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ACTUARIAL MODEL FOR ESTIMATING INSURED

HURRICANE LOSSES

Dr. S. Hamid
Dept of Finance and IHRC, FIU

1. Introduction

The traditional actuarial method in loss estimai®typically parametric and involves
fitting some distribution to the number of claintgpically Poisson) and the amount of
the losses. A variety of distributions are avaiatalr fitting losses (e.g. Lognormal,
Weibull, Pareto, gamma, Burr, mixture of distrilouis), most with the preferred two
parameters but a few with three parameters to th@aed. There are several
techniques to estimate the parameters (percenséitenimg, method of moments,
minimum distance, minimum chi-square, and maximikelihood). The models are
validated or accepted using both statistical anmdstatistical criteria. If more than one
model are acceptable then a ranking of the modefsarder. Models can be ranked
and selected by using, e.g., large maximum likelthfunction value; small chi-square
goodness of fit test statistics; small Kolmogorawiiov test statistics; large p-value
from chi-square goodness of fit test; minimum &SE or LAS eté. Though not
necessary, ranking is often done by using the saeteod employed for estimating
parameters.

Once the loss distribution has been selected amphrtameters estimated and validated
it is rather easy to use and a variety of hypothesa be tested. For example, for
purposes of prediction, hundreds or thousandsmpEaoutcomes of losses can be
generated for a given representative insured prppdext, policy modifications such

as deductibles and limits can be applied to eattooe to generate a set of net of
deductible losses, which are then averaged to genekpected loss. The losses can be
aggregated. Exceedance probabilities curves cgeterated to estimate the

likelihood the portfolio of policies will suffer kses in excess of a given level.
Alternatively, the Value at Risk (PML) can be edsdied at a given exceedance
probability.

! [See (Hogg and Klugmaihoss Distribution 1984, particularly Ch. 4 and 5 and the
appendix) and (Klugman, Panjer and Willmodss Models1998)] .
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In the above traditional practice, only the insweapolicy file and claims data are
used. Typically, the losses are modeled directty @ not derivative of other
variables. In our project, however, the catastrapbeeling process requires that in
addition to the insurance data, output data froenpttnysically based meteorology and
engineering components must be utilized. The bistion of losses are driven by both
the distribution for damage ratios generated byetigineering component and by the
distribution of wind speeds generated by the metegy component. The wind
speeds and damage ratios are estimated throughsadesimulations. The

engineering group has produced non-parametric dammegrices rather than the
traditional continuous vulnerability functions. Dage ratios are grouped and intervals
(or classes) of various length are used. Furtheznibese set of damages probabilities
for a group of damage intervals are produced fwhale range of wind speeds. No
statistical distributions are fitted or tested. Batetailed description of the
meteorological and engineering components and theihodology see the respective
reports.

2. Choice of Parametric vs Non-Parametric M ethod for
Estimating | nsured L osses

The engineering component produces non-parametiima&es of damage
probabilities for various intervals or classes afge ratios for structures,
appurtenant structure, contents and ALE. They ddihany statistical distributions to
the damage ratios. Thus, for the insured loss mmdabice must be made to either fit
a parametric statistical distribution for the damagervals using some of the same
standard techniques mentioned above but appligtbigped data, or to use a non-
parametric technique presented as a broad algorithm

The advantages and disadvantages of using paramgtnion-parametric techniques
are well known. For our purpose the main advantddlee parametric technique
would be computational efficiency. Once a stat@tdistribution has been fitted and
its parameters estimated, it is relatively easgsiimate expected losses and formulas
are available for estimating the mean and dispemsio for many distributions in the
presence of deductibles or limits (truncated dd&egdictions can be made relatively
easily if the distributions are stable. Computagibnthere are fewer steps involved. It



Is also easier to test hypothesis or to investigaeffect of, e.g., changes in
deductibles and limits on expected losses. The miigadvantage is that with limited
data, we may never be sure if the right distribut@s been fitted and the errors in the
estimated parameters can be significant.

In non-parametric estimation empirical functions ftted to the data. There is no
worry whether a correct distribution has beendid uncertainties are likely to be
lower. The disadvantage is that a complex algorithay be required that involves
many steps and long computational time. Hypothesigng is also more complicated
and stability may be a concern.

For various reasons we have decided to pursuedifiparametric option initially.
Given the large computing power available, comporad time is not a major
concern. Thus, it may be prudent to develop akigion-parametric and
deterministic algorithm that should produce lowemainties. The broad algorithm
utilized to estimate insured losses is discussémibe

3. Inputs

3.1. Input from the Meteorological Component

Both the meteorology and engineering componentggemutputs that constitute
critical inputs into the insured loss model. Thet@orology component provides, for
each zip code, the associated probabilities famangon set of wind speeds. Thus, zip
codes are essentially differentiated by their pbaiig distribution of wind speeds. To
satisfy the requirements of the engineering compiriee probabilities are estimated
for wind speed intervals of 5 mph, starting at 4thrand going up to 250 mph. These
are 3 second peak gust winds corrected for thaiteroughness.

The meteorology component uses up to 55,000 yeraraiions to generate stochastic
set of tens of thousands of stoftriEhe storms are hurricane events at landfall. Each
simulated storm has an estimated track and a sebd&led wind fields at successive
time intervals. The wind fields generate the opeldfl minute maximum sustained

% The number of years of simulation was determinatistically to minimize standard errors.
The 55,000 year simulations produced a stochastiof$12,262 hurricanes
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wind speeds for the storm at various locations (patpn weighted zip codes
centroids) along its track. These 1 minute maxinswstained winds are then
converted to 3 second peak gusts (V3) winds cardefctr terrain roughness by using
the gust wind model and the terrain roughness mdidghould be noted the peak gust
winds can be 30% to 35% higher than the more widkgdprted sustained winds. For
each zip code centroid, an accounting is then réad# the simulated storms that
pass through it. Based on the number of pass thrstagms and their peak wind
speeds, a distribution of the wind speed is theregged for the zip code. Based on
this distribution, probabilities are generateddéach 5 mph interval of wind speeds,
starting at 20 mph. These 5 mph bins constitieecolumn headings of the damage
matrices generated by the engineering component.

3.2. Input from the Engineering Component

The Engineering component produces damage matheaéesre used as input in the
insured loss model. Damage matrices are providebduitding structure, contents,
appurtenant structures and additional living expené separate damage matrix is
provided for each residential construction typee $tructure types are: masonry,
frame, mobile home, and unknown. But a particatarstruction type will have the
same damage matrix across all the zip codes imeagegion. Within each broad
construction category, the damage matrices arefgptecthe roof types and number
of stories. Since policy data do not provide tkigel of specificity, weighted matrices
are used instead, where the weights are the propat different roof types in given
region as determined by a survey of the buildirarks.

The year of construction is used as a proxy fostotion quality and to account for
the building codes. The structure is designatesitasr weak, medium, or strong
(standard) depending on the construction code untih it was built. For example,
in South Florida structures built prior to 1994 designated as medium while those
built since 1994 are considered to be strong becaistrengthened codes. Separate
vulnerability matrices are estimated for the thgeality of constructions in each
region by assuming different requirements for ratieidgles, thickness of plywood,
type of nails and straps used, wall anchors, stsuétie® Furthermore, combined
weighted matrices have also been estimated todukfos portfolio of policies that are

3 See the Report on the Vulnerability Matrices, vaