporal changes to building vulnerability and
economic risks for residential constructidournal of Wind Engineering and Industrial
Aerodynamics, 95), 671691.

FPHLM V6.2 November 1, 2015:00 PM
96



Stewart, M. G., Rosowsky, D& Huang, Z. (2003). Hurricane risks and economic viability of
strengthened construction subjected to wind and earthquake havatusl Hazard
Review, 41), 12-19.

Straube, J. F., & Burnett, E. F. (2000). Simplified Prediction of Driving Rain Deposition.
International Building Physics Conferen@¥5-382. Eindhoven, Netherlands.

Stricklin, D. L. (1996)Investigation of lighframed wood wall systems under wind uplift loads.
MS Thesis, Clemson University, Department of Civil Engineering.

Stubbs, N., & Pey, D. C. (1996). A Damage Simulation model for Buildings and Contents in a
Hurricane EnvironmenASCE Structures Congress XB83-996.

Suresh Kumar, K., & Stathopoulos, T. (1998). Power spectra of wind pressures on low building
roofs.Journal of Wind Egineering and Industrial Aerodynamics,-78, 665674.

The Morning Journal. (1946, December 6). New Building Code Gets First Okeh. p. 2.
The Palm Beach Post. (1957, September 26). p. 8.

Torkian, B. B. (2009)Vulnerability and Cost Effectiveness of Resi@iBtructures Mitigated
Against HurricaneMS Thesis, Florida Institute of Technology, Department of Civil
Engineering.

Torkian, B. B., Pinelli, 3P., & Gurley, K. (2010). Mitigation Techniques to Improve Residential
Buildings Behavior During HurricaneASCE 2010 Structures Congre8slando,
Florida.

Torkian, B., Pinelli, 3P., Gurley, K., & Hamid, S. (2011). Classification of Current Building
Stock br Hurricane Risk AnalysisProceedings, ICVRAM 201Hyattsville, MD, April
11-13.

Torkian, B., Pinelli, 3P., Gurley, K., & Hamid, S. (2014}0st and Benefit Evaluation of
Windstorm Damage Mitigation Techniques in Florid&CE Natural Hazar&Review,15
150-157.

Torres, D. S., Porra, J. M., & Creutin;[J. (1994). A General Formulation of Raindrop Size
Distributions.Journal of Applied Meteorology, 334941502.

Uematsu, Y., & Isyumov, N. (1999). Wind pressures acting orrisgvbuildingsJournal of
Wind Engineering and Industrial Aerodynamics, $25.

Unanwa, C. O. (1997A model for probable maximum loss in hurricarfés.D. Dissertation,
Tech University, Lubbock, Texas.

FPHLM V6.2 November 1, 2015:00 PM
97



Unanwa, C. O., McDonald, J. R., Mehta, K. C., & Smith, D. A. (3008e development of wind
damage bands for building¥ournal of Wind Engineering and Industrial Aerodynamics,
84, 119149.

van de Lindt, J. W., Graettinger, A., Gupta, R., Skaggs, T., Pryor, S., & Fridley, K. J. (2007).
Performance of wooffame structugs during Hurricane Katrindournal of Performance
of Constructed Facilities, Z2), 108116.

Vickery, B. J. (1986). Gusdtctors for internapressures in low rise building®ournal of Wind
Engineering and Industrial Aerodynamics, 259271.

Vickery, B. J. (1994). Internal pressures and interactions with the building envétapeal of
Wind Engineering and Industrial Aerodynamics, $35144.

Vickery, B. J., & Georgiou, P. N. (1991). A simplified approach to the determination of the
influence of inernal pressures on the dynamics of large span réadsnal of Wind
Engineering and Industrial Aerodynamics, 387369.

Vickery, P. J. (2005). Simple empirical models for estimating the increase in the central pressure
of tropical cyclones after landfadlong the coastline of the United Statdsurnal of
Applied Meteorology, 4418071826.

Vickery, P. (2008). Component and Cladding Wind Loads for Sodfitstnal of Structural
Engineering 134(5): 846853.

Vickery, P. J., & Skerlj, P. F. (2005). Huraine gust factors revisitegdburnal of Structural
Engineering, 131825832.

Vickery, P. J., Lavelle, F. M. , Drury, C., &
model.11th International Conference on Wind Engineering.

Vickery, P. J., Lin, J., Skerlj, P. F., Twisdale, L. A., & Huang, K. (2006a). HARUS
Hurricane Model Methodology. I: Hurricane Hazard, Terrain, and Wind Load Modeling.
Natural Hazards Review(Z), 8293.

Vickery, P. J., Skerlj, P. F., Lin, J., Twisdale A., Young, M. A., & Lavelle, F. M. (2006b).
HAZUS-MH Hurricane Model Methodology. IIl: Damage and Loss Estimatiatural
Hazards Review,(2), 94103.

Walpole, R., Myers, R., & Myers, S. (199Pxobability and Statistics for Engineers and
Scientistg6th ed.). Prentice Hall.

Watford, S. W. (1991)A Statistical Analysis of Wind Damages to Single Family Dwellings Due to
Hurricane Hugo Masters Thesis, Clemson University.

FPHLM V6.2 November 1, 2015:00 PM
98



Watson, C., & Johnson, M. (2004). Hurricane Loss Estimation Models: Opportdoities
Improving the State of the ABulletin of the American Meteorological Society(BH,
17131726.

Weekes, J., Balderrama, J., Gurley, K., PineHR.J Pita, G., 8Hamid, S. (2009). Physical
Damage Modeling of Commerci&esidential Structures in Hurricane Windi&th
Americas Conference on Wind Engineering.

Weekes, J(2014).Predicting the Vulnerability of Typical Commerciah@ Singé Family
Residential Building to Hurricane DamagePhD Dissertation, University of Florida,
Department of Civiand CoastaEngineering

Willis, P. T., & Tattelman , P. (1989). Drefpize Distribution Associated With Intense Rainfall.
Journal of Applied Meteorology, 28-15.

Wills, J. A., Lee, B. E., & Wyatt, T. A. (2002). A model of whimbrne debris damagéournal of
Wind Engineering and Industrial Aerodynamics, 995565.

Wolfe, R., & LaBissoniere, T. (1991). Structural Performance of Lightne Roof Assemblies.
United States Bpartment of Agriculture

Xu, Y. L., & Reardon, G. F. (1998). Variations of wind pressure on hip roofs with roof pitch.
Journal of Wind Engineering and Industrial Aerodynamicg3Y,326%284.

Yancey, C. W., Cheok, G. S., Sadek, F., & Mohraz, B. (1988ummary of the Structural
Performance of SingiEamily, WoodFrame HousingGaithersburg: U.S. Deptartment of
Commerce, Technology Administration, National Institute of Standards and Technology.

Yokel, F., Chung, R., Rankin, F., & Yancey, C. (1982)ad-displacement characteristics of
shallow soil anchorsWashington, D.C.: U.S. Department of Commerce, National Bureau
of Standards.

Young, M. A. (1997)Effect of open fields on low building wind loads in a suburban
environmentMS Thesis, University of Wésrn Ontario, Department of Civil
Engineering.

Zhang, L. (2003)Public hurricane loss projection model: exposure and vulnerability
componentaMS Thesis, Florida Institute of Technology, Department of Civil
Engineering.

Actuarial Standards

Hogg, R. V., & Klugman, S. (1984).oss DistributionsNew York: Wiley.

FPHLM V6.2 November 1, 2015:00 PM
99



Klugman, S., Panjer, H., & Willmot, G. (199&)ss Models: From Data to Decisioriéew
York: Wiley.

Wilkinson, M. E. (1982). Estimating Probable Maximum Loss with Ordatis$ics.Casualty
Actuarial SocietyLXIX, pp. 1952009.

Computer Science Standards

AIRAC. (1986).Catastrophic Losses: How the Insurance System Would Handle Two $7 Billion
Hurricanes.Oak Brook, lllinois: The AHIndustry Research Advisory Council.

Boehm, B., & Abts, C. (1999). COTS Integration: Plug and P&y®puter, 321), pp. 135138.

Brereton, P., & Budgen, D. (2000). ComponBatsed Systems: A Classification of Issues.
Computer33(11), pp. 5462.

Bruegge, B., & Dutoit, A. H. (2004Dbjectoriented Software Engineering Using UML,
Patterns, and Javé2nd ed.). Upper Saddle River, NJ: Prentice Hall.

Cai, X., Lyu, M. R., & Wong, K. (2000). Compondnased Software Engineering: Tackogies,
Development Frameworks, and Quality Assurance SchefttedsiaPacific Software
Engineering Conferengépp. 372379). Singapore.

Chatterjee, K., Saleem, K., Zhao, N., Chen, M., Chef,.S& Hamid, S. (2006). Modeling
Methodology for ComponerReuse and System Integration for Hurricane Loss Projection
Application.2006 IEEE International Conference on Information Reuse and Integration
(pp. 5%#62). Hawaii, USA.

Chen, SC., Chen, M., Zhao, N., Hamid, S., Chatterjee, K., & Armella, M. (2009))Aptorida
Public Hurricane Loss Model: Research in Miisciplinary System Integration
Assisting Government Policy MakinGovernment Information Quarterly, &9, 285
294,

Chen, SC., Chen, M., Zhao, N., Hamid, S., Saleem, K., & Chatterjee, K. @068&rida Public
Hurricane Loss Model (FPHLM) Research Experience in System IntegratioAnnual
International Conference on Digital Government Resedvtimtreal, Canada.

Chen, SC., Chen, M., Zhao, N., Hamid, S., Saleem, K., & Chatterjee, K. (3068rida Public
Hurricane Loss Model (FPHLM): Research Experience in System IntegratioAnnual
International Conference on Digital Government Reseafjgh. 99106). Montreal,
Canada.

Chen, SC., Gulati, S., Hamid, S., Huang, X., Luo, L., Morisséauoy, N., et al. (2003a). A
ThreeTier System Architecture Design and Development for Hurricane Occurrence

FPHLM V6.2 November 1, 2015:00 PM
100



Simulation.IEEE International Conference on Information Technology: Research and
Education (pp. 113117). Newark, New Jersey.

Chen, SC., Gulatj S., Hamid, S., Huang, X., Luo, L., Morisselaeroy, N., et al. (2004a). A
Web-based Distributed System for Hurricane Occurrence Proje@umftware: Practice
and Experience, 36), 549571.

Chen, SC., Hamid, S., Gulati, S., Chen, G., Huang, X., Lugt al. (2003b). Information
Reuse and System Integration in the Development of a Hurricane Simulation System.
2003 IEEE International Conference on Information Reuse and Integrdfipn535
542). Las Vegas, Nevada.

Chen, SC., Hamid, S., Gulati, SZzhao, N., Zhang, C., & Gupta, P. (2004b). A Reliable Web
based System for Hurricane Analysis and SimulatioelEEE International Conference
on Systems, Man and Cybernetiggp. 52155220). The Hague, The Netherlands.

Fraternali, P. (1992). Tools and pypaches for Developing Datatensive Web Applications: A
Survey. ACM Computing Survey, &), 227263.

Garcia, R., Machado, D., Ha,M., Yang, Y., Chen, SC., & Hamid, S. (2014). A Webased
TaskTracking Collaboration System for the Florida Public Hurricane Loss Mad&#h
IEEE Ineternational Conference on Collaborative Computing: Netwgrkpplications
and Worksharing(pp.304-311). Miami, Florida.

Gornik, D. (2002).UML Data Modeling ProfileTechnical Report, IBM Rational Software
Whitepaper.

Needham, D., Caballero, R., Demurjian, S., Eickhoff, F., Mehta, J., & Zhang, Y. (2005). A Reuse
Definition, Assessment, and Analysis Framework for UML. In H. Yardy)(Advances
in UML and XMlL-Based Software Evolutiqpp. 292307). Hershey, Pennsylvania: Idea
Group Publishing.

Price, M. W., & Demurjian, S. A. (1997). Analyzing and Measuring Reusability in Gbject
Oriented Designl2th ACM SIGPLAN Conference on Objegented programming,
systems, languages, and applicatiofpgp. 2233). Atlanta, Georgia.

Price, M. W., Demurjian, S. A., & Needham, D. (1997). Reusability Measurement Framewaork
and tool for Ada95TRIFAda'97, (pp. 125132). St. Louis, Missouri.

RussellL. R. (1971). Probability Distributions for Hurricane Effectsurnal of the Waterways,
Harbors, and Coastal Engineering Divisioh39154.

Sheldon, F. T., Jerath, K., Kwon,-¥., & Baik, Y.-W. (2002). Case Study: Implementing a Web
Based Auction System Using UML and ComporBased Programmin@6th

FPHLM V6.2 November 1, 2015:00 PM
101



International Computer Software and Applications Conferg(me 211216). Oxford,
England.

Tian, H., Ha, HY., Pouyanfar, S., Yan,.YGuan, S., Chen, €., Shyu, M-L., & Hamid, S.
(2016). A Scalable and Automatic Validation Process for Florida Public Hurricane Loss

Model.2016 IEEE International Conference on Information Reuse and Integrdfipn
324-331). PittsburghPennsylvania

USDA. (1992).State Soil Geographic (STATSGO) Data Users Guitiecellaneous Publicati
No. 1492. United States Department of Agriculture, Natural Resources Conservation
Service.

Yan, Y.,Pouyanfar, S., Tian, H., Guan, S., Ha;¥H, Chen, SC., ShyuM.-L., & Hamid, S.
(2016). Domain Knowledge Assisted Data Processing for Floirda Public Hurricane Loss

Model. 2016 IEEE International Conference on Information Reuse and Integrdtipn
441-447). Pittsburgh, énnsylvania

Yang, Y., Lopez, D., Tian, H.,duyanfar, S., Fleites, F., Chen;&, & Hamid, S. (2015).

Integrated Execution Framework for Catastrophe Mode#ifg5 IEEE International
Conference on Semantic Computifgp. 202207). Anaheim, California.

Zhou, Y., Chen, Y., & Lu, H. (2004). UMbasel Systems Integration Modeling Technique for
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Relevant Web Sites

Applied Insurance Research, IfAIR) page.
http://www.airboston.com_public/html/rmansoft.asp

Applied Research Associates, Inc. (ARA) page.
http://www.ara.com/risk_and_reliability analysis.htm

ARIS Reference.
http://www.idsscheer.com/international/english/products/aris design platform/50324

CIMOSA Referencehttp://cimosa.cntlp

EQECAT home pagéattp://www.eqgecat.com/

FEMA hurricanes pagéittp://www.fema.gov/hazards/hurricanes

Florida Water Management District Land Use Data, Stiae®0042011, as compiled by the
Florida State Department of Environmental Protection:
http://www.dep.state.fl.us/gis/datadir.htm

Actual data is at

http://publicfiles.dep.state.fl.us/otis/gis/data/STATEWIDE _LANDUSE_2004 2011.zip

Global Ecosystems Database (GEDjtp://www.ngdc.noaa.gov/seg/fliers/29006.shtml

HAZUS Home http://www.hazus.org/

HAZUS Overview.http://www.nibs.org/hazusweb/verview/overview.php

HAZUS manuals pagéttp://www.fema.gov/hazus/li_manuals.shtm

HURDAT data.http://www.aoml.noaa.gov/hrd/hurdat/Data Storm.html

IMSL Mathematical & Statistical Librariesittp://www.vni.com/products/imsl

Java Native Interfacéttp://java.sun.com/docs/books/tutorial/nativel.1/

Java Server Pages (TM) Technololgip://java.sun.com/products/jsp/

National Hurricane Cententtp://www.nhc.noaa.gov/

NIST Aerodynamic Databasénttp://fris2.nist.gov/winddata

NOAA Coastal Services Centdattp:www.CcSc.noaa.gov

NOAA EL Nino Pagehttp://www.elnino.noaa.gov/
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http://www.airboston.com_public/html/rmansoft.asp
http://www.ara.com/risk_and_reliability_analysis.htm
http://www.idsscheer.com/international/english/products/aris_design_platform/50324
http://cimosa.cnt.pl/
http://www.eqecat.com/
http://www.fema.gov/hazards/hurricanes
http://www.ngdc.noaa.gov/seg/fliers/se-%202006.shtml
http://www.hazus.org/
http://www.nibs.org/hazusweb/verview/overview.php
http://www.fema.gov/hazus/li_manuals.shtm
http://www.aoml.noaa.gov/hrd/hurdat/Data%20Storm.html
http://www.vni.com/products/imsl
http://java.sun.com/docs/books/tutorial/native1.1/
http://java.sun.com/products/jsp/
http://www.nhc.noaa.gov/
http://fris2.nist.gov/winddata
http://www.csc.noaa.gov/
http://www.elnino.noaa.gov/

NOAA LA Nina Pagehttp://www.elnino.noaa.gov/lanina.htmi

PHRLM Manual.http://www.cis.fiu.edu/hurricaneloss

RAMS: Regional Atmospheric Modeling Systenttp://rams.atmos.colostate.edu/

R.L. Walko, C.J. Tremback, #ARAMS: regi-onal at
l ntroduction to RAMS 4.3/ 4. 4.0
http://www.atmet.com/html/docs/rams/ugéginsintro.pdf

RMS home pagehttp://www.rms.com

The JDBC API Universal Data Access for the Enterprise.
http://java.sun.com/products/jdbc/overview.html

The Interactive Dathanguagehttp://www.rsinc.com/idl/

Track of hurricane Andrew (1992) (Source from NOVA).
http://www.pbs.org/newshour/science/hurricane/tacis|

Tropical cyclone heat potentidittp://www.aoml.noaa.gov/phod/cyclone/data/

The Ptolemy Java Applet package.
http://ptolemy.eecs.berkeley.edu/papers/99/HMAD/html/plotb.html
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5. Provide the following information related to changes in the model from the previously
acceptednodelto the initial submission this year.

A. Model changes:
1. A summary description of changes that affect the personal or commercial residential
loss costs or probable manum loss levels,
Meteorological Component

1 We updated to a recent version of HURDA®R/17/2016§ which indudes storms
up through the 2018eason.

1 We updated the ZIP Codkatabase to thiglarch, 201%ZIP Code boundaries as per
Standard G.

Vulnerability Component

a. The changes in theow-rise Commercial Residentialmodelinclude:

1 Calculation of soffit areas of hip and gable roof buildings

1 Update of exposure statistics, leading to changes in the weighted matrices.
7 Correction in the handling &¥DR2

1 Removal of rain sampling bounds

b. The changes in thieersonal Residentialmodel include:
1 Update of exposure statistics, leading to changes in the weighted matrices.

2. Alist of all other changes, and
None.

3. The rationale for each change.

Meteorological Component

1 Change made topdate to a recent version of HURDA{Z17/2016 as per Standard M
1.

1 Updated centroid locatiores per Standard-G
Vulnerability Component

For L ow-rise Commercial Residentialt

FPHLM V6.2 March 15, 201%:00 PM
106



1 Inthe 6.1 submission, for interior damage due to water intrusion through soffits, the hip
roof soffit areas were calculated using the same area as gable roof soffit areas.
Additionally, net areas due toinimum attic ventilation design requirements peCFB
2010were not accounted for in the final calculations of soffit areas. In this new update,
the geometry of the soffit for both gable and hip roofs changed, and hip roof soffit areas
are calculated differently than the gable soffit areas, to refleetrdift geometries, and net
penetrable areas are computed. The overall effect is an increase in vulnerability, for both
hip and gable models, mainly at wind speeds under 200mph. The increase is less
noticeable as the number of stories increases.

WDR2 was asumed to be equal to one in the calculation of water ingress due to breaches.

Now, WDR2 is sampled from the WDR2 distribution. The overall effect is a very slight

increase in vulnerability at wind speeds above 150mph. The increase is only slight

becausehe amount of total rain that impacts the building is unaffected by the value of the

WDR?2 variable, since the model first selects the total WDR constant value and computes

the variable WDR1 as WDRVDR2. In other words, the change only shifts the cause of

interior damage from WDR1 to WDR2, but the total value remains almost the same.

91 This original section of code was developed by only utilizing data within the intedval |
standard deviation, +0.&iandard deviation] of the simulation data. The entéinge of
simulation data is now used to determine the horizontal rain before and after exterior
damage is applied to the model. This change was made because there was no real
justification to limit the sample space. The overall effect is a general wghy décrease
in vulnerability for wind speeds above 120mph, which becomes noticeable only at very
high wind speeds.

1 A new exposure study involved the majority of the Florida counties leading to a new set of
statistics used to weight the vulnerability nies.

= =

For PersonalResidentialt

1 A new exposure study involved the majority of the Florida counties leading to a new set of
statistics used to weight the vulnerability matrices.

B. Percentagalifference in average annual zero deductible statewide losssdus$ed on the
2012 F1 ori da Hurricane Catastrophe Fundo6s a
residential exposure dataofund i n the filceexamedofihl pm201

1. All changes combined, and
The impact of all model changes combined is:

Personal Residential -1.55%

Low-rise Commercial Residential +17.68%

Mid/High-rise Commercial Residential -2.28%

Personal Residential and Commercial Residential Combined +4.18%

= =4 =4 4
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2. Each individual modelamponent change.
M eteorological Componens
The statewide impact of the meteorological components:

1 HURDAT update -1.54%
1 ZIP Code centroid update -0.02%

The impacts of the meteorological changes are similar amorRgtisenal
Residential, Lowrise Commercial Residential and Mid/Higise Commercial
Residential models. The changes shown above are for all three models combined.

Vulnerability Components

The impact of the vulnerability components:

1 Personal Residential statistics update +0.11%
1 Low-rise Commercial Residential statistics update -0.72%
1 Low-rise Commercial Residential vulnerability revisions
(other than statistics) +22.7%
1 Mid/High-rise Commercial Residential No Change

C. Color-coded maps by county reflecting the percentage difference in average annual zero
deductible statewide loss costs based oni20#2F | or i da Hurri cane Cat a
aggregate personal and commercial residential exposure data found in the file named
A h |l p nmc2.0elikteedach model component change.

SeeFigure20 - Figure24.

D. Color-coded map by county reflecting the percentage difference in average annual zero
deductible statewide loss costs based or20#2F | or i da Hurri cane Cat a
aggregate personal and commercial residential exposure data found in the file named
A h |l p nmc2.0eliktalbmodel components changed.

1. Between the previously accepted submission and the revised submission,
SeeFigure25 - Figure27.
2. Between the initialbmission and the revised submission, and
3. Between any intermediate revisions and the revised submission.
6. Provide a list and description of any potential interim updates to underlying data relied upon by
the model. State whether the time interval ftretupdate has a possibility of occurring during the

period of time the model could be found acceptable by the Commission under the review cycle in
this Report of Activities
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The FPHLM currentlydoesnot anticipate any interim updates.

Countywide Percentage Change due to Updated
HURDAT - Personal and Commercial Residential
Loss Costs Combined

Legend

PERCENTAGE
. -

B 3.99--2.00
B -1.99--1.00
. -099--0.01

o
1 0.01-1.00

1 1.01-2.00
B 201-4.00

- .
Min: -4.97% (BAY)
Max: 4.83% (Lafayette)

_.;T}r" P
o ik , -

Figure20. Countywide Percentage Change due to Updated HURDR&rsonal and Commercial
Residential Loss Costs Combined
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Countywide Percentage Change due to Updated
ZIP Code Centroids - Personal and Commercial
Residential Loss Costs Combined

Legend
PERCENTAGE

Bl <-0.70 N |
B 059 - -0.30 | L

| -029--005
. 1-0.05--0.01 ( /
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1 0.01-0.04
I 0.04-0.30 . I
B 031-070
o0

Min: -0.77% (Monroe)
Max: 0.73% (Washington)

Figure21l. Countywide Percentage Change dueldpdated ZIP Code CentroidsPersonal and
Commercial Residential Loss Costs Combined
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Countywide Percentage Change due to
Updated Statistics For Weighted Vulnerability
Matrices - Personal Residential Loss Costs

Legend
PERCENTAGE

R
B -149--1.00
' -099--050
. 1-0.49--0.01
o

. 10.01-050
1 051-1.00
B 101-200
-

Min: -1.64% (Nassau)
Max: 2.20% (Okaloosa)

Figure22. Countywide Percentage Change dueldpdated Statistics For Weighted Vulnerability
Matrices ¢ Personal Residential Loss Costs
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Countywide Percentage Change due to
Updated Statistics for Weighted
Vulnerability Curves - Low-rise Commercial
Residential Loss Costs

Legend
PERCENTAGE
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Figure23 CountywidePercentage Change due Updated Statistics for Weighted Vulnerability Curves
Lowrise Commercial Residential Loss Costs
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Countywide Percentage Change due to
Vulnerability Revisions (Other Than Updated
Statistics) - Low-rise Commercial Residential

Loss Costs

Legend
PERCENTAGE

Min: 16.77% (Lee)
Max: 37.89% (Dixie)

Figure24 Countywide Percentage Change dueValnerability Revisions (Other Than Updated
Statistics)c Low-rise Commercial Residential Loss Costs
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Countywide Percentage Change due to All
Revisions Combined - Mid/High-rise Commercial
Residential Loss Costs

Legend
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Figure25 Countywide Percentage Change due to All Revisions Combgriddi/High-rise Commercial
Residential Loss Costs
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Countywide Percentage Change due to All
Revisions Combined - Low-rise Commercial
Residential Loss Costs

Legend
PERCENTAGE

Bl <- 3500
B -34.99--25.00
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Min: 11.22% (Monroe)
Max: 42.66% (Taylor)

Figure26 Countywide Percentage Change due to All Revisions Combdrisaivrise Commercial
Residential Loss Costs
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Countywide Percentage Change due to All
Revisions Combined - Personal Residential

Loss Costs

Legend
PERCENTAGE

Bl <= 350
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I -249--150
[ -1.49 - 0.01
o000
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I 1.51-250
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Bl 350

Min: -4.75% (Gulf)
Max: 4.70% (Lafayette)

Figure27 Countywide Percentage Change due to All Revisions Combgfeersonal Residential Loss
Costs
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G-2 Qualifications of Modeling Organization Personnel and Consultants
Engaged in Development of the Model

A.Modelonstruction, testing, and evaluation she
organization personnel or consultants who po
formal edaincdatdaxmeri ence to develop the relev
hurricane | oss projection methodol ogi es

Themodel was developed, tested, and evaluated by a-dstiplinary teanof professors and
experts in the fields of meteorology, wind and structural engimgeromputer science, statistics,
finance, economics, and actuarial science. The experts work primarily at Florida International
University, Florida Institute of Technology, Florida State University, University of Florida,
Hurricane Research Division ofOWA, and University of Miami.

B. The model and model submission documentati on
model ing organization personnel or consul tan
di sci pwiitnhesr equi sitesexpetuereakckbwind engineer |
Prefssional Engineer), statistics (advanced d
(Associate or Fellow of GasGalCctegetpcphiaACabact
met eorol ogy (advanced degree), and computer/
degree). These indifwi ddwdlms hGlod,lghE xSee rtt

Certi fi cataisonapfpdrinesa,bl e.

The model has been reviewed by modeler personnel and consultants in the required professional
disciplines. These individuals abide by the standards of professional casddopted byheir
profession.

Disclosures
1. Organization Background

A. Describe the ownership structure of the modeling organization engaged in the
development of the model. Describe affiliations with other companies and the nature of
the relationship, if any. Indicatef the organization has changed its name and explain the
circumstances.

The model was developed independently by a raigtiplinary team of professors and experts.
The lead university is the Florida International University. The model was commissip tieel
Florida Office of Insurance Regulation.

B. If the model is desloped by an entity other than theodelingorganization describe its
organizational structure and indicate how proprietary rights and control over the model
and itscomponents igxercised. If more than one entity is involved in the development of
the model, describe all involved.
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University of

Miami (UM)
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Horida Sate AMI Risk
University \
\ Consultants
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University of Horida y
(Up Insurance Companies - clients
Horida Institute of
Technology
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Figure28. Organizational structure.

The Florida Office of Insurance Regulation (OIR) contracted and funded Florida Irdealati
University to develop the Florida Public Hurricane Loss Mod@lkeé model is based at the
Laboratory for Insurance, Financial and Economic Research, which is part of the International
Hurricane Research Center at Florida International University. TRed{d not influence the
development of the modelhe model was developed independently by a team of professors,
experts, and graduate students working primarily at Florida International University, Florida
Institute of Technology, Florida State Univeysityniversity of Florida, Hurriane Research
Division of NOAA, University of Miami and AMI Risk Consultants'he copyright for the model
belongs to OIR.

C. If the model is developed by an entity ottban themodelingorganization describe the
funding source for thedevelopment of thenodel.

The model was funded by the state legislature at the request of the Florida Office of Insurance
Regulation.

D. Describe any services other than hurricane modeling provided kbye modeling
organization

No other services beside hurricane modeling is provided by modeling organization.

Until 2008 the modeler provided services to only one major client, th@IRL Effective January

2009 the modeler is providing services to the firms and organizations imstirance and

reinsurance industries. It has expanded the infrastructure and computational capacity to handle the
added load.
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The first version of the model was completed in May 2005 and was based on the knowledge and
the limited data available prior the 20042005 hurricane seasons. It was not used for purposes

of estimating loss costs for insurance company exposures. Essentially, it was an internal model
that was never implemented.

The next version of the model was developed wperacquisition o limited amount of
meteorological, engineeringnd insurance claim data from the 2025 hurricane events and
was implemented in March 2006. This versmasused to process the insurance company data
on behalf of the Florida Office of Insurance Regjola

In summer 2007 a revised and updated version of the model, 2.6, was accepted by the Florida
Commission on Hurricane Loss Projection Methodology and put to immediate use. Another
revised and updated version, 3.0, was accepted by the Commission in JUnen2Qisxt

updated version of the model was 3.1, which was accepted by the Commission in Juii@i2009.
was followed by version of the model was 4.1, which was accegtdteilCommission in August
2011, and the version 5.0 accepted in July 2013. The lgidated version of the model is 6.1,
which was accepted by the Commission in July 2015.

E. Indicate if the modeling organization has ever been involved directly in litigation or
challenged by agovernmentauthority where the credibility of one of its U.Suhricane
model versions for projection of loss costs or probable maximum loss levels was disputed.
Describe the nature of each case and its conclusion.

None.
2. Professional Credentials

A. Providein a tabular format (a) the highest degree obtained (disci@imand university),
(b) employment or consultant status and tenure in years, and (c) relevant experience and
responsibilities of individuals currently involved in the acceptability process or in any of
the following aspects of thenodel:

Meteorology

Statidics

Vulnerability

Actuarial Science
Computefinformation Science

arwnpE

See below.

Table 10. Professional credentials.

Key Personnel I;)egrge/ University Employment Status Tenure Experience
Discipline
Meteorology:
. —_ Meteorology track,
. Univ. Texas Scholar/Scientist FSU, . .
Dr. SteveCocke Ph.D. Physics Austin Dept of Meteorology 20 :]r;toe;eslgy, roughness
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Degree/

Key Personnel Discipline University Employment Status Tenure Experience
. Florida State FSU/COAPS Associate
Dr. Dongwook Shin Ph.D.Meteorology University Research Scientist 15 Meteorology
. M.S. Meteorology, | Florida State Meteorologist Univ. of
BachirAnnane M.S. Mathematics | University Miami 22 Meteorology
Florida State Meteorologist
Neal Dorst B.S. Meteorology University HRD/NOAA 32 Meteorology
Statistics
. . Reliability, goodness of fit
. - University of - .
Dr. S. Gulati Ph.D. Statistics . Professor, Statistics , FIU 25 tests and nonparametric
South Carolina ]
analysis
. _— University of Professor of Statistics at Statistics testing and
Dr. B. M. GolamKibria | Ph.D. Statistics Western Ontario | FIU 16 sensitivity analysis
Engineering:
Dr. JearPaul Pinelli Ph.I?. Cl\{ll Georgia Tech Prof_essor, CE Florida 20 Wind engineering,
Engineering Institute of Technology vulnerability functions
Ph.D. Civil University of Assodate Rofessor, CE Wind engineering,
Dr. Kurt Gurley Engineering Notre Dame Universityof Florida 1 simulations
. . B.S. Civil Florida Institute Ph.I_D.Car_1d|daten (.:'V'I Wind andstructural
Nicholas Miller Endineerin of Technolo Engineeringat Florida 1 enaineerin
9 9 ay Institute of Technology 9 9
Polytechnic Ph.D. Gindidate in
. M.S. Computer School of Computer Science, Software and database
Diogo Pacherco ; ! . - 1
Engineering Pernambuco, Florida Institute of development
Recife Technology
- Jawaharlal Nehry Ph.D.Candidaten Civil . . )
Karthik Yarasuri B'S'. C'V'I. Technological Engineering, University of 2 W'nd engineering,
Engineering : ) ’ simulations
University Florida
Actuarial/Finance:
. . . . . Professor of Finance
Dr. Shahid Hamid Ph.D. Economics | Universityof Florida International 28 Insurance and finance
ProjectManager, Pl (Financial) CFA Maryland ) .
University
Gail Flannery FCAS, Actuary CAS VP, AMI Risk Consultants | 31 | Reviewer, demandusge
actuarial analysis
President, AMRisk .
Aguedo Ingco FCAS, Actuary CAS Corsultants 41 Reviewer, demandusge
University of - .
. e Actuarial supervisor, AMI . .
Nino Joseph Paz FCAS, Actuary P_h_lllpplnes Risk Consultants 5 Actuarial consulting
Diliman
Computer Science
Dr. ShuChing Chen Egz Elt::mcal and Purdue Professor of Computer 16 Software and database
: 9 putel University Science at FIU development
Engineering
PhD. Electrical and Purdue Professor of Electrical and
Dr. Mei-ling Shyu Computer . . Computer Engineeringt 16 Software quality assuranc|
. h University
Engineering UM
Florida M.S. studentin Computer
Raul Garcia BS Computer International Science at Georgia Institut 6 Software and database
Science ; ] development
University of Technology
Florida M.S. studenin Computer
Diana Machado BS Computer International Science at Georgia Institut: 5 Software and database
Science - ] development
University of Technology
. PhD. Computer Florida . IT Associate Director of Software andlatabase
Hsin-Yu Ha ) International 9
Science University IHRC at FIU development
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Degree/

Key Personnel Discipline University Employment Status Tenure Experience
Florida
Fausto Fleites Ph.D' Computer International Consultant 14 Software and database
Science - ] development
University
Florida N
. . M.S. Computer . Ph.D.Candidatén Software and database
Haiman Tian ; . International - 3
Engineering Uni . Computer Science at FIU development
niversity
Samira Pouvanfar M.S. Computer Sharif University | Ph.D.Candidaten 3 Al, software and databas€
Y Engineering of Technology Computer Science at FIU development
vilin Yan M.S. Computer National Taiwan | Ph.D.Candidateat 4 Software design and
Science OceanUniversity | University of Miami testing, data processing
M.S. studentof Electrical
Yudong Tao B‘.S' . Fudan University| and Computer Engineering 1 Software and database
Microelectronics at UM development
Hong Kong
M.S. Computer university of Ph.D.Candidaten Software and database
Sheng Guan ; . ° 2
Science science and Computer Science at FIU development
technology
Florida ’
. M.S. Computer . Ph.D.studentn Computer Software and database
Maria Presa Reyes Science International Science at FIU L development
University p
B.S. Software Unlver.su.jad de M.S. studenin Computer Software and database
Juan Sotomayor Paez Especialidades 1

Development

Espiritu Santo

Science at FIU

development

B. Identify any new employees or consultants (since the previous submissiogaged in
the development ahe model or the acceptabilifgrocess

Maria Presa Reyes, Juan Sotomayor PaezPbngwook Shin Nicholas Miller Yudong Tao,
Diogo Pacherco, and Karthikarasuri

C. Provide visual business workflow documentation connecting all personnel related to
model design, testing, execution, maintenance, aetisionrmaking.
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Research and Modeling System Development
Database Management
Meteorology Team Schema Design, Database Development and
Hurricane Simulation and Wind Field Calculation Maintenance
Dr. Steven Cocke Diana Machado
Dr. Dongwook Shin Raul Garcia
Bachir Annane
Neal Dorst Jl
Software Engineering
Module Implementation and System Integration
Structural Engineering Team 2 SI;{]:llulC(];mg e
- Vulnerability Modeling and Validation ST SRR
Statistics Team Dr. Jean-Paul Pinelli Diana Machado
Statistical Testing Dr. Kurtis Gurley 1
Sensitivity Analysis, Nicholas Miller
and Support Diogo Pacheco Quality Assurance
Dr. Golam Kibria Karthik Yarasuri System Verification and Testing
Dr. Sneh Gulati Dr. Mei-Ling Shyu
Dr. Hsin-Yu Ha
Yilin Yan
Yudong Tao
Insured Loss Team l
Insurance Loss Cost Estimation .
Dr. Shahid Hamid Documentation
Gail Flannery Documentation Preparation and Maintenance
Aguedo Ingeo Dr. Shu-Ching Chen
Nino Joseph Paz Dr. Hsin-Yu Ha
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Figure29. Florida Public Hurricane Loss Model workflow.

3. Indeperdent Peer Review

A. Providereviewer names and dates of external independent peer reviews that have been
performed on the following components as currently functioning in timedel:

Meteorolog

Statistics

Vulnerability

Actuarial Science
Computefinformation Science

arwnE
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Dr. Gary Barnes, Professor of Meteorology at University of Hawarformed the external
review of the meteorology component-ebruary 2007The current version was reviewed by
modeler personnel.

Gail FlanneryFCAS, and Aguedo Ingco, FCASctuaries and vice president and president,
respectively, of AMI Risk Consultants in Miami, performed the external review of the actuarial
component and submissionOctober 2016Gail Flannery was also involved the development

of the demand surge modeid the commercial residential model.

The vulnerability, statisticahnd computer science components were reviewed by modeler
personnel.

B. Provide documentation of independent peer reviews directly relevant to the modeling
organi zationds responses to the current s t
unresolved or outstanding issues as a result of thesgews.

The written independent rewvieof the wind component by Dr. Gary Barnes is presented in
Appendix A. No unresolved outstanding issues remain after the review.

Gall Flannery, FCAS, performed the independent review of the actuarial component. She attended
many meetings with the modebta and helped in the understanding of the requirements of the
actuarial standards, disclosures, and forms. She was provided with all relevant forms and
supporting documents. She conducted independent analysis of the A forms and asked questions
and providedeedback and suggestions; her questions were addressed, and the feedback and
suggestions were acted upon so that no unresolved alitgjassues remain. Sipeepared the
submission document for the actuarial standards. A letter from Gail Flannery framten

Appendix A. See also Form-&

C. Describethe nature of any orgoing or functional relationship the organization has with
any of the persons performing the independent pesriews.

Dr. Gary Barnes, Professor of Meteorology at University of Hiawarformed the external

review oftheversion 26 meteorology component of the mogdeérticularly the wind field model

He has no omgoing or functional relationship to FIU or the modeling organization, other than as
an independent reviewer. He did take part in the development or testing of the model. His role
in the model has been confined to being an independent external reviewer.

4, Providea completed Form &, General Standards Expert Certification. Provide a link to
the location of the formhere

SeeForm G1

5. Providea completed Form &, Meteorological Standards Expert Certification. Provide a
link to the location of the fornmhere.

SeeForm G2
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6. Providea completed Form &3, Statistical Standards Expert Certification. Provide a link to
the location of the formhere.

SeeForm G3

7. Providea completed Form &}, Vulnerability Standards Expert Certification. Provide a link
to the location of the formhere.

SeeForm G4

8. Providea completed Form &, Actuarial Standards Expert Certification. Provide a lirk
the location of the formhere.

SeeForm G5

9. Providea completed Form &, Computer Standards Expert Certification. Provide a link to
the location of the formhere.

SeeForm G6
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G-3 Insured Exposure Location

A.ZI P Coadesl in the model shall not differ fror
Service publication date by more than 24 mon
the model. ZI P Code information shall origin

Serv.i ce

Our model uses ZIP Code data exclusively from a tpady developer, which bases its

information on the ZIP Code definitions issued by the United States Postal Service. The version
we used has a USPS vintageMzrch 2015 The ZIP Code dataave been changed in the current
release of the model from last year's submission

B.ZI®Pode centroids, when used in the model |, s h
dat a.

ZIP Code centroids used in the model are population centroids

C.ZIl®Pode informasednbypyurbkbbdamodel ing organizat:.i
by the modeling organi zaaptpiroonp rfioart eancecsusr.acy an

The ZIP Code information is checked for consistency by experts developing our model. Maps
showing the ZIP Code boundaries and the assoatai@doids will be provided to the
professional team during the-gite visit

D.I f any hazard or any model vulneraBiPity <con
Code databases, the modeling org®@miorza&tsisol os h
ensuring these @aomempoorNitst entZ|l Wi Clodteha at abars
updat es.

All ZIP Codedependent componerdse recreated using the lataptate of the ZIP code data in
the model

E. Geocoding methodoplusgyfsbkdll be

The FPHLM uses an enterprise class geocodnggne for converting street addresses to latitude
longitude values.

Disclosures

1. Listthe current ZIP Code databases used by the model andrtbdelcomponents to which
they relate. Provide the effective (official United States Postal Service) datesponding
to the ZIP Codealatabases.

The FPHLM uses-8ligit ZIP Codes distributed by Pitney Bowes. Thdigit ZIP Codes product
constitutes a geographic data set that contains the boundaries fordegittZ8” Code in the
United States assigned by the U.S. Postal Service.
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The ZIP Code datare updated quarterly. The release we used isubimission has a vintage of
2015.03(March 2015.

The ZIP Code data are used in the Wind Speed Correction and Insured Loss modules of the
model

2. Describein detail how invalid ZIP Codes arbandled.

For historical loss costs where street addresses are not available, we use contemporaneous ZIP
Codes and associated populatiased centroids to locate the exposure. The Wind Speed
Correction module subsequbndetermines the current (201BIP Code thatontains the

historical centroid, and the exposure is then modeled on the basi26flthélP code centroid

location. If a policy has a ZIP Code that cannot be found in the contemporaneous database of ZIP
Codes, it is not modeled

3. Describe the datanethods, and process used in the model to convert among street addresses,
geocode locations (latitudmngitude), and ZIP Codes.

The FPHLM uses Street Map Premium for ArcGIS vint2@#5.2(February2015 to geocode
street addresses

4, List and provide a bef description of each model ZIP Codeased database (e.g., ZIP Code
centroids).

Populationbased zip code centroids and roughness. This database provides the zip code centroid
location and corresponding populatiseighted roughness and distance tostdar each
incoming wind direction octant.

Wind-borne Debris Region (WBDR) ZIP Codes. This database provides the lists of Florida ZIP
Codes that fall within the WBDR specified by the Florida Building Code.

5. Describe the process for updating model ZO®debased databases.

The zip code boundaries received from the vendor are checked and then the boundaries are used
in the recalculation of the zip code centroids, roughness and distarasto
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G-4 Independence of Model Components

The meteorological, vulnerability, and actuarial components of the model shall
each be theoretically sound without compensation for potential bias from the
other two components.

The meteorology, vulnerability, and actuarial components of the raoel¢heoretically sound
andwere developed and validated independently before being integrated. The model components
were tested individually.
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G-5 Editorial Compliance

The submission and any revisions provided to the Commission throughout the
review process shall be reviewed and edited by a person or persons with
experience in reviewing technical documents who shall certify on Form G-7,
Editorial Review Expert Certification that the submission has been personally
reviewed and is editorially correct.

The current submissiatocument has been reviewed and edited by persons who are qualified to
perform such tasks. Future revisions and related documentation will likewise be reviewed and
edited by the qualified individual listed in Form7G

Disclosures

1. Describethe process uskfor document control of the submission. Describe the process used
to ensure that the paper and electronic versions of specific files are identicabirient.

All submission document revisions are passed to the Editor prior to inclusion in the document.
Theeditoris responsible for the electronic version of the document and th@dakkoftware
issuesSeveral Word tools are utilized to automate the prodefgsroatting and editing the
document. For example, we used Source Manager for€Aa bibliographies, consistent
formatting via styles for standards, forms and disclosures,-cetm®nces to cite figures and

tables, and muHievel lists to ensure caistent numbering. In additiodW/ordd sack change

tool isused tdkeep track of modifications to the document since the initial submis&ioaxport

filter to PDF format is usetb export the document directly to PDF format, which subsequently is
printed directly to paper via a printer. The PDF and printed document should be identical barring
unforeseen bugs in the PDF export pingr PDF printing software.

2. Describethe process used by the signatories on Formé @rough G-6, Expert Certification
forms,to ensure that the information contained under each set of standards is accurate and
complete.

Each signatory was responsible for doing a final review of the standards related to their expertise
prior to submission to verify the accuracy and compkets of the information in the submission
document. A technical editor perfosra thorough edit of the documenAd! signatories were

required to procfead a PDF version of the document to ensure accuracy and completeress. On
site meetings were held torfam a thorough review of the final version of the document.

3. Providea completed Form &, Editorial Review ExperCertification. Provide a link to the
location of the formhere.

SeeForm G7.
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METEOROL OGS CANDARDS

M-1 Base Hurricane Storm Set

A, The Base Hurricane Storm Set is the National
June 9, 2015 (or Il ater), #£2M0ddr pdmatuiahg firlee up
used in both model calibratienbaseédmagein \ dle
Base Hurricane Storm Set. Complete additiona

updates to HURDAT2 approved by the Tropical

Hurricane Center are acceptable modification
atmospheri¢iserancaee may be used to justify

Hurricane Storm Set.

Validation of the FPHLM is based on the 192015 period of historical record as provided in the
February 172016 version of HURDAT released by the National Hurricane Gente

B.Anyrends, weighting, or partitioning shal/l
currently accepted scientific |Iiterature a
and validation shall encompass the compl et

as agmyrtitions.

Validation and comparison of the FPHLM encompasses the complete Base Hurricane Storm Set
provided in HURDAT. We conduct no trending, weighting, or partitioning of the Base Hurricane
Set.

Disclosures

1. Specifythe Base Hurricane Storm Set redse date and the time periodesto develop and
implement landfall and bypassing hurricane frequencies into the model.

The National Hurricane Center HURDAT file frolsebruary 172016 for the period 1902015

is used to establish the official hurricdmese set used by our model. All HURDAT storm tracks
that have made landfall in Florida or bypassed Florida but passed close enough to produce
damaging winds are documented in our archives.

2. If the modeling organization has made any modifications to the B&turricane Storm Set
related to landfall frequency and characteristics, provide justification for such
modifications.

For stochastic hurricane loss modeling, the HURDAT database indicated in Disclosure 1 is used,
unmodified, to develop the probabilitystlibution functions for track and intensity changes and
to determine storm frequency.

To model historical losses, we developed a Historical Base Set. This base set is based on the
latest HURDAT but includes additional data, Isas central pressure aRthax that may not be
available in HURDAT but is needed by the wind model.
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3. If the modelincorporates shorterm, longterm, or other systematienodification of the
historical data leading to differences between migtkclimatology and that in thBase
Hurricane Storm Set, describe how this is incorporated.

The FPHLM incorporates no shdgrm, longterm, or other systematic modifications of the

climate record. Storm frequencies are based on historical occurrences derived from HURDAT and
thus implicitly contain any longor shortterm variations that are contained in the historical

record. No attempt is made to explicitly model loagshortterm variations.

4, Provide a completed Form M, Annual Occurrence Rates. Provide a link to the location of
the formhere.

SeeForm MH1.
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M-2 Hurricane Parameters and Characteristics

Methods for depicting all modeled hurricane parameters and characteristics
including but not limited to windspeed, radial distributions of wind and pressure,
minimum central pressure, radius of maximum winds, landfall frequency, tracks,
spatial and time variant windfields, and conversion factors, shall be based on
information documented in currently accepted scientific literature.

All methods usedat depict storm characteristics are based on methods described in the peer
reviewed scientific literature. Our scientists developed datasets using data from published reports,
the HURDAT database, archives, obseregeamathi ons,
Division, The Florida State University, Florida International University, and the Florida Coastal
Monitoring Program.

Disclosures

1. Identify the hurricane parameters (e.g., central pressuradius of maximum winds) that
are used in the model.

Hurricane parameters used in the modelude storm track (translation speed and direction of the
storm), radius of maximum windR(may, Holland surface pressure profile parameByr the
minimum central sea level pressuRa(in), the damage threshattistance, and the pressure decay
as a function of time after landfall.

The storm initial position and motion are modeled using the HURDAT database. For pressure
decay we use the Vickery (2005) decay model. Vickery developed the model on the basis of
pressire observations in HURDAT and NWEB, together witlRmaxand storm motion data as
described in the publication. The radius of maximum winds at landfall is modeled by fitting a
gamma distribution to a comprehensive set of historical data published iR38\WsHo et al.
(1987) and supplemented by the extended best track data of DeMaria, NOAA HRD research
flight data, and NOAAAOML -HRD H*Wind analyse¢Powell & Houston, 1996; Powell et al.,
1996; Powell & Houston, 1998; Powell et al., 1998)

Additional resarch was used to construct a historical landRatiaxPmindatabase using existing
literature(Ho et al., 1987)extended best track data, HRD Hurricane field program data, and the
H*Wind wind analysis archivéDemuth et al., 2006)Ve developed aRmaxmodel using the
revised landfalRmaxdatabase, which includesore than 100 measurements for hurricanes up to
2012. We have opted to model tRemaxat landfall rather than the entire basin for a variety of
reasons. One is that the distribution of landRallaxmay be different than that over open water.
An analysis of the landfaRmaxdatabase and the 198807 extended best track data shows that
there appears to be a difference in the dependeriRmaxkon central pressur®(nin) between

the two dataset®emuth et al., 2006)rhe 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 lanBfialaxis most relevant for losst estimation

and has a larger independent sample size, we have dbasedel the landfall dataset.
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Recent research results by Willoughby and Rahn (2004) based on the-NOKA -HRD

annual hurricane field program and Air Force reconnaissance-lifigtobservations are used to
create a nholdrelBd fpoarr atnheet efir . Ongoing research
horizontal surface wind distributions (based on Stepped Frequency Microwave Radiometer
observations) to flight level distributiorfBowel et al., 2009)s used to correct the fligiéevel

Rmaxto a surfacé&kmaxwhen developing a relationship for tHelland Bterm. We multiply the

flight-level Rmaxfrom the Willoughby and Rahn (2004) dataset by 0.815 to estimate the surface
Rmax(based or5FMR, flightlevel maxima pair data). This adjustment keeps the Holland

pressure profile parameter consistent with a suffanaxand because of the negative term in the
equation produces a larger valueBahan if a flightlevel value oRmaxwere used.This is

consistent with the concept of a stronger radial pressure gradient for the mean boundary layer slab
than at flight leve{due to the warm core of the storm), which agrees with GPS dropsonde wind

profile observations showing boundary layer wirtti tare stronger than those at the 10,000 ft

flight level, which is the level for most of tligedata in Willoughby and Rahn (2004). TBe

adjustment for a surfademaxproduces an overall stronger surface wind field th&were not

adjusted. Inadditit, sur face pressures from the fAbest tr
to associate a particular fliglevel pressure profil® with a surface pressure.

The NOAA-AOML-HRD H*Wind analysis archive was used to develop a relationship between
Rmaxand the extent of damaging winds to make sure that the model would only consider land
locations that have potential for damaging winds. HRD wind modeling research initiated by
Ooyama (1969) and extended by Shapiro (1983) has been used to develop tivenHREd

model. This model is based on the concept of a slab boundary layer model, a concept pioneered
at NOAA-AOML-HRD and now in use by other modelers for risk applicat{@hempson &

Cardone, 1996; Vickery & Twisdale, 1995; Vickery et al., 2000d)e HURDAT historical

database is used to develop the track and intensity model. Historical data used for computing the
potential intensity is based on the National Centers for Environmental Prediction (NCEP) sea
surface temperature archives and the N@alysis for determining the upper tropospheric

outflow temperatures. Use cases describing the various model functions and their research bases
are available with the model documentation.

2. Describe the dependencies among variables in the windfield carappband how they are
represented in the model, including the mathematical dependence of modeled windfield as
a function of distance and direction from the center position.

B depends linearly on latitudandRmax and quadratically obelP. The gradient wd for the

slab boundary layer depends@min(throughDelP) andB; the mean slab planetary boundary

layer (PBL) wind depends on the gradient wind, the drag coefficient (which depends on wind
speed), the air density, the gradients of the tangentiakai components of the wind, and the
Coriolis parameter (which also depends on latitude). The wind field model solves the equations of
motion on a polar grid with a OR/Rmaxradial grid resolution. The inpiRmaxis reduced by

10% to correct a small lsan Rmaxcaused by a tendency of the wind field solution to place
Rmaxradially outward by one grid point. The wind field model terms and dependencies are
further described in Powell et al. (2005).

3. Identify whether hurricane parameters are modeled as dam variables, functions, or fixed
values for the stochastic storm set. Provide rationale for the choice of parameter
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representations.

Initial storm positions and motion changes derived from HURDAT are modified by the addition
of small uniform random eor terms. Subsequent storm motion change and intensity are obtained
by sampling from empirically derived PDFs as described in Sectibr2 GT'he random error term

for the B parameter is a normal distribution with zero mean and a standard deviation foenived
observed reconnaissance aircraft pressure profile fits for B (Willoughby & Rahn, 2004). The
radius of maximum winds is sampled from a gamma distribution based on |&wftata and

is described in more detail below and in Standattl Z5

SinceRmaxis nonnegative and skewed, we model the distribution using a gamma distribution.
Using the maximum likelihood estimators, we found the parameters for the gamma distribution to
bek=4.76,d=5.41. A discussion of the goodness of fitRimaxis found in $andard Sl.

An examination of th&@maxdatabase shows that intense storms, essentially Category 5 storms,
have rather small radii. Thermodynamic considerat{@viioughby, 1998)also suggest that
smaller radii arenore likely for these storms. Thus, wedel Category 50elP>90 mb, where
DelP=1013PminandPminis the central pressure of the storm) storms using a gamma
distribution, but with a smaller value of tbigparameter, which yields a smaller mé&maxas

well as smaller variance. We have foundttfor Category 114 (DelP<80) storms there is

essentially no discernable dependencBmfxon central pressure. This is further verified by
looking at the mean and varianceRyhaxin each 10mb interval. Thus, we model Categoiiyl
storms with a singlees of parameters. For a gamma distribution, the mean is givkafy Bpd
variance ikd?. For Category 5 storms, we adjdstuch 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
intermediate zone betwe&elP=80 mb andelP=90 mb is established where the mean of the
distribution is linearly interpolated between the Categdd/alue and the Category 5 value. As
thed value is reduced, the variance is likewise reduced. $trece are insufficient observations

to determine what the variance should be for Category 5 storms, we rely on the assumption that
variance is appropriately described by the resodleth kd?.

A simple method is used to generate the gardisiibuted alues. A uniformly distributed

variable is mapped onto the rangeRwhaxvalues via the inverse cumulative gamma distribution
function. For computational efficiency, a lookup table is used for the inverse cumulative gamma
distribution function.

For Categoy 5 and intermediate Category3istorms, we use the property that the gamma
cumulative distribution function is a function &/d). Thus, by rescalingd, we can use the same
function (lookup table), but just rescal¢Rmay. The rescale®maxwill then still have a gamma
distribution but with different mean and variance.

The storms in the stochastic model will undergo central pressure changes during the storm life
cycle. When a storm is generated, an appropRataxis sampled for the storrito ensure the
appropriate mean valuesRmaxas pressure changes, Rmaxis rescaled every time step as
necessary. As long as the storm DBatP < 80 mb, there is in effect no rescaling. In the
stochastic storm generator, we limit the rangRmiaxfrom 4 sm to 120 sm. The wind field
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solution, after including the translation speed, results in valu@saithat are outside this range
less than 2% of the time.

4. Describe if and how any hurricane parameters are treated differently in the historical and
stochastic storm sets and provide rationale.

All historical storm sets consist of input files containing information derived from HURDAT or
other observation sources as described in StandakdA stochastic input storm tracks are
modeled.

5. State whether the model simulates surface winds directly or requires conversion between
some other reference level or layer and the surface. Describe the source(s) of conversion
factors and the rationale for their use. Describe the process for convertigmodeled
vortex winds to surface winds including the treatment of the inherent uncertainties in the
conversion factor with respect to location of the site compared to the radius of maximum
winds over time. Justify the variation in the surface windswersion factor as a function
of hurricane intensity and distance from the hurricane center.

The mean boundary layer winds computed by the model are adjusted to the surface using results
from Powell et al. (2003)hich estimated a mean surface wiadtor of 77.5%on the basis of

over 300 GPS sonde wind profile observations in hurricanes. The surface wind factor is based on
the ratio of the surface wind speed at 10 m to the mean wind speed fob@@arOlayer (mean
boundary dyer wind speed or MBL) pliehed in Powell et al. (2003). This ratiofes more

relevant to a slab boundary layer motihen using datbased on higher, reconnaissance aircraft
flight levels. The depth of the slab boundary layer model is assigned a value of 450 m, which is
the lewel of the maximum mean wind speed from GPS sonde wind profiles published in Powell et
al. (2003). The uncertainty of the surface wind factor is A8%ed orthe standard deviation of

the measurements, but no attempt is made to model this uncertaingdidladistance from

center or intensity dependent variation of reduction factor is used at thisdaaase of a lack of
dependency on these quantities based on examirdt®RS dropsonde dafgigure30).
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Figure30. Analysis of 742 GPS dropsonde profiles launched freghkn with flight-level winds at

launch greater than hurricane force and with measured surface winds. Upper figure: Dependence of
the ratio of 10 m wind speed (U10) to the mean boundary layer wind ep€MBL)on the scaled radius
(ratio of radius of last measured wind (RImw) to the radius of maximum wind at flight level (RmaxFL).
Lower figure: Surface wind factor (UL10/MBL) dependence on maximum flight level wind speed (Vflmax,
in units of miles per har / 2.23).
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6. Describe how the windspeeds generated in the windfield model are converted from sustained
to gust and identify the averaging time.

Wind speeds from the HRD slab boundary layer wind field model are assumed to represent ten
minute averages. Austained wind is computed by applying a gust factor to account for the

highest onaninute wind speed over the temnute period. A peak thresecond gust is also

computed. Gust factors depend on wind speed and the upstream fetch roughness, which in turn
depends on wind direction at a particular location. Gust factor calculations were developed using
research in the Engineering Sciences Data Unit (ESDU) series papers as summarized and applied
to tropical cyclones by Vickery and Skerlj (2005).

7. Describetheh st or i cal data used as the basis for
appropriateness of the model stochastic hurricane tracks with referencén¢ohistorical
hurricane data

The hurricane tracks are modeled as a Markov process. Initial shodfitions are derived from
HURDAT. Small uniform random perturbations are added to the historical initial conditions,
including initial storm location, change in motion, and intensity.

Storm motion is determined by sampling empirical distributions, barsétl RDAT, of change

in speed and change in direction, as well as change in relative intensity. These functions are also
spatially dependent, binned in variable box sizes (typically 2.5 degrees), and enlarged as
necessary to ensure sufficient densitytofras for the distribution.

The model has been validated by examining key hurricane statistics relative to HURDAT at
roughly 30 sm milepost locations along the Gulf and Atlantic coasts. The parameters examined
include average central pressure deficitrage heading angle and speed, and total occurrence by
Saffir-Simpson category.

8. If the historical data are partitioned or modified, describe how the hurricane parameters are
affected.

The FPHLM does not partition or modify the historical data.

9. Describe how the coastline is segmented (or partitioned) in determining the parameters for
hurricane frequency used in the model. Provide the hurricane frequency distribution by
intensity for each segment.

The model does not use coastline segmentatioletermine hurricane frequency.

10. Describe any evolution of the functional representation of hurricane parameters during an
individual storm life cycle.

Upon landfall, the evolution of the central pressure changes from sampling a PDF to a decay
model desgbed in Vickery (2005). When the storm exits back over water, the pressure is again
modeled via the PDF. After landfall, the slab boundary layer, surface drag coefficient changes
from a functional marine form to a constant based on a mean aerodynanhicessigength of
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0.2 m. The slab boundary layer height increases from 450 m to 1 km after the center makes
landfall and decreases back to 450 m if the center exits land to go back to sea.
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M-3 Hurricane Probabilities

ty distributions of hurrica
nt with historical hurrican

A.Model ed probabil
I b a

i
s hal e consiste

Hurricane motion (track) is modeled based on historical geographic probability distributions of
hurricanetranslation velocity and velocity change, initial intensity, intensity change, and potential
intensity. Modeled probability distributions for hurricane intensity, forward spe®adx and

storm heading are consistent with historical hurricanes in thetistlaasin.

B. Model ed hurricane |l andfall frequency distr.i
Hurricane Storm Set used for category 1 to
consistent with those observed f co

[

neighboring statesg( Al abamaMi &si

b

5
or each S
Sssippi) .

a

As shown in Form ML and the accompanying plots, our model reflects reasonably thi 1900

2015Base Hurricane Set for hurricanes of Saffimpson Categoried & in each coastal region

of Florida, as well as in the neighboringtsts. In addition, a finer scale coastal milepost study of

model parameters (occurrence rate, storm translation speed, storm headigjrwnwas

conducted during the development of the model.

C. Model s sh
defining

Storm Set

I

us ani mauxd iemwsm sanred ae dwpwd dd swhen

i cane |l andf all intensity. Thi s
to develop |l andfall frequency
coast al 0 on and to the model ed winds in
damage. a@ dsmaximmmmtenes us-mat eedwilBOdspeec
shal l be within the range of windspeeds (in
by the-Stampsion Scal e.

Saf-$i mpson Hurricane Scal e:

Category Winds (mph) Damage
1 74171 95 Minimal
2 9671 110 Moderate
3 1117 129 Extensive
4 13071 156 Extreme
5 157 or higher Catastrophic

The HRD wind field model simulates landfall intensity according to the maximurmamee
sustained wind for the 10 m level for both stochastic simulationthen8ase Hurricane Set. The
Saffir-Simpson damage potential scale is used to further categorize the intensity at landfall, and
the range of simulated wind speeds (in miles per hour) is within the range defined in the scale.
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Disclosures

1. Provide a completéist of the assumptions used in creating the hurricane characteristic
databases.

TheHolland Bdatabase is based on fligktel pressure profiles corresponding to constant
pressure surfaces at 700 mb and below. Because of a lack of surface prelssdatd] an
assumption is made that thielland Bat the surface is equivalent t@aletermined from
information collected at flight level. The surface pressure profileseg DelP, andRmaxat

the surface. It would be ideal to havB dataset alsoorresponding to the surface, but such data
are not available. The best available dat®ame flightlevel data from Willoughby and Rahn
(2004).Willoughby and Rahn (2004) reveal that during major hurricanes most flights flew at 3
km (700 mb). Few lowelevel data are available for mature hurricanes, so theifigare3) of

B vs. flight level does not provide data about average vertical strubitdreu of lowerlevel

data, we moddB using flight data supplied by Willoughby, but wigmaxadjusted to a surface
Rmax and with surfac®elP added from NHC best track data for each flight. Since we are
modeling hurricane winds during landfall, d&ma model applies only to landfall and is not
designed to model the life cycle Rmaxas a function of intensity.

2. Provide a brief rationale for the probability distributions used for all hurricane parameters
and characteristics.

Form S3 provides a lisbf probability distributions used to model hurricane parameters. Further
discussion and rationale for these functions are provided in Stand&dNéclosure 1 and
Standard €, Disclosure 1. Some of the details pertaining to data sources used aresddssiohy.

Monthly geographic distributions of climatological sea surface temperatures (Reynolds et al., 2002)
and upper tropospheric outflow temperatures (Kanamitsu et al., 2002) are used to determine
physically realistic potential intensities that hedgobund the modeled intensity. Terrain elevation

and bathymetry data were obtained from the United States Geological Survey. The radius of
maximum wind at landfall is modeled from a comprehensive set of historical data published in
NWS-38 by Ho et al. (187) but supplemented by the extended best track data of DeMaria
(Pennington et al., 2000), the HURDAT Reanalysis Project (Landsea et al, 2004), NOAA HRD
research flight data, and NOAARD H*Wind analyses (Powell et al., 1996, 1998). The
development of th®max frequency distribution fit and its comparison to historical hurricane data
are discussed inM.1, M-2.3 and in Standard & Comparisons of the modeled radius of maximum
wind to the observed data are shown in Fori3.M
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M-4 Hurricane Windfield Structure

A.Windfields generated by the model shall be c
storms affecting Florida.

As described in Statistical Standard4,Disclosure 2, comparisons of FPHLM to gridded
H*Wind fields indicate that the FPHLM wind fieldse consistent with observed historical wind
fields from Florida landfalling hurricanes.

B. The | and use anldULldégt ca baswers hal | be consi st el
Land Cover Databacsre I(aNtLeCrD.) R2s0el 1of al ternat e
justified.

We use the MRLC NLCD 2011 land use dataset as well as the Statewid2@0#and

Use/Land Cover dataset developed and maintained by the Florida Water Management Districts
(WMD) and compiled and distributed by the Florida Department of EnvironmentalcBon.
TheNLCD dataset became available in Spring 2014 and provides detailed (30 m) land use
characteristics circa 2011. The datasets of the individual water management districts were
combined in the statewide WMD dataset to form a unified datasetVMi2 data are based on
20042011 imagery

C.The transl ation of | and use and | and cover o
surface roughness distribution sh-aftlh-ebe cons
science and shall be i mpl ementced nwiotrtmaa g porno p

system dat a.

Land friction is modeled according to the currently accepted;states-science principles of

surface layer similarity theory as described in the disciplines of micrometeorology, atmospheric
turbulence, and wind engineerinihe geographic distribution of surface roughness is determined

by careful studies of aerial photography and satellite remote sensing measurements used to create
land useéland cover classification systems. We have developed a roughness dataset at 90 meter
resolution covering the state of Florida to enable modeling losses at the "street level." For
modeling losses at the ZIP Code level, we use poputateghted roughness.

All street level locations (at 90 m resolution) and populati@ighted ZIP Code cemtids are

assigned roughness values as a function of upstream fetch for each wind direction octant. After
landfall, the surface drag coefficient used in the hurricane PBL slab model changes from a marine
value to a fixed value associated with a roughnéés2om.

D.With respecst obyi mdi ntghse model windfield shal/
effects of the vertical variation of wi nds i
functi ons.

The modeled wind fields take into account vertical variation throlgherrain conversion
methodology based on Vickery et al. (2009). The coastal transition function also takes into
account variation of wind with height.
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Tangential Wind [B=1.38 and cp=9&3.8)
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Figure31. Axisymmetric rotational wind speed (mph) vs. scaled radius Br 1.38, DelP = 49.1 mb.

Disclosures

1. Provide a rotational windspeed {gxis) versus radius (axis) plot of the average or default
symmetric wind profile used in the model and justify the choice of this wind profile.

SeeFigure31. The Holland B profile has been compared extensively to historical (ftdland,
1980; Willoughby & Rahn, 20048nd found to be a reasonable fit.

2. If the model windfieldhas been modified in any way from the previous submission, provide
a rotational windspeed fgxis) versus radius (daxis) plot of the average or default
symmetric wind profile for both the new and old functions. The choice of average or default
symmetricwind profile must be consistent for the new and old functions.

The wind field model has not been modified since the previous submission.
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3. If the model windfield has been modified in any way from the previous submission, describe
variations between the neand old windfield functions with reference to historical storms.

The wind field model has not been modified since the previous submission.

4, Describe how the vertical variation of winds is accounted for in the model where applicable.
Document and justifyany difference in the methodology for treating historical and
stochastic storm sets.

Vertical variation of wind is accounted for in the terrain conversion methodology described in
Vickery et al. (2009). This methodology is a modification of the log wirtdile and has been
validated against dropsonde data. The coastal transition function, which is based on the above
methodology, also incorporates variation with height so that the impact of a larger marine fetch
on taller structures in coastal regions barmodeledThe treatment of vertical variation of winds

is the same for both historical and stochastic storm sets.

5. Describe the relevance of the formulation of gust factor(s) used in the model.

The gust factors used in the model were developed fronthne wind speed data and the
Engineering Sciences Data Unit methods as described in Vickery and Skerlj (2005).

6. Identify all non-meteorological variables (e.g., surface roughness, topography) that affect
windspeed estimation.

Upstream aerodynamic surface roughness within a fixededfee sector extending upstream has

an effect on the determination of wind speed for a given street location (latitude and longitude) or
ZIP Code centroid and is a significant variable that affestisnation of surface wind speeds. The
upstream sectors are defined according to the Tropical Cyclone Winds at Landfall Project (Powell
et al., 2004), which characterized upstream wind exposure for each of eight wind direction sectors
at over 200 coastablsomated weather statioflSigure32). In additional, a coastal transition

function is employed to account for the smooth marine fetch near coastels.e
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Figure32. Upstream fetch wind expsure photograph for Chatham, MAeft, looking north), and
Panama City, FL (right, looking northeast). After Powell et al. (2004).

7. Provide the collection and publication dates of theathuse and land cover data used in the
model and justify their timeliness for Florida.

We use the 2011 MulResolution LandCharacteristics ConsortiuMRLC) National Land

Cover Database released on March 31, 2014. This is adsgkution (30 m) landover dataset

that covers not only Florida, but the entire United States, and roughly depicts land characteristics
circa 2011 [see Jin et al. (2013) for more details]. We also use the Statewie202Q08lorida

Water Management District Land Use/Land €odataset based on 26R@11 imagery. This

dataset was published by the Florida Department of Environmental Protection on March 8, 2013.

8. Describe the methodology used to convert land use and land cover information into a spatial
distribution of roughness coefficients in Florida andeighboringstates.

The land cover classifications provided by the MRLC Land Cover Database and the WMD land
use/land cover data are first mapped to roughness values using a lookup table that associates a
representative roughness for the land use category on the basis-@Evpewed literature. An

algorithm was developed to merge the datasets based on hogauleliataset classified the land
surface with respect to surface roughness. An effective roughness model (Axe, 2004) is then used
to incorporate upstream roughness elements to provide a more realistic roughness on a 90 m (295
ft) grid covering Florida.

9. Demonstrate the consistency of the spatial distribution of megkeherated winds with
observed windfields for hurricanes affecting Florida.Describe and justify the
appropriateness of the databases used in the windfield validations.

As shown below in Didosure 10 and in Statistical Standard 1, Disclosure 2, the spatial

distribution of modebenerated winds is consistent with observed wind fields for hurricanes

affecting FloridaT he observations are from the H*Wi nd s
Hurricane Research Division. These analyses are described in detail in Staid&idSosure

2. The H*wind analyses are highly regarded in the scientific community and have been cited in

over 400 peereviewed publications.
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10.Descri be how telde comistre with the inmerentddifferences in windfields
for such diverse hurricanes adHurricane King (1950), Hurricane Charley (2004),
Hurricane Jeanne (2004), and Hurricane Wilma (2005).

The model can represent a wide variety of storms throaghtion of parameters for radius of
maximum winds, central pressure deficit, &fmlland B Snapshots of model wind fields at
landfall are compared to NOAAOML-HRD H*Wind analyses below (for further details see
Disclosure 2 for Standard B. In these cses, rather than tuning the model to best fit the
observations by varying thdolland Bparameter, we derived the in@ifrom the H*Wind
analyses. Hurricane Charley, a small, fast moving 2004 hurr{€amere33, top), was modeled
quite well; the motion asymmetry and extent of strong winds in the core of the storm were
captured but the peak wind (near 150 mph) was underestimated by the model. Hledraree
Figure33, bottom) struck the central Florida Atlantic coast in 2004. Similar to the observed
(H*Wind) field, the modeled wind field maximurs on the right (north) side of the storm, but the
model underestimates the peak wind of 105 mph and the area of winds above 70 mph. Wilma
made landfall in Florida in 2005 as a very large hurric&igufe34). The FPHLM captures the
location of maximum winds in the core of the storm and represents thigjkeftnotion

asymmetry, but tends to produce too broad of a wind fielBigure35, we showa plot

Hurricane King (1950)We do not have H*Wind analyses for this storm. However, the modeled
maximum wind, 13aL35 mph, is close to the observed 132 mph (115 kt) and the moddied

of maximum winds is 5.6 sm, compared to the observed 5.75 sm (5 nm).
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Hwind: Charley Surface Wind Field: 1-min marine in MPH

Charley Modeled Surface Wind Field: 1-min marine in MPH

Jeanne Modeled Surface Wind Field: 1—min marine in MPH Hwind: Jeanne Surface Wind Field: f-min marine in MPH

-4 -2 o 2 4

Figure33. Comparison of modeled (left) and observed (H*Wind, right) landfall wind fields of Hurricane
Charley (2004, top) and Hurricane Jeann@@2, bottom). Line segment indicates storm heading.
Horizontal coordinates are in units d®/Rmaxand winds units of miles per hour. All wind fields are for
marine exposure.
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Hwind: Wilma Surface Wind Field: [=min marine in MPH

Wilma Modeled Surface Wind Field: {-min marine in MPH

Figure34. As in Fig28 but for Hurricane Wilma of 2005.

King Modeled Surface Wind Field f—min marine in ¥PH

-4

—4 -2 0 2 4

Figure35. Plot of Hurricane King (1950). Line segment indicates storm heading. Horizontal coordinates
are in units of R/Rmax and winds units of miles per hour. All wind fields are for marine exposure
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11. Describe any variations in the treatment of the model windfidor stochastic versus
historical storms and justify this variation.

All historical storm sets consist of input files containing information derived from HURDAT or
other observation sources as described in StandakdAH stochastic input storm traclese
modeled. The wind field is modeled from the stochastic or historical input files in the same
manner.

12. Provide a completed Form A2, Maps of Maximum Winds. Explain the differences between
the spatial distributions of maximum winds for open terrain aadtual terrain for historical
storms. Provide a link to the location of the form here.

SeeForm M-2.

The open terrain winds are based on the common assumption that the wind is in equilibrium with
open terrain roughness (0.03 wijh infinite fetch. The actual terrain winds are assumed to be in
equilibrium with the local (effective) roughness near the surface, but near coastal regions the
winds aloft may be more in equilibrium with marine roughness. Thus, it is possible forgegio

near the coast to have actual terrain winds that are larger than open terrain winds. The spatial
distributions of open and actual terrain wind can be quite different because of the coastal
transition and the fact that surface roughness in generallaggeampact on the wind field.

Spatial variations of roughness on the order of a few miles can cause large differences in the wind
on that spatial scale.
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M-5 Landfall and Over-Land Weakening Methodologies

A.The hurri dama owearkeni nglogyeumedhbgot he mod
be consistent with histori caloftrlescoirednsc eand wi

Overland weakening rates are based on a pressure decay model developed from historical data as
described by a recent paper published in-{pegewedatmospheric science literatupéickery,
2005)

B. The transition ofwawiemd $lod nmodv mwiotvleirn t he model
consi stent wi t-bft h-®ecrentcestat e

The transition of winds from ovevater to ovetland is consistent with the current state of the
science through the use of a pressure decay ni\gabédery, 2005) a terrain conversion model
from marine to actual roughness, and a coastal transition farf¢fickery et al., 2009)

Disclosures
1. Describe and justify the functional form of hurricane decay rates used by the model.

decay raDelwRP thctiomep attertbaddt¢

u e
i orm eéssiamncexpamehal lal an(dViitcsknebrays, e d
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2. Provide a graphical representation of the modeled decay rates for Florida hurricanes over
time compared to wind observations.

The degradation of the wind field of a landfalling hurricane is associated with the filling of the
central sea level pressure and the associated weakening of the surface pressure gradient; also the
hurricane is over land, where tflew is subject to friction while flowing across obstacles in the

form of roughness elements. Maximum wind degradation is shown according to how the

maximum sustained surface wind (at the location containing the maximum winds in the storm)
changes with tira after landfall. At landfall the marine exposure wind is assumed to be
representative of the maximum winds occurring onshore. After landfall the open terrain wind is
chosen to represent the maximum envelope of sustained winds over land. TheHNRIAA

H*Wind system is used to analyze the maximum winds at a sequence of times following landfalls
of Hurricanes Katrina, Charley, Frances, Jeanne, and Wilma. H*Wind uses all available wind
observations. The landfall wind field is used as a background field fes tter landfall and

compared to the available observations at a sequence of times after landfall. An empirical decay
is applied to the background field based on the comparisons to the observations. These data are
then objectively analyzed to determime twind field at each time. The model maximum

sustained winds are compared to the maximum winds from the H*Wind analyses for the same
times and roughness exposures. In general, points after landfall are given for open terrain
exposure. At times, even thgiuthe storm center is over land, the maximum wind speed may

remain over water. For example, in the Hurricane Francegftpire36), the first thregairs of

points represent marine exposure, the next three open terrain, and the final three marine exposure
again, while all Hurricane Wilmpoint pairs Figure37) represent marinexposure. The plots
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indicate that the public wind field model realistically simulates decay of the maximum wind
speed during the landfall process, as well as subsequent strengthening after exit.

Fronces modeled ond observed
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Figure36. Observed (green) and modeled (black) maximum sustained surface winds as a function of
time for 2004 Hurricanes Frances (left) and Charley (right). Landfall is represented by the vertical dash
dot red line at the left and timeof exit as the red line on the right. For Hurricane Frances (left) the first
three pairs of points represent marine exposure, the next three open terrain, and the final three pairs
represent marine exposure. For Hurricane Charley (right) all pairs re@né open terrain
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Jeanne modeled ond observed Katrina modeled and observed
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Figure37. Observed (green) and modeled (black) maximum sustained surface winds as a function of
time for HurricaneslJeanne (2004, top left, open terrain), Katrina (2005 in South Florida, top right, open
terrain), and Wilma (2005, lower left, marine exposure). Landfall is represented by the vertical-dash
dot red line at the left and time of eit as the red line on the ght.
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3. Describe the transition from ovewater to overland boundary layer simulated in the model.

After landfall, the slab boundary layer, surface drag coefficient changes from a functional marine
form to a constant based on a mean aerodynamic rouglengsis bf 0.2 m. The slab boundary

layer height increases from 450 m to 1 km after the center makes landfall and decreases back to
450 m if the center exits land to go back to sea. To determine surface winds, an effective
roughness model is used along watboastal transition function. The coastal transition function is
based on the concept of a growing internal boundary [@yga, 1988)for the sedo-land

transition. Within the equilibrium layer, assumed to be one tenth of the internal boundary layer
(IBL) height in depth, the wind is assumed to be in equilibrium with the local effective roughness.
Above the IBL the wind is assumed to be in equilibrium with marine roughness. Between the
equilibrium layer and the IBL we assume that the wind is in equifibwith vertically varying,
stepwise increments of roughness that decay linearly from the local roughness to marine
roughness. This is similar in concept to the methodology described in ESDU, and the modeled
transition is very close to the ESDU valuegaeed in Vickery et al. (2009).

4. Describe any changes in hurricane parameters, other than intensity, resulting from the
transition from overwater to overland.

See Standard A2, Disclosure 10. ThEolland Bparameter has a weak dependence on pressure
and will undergo slight change. The radius of maximum winds has an implicit dependence on
pressure through the scale and shape parameters of the gamma distributio2 (§8sdidsure

3), and thus strong stormsaking landfall could undergo some expansion.

5. Describe the representation in the model of passage overcumtinental U.S. land masses
on hurricanes affecting Florida.

Noncontinental U. S. land masses are identified by adaedn mask that keeps tkaaf whether

the storm center is over the land or ocean. Storms that pass over noncontinental U.S. land masses
(e.g., Cuba) undergo decay, just as storms do crossing continental land masses (e.g., mainland U.
S.) using a pressuifdling model (Vickery, 2005).

6. Describeany differences between the treatment of decay rates in the model for stochastic
hurricanes compared to historical hurricanes affecting Florida.

In the FPHLM model, decay is defined as the change in minimum sea level pr@ssinea(th

time after landfall. The input file for the wind field model consists of a hurricane track file that
contains storm positiofmin, Rmax andHolland Bat 1 h frequency. The wind field model is

exactly the same for scenario (historical) or stochastic ewafitesn running the model in

scenario mode for historical hurricanes affecting Florida, we use a set of historical hurricane
tracks as input to the model. When the model is run in stochastic mode, the input hurricane tracks
are provided by the track andentsity model. The track and intensity model uses the Vickery

(2005) pressure decay after landfall. When a hurricane exits laréntimever water is

determined on the basis of the Markov process as described in Disclegite G
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For historical hurrican&acks the landfall pressure is determined from HURDAT or from the Ho

et al. (1987) report. If pogandfall pressure data are available in HURDAT, we interpolate
pressure values over land. If pdastdfall pressure data are not available, we apply thkevy

(2005) pressure decay model to the landfall pressure. After the storm exits land, the pressure is
based on HURDAT data. Therefore, decay rates for historical hurricanes are based on HURDAT
data if available, or the Vickery decay rate model appliedgdHURDAT or Ho et al. (1987)

landfall Pmin, and decay rates for stochastic hurricanes are based on Vickery (2005).
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M-6 Logical Relationships of Hurricane Characteristics

A. The magnitude of a
al |l

symmetry shal/l i ncrease as
ot her factors held

constant .

With all other factors held constant, the wind field asymmetry increases with translation speed.
The storm translation speed causes a major-lgfh¢looking in the direction the storm is

moving) asymmetry in the windeld, which in turn causes an asymmetry in surface friction since
the surface stress is wisiheed dependent. The magnitude of the asymmetry increases as the
translation speed increases; there is no asymmetry for a stationary storm except for podsible lan
friction effects if a storm becomes stationary while a large percentage of its circulation is over
both land and water.

B. The mean windspeed shall decrease with incre
(friction), all other factors held constant.

With all other factors held constant, the mean wind speed decreases with increasing surface
roughness. However, the gust factor, which is used to estimate the peakatewind and the

peak threesecond gust over the time period corresponding to thelhnoelan wind increases as a
function of turbulence intensity, which increases with surface rouglifraestsen et al., 2003;

Masters, 2004; Powell et al., 200&pr roughness values representative of ZIP Codes in Florida,
with residential roughness values the order of 0i2.3 m, the roughness effect on decreasing

the mean wind speed overwhelms the enhanced turbulence intensity effect that increases the gust
factor.

Disclosures

1. Describe how the asymmetric structure of hurricanes is represented in theéeino

The asymmetry of the wind field is-ldeftter mi ned
asymmetry) and the associated asymmetric surf
fialdontri butes to the asymmet myfoahdntothenpr o
addi tional asymmetry because of the effect of
variation is introduced through the use of tw
for more detail]ltiphg fbemradcabrancut angent.i
Afactorizedo ansatz for Tbethtithe waddatompdne
factor contains three constant coefficients t
asatz constructed satisfies (as far as its nu

momentum equat treednsatfiore tphod ast owimfmd component s.

2. Provide a completed Form A, Radius of Maximum Winds and Radii of Standard Wind
Thresholds. Provide link to the location of the form here.

SeeForm M:3.
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3. Discussthe radii values for ach wind threshold in Form M3, Radius of Maximum Winds
and Ralii of Standard Wind Thresholdsyith reference to available hurdane observations
such as those in HURDAT?2. Justify the appropriateness of the databases used in the radii
validations.

We have validated the modeled wind field against H*Wind observations as described and
justified in Standard 8, Disclosure 2. In addan, we have compared the modeled radii with
those in the HURDAT?2 database, released February 17, 2016. We discuss this comparison in
more detail below.

The HURDAT?2 database has limited observations for some storms at three standard radii: 64 kt
(73 mph) 50 kt (58 mph) and 34 kt (40 mph). There are no observations of 110 mph winds in
HURDAT2. For the FPHLM wind model, the winds are often not computed or stored for winds
below the damage threshold (50 mphe® gust). Thus our comparison was limited t&t64
(ARBGAD mph) an d-58mMph)kadii. Asid3&illed in Form-8) the reported radii

in Form M3 for the model are limited to landfall values in Florida and neighboring states, and are
within +/- 0.5 mb of the pressure threshold. In HURDAT&re are too few storms that meet

these criteria, so we relaxed the criteria to include all storms in the database, and wihmrb+/

of the pressure threshold. For many storms there are multiple observations, and therefore the
whole set of observatisrcannot be considered independent measurements. For pressures below
930 mb, there were only 6 storms that had reported radii, and thus too few to determine
appropriate quantile values. form M-3 SupplementalTable35), we show the reported

HURDAT2 outer radii thresholds for R64 (73 mph) and R50 (58 mph) in comparison with the
modeled values which were obtained as described in Fein M

The comparison between thikJRDAT2 and FPHLM wind model radii quantiles shows

reasonable agreement, especially given the limitations of the comparison due to sparse data and
relaxed criteria for the observations. In addition, NHC considers outer radii quality (as reported in
HURDAT?2) to be poor because of data sparseness, and therefore does not validate wind radii
forecasts. Observed radii quantiles are sensitive to small sample size as well.
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Form M-1: Annual Occurrence Rates

SeeAppendix K
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Form M-2: Maps of Maximum Winds

A. Provide colorcontour plots oomapswith ZIP Code boundariesf the maximum winds for the
modeled version of the Base Hurricane Storm Set for land use set for open terreanland
use set for actual terrairRlot the sition and values of the maximum windspeeds on each
contour map.

B. Provide color contour plots on maps with ZIP Code boundaries of the maximum winds for a
100year and a 25@ear return period from the stochastic storm set for land use set for open
terrain and for land use set for actual terrain. Plot the position and values of the maximum
windspeeds on each contour map.

Actual terrain is the roughness distribution used in the standard version of the model as defined
by the modeling organization. Opemrgen uses the same roughness length of 0.03 meters at all
land points.

Maximum winds in these maps are defined as the maximumioné sustained winds over the
terrain as modeled and recorded at each location.

The same color scheme and incremshts| be used for all maps.
Use the followingeightisotach values and interval color coding:

(A)Mi ni mum danBaguieng

(2)5 Gnp h Me d iBulmu e
(3) 65 mph Light Blue

(4) 80 mph White

(5) 95 mph Light Red

(6) 110 mph Medium Red
(7) 125 mph Red

(8) 140 mph Magenta

Contouring in addition to these isotach values may be included.

C. Include Form M2, Maps of Maximum Winds, in a submission appendix.

SeeAppendix..
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Form M-3: Radius of Maximum Winds and Radii of Standard Wind
Thresholds

SeeAppendix M
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STATI STI CAL STANDARDS

S-1 Modeled Results and Goodness-of-Fit

A. The use of hi

storic
ri gorous met hods

al data in developing the
published i nlictuemratnurde. acce

The historical data for the period 190015 were modeled using scientifically accepted methods
that have been published in accepted scientific literature.

B. Model ed and histori caslt arteissuglitesa hrsenal lu srienfgl ect
currentlpy eacscientific antilostahesacadémmet h
di sci palpiprreospfrormattehe vari ous model component s

Modeled and historical results are in agreement as indicated by appropriate statistical and
scientific tests. Some ofélse tests will be discussed below.

Disclosures

1. Provide a completed Form-8, Distributions of Stochastic Hurricane Parameters. Identify
the form of the probability distributions used for each function or variable, if applicable.
Identify statistical techniques used for estimation and the specific gesdof-fit tests
applied along with the corresponding-values. Describe whether the fitted distributions
provide a reasonable agreement with the historical data. Provide a link to the location of the
form.

Form S3 at the end othis section identifies the form of the probability distribution used for each
variable with a brief justification for the fit. Some of the methods and distributions are described in
greater details below.

Historical initial conditions are used to progidhe seed for storm genesis in the model. Small
uniform random error terms are added to the historical starting positions, intensities and changes in
storm motion. Subsequent storm motion and intensity are determined by randomly sampling
empirical probabity distribution functions derived from the HURDAT historical record.

Figure 38 shows the occurrence rate of both modeled and historicalfddiimaly hurricanes in
Florida. The figure shows a high level of agreement between historical and modeled occurrences.
We also conducted a ebquareestto test whether the historical and modeled landfall occurrence
rates were equal. The historicaimber ofyears with 0, 1, 2, and@ more hurricanes per year (4

bins each with 5 or more occurrences giving 3 degrees of freedem® compared to the
corresponding modeled number of years resulting in -@alared test statistic of 2.305 aag-

value of approinately 0.512indicating that there was no significant difference between the two.

A comparison of landfalls by region and intensity is given in Forsh. Mihe modeled results are
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consistent with the historical record, especially given the large uncgrtiainthe historical
observations.

Comparison of Modeled vs Historical Occurences
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Figure38 Comparison of modeled vs. historical occurrences.
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Figure39 Comparison between the modeled and observed Willoughby and Rahn (20@lyata set.

The random error term for thiéolland Bis modeled using a Gaussian distribution with a standard
deviation of 0.286Figure39shows a comparison beten the Willoughby and Rahn (20@Wiata

set (see Standard-R11) and the modeled results (scaled to equal the 116 measured occurrences in
the observed data set). The modeled results with the error term have a mean of about 1.38 and are
consistent with ta observed results. The figure indicates a high level of agreement, and-the chi
square goodnesx-fit test gives g-value about 0.57, using 8 degrees of freedorbifreing to 11

bins and two estimated parameters). A KS goodoéfisyields ap-valueof 0.845 (ks=0.057).

We developed aRmaxmodel using 106 measurements from the revised lariRfalixdatabase
which includes observations for storms up to 2012. We have opted to mo&ehthat landfall
rather than the entire basin for a variety ofstees. One is that the distribution of landfathax
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may be different from th&maxdistribution over open water. An analysis of the landRathax
database and the 192807 DeMaria Extended Best Track data show that there appears to be a
difference in thelependence dRmaxon central pressuré’tnin) between the two data sets. The
landfall data set provides a larger set of independent measurements, which is more than 100 storms
compared to about 31 storms affecting the Florida threat area region in tigd&dsbData. Since

landfall Rmaxis most relevant for loss cost estimation, and has a larger independent sample size,
we have chosen to model the landfall data set. Future studies will examine how the Extended Best
Track Data can be used to supplementdhdfall data set.

Based on the skewness of Rmax and the fact that it is nonnegative, we sought to model the
distribution using a gamma distribution. Using the maximum likelihood estimation method, we
found the estimated shape and scale parameters for the gamma distidbatibi76 and 5.41
respectively. Using these estimated values, we plotted the observed and expected distribution in
Figure40. The Rmax values are biad in 5 sm intervals, with theaxis showing the end value of

the interval.

Plot of ObservedRmax vs. Gamma Distribution

Modeled vs Observed Rmax
Model based on Gamma Distribution
25
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Figure40. Observed and expected distribution using a gamma distribution.

The gamma distribution showed a reasonable fit. Asgoiare goodness of fit test shows A-chi
square goodnegs-fit test yields g-value of 0.59 with 6 degrees of freedomifiening to 9 bins
to ensure more than 5 expected occurrences per bin anthatestiparameters.) The KS goodness
of-fit yields ap-value of 0.8327 (ks= 0.0605).

2. Describe the nature and results of the tests performed to validate the windspeeds generated.

We compared the cumulative effect of a series of modeled and observedeiadfi comparing

the peak winds observed at a particular ZIP Code during the entire stocyclée We also
compared our modeled wind fields to those that have been constructed from all available
observations which are freely available on the NOAA AGMRD web site. A subsequent section
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describes the process for recording the peak modeled and observed wind speeds (wind swaths) from
which the validation statistics are generated. Our validation is based on nine hurricanes that passed
by or made landfall ifFlorida. These hurricanes were weliserved. We will have the ability to

add new storms and quickly conduct new validation studies as our validation set grows and we
make enhancements to the model. Il n ordimegr to r
validation studies, we had to construct detailed storm track histories for recent storms affecting
Florida using the HURDATRmaxandHolland B databases. The validation suite included 1992
Hurricane Andrew and the following 2004 and 2005 storms: €pdfrances, Jeanne, Ivan, Dennis,
Katrina, Rit a, and Wil ma. The validations mak
Wind Analysis System (H*Wind).

H*WIND

The HRD approach to hurricane wind analysis employed in H*Wind evolved feames of peer
reviewed, scientific publications analyzing landfalls of major hurricanes including Frederic of 1979,
Alicia of 1983, Hugo of 1989, and Andrew of 1992 (Powell et al., 1991; Powell et al., 1996; Powell
et al., 1998). In Powell et al. (1991hweh described Hurricane Hugo's landfall, a concept was
developed for conducting a retithe analysis of hurricane wind fields. The system was first used

in reattime during Hurricane Emily in 1993 (Burpee et al., 1994). Since 1994, HRD wind analyses
havebeen conducted on a research basis to create real time hurricane wind field guidance for
forecasters at the National Hurricane Center. During hurricane landfall episodes froi200995

HRD scientists have conducted research side by side with hurricanalispeat NHC analyzing

wind observations on a regular 3 or 6 hour schedule consistent with NHC's warning and forecast
cycle.

An HRD wind analysis requires the input of all available surface weather observations (e.g., ships,
buoys, coastal platformsudace aviation reports, reconnaissance aircraft data adjusted to the
surface, etc.). Observational data are downloaded on a regular schedule and then processed to fit
the analysis framework. This includes the data sent by NOAA P3 and G4 researchdirargft

the HRD hurricane field program, including the Step Frequency Microwave Radiometer
measurements of surface winds and U.S. Air Force Reserves (AFRES) f2connaissance
aircraft, remotely sensed winds from the polar orbiting SSM/I and ERS, th&catiglatform and
TRMM microwave imager satellites, and GOES cloud drift winds derived from tracking low level
nearinfrared cloud imagery from geostationary satellites. These data are composited relative to the
storm over a4 hour period. All data areuglity controlled and processed to conform to a common
framework for height (10 m or 33 feet), exposure (marine or open terrain over land), anthgverag
period (maximum sustained 1minwtnd speed) using accepted methods from micrometeorology
and wind egineering (Powell et al., 1996). This framework is consistent with that used by the
National Hurricane Center (NHC) and is readily converted to wind load frameworks used in
building codes.

Based on a qualitative examination of various observing platfantisnethods used to standardize
observations, Powell et al. (2005) suggest that the uncertainty of the maximum wind from a given
analysis ranges from 120% depending on the observing platform. In general the uncertainty of a
given H*Wind analysis is ohie order of 10% for analysis of Hurricanes Ivan, Frances, Jeanne, and
Katrina, all of which incorporatedhore accurate surface wind measurements from the Stepped
Frequency Microwave Radiometer (SFMR) aboard the NOAA research aircraft. The SFMR data
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used fo those analyses was pgsbcessed during the fall of 2005 using the latest geophysical
model function relating wind speed to sea surface foam emissivity. Hurricanes Charley, Dennis,
Rita, Wilma, and Andrew did not have the benefit of SFMR measurememntslied on adjusting

Air Force reconnaissance observations at the 3 km altitude to the surface with empirical reduction
methods. The method used was based on how SFMR measurements compared to flight level winds
and depended on storm relative azimuth. ifiahry results suggest that this method has an
uncertainty of 15%.

We created wind swaths for both the modeled and observed winds. We also computed the maximum
winds at ZIP Codes for both the observed and modeled winds; from that we derived the mean and
rootmeansquare errofseeTablell andTable12).

WIND SWATHS

For each storm in the validation set, the peak sustained surface wind speed is recorded at each ZIP
Code in Florida for the duration of the storm event. Observed wind fields H8VNind and
modeled wind fields from the public model are moved along the exact same tracks, which are the
observed highresolution storm tracks assembled from reconnaissance aircraft and radar data. For
each storm, the recorded peak of the observeadranitled wind speed is saved at each grid point

and each ZIP Code, and the resulting ZIP Code comparison pairs provide the basis for the model
validation statistics. The peak grid point values are color contoured and mapped as graphics
showi ng t bfemaximsinwv wihds ewept out by the storm passage. Wind swaths are
sometimes confused with wind fields. The winds depicted in a wind swath do not have time
continuity, cannot depict a circulation, and therefore cannot be described as a wind field. A wind
field represents a vector field that represents a representative instance of the surface wind
circulation.

Wind swaths were constructed for both the modeled and observed winds. Maximum marine
exposure winds were compared at all ZIP Codes for both the ebsand modeled wind&igure

41) from which we derived the mean and rooéansquare error statistics shownTiable11 and
Tablel12. This type of comparison provides an unvarnished assessnrmaotef performance.
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Figure41l. Comparison of modeled (left) and observed (right) swaths of maximum sustained marine
surface winds for Hurricane Andrew of 1992 in South Florida. The Hurricane Andrew observed swath is
based onadjusting flightlevel winds with the SFMBased wind reduction method.
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Tablell. Validation Table based on ZIP Code wind swath comparison of the Public wind field model to
H*Wind. Mean errors (bias) of model for the sef validation wind swaths. Errors (upper number in
each cell) are computed as ModelegObserved (Obs) at ZIP Codes were modeled winds were within

wind thresholds (model threshold) or where observed winds were within respective wind speed
threshold (H*Wird threshold). Number of ZIP Codes for the comparisons is indicated as the lower
number in each cell.

5674 | 75112 | >112mph| >56mph| 5674 | 75112 | >112mph| >56mph
Storms | Year Model Model Model Model | H*Wind | H*Wind | H*Wind H*Wind

Threshold| Thresh.| Thresh. | Thresh.| Thresh. | Thresh.| Thresh. Thresh.
Andrew | 1902 | 5,20 | 198 28| Pa0 | 1080 2R O 261
Charley | 2004 | 1290 | 2501 U0 1 S G | B | G 202
Frances| 2004| gog' | Tgg | MNome | i | gy | Tgg | Neme | g
v | 2008|585 | 32 | none | 489|570 | A | one | 4
seame | 2004|379 | 385 | wone | 538 | 297 | 3 | wone | G
Dennis | 2005 2]_-4;5 64%8 None 56?_7 52%2 72.597 -4:.337 56?_7
Dennis 1 5505 |  None None None None | 1285 | None None 1265
Keys 5 5
qauna [ 2005| W2 | 22 | one | 036 | 995 | AT | e | 088
Rita 2005 6'528 14?;54 None 9'5’8 125;01 None None 125;01
wina | 2005|944 | 555 | none | 738 | 02t | B e | 97
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Table12. Validation Table based on ZIP Code wind swath comparison of the Public wind field model to
H*Wind. Root mean square (RMS) wind speed errors (mph) of model forseteof validation wind
swaths. Errors are based on ModeledObserved (Obs) at ZIP Codes where modeled winds were
within wind thresholds (model threshold) or where observed winds were within respective wind speed
threshold (H*Wind threshold).

56-74 75112 | >112mph| >56mph| 56-74 75112 | >112mph| >56mph
Storms | Year Model Model Model Model | H*Wind | H*Wind | H*Wind H*Wind
Threshold| Thresh. | Thresh. | Thresh.| Thresh. | Thresh.| Thresh. Thresh.
Andrew | 1992 6.11 15.75 7.024 10.81 12.19 14.26 5.82 11.10
Charley | 2004 19.84 26.59 10.08 24.30 16.65 8.60 11.69 14.21
Frances| 2004 8.08 11.20 None 8.52 4.99 10.20 None 6.41
lvan 2004 7.07 5.20 None 5.91 6.11 551 None 5.72
Jeanne | 2004 10.14 9.65 None 9.93 10.88 6.16 None 9.50
Dennis | 2005 3.06 9.19 None 8.12 6.15 9.93 4.59 8.12
D;gyrgs 2005 None None None None 12.67 None None 12.67
Katrina | 2005 14.66 8.25 None 11.49 12.50 17.97 None 16.09
Rita 2005 6.4992 14.54 None 10.28 12.41 None None 12.41
Wilma | 2005 14.73 14.05 None 14.22 12.51 14.83 None 14.44
RMS All 10.18 14.87 6.26 12.37 9.75 12.79 6.71 11.19
N 1397 1218 113 2728 1099 949 108 2156
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Comparison of model and H*Wind sustained marine exposure wind speeds at ZIP Codes receiving
model wind speeds over the given thresholdsb{e 11) indicates a positive bias. For ZIP Codes
where model wind speeds exceeded 56 mph, the bias is +3.3 mph ; negative bias was apparent in
Hurricanes Ivan, Katrina, and Wilma. At other wind speed thresholds, low bias is evident for winds
> 112 mph in Hurricane Charley, and winds ofIZ2 mph in Hurricanes Frances, Ivan, Katrina,

and Wilma. For winds of 584 mph, low bias is noted in Hurricaniean, and Katrina. Errors for
Hurricane Andrew are relatively high, but the lack of observations for Hurricane Andrew makes it
difficult to determine if it was a Cat 4 or Cat 5 hurricane during its landfall in South Florida.
Hurricane Rita in the Keys alstows relatively high bias, but observations indicate that there were
fluctuations in intensity over a short period of time during its passage past the Keys. Model errors
for Hurricane Charley are also relatively high, likely due to the model produeimnggdafield that

was too broad. When model winds are compared to H*Wind at ZIP Codes exceeding H*Wind and
sustained wind speed thresholds of 56 mph are considered, the meanhiasnph. However,

bias at other wind speed thresholds is larger, primeailged by large modeH*Wind differences

in Hurricanes Andrew, Charley, and Rita.

When swaths are evaluated at ZIP Codes, a positive wind speed bias of ~3 mph is indicated.
However, the model can also ungeedict swaths for individual cases. Whiladicorrection is an
accepted practice for numerical weather prediction, there is no evidence that the model has a
consistent bias. The swath bias is probably associated with limitations in specifying the radial
pressure profile after landfall. The tendemaythe Holland pressure profile parameter to produce

too broad an area of strong winds near the eyewall is the most likely cause of bias and is likely a
feature found in many of the current risk models. Therefeednave decided to forgo any corrective
measures at this point.

Our validation set is unique in that the values of storm position, md@orgxand Pmin are
observed, an® is determined independently from the H*Wind field. In other words, it is
impossible to findune our results. Although diional validation storms are desired, we believe

the positive bias for locations with winds > 56 mph is a characteristic of models that iHsédahd

B pressure profile parameter, which tends to produce model fields that are too broad outside the
radius of maximum winds. Our validation method provides an objective means of assessing model
performance by evaluating the portion of the wind field that contains damaging winds.

The root mean square (RMS) errdablel?2) provides a better estimate of model uncertainty. For
ZIP Codes in which model winds were-38 mph, the RMS error is +10 mph (~ 15%), for 75
112 mph the error is +15 mph (~16%), ahfor winds > 112 mph the error is-6 mph (~ 5%).

In general, for winds > 56 mph, the RMS error ist mph or ~ 13%. RMS errors are similar for
ZIP Codes in which H*Wind wind speeds fell into the respective thresholds.

SUMMARY OF WIND SWATH VALIDATION

Validation of the winds from the wind model against the H*WIND analyses was prepared by
considering winds that would be strong enough to be associated with damage. THrasadld
comparisons could miss places where the observed winds were greaténehaodel and the

model was below the threshold. Conversely, observed winds over the same thresholds can be
compared to the elmcated model grid points but would miss places where the observed winds were
below the threshold. It is important to evalutite errors both ways to see if a consistent bias is
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evident. According to our validation statistics, albeit for a relatively small number of cases, wind
swath ZIP Code comparisons show evidence of a 3 mph positive bias, but it is not consistent for all
stams. The bias is likely related to the limitations of Hh@land Bpressure profile specification.

The model uncertainty, as estimated by the RMS error, is on the order of 15%.

3. Provide the date of loss of the insurance claims data used for validationvenification of
the model.

The following hurricane data from different insurance companies are used to validate the model:

Andrew 1992
Erin 1995
Charley 2004
Frances 2004
Jeanne 2004
Dennis 2005
Wilma 2005
Katrina 2005

4, Provide an assessmenf uncertainty in probable maximum loss levels and loss costs for
output ranges using confidence intervals or other accepted scientific characterizations of
uncertainty.

While the model does not automatically produce confidence intervals for the ouigpes rthe data

do allow for the calculation of confidence intervals. We calculated the mean and the standard
deviation of the losses f@ach county, and it was found that the standard errors were within 2.5%
of the means for all counties. We also caladathe coefficient of variation (CV) for all counties

and drew a histogram which is providedHigure42. The range of the CVs was between 2.74 and
5.01. Finally, we computed 95% confidence intervals for the average loss for each county. Some of
these intervals are reproducedrablel4.

As far as uncertainties for probable maximum los®g use the well known result from
nonparametric statistics (see Section 3.2 of Practical Nonparametric Statistics by WJ Conover) that
for any 1 O j O N, the probability that

_ A .
PPML<Xp)=B ———n P N
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Here PMLp refers to the probable maximum loss corresponding to the pth percentile (return period

The above implies that for some r < s O N,

P(Xy < PML, <Xg)
:IO(P'V”-p Ks) ﬂ(PM'—p %))

—a rg(l -p! -a ;ed(jo p

=4 ;8(1 PV 0.95

Hence to construct an exactg)100%confidence interval for PMJ, we need to find r and s with

r <s (done through a numerical search) such that

B p 18

If the solution from the computer search is not unique, the pair of r and s that minimizes s

selected to give the narrowest interval.

However for large samplesze using binomial approximationhe approximate 95% confidence
interval of PML, is given by (% Xs) using a binomial approximation. The large sample
approximation assumes normality to @ibtr and s as

|0 pwgBAp A

i 6n pweTAp A
Since for our modeled losses, we use 58,000 simulation years, we can easily use the binomial
approximation and compute confidenceervals for Probable Maximum Las#&pplying the

approximationto the PML values for the 2012 Cat Fund Exposure data in Fe2Zpwe obtain
confidence intervals for the PML values as showhahlel3.
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Figure42. Histogram of CVs for all counties combined.

Table 13 Confidence Intervals for PML values for 2012 Cat Fund Exposure Data

Return - Lower Upper Confidence
Period Pégg:gggﬁg; Estimated PML Confidence Limit Limit for PML
(Years) for PML
Top Event NA $121,018,216,896
10000 0.01% $103,763,622,717 | $94,290,808,651.0¢ $ 116,427,092,363.35
5000 0.02% $94,290,808,651 | $87,385,526,654.24 $ 103,834,507,527.12
2000 0.05% $84,328,264,743 | $79,731,408,134.2] $ 88,965,716,913.29
1000 0.10% $74,570,514,142 | $71,768,643,294.4( $ 79,162,187,858.60
500 0.20% $67,704,797,087 | $65,721,989,474.2§ $ 69,663,354,391.71
250 0.40% $59,574,436,024 | $57,983,847,934.3] $ 61,721,329,704.40
100 1.00% $48,365,037,802 | $47,551,322,647.2¢ $ 49,057,163,205.50
50 2.00% $39,771,144,376 | $38,927,975,263.8( $ 40,586,793,364.07
20 5.00% $26,521,182,296 | $26,087,226,883.7¢ $ 26,996,659,303.89
10 10.00% $17,214,290,512 | $16,885,258,994.74 $ 17,588,804,983.52
5 20.00% $6,721,601,935 $6,434,801,079.95 $ 6,990,295,310.59
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Table14. 95% Confidence intervals for mean loss for selected counties (baseB®06) year

simulation.
county average loss stdev _loss LCL UCL

Alachua 11078916.0 44331172.3 10718128.7] 11439703.3
Brevard 122986489.7 457793667 119260756] 126712224
Broward 338814946.1 962733236 330979783 346650109
Duval 38608813.01 170517269.9 37221065.54 39996560.48
Escambia 38016341.61 124794663 37000705.6| 39031977.6
Gulf 1600480.23 5613303.22 1554796.6| 1646163.86
Hamilton 212693.06 1065551.2] 204021.117| 221365.003
Hillsborough 181357126.8 580773333 176630528 186083726
Jackson 1771063.87 6751511.32] 1716116.99 1826010.75
Jefferson 400070.75 1954827.52]  384161.47| 415980.03
Lee 173630324.3 476476272 169752543] 177508106
Leon 10953975.2 48593267.4 10558501 11349449.4
Madison 378149.83 1872707.59 362908.88 393390.78
Miami-Dade 358804800.4 1050820002 350252747 367356854
Monroe 53676138.19 163617525  52344544| 55007732.4
Nassau 4725362.94 20497114.8 4558548.05 4892177.83
Okeechobee 8081951.86 28074174.60  7853471.4] 8310432.32
Osceola 30548440.97 104649293 29696757.2] 31400124.7
Palm Beach 516797034.4 1568283436 504033627 529560442
Sarasota 106184058.5 312204483 103643196] 108724921

LCL: 95% LowerConfidence Limit for the Average Loss
UCL: 95% Upper Confidence Limit for the Average Loss

5. Justify any differences between the historical and modeled results using cuyractepted
scientific and statistical methods in the appropriate disciplines.

The various statistical tests as well as other validation tests presented here and elsewhere indicate
that any differences between modeled results and historical observationst astatistically
significant given the large known uncertainties in the historical record

6. Provide graphical comparisons of modeled and historical data and goodoééis tests.
Examples include hurricane frequencies, tracks, intensities, and physieahage.

For hurricandrequencies as a function of intensity by region, see Forfinglbts The histogram

in Figure38 compares thenodeled and histical annual landfall distribution by number of events

per year. The agreement between the two distributions is quite close and the histogram shows a
good fit. The chisquare goodness-fit test gives g-value of approximatel§.512as described in

S-1.1. Plots and goodnesd-fit tests for the radius of maximum wind and the Holland pressure
profile parameter are shown in Disclosure 1 of this standard. Plots and statistical comparisons of
historical and modeled losses are shown in Stand&rd~8rm S4 and Form $5.

7. Provide a completed Form -$, Probability and Frequency of Florida Landfalling
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Hurricanes per Year.Provide a link to the location of the form here.
Please se completeform S-1 at the end of this section.

8. Provide a completed Form-3, Examples of Loss Exceedance Estimates. Provide a link to
the location of the form.

Please see completédrm S2 atthe end of this section.
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S-2  Sensitivity Analysis for Model Output

The modeling organization shall have assessed the sensitivity of temporal and
spatial outputs with respect to the simultaneous variation of input variables using
currently accepted scientific and statistical methods in the appropriate disciplines
and shall have taken appropriate action.

We have performed sensitivity analysis on the temporal and spatial outputs of the model using
currently accepted scientific and statistical methéds.examined the effects of five input
variables on the expected loss cost. The input variables were as follows:

CP = central pressure (in millibars)

Rmax= radius of maximum winds (in statute miles)
VT = translational velocity (forward speed in miles peur)
Holland B= pressure profile parameter and

FFP = far field pressure

The effects of the above input variables on the expected loss cost were examined using the
methods described by Iman et al. (2000a).

Disclosures

1. Identify the most sensitive aspieof 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.

Figure 43 providesthe graph of the standardized regression coefficients of the expected loss cost
as a function of the input variables for Category 1, 3 and 5 hurricanes. From the graph, we
observe that the sensitivity of expected loss cost depends on the category ofithedsi For a
Category 1 hurricane, expected loss cost is most sensitive to Holland B. For a Category 3
hurricane, expected loss cost is meesitive to Holland &nd finally for a Category 5 hurricane,
expected loss cost is most sensitiv&nax
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SRC by Hurricane Category
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Hgure43. SRCs for Expected Loss Cost for all Input Variables for all Hurricane Categories.

2. ldentify other input variables that impact the magnitude of the output when the input
variables are varied simultaneously. Describe theyaee to which these sensitivities affect
output results and illustrate with an example.

As mentioned in disclosure 1; the input variables that impact the magnitude of the output when
varied simultaneously depend on the category of the hurricanesCadegory 1 hurricane FFP

and CP are the other two variables (in addition to Holland B) which have an impact on loss costs.
For a Category 3 hurricane, expected loss cost the other variables are FFP and Rmax and finally
for a Category 5 hurricane, these &folland B, CP and FFP. The expected loss cost is least
sensitive to Rmax for Category 1, while the expected loss cost is least sensitive to VT for
Categories 3 and 5.
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3. Describe how other aspects of the model may have a significant impact on the siiesitin
output results and the basis for making this determination.

Validation studies (described in Standard.3) indicated that air density, boundary layer height,
fraction of the boundary layer depth over which the turbulent stresses act, theeffmgeat, the
averaging time chosen to represent the boundary layer slab winds, and the conversion of the 0
500 m layer mean wind to 10 m surface wind could all have a significant impact on the output.
These quantities were evaluated during the validgirocess, resulting in the selection of
physically consistent values. For example, the values chosen for air density, marine boundary
layer height and reduction factor from the mean boundary layer to the surface are representative
of near surface GPS dregnde measurements in hurricanes. Model wind speeds (and therefore,
output results) are very sensitive to surface roughness, which in turn depend on land use/land
cover determined from satellite remote sensing. The assignment of roughness to mean/land us
land cover classifications as well as the upstream filtering or weighting factor was applied to
integrate the upstream roughness elements within a 45 degree sector to windward of the
corresponding ZIP Code.

4. Describeand justifyaction or inaction as aresult of the sensitivity analyses performed.
No actions were taken in light of the aforementioned sensitivity experiments.

5. Provide a completed Form-8, Hypothetical Events for Sensitivity and Uncertainty
Analysis. (Requirement for models submitteddopdeling organizations which have not
previously provided the Commission with this analysis. For models previously found
acceptable, the Commission will determine, at the meeting to review modeling organization
submissions, if an existing modeling organtan will be required to provide Form -8,
Hypothetical Events for Sensvity and Uncertainty Analysigrior to the Rofessional Team
on-site review. If applicable, provide a link to the location of the form here.

Please see the completédrm S6 at the end of this section.
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S-3 Uncertainty Analysis for Model Output

The modeling organization shall have performed an uncertainty analysis on the
temporal and spatial outputs of the model using currently accepted scientific and
statistical methods in the appropriate disciplines and shall 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.

We have performed uncertainty analysis on the temporal and spatial outputs of the model using
currently accepted scientific and statistical methods. We examined the effects of five input
variables on the expected loss cost. The input variables were as follows:

CP = central pressure (in millibars)

Rmax= radius of maximum winds (in statute miles)

VT = translational velocity (forward speed in miles per hour)
Holland B= pressure profile parameter and

FFP = far field pressure

The effects of the above input variables on the expected loss cost were examined using the
methods described by Iman et@O000b).

Disclosures

1. 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 exanhg

Figure44 gives the expected percentage reductions in the variance of expected loss costs for
Category 1, 3 and 5 hurricanes as a functiom@fitput variables. As with the sensitivity

analysis, the category of the hurricane determines which variables contributes most to the
uncertainty of the expected loss costs. For a Category 1 hurricane, the major contributor to the
uncertainty in expectedss cost is the Holland B parameter followedd5P and therCP. For a
Category 3 hurricane, the major contributor to the uncertainty in loss costs is Holland B followed
by Rmaxand therFFP and finally for a Category 5 hurricane, the major contribudahé

uncertainty of expected loss cost&Rimaxfollowed by Holland B and theRFP andCP. The
variableVT has negligible effect on the uncertainty in expected loss costs.
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EPR by Hurricane Category

Holland B
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Figure44. EPRs for Expected Loss Cost for all Ingatiables for all Hurricane Categories.

2. 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.

Limitations in the HURDAT record contribute to the uncertaiof modeled tracks and
pressures. Surface pressure measurements are not always available in HURDAT and estimating
surface pressures by presswied relationships is also fraught with uncertainty since -well
observed hurricanes can demonstrate a largati@riin maximum wind speeds for a given
minimum surface pressure. The HURDAT record prior to the advent of satellites in the mid
1960s could have missed or incorrectly classified many hurricanes that affected Florida in the
early 20th century. Even todathere is still considerable uncertainty in the assessment of
hurricane intensity. Recent research results based on SFMR measurements (Powell et al., 2009)
indicate that some SaffBimpson 13 Category hurricanes may be rated too highly while the
Categoryd and 5 storms are probably rated accurately.
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Uncertainty in surface roughness has a significant impact on wind uncertainty which in turn leads
to a significant impact on losses.

3. Describeand justify action or inaction as a result of thencertainty aralyses performed.
No actions were taken in light of the aforementioned uncertainty analysis.
4. Form S-6 (Hypothetical Events for Sensitivity and Uncertainty Analysis), if disclosed under
Standard S2 (Sensitivity Analysis for Model Output), will be used the verification of
Standard S3 (Uncertainty Analysis for Model Output).

Please see the completearm S6 at the end of this section.
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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.

The error in the county level loss costs induced by the sampling processqraanbied by

computing standard errors for the county level loss costs. These loss costs have been computed
for all counties in the state of Florida using 58,000 years of simulation. The results indicate that
the standard errors are less than 2.5% oa#eeage loss cost estimates for all counties.

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 samiing design, describe the underpinnings of the design.

The number of simulation years was determined through the following process:

The average loss cost, and standard deviatids, were determined for each countyusing an

initial run of an 11,600 year simulation. Then the maximum error of the estimate will be 2.5% of
the estimated mean loss cost, if the number of simulation years for doisnty

o ~2
a s @
N {;%.ozsiﬁ
Based on the initial 11,600 year simulation runs, the minimumioeu of years required iy =
40,705for Hamilton County, which had the highest number of years required of all the counties.
Therefore, we have decided to use 58,000 (500x116) years of simulation for our final results. For
the 58,000 year simulation ruve found that the standard errors are less than 2.5% of the average
loss costs for each county.

FPHLM V6.2November 1, 2016:00 PM
178



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 modeling organization. This standard applies
separately to personal residential and, to the extent data are available, to
commercial residential. Personal residential loss 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 and shall include loss data from both 2004 and 2005.

Table15 compares the modeled and actual total losses by hurricane and company for personal
residential coerage Moreove, Figure45 indicates reasonable agreement between the observed
and modeled losses. This was also supported byaith@us statistical tests described below.

Disclosures
1. Describe the nature and results of the analyses performed to validatéogsgprojections
generated for personal and commercial residentiatsesseparately. Include analyses for

the 2004 and 2005 hurricane seasans

For model validation purposes, the actual and modeled losses for some selected companies and
hurricanes are prided inTable15.

Table 15. Total Actual vs. Total Modeled LossesPersonal Residential

Company Name Event Total Exposure | Total Actual Loss | Total Modeled Loss
A Charley $14,572,357,458.00 $274,702,333.00 $198,179,821.24
A Frances $9,613,407,332.00 $224,656,954.00 $141,512,861.20
B Charley $7,155,996,653.00 $110,471,361.00 $124,314,188.01
B Frances $1,847,430,290.00 $20,201,407.00 $61,499,099.10
C Charley $26,484,786,918.00 $524,863,315.00 $327,684,436.13
C Dennis $8,766,524,714.00 $20,310,806.00 $58,392,849.00
C Frances $17,568,485,865.00 $389,682,752.00 $272,475,153.85
C Jeanne $37,580,088,130.00 $176,120,223.00 $401,860,824.83
C Katrina $4,036,128,039.00 $19,528,669.00 $79,745,462.12
C Wilma $29,468,018,254.00 $335,590,883.00 $541,045,903.86
D Charley $1,377,700,566.00 $63,889,029.00 $22,307,062.19
D Frances $4,309,535,304.00 $122,776,727.00 $74,013,396.26
E Charley $35,580,184.00 $952,353.00 $662,609.32
E Frances $316,894,463.00 $10,007,410.00 $4,196,319.79
E Charley $2,498,971,217.00 $113,313,510.00 $47,126,067.73
E Frances $3,639,401,631.00 $78,377,163.00 $61,040,427.97
E Jeanne $4,307,858,204.00 $40,245,030.00 $71,503,863.12
F Charley $1,386,793,895.00 $32,316,645.00 $20,223,743.32
G Charley $587,526,292.00 $3,884,930.00 $6,619,029.79
G Frances $189,912,832.00 $2,918,642.00 $3,728,694.10
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G Katrina $135,143,330.00 $464,971.00 $855,697.09
G Wilma $767,025,160.00 $6,120,435.00 $9,196,840.61
H Charley $844,602,098.00 $78,535,467.00 $51,410,383.28
H Dennis $28,266,337.00 $928,111.00 $2,142,032.00
H Frances $665,429,117.00 $59,229,372.00 $23,774,605.19
H Jeanne $1,854,530,377.00 $74,983,526.00 $54,175,725.15
H Katrina $6,903,619.00 $330,018.00 $234,366.87
H Wilma $727,865,863.00 $47,056,668.00 $18,751,067.87
| Charley $2,506,896,464.00 $62,086,256.00 $50,651,809.24
| Frances $74,702,419.00 $43,799,401.00 $7,138,363.35
J Jeanne $6,169,965,775.00 $84,545,829.00 $91,148,684.95
K Charley $932,092,266.00 $79,751,698.00 $56,841,903.52
K Jeanne $2,558,106,618.00 $81,552,694.00 $96,489,457.17
L Charley $41,558,803.00 $4,511,656.00 $2,566,483.69
L Charley $166,263,166.00 $8,645,559.00 $3,224,177.82
L Frances $34,908,100.00 $4,009,884.00 $1,428,840.54
L Frances $368,182,344.00 $11,489,176.00 $5,768,227.28
L Jeanne $78,735,391.00 $3,590,284.00 $3,298,610.46
L Jeanne $347,104,726.00 $4,812,837.00 $6,103,225.29
M Charley $1,517,072,812.00 $15,135,021.00 $22,381,833.66
M Frances $804,861,107.00 $9,399,468.00 $16,515,698.21
M Jeanne $2,272,770,727.00 $9,048,905.00 $27,652,669.65
N Charley $9,598,109,599.00 $243,787,379.00 $156,015,706.62
N Frances $7,762,557,563.00 $180,416,260.00 $157,821,509.41
N Jeanne $15,460,363,846.00 $122,112,255.00 $208,162,427.87
N Katrina $464,541,580.00 $1,456,613.00 $4,158,717.49
N Wilma $12,018,207,196.00 $148,740,764.00 $168,764,383.52
@] Charley $475,100,767.00 $2,015,902.00 $3,090,495.42
O Frances $1,086,978,976.00 $2,659,551.00 $4,892,736.50
@) Jeanne $905,676,619.00 $29,144,703.00 $36,525,360.04
@) Jeanne $1,436,506,385.00 $2,059,383.00 $6,222,450.28
P Jeanne $3,434,049,257.00 $31,066,792.00 $52,352,494.70
Q Andrew $30,391,564,010.00 $2,984,373,067.00 $2,158,821,822.04
Q Charley $427,213,972.00 $23,395,988.00 $16,295,310.88
Q Charley $51,283,638,860.00 $1,037,108,745.00 $600,860,774.82
Q Dennis $8,527,804,503.00 $29,951,867.00 $56,750,821.00
Q Erin $3,193,215,496.00 $50,519,119.00 $59,718,545.68
Q Frances $482,335,774.00 $18,467,176.00 $7,891,813.22
Q Frances $36,447,006,477.00 $614,006,549.00 $420,848,614.43
Q Katrina $19,097,289,225.00 $53,610,002.00 $102,605,095.86
Q Wilma $76,663,257,400.00 $1,129,347,005.00 $731,098,284.25
R Jeanne $1,178,562,197.00 $3,125,588.00 $14,858,205.44
S Charley $9,721,434,560.00 $111,013,524.00 $215,906,252.91
S Frances $12,631,336,130.00 $94,272,660.00 $385,052,388.40
T Charley $2,685,932,544.00 $54,207,520.00 $41,602,464.36
T Frances $3,554,743,715.00 $121,893,725.00 $52,487,004.56
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Figure45 provides a comparison of total actual losses vs. total modeled losses for different
hurricanes. The comparison indicates a reasonable agreement between the actual and modeled
losses. The coetation between actual and nedeld losses is found to be 0.9¥hich shows a
strong positive linear relationship between actual and modeled losses. Wevtestteeithe
difference in paired mean valueguals zero using the paired t tast (.386 df = 65, pvalue =
0.177 and Wilcoxon signed rank te&t = 0.91Q p-value = 0.38). Based on these tests, we failed
to reject the null hypothesis of equality of paired means and condlualetthere is insufficient
evidence to suggestdiference between aal and modeletbssesWe also observed fromable
15that about 5% of the actual losses are more than theesponding modeled losses, and®9

of the modeled losses are more than the corresponding actual losses. This shows that our
modeling process is not biaséallowing Lin (1989), the bias correction factor (measure o
accuracy) is obtained as 0.94d the sample concordance correlatioefficient is found to be
0.918 which again shows a strong agreement between actual and modeled losses.
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Figure 45. Scatter plot between total actual losses vs. total modeled losses.

Due to the lack of a sufficient body of claims data for commercial losses, extensive statistical tests
were not conducted to validate the model loséetmbular comparison of the modeled vs. actual
commercial insured loss cossspresented imable 16 and inFigure46 for illustration purposes

only:
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Table 16. Comparison of Total vs. Actual Losses Commercial Residential

C?\Irgfna:any Event Total Exposure Total Actual Loss | Total Modeled Loss
D Charley $ 2,344572547.00 $ 64,378,393.00 $29,968,683.23
D Jeanne $ 4,866,082,786.0( $ 34,826,257.00 $71,527,381.11
D Katrina $ 6,489,785,877.0( $ 11,846,697.00 $46,334,652.12
D Wilma $20,489,475,103.00 $318,671,056.00 $254,586,003.86
Q Frances | $ 863,784,392.0( $ 42,238,244.00 $13,690,616.63
Q Jeanne $ 1,021,385,625.0( $ 8,446,718.00 $15,895,341.78
Q Katrina $ 224,012,300.0( $ 2,178,110.00 $8,239,112.12
Q Wilma $ 2,423,163,266.0( $ 62,492,371.00 $26,841,374.38
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Figure 46. Scatter plot between total actual losses vs. total modeled losses.

2. Provide a completed Form-8, Validation ComparisonsProvide a link to the location of
the form here.

Please see the completearm S4 at the end of this section.
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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.

The difference, due to uncertainty, between historical and modeled annual average statewide loss
costs is reasonable as shown in the following description

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
determinethese loss projections, specify the convergence tests that were used and the results.
Specify the number of hurricanes or trials that were used

Loss costs are generated using a simulated number of hurricanes. The number of years used in the
simulationswvas calculated as described in Standa#l &d was found to bé8®00. The standard

errors are within 2.5% of the means for all counties. From Fo#nw® found that the 95%
confidence interval on the difference between the mean of the losses fronsttrecdl and

modeled contains 0, indicating that there is no statistically significant difference. In addition, as
shown in Standard-S, modeled loss costs have also been validated against insurance company
data and are in reasonable agreement witsahee

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

The historical and stochastic storm loss costs are treated the same

3. Provide a completed Form -8, Average Annual Zero Deductible Statewide Loss Cadsts
Historical versus Modeled. Provide a link to the location of the form here

Please sethe completedrorm S5 at the end of this section
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Form S-1: Probability and Frequency of Florida Landfalling Hurricanes per
Year

Complete the table below showing the probability and modeled frequency of landfalling Florida
hurricanes per year. Modeled probability shall be rounded to four decimal places. Tdwechist
probabilities and frequencies below have been derived from the Base Hurricane Storm Set for the
115 year period 196@014 (as given in Form-&, Base Hurricane Storm Set Statewide Losses).
Exclusion of hurricanes that caused zero modeled Floridaag@nor additional Florida landfalls
included in the modeling organization Base Hurricane Storm Set as identified in their response to
Standard M1, Base Hurricane Storm Set, should be used to adjust the historical probabilities and
frequencies provided her

If the data are partitioned or modified, provide the historical probabilities and frequencies for the
applicable partition (and its complement) or modification as well as the modeled probabilities and
frequencies in additional copies of FormlSProbaility and Frequency of Florida Landfalling
Hurricanes per Year.

Please note that this form is based on the 19@D15 (116 years) Base Set.

SeeAppendixN.
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Form S-2: Examples of Loss Exceedance Estimates

Provideestimate®f the aggregate personal and compiakinsured losses for varioysobability

levels using the notional risk data set specified in Forfn(Zero Deductible

Personal Residential Loss Costs by ZIP Code) and using the 2007 Florida Hurrican& @dtas

Fund aggregate personal and commercial residers@ab deductibleexposure data provided in

the fle namedi hl pm2007c. exe. 0 Provide t hassexoeddante aver
distribution. Ifthe modeling methodology does not allow theeh to produce aiable answer,

please state sand why.

SeeAppendixO.
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Form S-3: Distributions of Stochastic Hurricane Parameters

Provide the probability distribution functional form used for each stochastiecame parameter
in the modelProvide a summary of thestification for each functional form selected for each

general classification.

SeeAppendixP.
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Form S-4: Validation Comparisons

A. Provide five validation comparisenof actual personal residential exposures and loss to
modeled exposures and losBrovide hese comparisons by line of insurance, construction
type, policy coverage, county or other level of similar detail in addition to total losses. Include
loss as apercent 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, ussuegp for only
those policies that had a loss. Specify which was used. Also, specify the name of the hurricane
event compared

B. Provide a validation comparison of actual commercial residential exposures and loss to
modeled exposures and loss. Useanmdovi de a definition of the
residential classifications

C. Provide scatter plot(s) of modeled vs. historical losses for each of the required validation
comparisons. (Plot the historical losses onxtaxis and the modeled lossen they-axis.)

D. Include Form &4, Validation Comparisons, in a submission appendix.
Rather than using a specific published hurricane wind figlelctly, the winds underlying the

modeled loss cost calculations must be produced by the model beingeyalod should be the
same hurricane parameters as used in completing Fe@n A

SeeAppendixQ
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Form S-5: Average Annual Zero Deductible Statewide Loss Costs i
Historical versus Modeled

A. Provide the average annual zero deductible statewide personal and commercial residential
loss costs produced using the list of hurricanes in the Base Hurricane Storm Set as defined in
Standard M1 (Base Huricane Storm Set) based on the 2012 Florida Hurricane Catastrophe
Fundobés aggregate per s onzarb dedustidlexposurendata found | re
inthefilenamedi hl pm2012c. exe. 0

Average Annual Zero Deductible Statewide Personal and
Commercial Residential Loss Costs

Time Period Historical Hurricanes Produced by Model
Current Submission $5,388.52 $4,658.62
Previously Accepted Model* $5,681.92 $4,921.29
(2013 Standards)
Percent Change Current Submission -5.2% -5.3%
Previously Accepted Model*

B. Provide a comparison with the statewide personal and commercial residential loss costs
produced by the model on an average industry bhasis.

The loss cost produced by the model omegrage industry basis is 4illion dollars and the
corresponding historical average los$.#billion dollars.

C. Provide the 95% confidence interval on the differences between the means of the historical
and modeled personal and commercial residential loss.

The 95% confidencmterval on the difference between the mean of the historical and the mean of
themodeled losses is between19and 265 billion dollars. Since the interval contains O, we are
95% confident that there is no significant difference between the histant#éhe@ modeled

losses.

D. If the data are partitioned or modified, provide the average annual zero deductible statewide
personal and commercial residential loss costs for the applicable partition (and its
complement) or modification, as well as the modaletage annual zero deductible statewide
personal and commercial residential loss costs in additional copies of FéymA8erage
Annual Zero Deductible Statewide Loss Codtstorical versus Modeled.

Not applicable.

E. Include Form b, Average Annual Ze Deductible Statewide Loss CostBlistorical versus
Modeled, in a submission appendix.
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SeeAppendix R
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Form S-6: Hypothetical Events for Sensitivity and Uncertainty Analysis

We have provided the output in ASCII files based on running a series of hurricanes as provided in
the Excel fileh F o r mS 5 | n ghetowlpat fileslcansisd of wind speeds (in miles per hour for
one minute sustained Ddeter winds) at hourly intervatsrer a 21x40 grid for the 500

combinations of initial conditions specified in the Excel file for the following model inputs:

1 CP = central pressure (in millibars)

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

1 VT = translational velocity (forwarspeed in miles per hour)

1 HollandB = pressure profile parameter for other input used by the modeler
(O¢cpcl)

1 FFP = far field pressure (in millibars)

The value ofCP, Rmax VT, FFP and Quantile are used as direct inputs. Quantites § to 1
have been provided in the Excel input file. For the FPHLM (V4.1) model, we used the first
guantile input for the HollanB parameter.

On a CD, we have provided an ASCII file and a Ril-namedFPHLMO9Expected.oss Costs.
This file gives aggrgate and expected loss costs for each input vector for each category of
hurricane and contains 3x100=300 rows.

We have also provided, on a CD, the results in an ASCII file and a PDF file named
FPHLMO9Loss Cost Contour, which contains 3 x 682 = 2,046 rohis.file gives the mean loss
cost at each of the 682 land based vertices over all 100 input vectors for each hurricane category.
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Distribution of Loss Costs

Figure47 provides thecomparison of CDFs of the Expected Loss Costs for all Hurricane
Categories.

Distribution of Average Expected Loss Costs
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Figure47. Comparison of CDFs of Loss Costs for all Hurricane Categories.

Figure481 Figure50 showcontours of the man loss cost for Category 1, 3 and 5 hurricane
respectively for each land based grid point. The mean percentage loss costs are found to be about
between 1.14 98.3% for Category 1, between 3.6424.6% for Category 3 and between 2.57%
41.84% for Category burricanes. The largest losses occur shortly after landfall to the right of the
hurricane path.
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Cat1: Contour Plot of Mean Loss Cost
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Figure48. Contour Plot of Loss Cost for a Category 1 Hurricane.
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Cat3: Contour Plot of Mean Loss Cost
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Figure49. Contour Plot of Loss Co#fir a Category 3 Hurricane.
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Cat5: Contour Plot of Mean Loss Cost
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Figure50. Contour Plot of Loss Cost for a Category 5 Hurricane.

Sensitivity and Uncertainty Analysis for Expected Loss Costs

Sensitivity analysis for the expected loss costs was conducted thihmugbke of the standardized
regression coefficients dfie expected loss cost as a function of the input variables for Category,
1, 3 and 5 hurricane®/e used the methods descrilldimanet al.(200a, 2000b). The values

of standardized regression ci@énts are summarized in the table below.

Category CP Rmax VT Holland B FFP
1 -0.4118 0.1039 0.1648 0.6477 0.5905
3 -0.2599 0.4033 0.1137 0.6552 0.4236
5 -0.1349 0.6939 -0.0022 0.5862 0.1801

Figure51 gives thegraph of the standardized regression coefficients for all input variables for
Category 1, 3 and 5 hurricanésom the graph, we obsed/hat thesensitivity of expected loss
costdepends on the category of the hurricak@s a Category 1 hurricane, expected loss cost is

FPHLM V6.2 March 15, 201%:00 PM
194



most sensitive télolland Bparametefollowed byFFP, CPandVT. For a Category 3 hurricane,
expected loss cost is most sensitivéltdland Bfollowed byFFP, Rmaxand CPand finally for a
Category 5 hurricane, expected loss cost is most sensittmaay followed byHolland B CP
andFFP. The expected loss cost is least sensitiiertaxfor Category 1 while the expected loss
cost is least sensitive ¥T for Categories 3 and 5.

SRC by Hurricane Category

Holland B

0.6

0.4

Standardized Regression Coefficient
0.0
|
o

CE

-0.4

[ | |
Cat1 Cat3 Catb

Hurricane Category
Figure51. SRCs for expected loss cost for all input variables for all hurricane categories.
Uncertainty analysis for the expected loss costs was conducted through the use of the expected

percentage reduon (EPR) in the variance tiie expected loss cost as a function of the input
variables for Category, 1, 3 and 5 hurrica¥s. used the methods descrilisdimanet al.

(2000a, 2000b). The wvalues of EPROS are summar. :
Category CP Rmax VT Holland B FFP
1 20.8398% 3.9463% 2.0921% 46.2717% | 36.7245%
3 6.0155% 14.8201% 1.1625% 51.3594% | 10.4668%
5 4.6087% 48.7428% 1.8529% 42.1176% 4.6455%
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Figure52 gives the expectegercentageeductions in the variance expected loss costr

Category 1, 3 and 5 Hurricantes all input variables As with the sensitivity analysis, the
category offie hurricane determines which variable contributes most to the uncertainty of the
expected loss cost. For a Category 1 hurricane, the major contributor to the uncertainty in loss
cost is theHolland Bparameter, followed blfFP, thenCP. For a Category 3uiricane, the major
contributor to the uncertainty in loss cosHiglland B followed byRmax thenFFP. For a

Category 5 hurricane, the major contributor to the uncertainty of expected lossRmsbds
followed byHolland B thenFFP, and finallyCP. The variable/T has negligible effect on the
uncertainty in expected loss costs.

EPR by Hurricane Category

50
|

HC‘IIC]ndBO

Expected Percentage Reduction

10

Cat1 Cat3 Catb

Hurricane Category

Figure52. EPRs for Expected Loss Cost for all Input Variables for all Hurricane Categories.
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VULNERABISOIANDARDS

V-1 Derivation of Vulnerability Functions

A.Devel opment of the building vulnerability func
of the following: (1) insurance c¢l aims data, (
rati onal structur al -evrealty sii 4,6 mand eAsty)i gmd s to
devel opment of the building vulnerability func
anal ysi-eyepbssite investigations, and | aboratoc

supported by historical dat a

The development of the vulnerabilities is based oaraponent approach that combines

engineering modelingimulations with engineering judgment, andurance claindlata. The

determination of external damage to buildings is based on structural calculations, tests, and Monte
Carlo simulations. The wind loadnd strength of the building components in the simulations are

based on laboratoryand#ni t u t ests, manufactur er éduaricashat a, e
site inspections of actual damage, and codes and stanaaddsre calibrated and validated

against insurance claim datahe internal and content damage are extrapolated from the external
damage on the basis of expert opinion and site inspections of areas impacted by recent hurricanes
and are confirmed usingsuranceclaims data.

B. Thderiiwat of the building vulnerability funcH
uncertainties shall be theoretically sound a
engineering. principles

The method used in the derivation is based on extrapolating the results of Monte Carlo
simulations of physical exterior damatgeough simple equations based on engineering
judgment, expert opinion, and claims data. Uncertainties at each stage are accounted for by
distributing the damage according to reasonable probability distributiorerevalidated with
claims data.

The Monte Carlo component models take into account many variations in structural
characteristicsand the result clearly filters through the cost estimation model. There are also
different and clearly defined costing considenasi@applied to each structural type. These
adjustments come directly from resources developed exclusively for defining repair costs to
structures and therefore are theoretically sound.

C. Residenti al buil ding stock <cl assilfoirg atai on sh
construction for personal and commerci al res

A detailed exposure study was carried out to define the most prevalent construction types and
characteristics in the Hiola residential building stodor different regions. The coisponding
engineering models were built for each of the identified common structural byphke.case of

the residential model and the lavee commercial residential model, the models include differing
wall types (wood and masonry) of varying strengthg.( reinforced or not, variou®of to wall
connection types), differing roof shapes (hip and gable end), various strengthstofwadif
connections (toe nai clips,straps), varying window types and sizes, opening protection systems,

FPHLM V6.2 March 15, 201%:00 PM
197



varying garag door pressure capacitiesid one and two story houses and-tmthree story
commercial residential buildings.

Models of varying combinations of the above characteristics {eogd frame, gable end, no

window shuttersyvere created for four differenégions in Floridaln all cases, the probabilistic

capacities of the various components were determined by a variety of sources, including testing,

test results in thiterature,in-field data collection (pogturricane damage evaluations),

manufactured s s p e candmacnautfiaocnsur er 6s test data, and e

In the case of the mithigh-rise commercial residential model (buildings with more than three
stories), the models include different apartment units corresponding to different buijdintsla
(interior or exterior entry door), different locations within the floor plan (corner or middle units),
different heights (subject to different probabilities of missile impact and wind speed), and
different openings (windows, doors, sliders) with elifint protection options (none or impact
resistant).

D.Bui | chiengght/ number of stories, primdry const:
construction, | ocation, buildich@aracde, i &and ca
as applicable, shal/l b ed aupspel di ciant itohne odfe rbiuvialtdi

vul ner dhuinlcitti yns.

The structural models include options that allow the representation of building code revisions.
Three models were derived for each structural type: weak construction, medium construction, and
strong constrction. For exampleeachmodel for wood frame and gable roof homes has weak,
medium and strong versions. The assignment of a given strength level is based on the assumed
age of the home being modeled and the available information on construction pnatiate

region of the state in that era of construction. Florida Building Code requirements that apply to
the repair of existing homes are also taken into consideration when computing the repair costs of
a structure. Separate models were also developeddoufactured housing constructed based on

pre- and post1994 HUD regulationand for different wind zones.

In addition to the various models that reflect construction type, region of Florida, and era of
construction, each model has numerous additional strength features that can be adjusted before
simulations are conducted to represent various combinationgigtioin features. For example,

a weak constructed home in central Florida with masonry walls (no reinforcing) may have been
recently reroofed withrenailed roof decking and modern cemjgroved shingles. The simulation
model is capable of reflecting triembination of weak original constructiandnew, strong roof
sheathing and roafover mitigation.

E. Vul ner dhuinlcittiyons shall be separ atreelsy deeartii ad d
building structures, personal mapaefdenturatd bu
homes, and appuunteronnas

The commercial and personal residerttigilding structures, mobile homeand appurtenant
structures are independently derived.

F. The mini mum windspeed that generates damage
fundament alngn@mriinrecirpl es.

The minimumoneminute average sustainadnd speed at which sontamage is observed is 38
mph (3second gust 50 mph) for appurtenant structures:bsiteand manufactured homes have
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a very small probability of some very minor damage aih (3-second gust 55 mph). This
probability becomg more significant at 46 mph-§&econd gust 60 mph) and increases with higher
wind speed. Simulations are run fes8cond gusts from 50 mph to 250 nipt» mph

increments

G.Bui |l ddiungner abi Inist ys hfaulnlc titnoc!| ude damage as att
windspeed and wind pressure, wat ers sioncfiialtterdat
with hurricanes. Buil di ng v uilmcelruadbe |e xtpyl ifcuintc
damage to the building duswatvacfilowmd, storm s

The vulnerability functions do not explicitly include damage due to flood, storm surge, or wave
action. The vulnerability functions for all models (ditilt residential, manufactured homes,
low-rise commercial residential, and mtligh-rise conmercial residential) include damage due
to wind pressure, missile impact and water infiltration.

Disclosures

1. Describe any modifications to the building vulnerability component in the model since the
previously accepted model.

a. The changes in the levise CR modeinclude:
1 Calculation of soffit areas of hip and gable roof buildings
1 Update of exposure statistics, leading to changes in the weighted matrices.
9 Correction in the handling of WDR2
1 Removal of rain sampling bounds

b. The changes in thtR modelinclude:
Update of exposure statistics, leading to changes in the weighted matrices.

The rationale for tasechanges is given in Standard1G

2. Providea flow chart documenting the process by which the building vulnerability functions
are derived andmplemented.

Theflow chart inFigure53 summarizeshe procedure used in the Monte Carlo simulations to
predict the external damage to the different structural tigyeébe case of residential buildings

and commercial residential buildingéhe random variables include wind speed, pressure
coefficients, and the resistances of the various building components (roof cover, roof sheathing,
openings, walls, connections).
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Figure53. Monte Carlo simulation procedure to predict damage.

Theflow charsin Figure54 summarize th@rocedure used to convert tlesults of the Monte
Carlo simulations of physical external damage into vulnerability oestrfior the cases of the
personal residential model (left) and commercial residential model (right)
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Vulnerability
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End End

Figure54. Procedure to create/ulnerability matrix.
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The flowcharsin Figure53 andFigure54 arealso partially applicable to the apartment facades of
the mid/high-rise commerciatesidential model (MHB), in which building components modeled
include windows, entry doors, and balcony (slidgigss) doors. In the case of MHB, a process
similar to the one described above is followed to derive exterior vulnerability and breach curves
for different openings of typical apartment unitbese curves are derived for the cases of open
and closed buildings, for corner and middle units, with different opening protections (with or
without impactresistant glass, with or without metal shutfteEachvulnerability curve for

openings of corner or middle apartment units (window, door, or slider) gives the number or
fraction of openings damaged as a function of wind spEaghbreach curve for openings of
corner or middle apartment units (windodoor, or slider) gives the breach areafroftopening
damaged as a function of wind speed.

The flow chart inFigure55 summarizes the procedwieed to convert th@partment unit opening
vulnerability and breach curvé@sto an overall estimate of buildingulnerability. This figure is
already presentdd Standard G1, asFigure 18 where thevalues represented in the flow chart are
explained in detalil.
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Figure55. Exterior andinterior damage assessment for MHB.
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3. Describethe nature and extent of actual insurance claims data used to develop the building
vulnerability functions. Describe in detail what is included, such as, number of policies,
number of insurers, date of loss,nd number of units of dollar exposure, separated into
personal residential, commercial residential, and manufactuteaine.

Pre-2004 Personal Residential ClagData

At the request of the Florida Department of Financial Services (FDFS), four insurarzaneesn
provided insurance claims data for several hurricanes that impacted Florida prior to 2004,
including Andrew. The companies providix followingtwo types of files:

1. Sample files with 10% of the exposure selected at random, plus the aatiis 0%
exposure since 1996

2. Hurricane files with premium files for all hurricane claims since 1996, plus all the
corresponding claisxdata since 1996

Because of a confidentiality agreemehese companies witle referred to as@npany A, B, C,
or D. These companiagpresent between ¥oand 85%of the insured exposure in the statel
approximately 70% of the claimblost of the data provided confdm minor hurricanes and
tropical storms that impacted Florida between 1994 and 2002.

Company A prouded he only significant dta for storms prior to 2004 particular for

Hurricane Andrewas shownin Table17. Wind speed estimates are also available, so validation
efforts were primarilyconcentrated on the use of thels¢a. Attempts were made to make use of
additional data from Hurricane Opal aoither storms. However, the amount of processed data

available was too small to be statistically significant for validation.

Table 17. Summary of processed claims data (number of claims provided).

Tropical | Tropical
Hurricane | Hurricane | Hurricane| Storm Storm Hurricane
Andrew | Georges | Opal Irene Earl Erin
Company A
Masonry 78636 266 1973 3638 59 11460
Timber 1603 1078 9166 776 89 11878
Manufactured | 1775 0 256 184 16 690

Note: Only building, contents, and appurtenammicture claims were provided by@pany A
(ALE was not provided).

2004 Personal Residential ClagrData

Claims data for the 2004 hurricane seadoom a series of insurance conmpes werealso used to
validatethe FPHLM. Although 21 companies subneitt dateor a total of almost 675,000 claims,
only two main companies are detailed here. These two companies (rédeascGompany 1 and
Company 2) represent 386,000 claims, mainly forlsitét homes. Thse claims are divided
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between Hrricanes CharleyFrances, andednne for central Florida, andiHlicane Ivan for the
Panhandle. The validation consists of a series of comparisons between thelaotgalata and
the FPHLM results. The claims fil@gere providedy the insuranceompaniesTable 18, Table
19, andTable20 show the number of policies provided by the two companies for the four
different hurricanes in 2004. As expected, tteeemore msonry claims in central Floricend
more timber claims in the PanhandlEhe claims data for lvan was not used in the validation
process because it was contaminated by storm surge damage.

Table 18 Company 1: Claim number for each yeatbuild category

Company Hurricane | Construction | Year Built Number of Claims

Company 1 | Charley Masonry yb<1970 5026
Company 1 | Charley Masonry 1970<=yb<1984 8216
Company 1 | Charley Masonry 1984<=yb<1994 11850
Company 1 | Charley Masonry yb>=1994 8110
Company 1 | Charley Frame yb<1970 956
Company 1 | Charley Frame 1970<=yb<1984 1232
Company 1 | Charley Frame 1984<=yb<1994 3044
Company 1 | Charley Frame yb>=1994 677
Company 1 | Charley Manufactured | yb<1994 2966
Company 1 | Charley Manufactured | yb>=1994 212
Company 1 | Frances Masonry yb<1970 5009
Company 1 | Frances Masonry 1970<=yb<1984 6989
Company 1 | Frances Masonry 1984<=yb<1994 7903
Company 1 | Frances Masonry yb>=1994 4384
Company 1 | Frances Frame yb<1970 902
Company 1 | Frances Frame 1970<=yb<1984 2081
Company 1 | Frances Frame 1984<=yb<1994 5648
Company 1 | Frances Frame yb>=1994 721
Company 1 | Frances Manufactured | yb<1994 3186
Company 1 | Frances Manufactured | yb>=1994 222
Company 1 | Ivan Masonry yb<1970 2029
Company 1 | Ivan Masonry 1970<=yb<1984 2099
Company 1 | Ivan Masonry 1984<=yb<1994 1719
Company 1 | Ivan Masonry yb>=1994 1769
Company 1 | lvan Frame yb<1970 3048
Company 1 | Ivan Frame 1970<=yb<1984 3956
Company 1 | Ivan Frame 1984<=yb<1994 4829
Company 1 | Ivan Frame yb>=1994 3890
Company 1 | lvan Manufactured | yb<1994 634
Company 1 | lvan Manufactured | yb>=1994 79
Company 1 | Jeanne Masonry yb<1970 3601
Company 1 | Jeanne Masonry 1970<=yb<1984 5274
Company 1 | Jeanne Masonry 1984<=yb<1994 5698
Company 1 | Jeanne Masonry yb>=1994 4999
Company 1 | Jeanne Frame yb<1970 825
Company 1 | Jeanne Frame 1970<=yb<1984 1386
Company 1 | Jeanne Frame 1984<=yb<1994 3430
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Company 1 | Jeanne Frame yb>=1994 674
Company 1 | Jeanne Manufactured | yb<1994 2717
Company 1 | Jeanne Manufactured | yb>=1994 177
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Table 19. Company 2: Claim number for each yeatbuilt category.

Company Hurricane | Construction Year Built Number of Claims

Company 2 | Charley Masonry yb<1970 8677
Company 2 | Charley Masonry 1970<=yb<1984 15085
Company 2 | Charley Masonry 1984<=yb<1994 18324
Company 2 | Charley Masonry yb>=1994 6376
Company 2 | Charley Frame yb<1970 1920
Company 2 | Charley Frame 1970<=yb<1984 1782
Company 2 | Charley Frame 1984<=yb<1994 3786
Company 2 | Charley Frame yb>=1994 443
Company 2 | Charley Manufactured yb<1994 1843
Company 2 | Charley Manufactured yb>=1994 159
Company 2 | Frances Masonry yb<1970 8276
Company 2 | Frances Masonry 1970<=yb<1984 11978
Company 2 | Frances Masonry 1984<=yb<1994 11394
Company 2 | Frances Masonry yb>=1994 3224
Company 2 | Frances Frame yb<1970 1453
Company 2 | Frances Frame 1970<=yb<1984 3202
Company 2 | Frances Frame 1984<=yb<1994 7731
Company 2 | Frances Frame yb>=1994 601
Company 2 | Frances Manufactured yb<1994 1590
Company 2 | Frances Manufactured yb>=1994 131
Company 2 | lvan Masonry yb<1970 1399
Company 2 | lvan Masonry 1970<=yb<1984 746
Company 2 | lvan Masonry 1984<=yb<1994 449
Company 2 | Ivan Masonry yb>=1994 275
Company 2 | Ivan Frame yb<1970 4004
Company 2 | lvan Frame 1970<=yb<1984 5546
Company 2 | Ivan Frame 1984<=yb<1994 4637
Company 2 | Ivan Frame yb>=1994 2229
Company 2 | lvan Manufactured yb<1994 171
Company 2 | lvan Manufactured yb>=1994 41
Company 2 | Jeanne Masonry yb<1970 6907
Company 2 | Jeanne Masonry 1970<=yb<1984 10767
Company 2 | Jeanne Masonry 1984<=yb<1994 9629
Company 2 | Jeanne Masonry yb>=1994 4176
Company 2 | Jeanne Frame yb<1970 1555
Company 2 | Jeanne Frame 1970<=yb<1984 2087
Company 2 | Jeanne Frame 1984<=yb<1994 4561
Company 2 | Jeanne Frame yb>=1994 484
Company 2 | Jeanne Manufactured yb<1994 1401
Company 2 | Jeanne Manufactured yb>=1994 128
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Table 20. Company 1 and Company 2: Claim numbers combined.

Company Hurricane | Construction Number of Claims

Company 1 Charley Masonry 33202
Company 1 Charley Frame 5909
Company 1 Charley Manufactured 3178
Company 1 Charley Other 260
Company 1 Frances Masonry 24285
Company 1 Frances Frame 9352
Company 1 Frances Manufactured 3408
Company 1 Frances Other 566
Company 1 lvan Masonry 7616
Company 1 lvan Frame 15723
Company 1 Ivan Manufactured 713
Company 1 Ilvan Other 100
Company 1 Jeanne Masonry 19572
Company 1 Jeanne Frame 6315
Company 1 Jeanne Manufactured 2894
Company 1 Jeanne Other 331
Company 2 Charley Masonry 48462
Company 2 Charley Frame 7931
Company 2 Charley Manufactured 2002
Company 2 Charley Other 582
Company 2 Frances Masonry 34872
Company 2 Frances Frame 12987
Company 2 Frances Manufactured 1721
Company 2 Frances Other 1134
Company 2 Ilvan Masonry 2869
Company 2 Ilvan Frame 16416
Company 2 Ilvan Manufactured 212
Company 2 Ilvan Other 87
Company 2 Jeanne Masonry 31479
Company 2 Jeanne Frame 8687
Company 2 Jeanne Manufactured 1529
Company 2 Jeanne Other 1167

The claims are divided by the type of coveragestarcture and contents. Company 1 has two
types of coverage, replacement castl actual cash valueut does not specifyhether both
structure and contents have the same coverage for each claim.

For Company 2, there are dppes of coveragas shown élow.

ACV S/ACV C Structure ActualCashValue, Contents ActuaCashValue
ACV S/RC C Structure ActualCashValue, Contents Replacemedbst
RC S/ACV C Structure Replacemef@ost, Contents ActualashValue
RC S/IRC C StructureReplacemenCost, Contents Replacemeost
SV S/IRCC Structure Statealue, Contents Replacemetbst

SV S/SvV C Structure State¥alue, Contents Statedalue

FPHLM V6.2 March 15, 201%:00 PM
208



Table21 andTable22 summarize the digbution of claims in both companies.

Table 21. Distribution of coverage for Company 1.

Coverage | Premium Policy Count Claim Policy Count

A 44020 1% | 2759 2%

R 3706219 99% | 163692 98%

Total 3750240 166451

Table 22. Distribution of coverage for Company?2.

Coverage Premium Policy Count Claim Policy Count
ACV S/ACV C | 13173 3% | 3496 3%
ACV S/RC C | 44805 10% | 12150 9%
RC S/ACV C | 162122 35% | 41484 30%
RC S/RC C 232688 51% | 77146 57%
SV S/RCC 235 0% |69 0%
SV S/SV C 6019 1% 1717 1%
Total 459042 100%| 136062 100%

There are 29,372 claims with $0 losses (i.e., Loss struetlioss appt Loss contents + Loss
ALE = 0), though they ee listed in the claim file of @mpany 2. They probably correspond to
claims whose losses were lower than the deductible.

2004 Personal Residential ClaisData

Claims data for the 2004 hurricane season from a series of insurance companies were also used to
validate the FPHLM. Four insurance companies provided claims data for the 2004 hurricane
season. They will beeferred to as companies PR2 ta@4. Company PR8004 has only
manufactured homes. See Table PR04a to g. The claims data for Ivan was not used in the
validation process because it was contaminated by storm surge damage.

Table 23. 2004 Personal ResidentiaClaims Data

PRO4a. Distribution of claims per hurricane for PR2004 Companies.

PR22004 PR32004 PR42004 PR52004
Charley 12641 34149 289 8030
Frances 12731 27866 200 7,301
Ivan 6202 21424 31 817
Jeanne 11547 19975 248 10,390
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PRO4b. Distribution of claims per coverage for PRR004 Companies.

Year Built PR22004 PR32004 PR42004 PR52004
A 0 155 0 0
R 43121 103414 768 26,538

PRO4c.Distribution of claims per construction type for PR-2004 Companies.

Exterior Wall PR22004 PR32004 PR42004 PR52004
Frame 10760 23471 198 0
Manuf. Homes 0 0 0 26,538
Masonry 31673 79911 569 0
Other 688 32 1 0
PROA4d. Distribution of claims per story for PR2004 Companies.
Stories PR22004 PR32004 PR42004 PR52004
1 0 0 0 26,538
2 0 0 0 0
Unknown 43121 103,414 768 0
PRO4e. Distribution of claims per era for PR2004 Companies.
Year Built PR22004 PR32004 PR42004 PR52004
prel1960 1785 7854 125 0
19601970 3983 12033 102 0
1971-1980 8312 19,772 145 0
19811993 18621 46,525 276 0
19942001 5545 14,436 91 0
2002present 4875 2,785 29 0
MH pre-1994 0 0 0 22172
MH 1994-present 0 0 0 4366

PROA4f. Distribution of claims per era for PR2004 Companies, for hurricane Charley, and
construction types Frame and Manufactured Homes.

Year Built PR22004 PR32004 PR42004 PR52004

prel1960 119 535 20 0
19601970 80 190 2 0
19711980 212 471 3 0
19811993 956 2752 31 0
19942001 128 247 8 0
2002 present 237 29 1 0

MH pre-1994 0 0 0 6665

MH 1994present 0 0 0 1365
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construction type Masonry

PRO4g. Distribution of claims per era for PR2004 Companies, for hurricane Charley, and

Year Built PR22004 PR32004 PR42004 PR52004
prel960 409 1870 32 0
19661970 972 3051 37 0
19711980 1909 5478 46 0
19811993 4674 13668 64 0
19942001 1580 4877 34 0
2002present 1271 968 10 0

construction type Other

PRO4h. Distribution of claims per era for PR2004 Companies, for hurricane Charley, and

Year Built PR22004 PR32004 PR42004 PR52004
pre1960 0 0 0 0
19601970 5 0 0 0
19711980 35 0 0 0
19811993 35 8 0 0
19942001 3 1 0 0
2002present 16 0 0 0

construction type Frame andManufactured Homes

PRO4i. Distribution of claims per era for PR2004 Companies, for hurricane Frances, and

Year Built PR22004 PR32004 PR42004 PR52004

pre1960 110 419 7 0
19601970 96 218 4 0
19711980 555 922 6 0
19811993 2845 5689 24 0
19942001 265 311 8 0
2002present 358 30 3 0

MH pre-1994 0 0 0 6145

MH 1994-present 0 0 0 1156

construction type Masonry

PRO4j. Distribution of claims per era for PR 2004 Companies, for hurricane Frances, and

Year Built PR22004 PR32004 PR42004 PR52004
pre1960 348 1433 15 0
19601970 1043 3181 27 0
19711980 1906 4770 34 0
19811993 3129 8165 56 0
19942001 954 2206 15 0
2002present 864 511 1 0
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construction type Other

PRO4k. Distribution of claims per era for PR2004 Companies, for hurricane Frances, and

Year Built PR22004 PR32004 PR42004 PR52004
pre1960 0 0 0 0
19601970 8 0 0 0
19711980 50 2 0 0
19811993 114 4 0 0
19942001 5 3 0 0
2002present 81 0 0 0

PRO4I. Distribution of claims per era for PR2004 Companies, for hurricane Ivan, and construction
type Frame and Manufactured Homes

Year Built PR22004 PR32004 PR42004 PR52004

prel960 140 914 4 0
19601970 117 538 2 0
19711980 174 759 2 0
19811993 626 3292 4 0
19942001 302 1636 0 0
2002present 273 223 0 0

MH pre-1994 0 0 0 620

MH 1994-present 0 0 0 197

PRO4m. Distribution of claims per era for PR2004 Companies, for hurricane Ivan, and construction
type Masonry

Year Built PR22004 PR32004 PR42004 PR52004
prel960 151 1,207 4 0
19601970 624 2,557 4 0
19711980 1279 3,573 3 0
1981-1993 1320 4,087 6 0
19942001 676 2,251 2 0
2002present 467 378 0 0

PRO4n. Distribution of claims per era for PR2004 Companies, for hurricane Ivan, and construction
type Other

Year Built PR22004 PR32004 PR42004 PR52004
prel1960 1 0 0 0
19601970 0 0 0 0
1971-1980 12 1 0 0
19811993 23 2 0 0
19942001 3 3 0 0
2002present 13 1 0 0
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construction type Frame and Manufactured Homes

PRO4o. Distribution of claims per era for PR2004 Companies, for hurricane Jeanne, and

Year Built PR22004 PR32004 PR42004 PR52004

prel960 137 376 16 0
19601970 81 166 2 0
19711980 399 493 9 0
19811993 1983 2939 30 0
19942001 276 296 10 0
2002present 290 24 2 0

MH pre-1994 0 0 0 8742

MH 1994-present 0 0 0 1648

construction type Masonry

PRO4p. Distribution of claims per era for PR2004 Companiesfor hurricane Jeanne, and

Year Built PR22004 PR32004 PR42004 PR52004
prel960 369 1,100 26 0
19601970 951 2,132 24 0
19711980 1716 3,303 42 0
19811993 2795 5,915 61 0
19942001 1340 2,604 14 0
2002present 926 619 12 0

construction type Other

PRO04q. Distribution of claims per era for PR2004 Companies, for hurricane Jeanne, and

Year Built PR22004 PR32004 PR42004 PR52004
pre1960 1 0 0 0
19601970 5 0 0 0
19711980 65 0 0 0
19811993 121 4 0 0
19942001 13 1 0 0
2002present 79 2 0 0

2005Personal Residential ClaigData

Claims data for the 2005 hurricane season from a series of insurance companies were also used to
validate the FPHLM.Five insurance companies providddimsdata for the2005 hurricane

season. They will be referred to as companies PR2a9D5. Company PR8005 has only
manufactured homes. See Table PR05a to q. The data for hurricane Rita was not used given the
small number of claims.
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Table 24. 2005 Personal Residential Claims Data

PRO5a. Distribution of claims per hurricane for PR2005 Companies.

PR1-2005 PR22005 PR32005 PR42005 PR52005
Dennis 3968 1251 3,467 9 232
Katrina 5382 201 2,379 30 78
Rita 56 34 0 1 4
Wilma 62677 9247 21328 264 5,302

PRO5b. Distribution of claims per coverage for PRRO05 Companies.

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
A 5990 10733 43 304 0
R 66093 0 27,131 0 5616

PRO5c. Distribution of claims per construction type forPR-2005 Companies.

Exterior Wall PR1-2005 PR22005 PR32005 PR42005 PR52005
Frame 6920 1629 2,881 44 0
Manuf. Homes 1402 0 0 0 5616
Masonry 60475 8538 24,292 258 0
Other 3286 566 1 2 0

PRO5d. Distribution of claims per story for PR2005Companies.

Stories PR1-2005 PR22005 PR32005 PR42005 PR52005
1 664 0 0 0 0
2 146 0 0 0 0
Unknown 71273 10733 27,174 304 0

PRO5e. Distribution of claims per era for PR2005 Companies.

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005

pre1960 6204 233 2,526 47 0
19601970 10865 770 3,715 58 0
19711980 18922 2441 7172 69 0
19811993 26412 4498 10202 98 0
19942001 7172 1571 2,908 28 0
2002present 1106 1220 649 4 0

MH pre-1994 1274 0 0 0 4227

MH 1994-present 128 0 0 0 1389
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PRO5f. Distribution of claims per era for PR2005 Companies, for hurricane Dennis, and
construction type Frame.

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel1960 242 26 106 1 0
19601970 541 26 73 1 0
19711980 815 33 128 2 0
19811993 1046 112 452 0 0
19942001 573 77 422 0 0
2002present 66 45 59 0 0
MH pre-1994 36 0 0 0 162
MH 1994-present 18 0 0 0 70

PRO05g. Distribution of claims per era for PR2005 Companies, for hurricane Dennis, and
construction type Masonry

YearBuilt PR1-2005 PR22005 PR32005 PR42005 PR52005
prel960 93 21 150 1 0
19601970 175 110 324 1 0
19711980 140 237 537 2 0
19811993 124 255 535 1 0
19942001 70 218 562 0 0
2002present 12 89 118 0 0

PRO5h. Distribution of claims per erafor PR-2005 Companies, for hurricane Dennis, and
construction type Other

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
pre1960 0 0 0 0 0
19601970 0 0 0 0 0
19711980 6 0 0 0 0
19811993 11 1 0 0 0
19942001 0 0 1 0 0
2002present 0 1 0 0 0

PRO5i. Distribution of claims per era for PR2005 Companies, for hurricane Katrina, and
construction type Frame

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005

prel1960 60 1 25 0 0
19601970 40 1 8 0 0
19711980 43 3 10 0 0
19811993 91 9 52 0 0
19942001 44 3 20 0 0
2002present 8 4 6 0 0

MH pre-1994 45 0 0 0 68

MH 1994-present 1 0 0 0 10
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PRO5;. Distribution of claims per era for PR-2005 Companies, for hurricane Katrina, and

construction type Masonry

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel1960 969 10 410 12 0
19601970 1137 26 456 10 0
19711980 1428 48 583 4 0
19811993 1297 53 727 4 0
19942001 133 27 74 0 0
2002present 23 12 8 0 0

PRO5k. Distribution of claims per era for PR-2005 Companies, for hurricane Katrina, and

construction type Other

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel1960 1 0 0 0 0
19601970 14 0 0 0 0
19711980 31 1 0 0 0
19811993 13 2 0 0 0
19942001 4 0 0 0 0
2002present 0 1 0 0 0

PRO5I. Distribution of claims per era for PR2005 Companies, for hurricane Rita, and construction
type Frame

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
pre1960 0 0 0 0 0
19601970 1 0 0 0 0
19711980 1 2 0 0 0
19811993 0 1 0 1 0
19942001 0 0 0 0 0
2002present 0 2 0 0 0
MH pre-1994 1 0 0 0 4
MH 1994-present 0 0 0 0 0

PRO5m. Distribution of claims per era for PR2005 Companies, for hurricane Rita, and construction
type Masonry

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel1960 6 1 0 0 0
19601970 13 2 0 0 0
19711980 14 7 0 0 0
19811993 17 7 0 0 0
19942001 2 10 0 0 0
2002present 0 1 0 0 0
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PRO5n. Distribution of claims per era for PR2005 Companies, for hurricane Rita, and construction
type Other

Year Built

PR1-2005

PR22005

PR32005

PR42005

PR52005

pre1960

19661970

19711980

19811993

19942001

2002present

[ellelle]ll Jlelle]

[elle]l Jllelle]le]

[ellellollolle] o]

oO|O|0o|o|0|o

oO|O|0o|o|0|o

PRO5o0. Distribution of claims per era for PR2005Companies, for hurricane Wilma, and
construction type Frame

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005

pre1960 323 32 99 2 0
19601970 151 51 47 1 0
19711980 546 213 212 7 0
19811993 2136 786 1084 25 0
19942001 164 114 70 4 0
2002present 29 88 8 0 0

MH pre-1994 1192 0 0 0 3993

MH 1994present 109 0 0 0 1309

PRO5p. Distribution of claims per era for PR2005 Companies, for hurricane Wilma, and
construction type Masonry

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel960 4484 142 1736 31 0
19601970 8567 542 2,807 45 0
19711980 14288 1721 5702 54 0
19811993 20430 3079 7352 65 0
19942001 6089 1103 1759 24 0
2002present 964 817 450 4 0

PRO5q. Distribution of claims per era for PR2005 Companies, fohurricane Wilma, and
construction type Other

Year Built PR1-2005 PR22005 PR32005 PR42005 PR52005
prel1960 26 0 0 0 0
19601970 226 12 0 0 0
19711980 1609 176 0 0 0
19811993 1247 192 0 2 0
19942001 93 19 0 0 0
2002present 4 160 0 0 0
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Commercial Residential Clagiata

Claims data from the 2004 and the 2005 hurricane seasons for commercial residential from four
insurance companies (referred to as companies CR1 to 4) were used to validate the commercial
residential module of the FPHLM. The details are given below forigewcommercial and for
mid/high rise commercial in Tables CRQRa to g, CRO8.Ra to n, CRO4VIRa to q, and CRG5

MRa to k. The vast majority of the claims are for lowge 1 and 2 story buildings.

The policies for company CR2 includedmmercial lineaccounts (CLA) for condominium
association, apartment building, and homeowners association paictethepolicies for
company CR3 included high risk accounts (HRA) in coastal areas.

2004Low Rise Commercial Residential Claiata

It is clear fromTables CRO4.Ra to gthat the vast majority of LR 20@4aimsdata consists of
masonry one and two story tall pt894 buildings.

Table 25. 2004 Low Rise Commercial Residential Claims Data

CRO4-LRa. Distribution of claims per hurricane for CR LR 2004 companies.

CR1-LR0O4 CR2LR04 CR3LR04
Charley 575 11 182
Frances 691 78 808
Ivan 166 0 0
Jeanne 285 12 280

CRO4-LRb. Distribution of claims per coverage for CR LR 2004 companies.

Year Built CR1-LR0O4 CR2LR04 CR3LR04
A 0 0 0
R 1717 0 0
Not Provided 0 101 1270

CRO4-LRc. Distribution of claims per construction type for CR LR 2004 companies.

Exterior Walll CRI1-LR0O4 CR2LR04 CR3LR0O4
Frame 405 28 240
Masonry 1204 73 1030
Other 108 0 0

CRO04-LRd. Distribution of claims per story for CR LR 2004 companies.

Stories CR1I-LRO4 | CR2LRO4 CR3LR0O4
1 806 24 441
2 789 69 677
3 122 8 152
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CRO4-LRe. Distribution of claims per era for CR LR 2004 companies.

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
pre1960 69 1 273
19601970 155 28 279
19711980 452 31 389
19811993 987 41 286
19942001 51 0 34
2002present 3 0 9

construction type Frame.

CRO4-LRf. Distribution of claims per era for CR LR 2004 companies, for hurricane Charley, and

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
pre1960 12 0 20
19601970 1 0 11
19711980 6 7 19
19811993 50 4 20
19942001 2 0 2
2002present 0 0 0

construction type Masonry.

CRO04-LRg. Distribution of claims per era for CR LR 2004 companies, for hurricane Charley, and

Year Built CR1-LR0O4 CR2-LR0O4 CR3LR0O4
prel1960 10 0 12
19601970 33 0 17
19711980 153 0 45
19811993 290 0 26
19942001 9 0 10
2002present 0 0 0

construction type Other.

CRO4-LRh. Distribution of claims per era for CR LR 2004 companies, for hurricane Charley, and

Year Built

CR1-LR0O4

CR2LR04

CR3LR0O4

pre1960

0

0

0

19601970

19711980

19811993

19942001

2002present

oO|Oo|oO|w|O

oO|0|o|o|o

oO|0|Oo|o|o
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construction type Frame.

CRO4-LRI. Distribution of claims per era for CR LR 2004 companies, for hurricane Frances, and

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
prel1960 8 1 58
19601970 3 0 11
19711980 6 3 22
19811993 119 7 33
19942001 12 0 3
2002present 0 0 0

construction type Masonry.

CRO4-LRj. Distribution of claims per era for CR LR 2004 companies, for hurricane Frances, and

Year Built CR1-LRO4 CR2-LR0O4 CR3LR0O4
prel1960 11 0 111
19601970 69 25 169
19711980 152 17 214
19811993 206 25 165
19942001 11 0 16
2002present 2 0 6

construction type Other.

CRO4-LRk. Distribution of claims per era for CR LR 2004 companies, for hurricane Frances, and

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
prel1960 0 0 0
19601970 0 0 0
19711980 6 0 0
19811993 85 0 0
19942001 1 0 0
2002present 0 0 0

construction type Frame

CRO4-LRI. Distribution of claims per era for CR LR 2004 companies, for hurricane Ivan, and

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
pre1960 5 0 0
19601970 11 0 0
19711980 49 0 0
19811993 66 0 0
19942001 6 0 0
2002present 0 0 0

FPHLM V6.2 March 15, 2013:00 PM

220




CRO4-LRm. Distribution of claims per era for CR LR 2004 companies, for hurricane lvan, and
construction type Masonry.

Year Built

CRI1-LRO4

CR2LR04

CR3LR0O4

prel1960

19661970

19711980

19811993

19942001

2002present

o|Oo|ujw|o|ul

oO|O|0o|o|0|o

[ellellollolle] o]

construction type Other.

CRO4-LRn. Distribution of claims per era for CR LR 2004 companies, for hurricane Ivan, and

Year Built

CRI-LRO4

CR2LR0O4

CR3LR0O4

prel960

0

0

0

19601970

19711980

19811993

19942001

2002present

[elle]l el

[ellellelle)le)

oO|O0|0|o0|o

construction type Frame.

CRO4-LRo. Distribution of claims per era for CR LR 2004 companies, for hurricane Jeanne, and

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
pre1960 12 0 47
19601970 1 0 69
19711980 2 1 85
19811993 32 5 34
19942001 2 0 1
2002present 0 0 3

CRO4-LRp. Distribution of claims per era for CR LR 2004 companies, for hurricane Jeanne, and
construction type Masonry.

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
prel1960 6 0 47
19601970 28 3 69
19711980 64 3 85
19811993 124 0 34
19942001 7 0 1
2002present 1 0 3
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CRO04-LRq. Distribution of claims per era for CR LR 2004 companies, for hurricane Jeanne, and
construction type Other.

Year Built CR1-LR0O4 CR2LR04 CR3LR0O4
prel1960
19601970
19711980
19811993
19942001

2002present

O|O|WIN|O|O
oO|O|0o|o|0|o
[ellellollolle] o]

2005Low Rise Commercial Residential ClaiData

It is clear fromTables CRO8_Ra to nthat the vast majority of LR 20G3aimsdata consists of masonry
one and two story tall pr&£994 buildings for hurricane Wilma.

Table 26. 2005 Low Rise Commercial Residential Claims Data

CRO5-LRa. Distribution of claims per hurricane for CR LR 2005 companies.

CR1-LRO5 CR2LR05 CR3LR0O5 CR4-LR0O5
Dennis 22 0 0 0
Katrina 68 81 186 0
Wilma 1117 1356 2080 410

CRO5-LRb. Distribution of claims per coverage for CR LR 2005 companies.

Year Built CR1-LRO5 CR2LRO05 CR3LR05 CR4LR0O5
A 0 0 0 0
R 1207 0 0 0
Not Provided 0 1437 2266 410

CRO5-LRc. Distribution of claims per construction type for CR LR 2005 companies.

Exterior Wall CR1-LRO5 CR2LR05 CR3LR0O5 CR4LRO5
Frame 180 168 102 47
Masonry 933 1269 2164 363
Other 94 0 0 0

CRO5-LRd. Distribution of claims per story for CR LR 2005 companies.

Stories CRI-LRO5 | CRZLRO5 | CR3LR0O5 | CR4LRO5
1 645 458 955 180
2 498 863 1111 221
3 64 116 200 9
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CRO5-LRe. Distribution of claims per era for CR LR 2005 companies.

Year Built CRI-LRO5 CR2LRO0O5 CR3LR0O5 CR4LR05
pre1960 3 112 644 0
19601970 98 229 743 0
19711980 279 501 559 6
19811993 811 578 270 119
19942001 16 17 35 196
2002present 0 0 15 89

CRO5-LRf. Distribution of claims per era for CR LR 2005 companies, forhurricane Dennis, and
construction type Frame.

Year Built CR1-LRO5 CR2-LR0O5 CR3LRO5 CR4LRO0O5
prel1960 0 0 0 0
19601970 0 0 0 0
19711980 2 0 0 0
19811993 12 0 0 0
19942001 7 0 0 0
2002present 0 0 0 0

construction type Masonry.

CRO5-LRg. Distribution of claims per era for CR LR 2005 companies, for hurricane Dennis, and

Year Built

CR1-LRO5

CR2LRO0O5

CR3LRO5

CR4LRO5

pre1960

19601970

19711980

19811993

19942001

2002present

[ellellell Jlelle]

oO|O|0o|0o|0|o

oO|O|0o|0o|0|o

oO|O|0|0o|0|o

CRO5-LRh. Distribution of claims per era for CR LR 2005 companies, for hurricane Dennis, and
construction type Other.

Year Built

CR1-LR0O5

CR2LR05

CR3LR0O5

CR4LR0O5

pre1960

19601970

19711980

19811993

19942001

2002present

O|O0|0|0|0|Oo

oO|O0|0|0|0|Oo

oO|O0|0|0|0|Oo

oO|O|0|0|O0|Oo
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CRO5-LRI. Distribution of claims per era for CR LR 2005 companies, for hurricane Katrina, and
construction type Frame

Year Built

CR1-LRO5

CR2LRO0O5

CR3LRO5

CR4LRO5

pre1960

19661970

19711980

19811993

19942001

2002present

O|IOIN|P,|O|O

oO|Oo|o|O|O|Oo

OO IOIN

O|0O|0|0|O0|o

CRO5-LR]. Distribution of claims per era for CR LR 2005 companies, for hurricane Katrina, and
construction type Masonry.

Year Built CR1-LR0O5 CR2LR05 CR3LR0O5 CR4LR0O5
prel1960 0 13 62 0
19601970 3 9 61 0
19711980 4 29 29 0
19811993 54 23 23 0
19942001 0 1 5 0
2002present 0 0 2 0

CRO5-LRk. Distribution of claims per era for CR LR 2005 companies, for hurricane Katrina, and
construction type Other.

Year Built

CR1-LRO5

CR2LRO0O5

CR3LRO5

CR4LRO5

prel1960

0

0

0

19601970

19711980

19811993

19942001

2002present

oO|Oo|h~|O|O|O

oO|O0|o0|o|o

oO|O0|o0|o|o

oO|O0|Oo|o|o

CRO5-LRI. Distribution of claims per era for CR LR 2005 companies, for hurricane Wilma, and
construction type Frame

Year Built CR1-LRO5 CR2LR05 CR3LR0O5 CR4LR0O5
prel960 2 4 46 0
19601970 93 0 20 0
19711980 248 11 12 0
19811993 525 147 19 9
19942001 4 0 1 29
2002present 0 0 0 9
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construction type Masonry.

CROS5-LRm. Distribution of claims per era for CR LR 2005 companies, for hurricane Wilma, and

Year Built CRI-LRO5 CR2LRO0O5 CR3LR0O5 CR4LR05
pre1960 1 95 534 0
19601970 93 220 662 0
19711980 248 461 517 6
19811993 525 402 227 110
19942001 4 16 29 167
2002present 0 0 13 80

construction type Other.

CRO5-LRn. Distribution of claims per era for CR LR 2005 companies, for hurricane Wilma, and

Year Built CR1-LRO5 CR2-LR0O5 CR3LRO5 CR4LRO0O5
prel1960 0 0 0 0
19601970 1 0 0 0
19711980 21 0 0 0
19811993 64 0 0 0
19942001 4 0 0 0
2002present 0 0 0 0

2004Mid/High Rise Commercial Residential Claata

Table 27. 2004Mid/High Rise Commercial Residential Claims Data

It is clear fromTables CRO4VRa to nthat the number of MHR 2004 claims is very small.
mainly of masonry or other four to eleven story talFp894 buildings.

It consists

CRO04-MRa. Distribution of claims per hurricane for CR MHR 2004 companies.

CR1-MHRO04 CR2MHRO04 CR3MHRO04
Charley 23 4 34
Frances 21 5 56
Jeanne 4 0 15

CRO04-MRb. Distribution of claims per coverage for CR MHR 2004 companies.

Year Built CR1:-MHR04 | CR2MHR04 | CR3MHRO04
A 0 0 0
R 48 0 0
Not Provided 0 9 105
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CRO04-MRc. Distribution of claims per construction type for CR MHR 2004 companies.

Exterior Wall CR1-MHRO0O4 CR2-MHRO04 CR3MHRO04
Frame 2 0 2
Masonry 34 9 103
Other 12 0 0

CRO04-MRd. Distribution of claims per story for CR MHR 2004 companies.

Stories CR1-MHRO04 CR2ZMHRO04 ‘ CR3MHRO04
4 11 1 23
5 14 7 28
6 5 0 8
7 6 0 15
8 2 1 7
9 2 0 4
10 8 0 2
11 0 0 2
12 0 0 1
13 0 0 1
15 0 0 1
26 0 0 1
36 0 0 1
42 0 0 1

CRO04-MRe. Distribution of claims per era for CR MHR 2004 companies.

Year Built CR1-MHR04 | CR2MHR04 | CR3MHRO04
prel960 1 0 4
19601970 1 1 8
19711980 21 4 35
19811993 25 4 50
19942001 0 0 7
2002present 0 0 1

construction type Frame.

CRO04-MRf. Distribution of claims per era for CR MHR 2004 companies, for hurricaneCharley, and

Year Built

CR1-MHRO0O4

CR2-MHRO04

CR3MHRO04

prel960

19601970

19711980

19811993

19942001

2002present

oO|0O|Oo|o|o|o

O|O0|0|0o|0|O

O|O0|Oo|o|0o|O
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CR04-MRg. Distribution of claims per era for CR MHR 2004 companiesfor hurricane Charley,
and construction type Masonry

Year Built CR1-MHRO04 | CR22MHR04 | CR3MHRO04
prel1960 0 0 0
19601970 0 0 2
19711980 10 4 9
19811993 10 0 20
19942001 0 0 3
2002present 0 0 0

CRO04-MRh. Distribution of claims per era for CR MHR 2004 companies, for hurricane Charley,
and construction type Other.

Year Built

CR1-MHRO04

CR2ZMHRO04

CR3MHRO04

prel960

19601970

19711980

19811993

19942001

2002present

O|IOIN|P,|O|O

O|0|0|0|0|0o

O|0|0|0|0|0o

CRO04-MRi. Distribution of claims per era for CR MHR 2004 companies, for hurricane Frances, and
construction type Frame

Year Built

CR1-MHRO04

CR2-MHRO04

CR3MHRO04

prel960

19601970

19711980

19811993

19942001

2002present

O|O|IN|O|O|O

O|0|0|0|0|0O

O|0|0|0|O|F

CRO04-MRj. Distribution of claims per era for CR MHR 2004 companies, for hurricane Frances, and
construction type Masonry.

Year Built CR1:-MHR04 | CR2MHR04 | CR3MHR04
pre1960 1 0 3
19601970 0 1 3
19711980 9 0 23
19811993 3 4 22
19942001 0 0 3
2002present 0 0 1
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and construction type Other.

CRO04-MRk. Distribution of claims per era for CR MHR 2004 companies, for hurricane Frances,

Year Built

CR1-MHRO04

CR2ZMHRO04

CR3MHRO04

prel960

19601970

19711980

19811993

19942001

2002present

[ellells] Jdlelle]

O|0|0|0|0|0

O|O|0|0|O0|0

construction type Frame

CRO4-MRI. Distribution of claims per era for CR MHR 2004 companies, for hurricane Jeanne, and

Year Built
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2005Mid/High Rise Commercial Residential ClaData

It is clear fromTables CRO8VIRa to kthat the number of MHR 2005 claims is very small.

consists mainly of masonry four to ten story tall-p894 buildings for hurricane Wilma.

Table 28. 2005 Mid/Hid Rise Commercial Residential Claims Data

CRO05-MRa. Distribution of claims per hurricane for CR MHR 2005 companies.

CR1-MHRO5 | CR2MHRO05 | CR3MHRO05 | CR4MHRO05
Katrina 0 0 10 0
Wilma 125 118 42

CRO5-MRb. Distribution of claims per coverage for CR MHR 2005 companies.

Year CR1-MHRO05 CR2-MHRO05 CR3MHRO05 CR4MHRO05
Built
A 0 0 0 0
R 126 0 0 0
Not 0 118 127 42
Provided

CRO5-MRc. Distribution of claims per construction type for CR MHR 2005 companies.

Exterior Wall CR1-MHRO05 CR2MHRO5 | CR3MHR0O5 | CR4MHRO05
Frame 0 0 1 0
Masonry 107 118 127 42
Other 19 0 0 0

CRO05-MRd. Distribution of claims per story for CR MHR 2005 companies.

Stories CR1-MHRO05 CR2 CR3 CR4
MHRO5 MHRO5 MHRO5
4 64 70 54 40
5 17 37 29 0
6 8 3 12 0
7 13 2 6 0
8 9 1 7 0
9 4 4 3 0
10 11 1 3 0
11 0 0 1 0
14 0 0 2 0
15 0 0 2 0
16 0 0 2 0
17 0 0 0 2
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18 0 0 1 0
19 0 0 1 0
22 0 0 1 0
23 0 0 1 0
29 0 0 1 0
31 0 0 1 0

CRO5-MRe. Distribution of claims per era for CR MHR 2005 companies.

Year Built CR1-MHRO05 CR22MHRO05 | CR3MHRO05 | CR4MHRO05
prel960 1 0 8 0
19601970 1 6 42 0
19711980 52 52 38 0
19811993 65 60 34 28
19942001 7 0 3 12
2002present 0 0 2 2

construction type Frame.

CRO5-MRY. Distribution of claims per era for CR MHR 2005 companies, for hurricane Katrina, and
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construction type Frame

CRO5-MRI. Distribution of claims per era for CR MHR 2005 companies, for hurricane Wilma, and

Year Built
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construction type Masonry

CRO5-MR. Distribution of claims per era for CR MHR 2005 companies, for hurricane Wilma, and

Year Built CR1-MHRO05 CR2MHRO05 | CR3MHRO05 | CR4MHRO05
prel1960 1 0 7 0
19601970 1 6 38 0
19711980 40 52 35 0
19811993 57 60 32 28
19942001 7 0 2 12
2002present 0 0 2 2

construction type Other

CRO5-MRKk. Distribution of claims per era for CR MHR 2005 companies, for hurricane Wilma, and

Year Built CR1:-MHRO0OS5 | CR2MHRO05 | CR3MHRO05 | CR4MHRO05
pre1960 0 0 0 0
19601970 0 0 0 0
19711980 11 0 0 0
19811993 8 0 0 0
19942001 0 0 0 0
2002present 0 0 0 0

4. Describe the assumptions, data (including insurance claim data), methods, and processes
used for the development of the building vulnerability functions.

A detailed discussion of the assumptiatesta(including insurance claim datapethods, and
processes usddr the development of tHauilding vulnerability functions is contained within
Standard G.1 and other disclosure items in Standard V.1.

5. Summarize postevent site investigations, including the source, and provide a brief
description of the resulting use of these data in the development or validation of building
vulnerability functions
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The documentation and statistical analysis of damage caudaddbslling hurricanes has been
conducted by a variety of stakeholders, including home builder trade assodjs#d¢#i

Research Center, 1993, 1996, 1999; Crandell, 1998}ticing engineerdeith & Rose, 1994)
government agencig€®liver & Hanson, 194; FEMA, 1992, 2006)and academic researchers
(Kareem, 1985, 1986; Gurley, 2006; Gurley et al., 2086)ne of these studies provide a broad
overview of structural performance (FEMA and NAHB reports). Others focus on a particular
building component sucs roofing(Croft et al., 2006; Meloy et al., 200@) address a specific
building type such as wood frame residential construction (van de Lindt et al., 2007). All such
available public access literature regarding the performance of residential inftastianc
hurricane winds was reviewed and used as guidance for the development of the vulnerability
model. Those studies that provide statistical assessments of damage to specific building
componentgGurley, 2006; Gurley et al., 2006; Gurley and Masted$,12 Meloy et al., 2007)
were used as a means of validating the physical damage estimates of the model. Studies that are
more qualitative in nature (e.g., FEMA reports) were used to provide guidance regarding the
potential failure modes that were impottémreplicate in the model. For example, the common
observation of gable end failures resulted in a gable end failure component in the model.

Several damage surveys were done in 2004. Damage from Hurricane Charley was reported across
the state, and theast severe damage occurred where the eye made landfall near the cities of
Punta Gorda and Port Charlotte. A team that consisted of approximately 30 members from UF,
FIU, Clemson, and FIT, under the leadership ofitiserancdnstitute for Business & Home

Safety (IBHS), surveyed the extent of the structural damage to homes and manufactured homes in
these cities. For several days following the storm the team conducted a detailed statistical survey
of damage in the impacted areas. Results of this surveyecauibd on the IBHS website
http://www.ibhs.org/. Other information regarding the damage of Charley and other storms can be
found at the Florida Tech Wind and Hurricane Impact Research Laboratory website,
http://www.fit.edu/research/whirl/

Damage from Hurricane Frances was surveyed in areas from Cocoa Beach to Stuart in eastern
Florida. Although damage from Hurricane Frances was not as severe as that from Hurricane
Charley, the same extensive survey aarted in Punta Gorda and Port Charlotte was also
conducted in the impacted areas. Great efforts were made to monitor the strength and resulting
damage from the storm as part of the Florida Coastal Monitoring Program. Towers were set up to
record wind speedalong the coast in locations where the storm was forecasted to make landfall.
Sensors to record the wiidduced pressure were deployed on the roofs of several homes.
Following the storm, members of the same team that surveyed damage from Charley
photogaphed and recorded damage throughout the area. Areas of Fort Pierce appeared to be
hardest hit and damage was severe to many homes in some areas.

Similar efforts to monitor the winds and survey the damage were made for Hurricane Jeanne.
Towers and presseiisensors were again deployed at various locations near where landfall was
forecasted. After the storm, members of the team surveyed areas from Stuart to Cocoa Beach.
These surveys consisted primarily of cataloging and photographing various observations of
damage in the impacted areas, as was done with Hurricane Frances. Damage from Hurricane
Jeanne in many locations was very similar to what was seen from Hurricane Frances. In many
cases damage to structures that was initially caused by Frances was caddnuHdrricane
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Jeanne. Fatigue of structures from the winds of two hurricanes within three weeks most likely
played a role in the most severe cases of damage in the areas such as Vero Beach and Fort Pierce.
In some areas most of the weak trees and corm®ié homes (shingles, screened porches,

fences, etc.) were already damaged by Hurricane Frances, so when Hurricane Jeanne hit little or
no further damage was seen. It is very difficult to tell what damage was caused by Hurricane
Jeanne and what was catid®s/ Hurricane Frances.

Additionally, engineers working on the physical damage model performed a detailed residential
damage study after the 2004 hurricane season to assess the performance of housing built to the
Florida Building Code and the StandardilBung Code(Gurley, 2006; Gurley et al., 2006; Gurley

and Masters, 2011The data were collected as a part of a study conducted by UF and sponsored
by the Florida Building Commission. Sitaiilt singlefamily homes constructed after Hurricane
Andrewrelaed changes to the standard building code went into effect were targeted for a detailed
investigation of damage as a result of the 2004 hurricane season. This study provided a
guantitative statistical comparison of the relative performance of homesdtwkdn 1994 and

2001 with the performance of those built after the 2001 Florida Building Code replaced the
Standard Building Code. This evaluation was accomplished through a systematic survey of homes
built from 1994 to 2004 in the areas that experienbedighest wind speeds from the 2004

storms (Charlotte, St. Lucie, Escambia, and Santa Rosa cou@tess).to 20(homeswere

surveyed in these regions to define correlations between damage, age, and construction type.
These relationships are referencednaximum threesecond gust wind speed via wind swath

maps. An expanded and more detailed version of the conference publ{Gatitey, 2006;

Gurley et al., 2006has appeared in the ASCE journal Natural Hazards Rg@Gemey and

Masters, 2011)The datdrom this study were used to modify the residential component

capacities as this model evolved. Another source of field data is the aerial imagery collected by
NOAA after Hurricane Katrina. These images provided a quantification of shingle damage
relativeto estimated wind speed and were used to validate the roof cover damage output from the
physical damage model.

6. Describethe categories of the different building vulnerability functions. Specifically, include
descriptions of the building types and chatadstics, building height, number of stories,
regions within the state of Florida, year of construction, and occupancy types in which a
unique building vulnerability function is used. Provide the total number of building
vulnerability functions availablefor use in the model for personal and commercial
residential classifications.

Vulnerability functions were derived for manufactured andsitét homes, for lowrise
commercial residential buildings (one to three stories), and for apartment units/iighidse
commercial residential buildings (four stories and higher).

A total of 4356un-weighted vulnerability matrices were developed for-bitdt homes for

building. The matrices correspond to different combinations of wall type (frame or masonry)
region (north, central, south), subregibingh velocity hurricane zone, widabrne debris region,
inland), roof type (gable or hip), roof cover (metal, tile or shingle), window protection (shuttered
or not shuttered), number of stories (one or two),sdrehgth (weak, modified weak, retrofitted
weak; medium, modified medium, retrofitted medium; strong for inland and WBDR, strong for
HVHZd seeTablel andTable2 in the General Standards).
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These4356building un-weighted matrices were then combined to prodig@6weighted
matrices, an@91age weighted matrices for sibeliilt homes for building, for each county.

A total of 648unweighted vulnerability matrices were developed for-lise, commercial
residential buildings for building. They correspond to different combinations of wall type (frame
or masonry), suegion (high velocity hurricane zone, wibdrne debris region, inland), roof
shape (gable or hip), roof cover (metal, tile or shingle), windateption (shuttered or not
shuttered), number of stories (one, two, or three), and strength (weak, medium, or strong).

These648matrices were then combined to prodadd weighted curves for lowise, commercial
residential buildings for building.

1800pening vulnerability curves and 180 associated breach curves were developed for openings
of apartment units of mithigh-rise commercial residential buildings. They correspond to

different combinations of building layout (open or closed), unit floor longtcorner or middle

unit), impact debris zone (high density impact for stories 1 to 3, medium density impact for
stories 4 to 7, and low density impact for stories 8 and higher), balconies (with or without sliders)
and opening protection (none, impadiséant glass, or shutters).

4 un-weighted vulnerability matrices were developed for manufactured homes for buildiey
correspond to four manufactured home types: (:1P&H fully tied down, (2) prel994 not
tied down, (3) posi994 Housing and Ursan Development (HUD) Zone Il, and (4) paS94%4
HUD Zone lll. The partially tiedlown homes are assumed to have a vulnerability that is an
average of the vulnerabilities of fully tietbwn and not tie@lown homes. Because little
information is availableagarding the distribution of manufactured home types by size or
geometry, it is assumed that all model types are single manufactured homes. The modeled
singlewide manufactured homes are 56 ft x 13 ft, have gable roofs, eight windows, a front
entrancedoor, and a slidingllass back door. The wmeighted matrices are combined iGto
weighted matrices for building, for pd®94 (4 regions: North, Central, South, Key) and post
1994 (2 zones: Il and 1ll) manufactured homes.

7. Describe the process by whidbcal construction practices and building code adoption and
enforcement are considered in the development of the building vulnerability functions.

In addition to a classification of building by structural types (wood or masonry walls, hip or gable
roof), the buildings are classified by relative strength. Residential construction methods have
evolved in Florida as experience with severe winds drives the need to reduce vulnerability.

To address this, the vulnerability team has developed strong, mediumeakanodels for each
site-built home and lowrise, commercial residential building structural type to represent relative
quality of original construction as well as pasinstruction mitigation. In each region of Florida,
local construction and buildingpode criteria are reflected in the mix of weak, medium, and strong
buildings.

In the case of sitbuilt singlefamily homes, the models are further refined with a modified weak
to reflect pre1960s decking practices, a retrofitted weak to model weak jdidédings that
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have been reroofed and deckingnagled, a modified medium to reflect loss of quality in the
construction process in the high velocity hurricane zone before Andrew, a retrofitted medium to
model medium buildings that have been reroofetidetking renailed, a strong model to reflect
modern code requirements for inland structures and those in the WBDR but outside the HVHZ,
and a strong model to reflect modern code requirements for structures within the HVHZ . A
discussion of tase modelsra provided in the tandard G1 in the section describing the building
models andTablel andTable2 (also in G1) provide an overview of the relative strength among
the models stratified by the exterior components included in the mo&dse additions to the
model inventory were promptdxy detailed interviews with several experts on the evolution of
construction practice (common practice, codes and enforcement) in Florida. Details of this
interview process and its outcomes are addressed in the next section, aridvichd e | s 6
Distribution in Timed sectionin Standard GlL.

On the basis of the exposure study, it was also decided to model four manufactured home (MH)
types. These types include gr894 fully tied down, prel9945 not tied down, post994)

HUD Zone Il, and pos1994 HUD Zonelll, where 1994 delineates older, much weaker styles

of manufactured home construction than the{884 homes that meet minimum federal
construction standards established by HUD.

Model sé6 Distribution in Time

Over time, engineers and builders learnextarabout the interaction between wind and

structures. More stringent building codes were enacted, which, when properly enforced, resulted
in stronger structures. The weak, medium, and strong models represent this evolution of relative
quality of construabn in Florida. Each set of models is representative of the prevalent wind
vulnerability of buildings for a certain historical period. It is therefore important to define the cut
off dates between the different periods since the overall aggregate foasgsegion are

determined as a mixture of homes of various strengths (ages). T dates depend on the
evolution of the building codas well aghe prevailing local code enforcement.

This issue of code enforcement has also evolved over tim¢har8tate of Florida took an active

role in uniform enforcemenmelatively recently Thus, a given county may have built to standards
that were worse than or better than the code in place airideAfter consulting with building

code development experthe team concluded that the load provisions have had some wind
provisions since at least the 1970s. The classifications shotvabler9 were adopte for

characterizing the regions by age and model. The specific building eras and classifpEtions
region are based on the evolution of the building codes in Florida and the opinions of the experts
consulted.The strength descriptiongithin Table29 are providedat the bottom ofable29in

terms of the nomenclature usedliablel andTable2 (Standard @GL).
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Table 29 Age classification of the models per region.

Pre1960 19601970 19711980 19811993 19942001 2002pres.

HVHZ W modified [ W Weak, 5 Weak, W Weak, Modified Modified
Weak, OMedium % modified | Qmodified Strong Strong
OMedium Medium Medium

Keys Y% modified | Medium Medium Medium OMedium StrongOP
Weak, W StrongOP
» Medium

WBDR | modified W Weak, OWeak, OWeak, %% Medium, StrongOP
Weak OMedium | W Medium | W Medium | ¥ StrongOP

Inland modified W Weak, 15 Weak, 15 Weak, » Medium, Strong
Weak OMedium 1 Medium % Medium % Strong

Table29 Nomenclature with respect Tablel andTable2

Strong: S00
StrongOP: S00OP
Maodified Strong: S01
Medium: MO0
Modified Medium: M10
Weak: WO00
Modified Weak: W10

Note: HVHZ is high velocity hurricane zone; WBDR wind-borne debris region. The boundaries
of the WBDR vary depending on the year built, and the edition of the FBC which applies, as
explained in Standard-@, in the description of the sitmuilt models.

8. Describe the relationship between building sttuce and appurtenant structure
vulnerability functions and their consistency with insurance claim data.

Appurtenant structures are not attached to the dwelling or main residence of the home, but are
located on the insured property. These types of stegtould include detached garages,
guesthouses, pool houses, sheds, gazebos, patio covers, patio decks, swimming pools, spas, etc.
Insurance claims data reveal no obvious relationship between building damage and appurtenant
structure claims. The variabyibf the structures covered by an appurtenant structure policy may

be responsible for this result. Consequently, building structures and appurtenant structures
vulnerability functions were developed independently from each other.

9. Describe the assumptionslata (including insurance claims data), methods, and processes
used to develop building vulnerability functions for unknown residential construction types
or for when some building characteristics are unknown

Disclosure® and D areaddressetbgethetbelow.
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10. Describe how vulnerability functions are selected when input data are missing, incomplete,
or conflicting

The engineering team designed a mapping tool to read a policy and assign building
characteristics, if unknown or other, on the basis dfilmg population statistics and year built,

where the year built serves as a proxy for the strength of the building. The process is summarized

in Table30. Once all the unknown parameters in the policy have been defined, an unweighted

vulnerability matrix based on the corresponding combination of parameters can then be assigned.

If the number of unknown parameters exceeds a certain threshold defithedhbyuarial team, a
weighted matrix or ageveighted matrixs usednstead.

Table 30. Age classifcation of the models per region

Datain Year Exterior | No. of Roof Roof Opening | Vulnerability Matrix
Insurance | Built Wall Story Shape | Cover | Protection
Portfolio
Case 1 known known known | known | known | known Use unweighted
vulnerability matrix
Case 2 known known or | Any combination of the four parameters | use weighted matrix
unknown | either unknown or other or
replace all unknowand
others based on stats ar
use unweighted
vulnerability matrix
Case 3 known other Any combination of the four parametersfus e t he fAot
either unknown or other matrix
Case 4 unknown | known Any combination of the four parameters | use age weighted matrix
eitherunknown or other or
replace all unknown and
others based on stats ar
use unweighted
vulnerability matrix
Case 5 unknown | other Any combination of the four parameters | Use age weighted
either unknown or other matricesfoi ot her

11. Identify the oneminute average sustained windspeed and the windspeed reference height at
which the model begins to estimate damage.

The wind speeds used in the damage model are $leaand gustat 10 m The lowest three
second gust is 50 mpfihe minimum onaninute sustained wind is approximately 40 mph.

12, Describehow the duration of windspeeds at a particular location over the life of a hurricane
is considered.
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Duration of the storm is not explicitly modeled. The damage accumulation procedures assume
sufficient duration of peak loads to account for duration dependent failures.

13. Describe how the model addresses wind borne missile impact damage and water iiofiltrat
Treatment of wind borne missile impact damage

Windborne debriss considered as a source of potential damage to building openings (windows
and doors)Based on posttorm damage investigations (e.g. Gurley and Masters, 20&1), t

model assumes thdamagedoof coverfrom adjacent buildings the dominant source of

windborne debrisThe vulnerability of an opening to windborne debris damage is modeled as a
function of the density of the surrounding buildings (e.g. open vs. suburban terrain), esdd sp
and direction, building age (roof cover strength), height of the opening relative to building height,
and opening protection (glass type and / or shuttié). opening fails as a result of windborne
debrisimpact the internal pressugnd associatebuilding component loads are adjusted and
failure checks are repeatéithe breached opening is recorded in the damage matrix for use in
costing as well as wind driven rain water ingress calculations.

For a given structural type and assigned pea&cml wind speedvuwind), the probability of
damageo an openingRo(Vwind)) as

PD (V ind) =1- e NA™ A(Vwind ) B(Vying )* C* D (Vying )

where:

1 Nais the total number of available missile objects in the area upwind of the structure being
analyzedFor example, the total number of shingles onnsighboring upwind house.

1 A(wwind) is the fraction of potential missile objects that are in the air at a gigendhd gust
wind speed\{vind). For example, the percentage of the shingles on the upwind neighboring
roof that were damaged and availableffigiht.

1 B(wwind) is probability of the missile hitting the structure. A free shingle upwind of the
structure may or may not strike the subject building. A trajectory model is used to determine
this parameter.

1 Cisthe fraction of the total area of a pautar opening (window, entry door or sliding door)
to area of the impact wall in which it exists. If a shingle does strike the building, C is the
probability that it struck the subject opening.

1 D(wwind) is the probability that the impacting missile has gfoomomentum to damage the
component impacted.

Each of the above parameters is considered in more detail below.

Na is the total number of potential missiles that are upwind of the target structure. It is assumed

that surrounding buildings are similar to that of the target building and therefore have

approximately the samreof cover.The total number of potential miks is dependent on the

exposure category of the area and the wind direction. The particular exposure category chosen by
the user determines the location of the surrounding buildings. There are eight building
surrounding the strubtamnoe expoBUrkeanwhane f&eb
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buil dings cornering the tDstagestfrombthessurraundmg i n A O
buildings to the subject building also changes from urban to suburban td\pgsrevaluated for

each of 8 direction@rigure56). For wind directions that are perpendicular or parallel to ridgeline

of the buildings, it is assumed that I$ equal to the number of sigies from the adjcent

building. For wind directions diagonal to the ridgeline of the building it is assumed that there is

full contributions from the building diagonal to ridgeline and a partial contribution from the

adjacem structures (25% contribution)

A(wwind) is the percentage of the number of potential missieg that are assumed to become
airborne and become actual missiles in the wind field upwind of the subject buiRdiofycover

is assumed to become airborne if it is damaged in the wind field. A{lausd) is determined by
assuming the neighboring structures are of the same age as the subject with respect to the capacity
of the roof cover. The vulnerability of the roof cover at the speg@being evaluated is used to
populateA(vwind). A matrix ofmeanpercent roof cover daagefor various roof cover strengths
was created and used as the injputthe A(vwing) variable.The appropriaté\(vwind) for a given
simulationis selectedia table lookumnd randomizeébr implementationin this manner, homes
with older and weaker roof cover are assumed to be subjected to aA{\glg) value than
homes with newer and stronger roof cover. This is consistent witksfmost investigation
studies that have identified a correlation between roof cover age amdahility (e.g. Gurley
and Masters, 2011;iu and Pogorzelski et al., 201L0

Figure 56. Evaluating NA for eight approach directios

B(wwind) is probability ofa airbornemissile hitting thesubject building. Referring tBigure56, for

a given direction, any airborne shingles that approach the subject building may fall short of, fly
over, or strike the building. This is a function bétmissile object, distance (sparse or dense
neighborhoods), and wind speed and turbuleAcstochastic flight trajectory model (Laboy et

al., 2013) is employed in a Monte Carlo framework (100,000 simulatilmpsits to this model

include the flight object parameters (e.g. shingles), distance from source to target (dense or sparse
neighborhoods), local wind turbulence (suburban or open terrain), and wind speed. A series of
curves were developed to determineriegan probability of available debris striking the subject
building (stratified by floor) as a function of the above mentioned variables, and are stored in a
library to access for a given vulnerability simulation
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C is the fraction of the total area oparticular opening category (window, entry door or sliding
door) to area of the impaatwall in which it exists. Now that the probability of a floor being hit
has been determinéB(vwind)), the probability of the debris hitting the opening of inteiest
assessed. This is the area of the opening divided by the total wall area of the floor. The C value
for a 4ft by 4ft window on a wall with dimensions 10ft by 40ft is equal to .04. Based on this
value, if a projectile was to strike this wall, there is 4%nde of it hitting the windoweing

evaluated

D(wwind) is the probability that a window impacted by debris will be damaged. It is a function of
the missile object, impact velocity, angle of incidence, and material being impacted. The missile
object is r@f cover (shingles). The impact velocity and angle of incidence is captured by the
flight trajectory model used to determine parameter B. The material being impacted is either
standard annealed or impact resistant glgscentexperimentastudy evaluad the momentum
threshold required for shingles to break unprotected residential window glastudie

concluded that the wind sperdcessary to remove and transport shinglgsfficient distance to

the targetonvey sufitient momentum to break annedlglasgMasters et al., 2010This is
incorporated in the current model by assigning a value of 1.0 (100%) to the D paraimeatés,
shingles will break standard glass if impact occurs.

Mitigation of damage from debris impact can be achieved yaatresistant glazing products

(i.e. impact resistant glass) and / or exterior impact protection (plywood or metal shutters). This is
implemented by reducing the probability of missile impact rather than adjusting the impact
damage capacity (B is adjusteddher than D). The effect is combinatorial, such that impact
resistant glass with shutters is less vulnerable than standard glass with shutters.

The implementation of the above components results in a probability of debris damage value as a
function ofwind speed, direction, building density / terrain, height of the opening on the building
face, and window protectio® random number draw from a uniform distribution then determines
the occurrence of damage for each opening on the subject building.

Treatment of water infiltration in the commercial residential model

The modelers developed a novel approach to assess interior damage. The method complements
the component approach described above to compute the damage to the building envelope
(Weekes et al., 2009). The methogusnmarized irFigure57. The modeéstimates the amount

of wind-driven rain that enters through the breaches and defects (also referred texastjprg
deficiencies) in the building envelope and converts interior damage. The approach is

described below.

The building components that the model considers for low rise buildings are roof cover, roof
sheathing, wall cover, wall sheathing, gable cover, gable sheathing, wiretdvwsloors and

sliding doors For an initial wind speed, the model starts loading the exterior damage array,
expressed as breach areas of each component for thousands of simulation runs. It has been
demonstrated that in buildings subjected to hurricane winds, the interior damagarhasel|

before there are any breaches in the enveglelpdiens et al., 2006)The interior damage at this

early stageisnene gl i gi bl e and is caused by the buildi

FPHLM V6.2 March 15, 201%:00 PM
240



or not, such as cracks, poorly caulked electacgdllets and ventilation ducts, inadequately sealed
windows and doors, soffits, baseboards, door thresholdgl-stiburek, 2005)An estimated area
of existing defects or deficiencies in envelope components is accounted for.

The quantification of esting defects is based on the surveys published in Mullens et al. (2006)

and the American Society of Heating, Refrigerating andGxinditioning (ASHRAE) Handbook

(2001)for estimating the infiltration area. To capture the quality of the constructiomaddel
applies defect densities depending on the bui
Thus, strong buildings will have fewer defects than medium and weak buildings.
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Figure 57. Flowchart of the interior damage model

Recent studies have shown that water ingress via wind driven rain cannot be attributed
exclusively to envelope breach, installation, or product defects. Properly manufactured, installed,
and caulked fenestration magnetheless offer leakage paths in extreme wind conditions, the
severity of which is highly dependent on the specific pro(@lzano et al., 2010As this line of
research matures, its findings will be incorporated within the above framework.
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In orderto estimate water intrusion into the buildings, a study was performed to estimate the
likely accumulatedvind drivenimpinging rain on a structure during a hurricane event. This study
used a simulation model that is composed of a simplified wind mode¢harRRICLIPER rain rate
model developed at NOAA HRLonfatet al., 2007and is used operationally at NHC. The
simplified wind model is based on Holland (1980) and includes parameters for the pressure
profile ("B"), Rmax, translation speed and centrakpuge. Additionally, the Vickery (2005)
pressure filling model was used to decay the storms. Storm parameters are sampled from
distributions relevant to Florid@he RCLIPER model determines the vertically friadling rain
rates at each time step of gieulation. The RCLIPER rain rate is essentially an azimuthally
averaged rain rate that varies as a function of radius and maximum intensity of the storm. A
detailed presentation of thssudyis given in Pita et al. (2012a) and Pita (2012)

Thestudysimulates the duration of the event from the time a location enters the storm affected
area (within 450 km of the storm center) until exit. The number of storm simulations was 100,000
and for each simulation, 91 locations were selected to record thewdateoinwind driven rain

("WDR") and maximum thresecond wind gust at 10 m. Each location was specified to be a
multiple of 10 km away from the storm closest approach to center (from 450 km to the left of the
storm to 450 km to the right of the storm, tes of 10 km. A direct hit is at 0 km). The time step

of the model was 0.1 hr. In addition to the total wind driven rain during the event, separate
accumulations were recorded starting at the time that a location experiences the peak wind of the
storm evet ("WDR."). The wind driven rain accumulated prior to the maximum peak gust
("WDRy") is computed as the differend®DR;=WDR-WDR;. The resulting accumulations are

then distributions of wind driven rain as a function of the peak#eeend wind gust fat0

meter height.

SinceWDR1andWDR2are not uniformly distributed through time (with higher concentration
around the max wind speed), not all surfaces of a building will be subject to equal shéres of
driven rain as the storm rotates around thedingl. To account for this, we developed a
directionality scheme where, during the rain simulation process, we record and calculate the
WDR1andWDR2values while the wind direction falls insuccessivd5° octans.

The distribution of the wind driven raiat a particular location as a function of time is illustrated
in Figure58. hnis the fraction ofWDR1(i.e. the fraction of the area under the curve) while the

wind direction is in a particular octant fAmo
number6 changes in the wind direction prier to
represents the fracton WDR2whi | e t he wind direction is in

1, 2 ,répkesents the possible total number of changes in tliediriection after the

occurrence of max wind speed). The vulnerability model assumes the peak wind to occur at the
center angle of the sector or octant (at timexin Figure58). For the sake of consistenajth

the damage modgh the rainstudy, the sectors are defined so that the peak wind oetting

center of the sector which contains the max wind.
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Figure 58. Wind driven rain rate as a function of storm duration

The overall volume of free streamind drivenrain (WDR) expected at a particular location can
be reduced to the following equation:

wO'Y | ZwO'Y I ZwO'Y

wh e rmés thefraction oWWDR1for a given wind directiomctantandi is the total numbeof
wind directionchangedetweerthe initial start of the storrtio) andthe time of max wind speed
(twmax). Consequenthy3 | p andm = 1 represents the wind dirgen octantat twmax, and
m=i represents the wind directia@h the beginning of the storm, tif i=1 it means that the wind
has blown in the same octant frontd twmax -

Similarly, bn is the fraction ofWDR2for a given wind directiomctantandj is the total number of
wind directionchangegrom the time of max wind speed to the end of the st@omsequently,

B 1 p andn = 1 represents the wind direction at the time of maximum wind velocity
(twmax), While n= jrepresents the wind directi@atthe end of the stornmix

Water intrusion model for lowise CR buildings.

The FPHLM interior damage modeérforms Monte Carlo simulations to estimtite total

volume of water that penetrates through a building envelope on a component by corbpsisent
through either defects in the component or breadkesh simulation corresponds to a given wind
directionoctant(from 0° to 315° in 45° increments) and a given maximum wind speed (from 50
to 250 mph, in 5 mph increment&ach component is evakaa for both the directly impinging

and the surface runoff rain. The total volume of water for each componer@; can therefore

be expressed by the general equation.

W W W YO T O'YD Y'Y & 'O YD
where:

1 ® isthe volume of wind driven impinging water penetrating througltoineponentc;
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@ is the volume of surface ruwff water penetrating through tikemponent;

1
1 RAF is the rain admittance factavhich transforms the wind driven rain in impinging rain
1 SRC is the surface runoff coefficiemthich transforms the wind driven rainsarface ruroff
1 Acci is theopenarea of the compone@, either through defeendbr breach
1 Asrciis thereference grface runoff area or upstream area of the defect or breach collecting
water,for component Cwhich is a function of the wind direction;
1 WDRis thewind drivenrain, eithenWDR1or WDR2 (before or after theccurrencef the
maximum wind speed), sampled for each maximum wind speed f®falt distribution of
wind driven rain from the simulation.

The rain admittance factoRAR is the fraction of the approachimgnd drivenrain that strikes

the building. It accoustfor the effect of a large portion of the rain moving around the structure
with the wind rather than striking the building surface and is dependent on the building shape.
Both RAF and SRC are independent of the wind speed, but both are a function imicthe w
direction with respect to the building'he values of RAF and SRC are the result of an extensive
testing program carried on at the Wall of Wind at HBal{eru et al., 2014a, 2014b

For any given simulation, the link between the stirdyand the vinerability model is the

maximum wind speedmax. AS the storm rotates before and after the occurrence of the maximum
wind speedit subjectsanygivendefect otbreach on a particular surfaceaibthe fractiors of

impinging raincorresponding to the ffierent wind directions (or octantBpm the storm rotation

Consequentlybefore imax (i.€. before the occurrence whaxand the occurrence of any breach in
the model for that simulationihetotal value of impinging raipenetrating through @mponent
defectareaAq_ci is the sum othe corresponding fractions of impinging rain over the wind
direction octantsin, as the storm rotatdésom its start tdwmax

") B YO Oz® 0 z ®w0'Yz0 ‘
where:
® L is the mean fraction &VDR: for the the wind direction octantk. It is a function of
Wmax-

'Y 0 "Ois the rain admittance factor for the the wind direction oafanivhich transforms the
free field horizonal rain into impinging rain.

Simlilarly, thetotal value of surface ruaff waterpenetrating through a defastthe sum othe
corresponding fractions of surface rafi water over the wind direction octards, as the storm
rotatesfrom its start tdwmax The total quantitfy’VDR1can be factored out of the sumatisimce
it is independenodf the angle.

w B YY0zd w z0 zZ w0'Y

where
SRG nis thesurface ruroff coefficientfor awind directionoctantdn, which transforms thé&ee
field horizonal rain into rwoff water.
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For eacldamagesimulation d: is the wind direction or octant alfax, 2idthepreviousoctantin
the rotation (45 degreesjnd so on

After twmax (i.€. after the occurrence winaxand the occurrence esbme breaches in the model for
that simulation),thetotal amountof impinging rainpenetrating through the breach and the

remaining defectsf componnet {s the sum othe corresponding fractions of impinging rain
over the wind direction octantf, as the storm rotatégom twmaxto its end.

W B YOOz O z w0'Yz0
where:
(S is the mean fraction &VDR: for the the wind direction octandk. It is a function of
Wmax RAFd is the RAF value foa winddirectionoctantd;.
Similarly, thetotal value of surface ruoff penetrating through @mponenbreach andts
remaining defects the sum othe corresponding fractions of surface-afhwater over the wind

direction octantsh, as the stormotatesfrom twmaxto its end The total quantit)VDR2can be
factored out of the sumatipsince itis independenof the angle.

w B YYozr 0 z0 zZ w0'Y

whereSRGh is the SRC value faawind directionoctantd,. For eactdamagesimulation di is
the wind direction or octant atstax, 2igthenextoctantin the rotation (45 degreesnd so on

Over the entire duration of the storm, the total amount of water penetrating through a component
will be:

The volume of water in the equation above can be transformed in heights of water at each story by
dividing by the floor area of the storyA

0

Water intrusion model famid/highrise CR buildings.

There is no data available on RAF and SRC for midAnigg buildings at this point. Therefore

the water intrusion model has raftange and is the samasthe previous version 5.0 of the

FPHLM. The product of the areas of the breaches and defects by the impinging rain conveys the
amount of water that enters the building. The water penetratieach story is computed as

follows.

Water penetration througilomponents defects or pegisting deficiencies:

FPHLM V6.2 March 15, 201%:00 PM
246



e 1)

£ ¢f. (RAFGND gg ) +wD % s ) U
anRAFGNDR (d.A.) +WDR (s ) U

—_ otalDefectsArea ostbreachDefectsAreal

hg e Total DefectsAl PostbreactDefectsAreal

‘ A

Water penetration through breaches:

o G, (RAFWDR Gy
he = A '

height of water that accumulates due to defect®mponent, in inches

height of water that accumulates due to envelope breaclesnponent, in
inches

adjustment factowhich takes into account thdéfects and breaches will
progressively change from windward to leeward or-vieesaas the storm rotates
adjustment factoior thewater tharunsoff the external surfaces of the building
andingress through the defects and breaches and into the building

rain admittance factor

defects percentage

area of componenmt

breach area of componéent

floor area

: mean value of thaccumulatedavind drivenrain prior to maximum windpeed
: mean value of thaccumulatedavind drivenrain after the occurrence of maximum

wind speed
survival factorfor component = 17 A8/ Ac

Rain admittance factor, RAF.

Straube and Burnett (2000) and Blocken and Carmeliet (2010) suggest values for RAF between
0.5 and 1.0 for midhigh-rise buildings. Accordingly, the FPHLM adepta value of 0.6 for
mid/highrisebuildings, except for the last story where a value oina® adopted.

Water percolatiorior both LR and MHR CR

In multi-story lowrise buildings, a portion of the ingressed water percolates downward from
story to story. The interior damage model assumes the percofatdme 12% of the ingressed

water at each story for low rise building (plywood floors) and 1f@eid/high rise building
(concrete slabs). These values of percolation are based on engineering judgment, supported by
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calibration of the model with the insurardaimsdata, and thus can be updated when new
research becomes available.

Figure59illustrates thgercolation mechanism for water ingressing at a given story from pre
existing deficiencies and breaches in any compoGetdpper story [ gets rain fromhe pre
existing deficiencies and the breached openings, which is converted into the heights of ingressed

water, hgj andhgj , respectively. A fraction of these water heights percolates dov»l’rhgjs
andfhgj . Rain also enters in the second stdeythrough preexistingdeficiencies and the

openings ashgk andhcbk , respectively.

i breach : i

Stor —
[ defic ency 4 « _—
L ?E
I |

Storyk &~ ':
0 —

vy

Storyl &~ ':

L] i‘kb‘ ?E

Figure 59. Diagram of water intrusion through breaches, deficiencies and percolation in a&ory
building

The total amount of water storyk of Figure59is:

Likewise,the total water height at the first stoly 6f a 3story building is
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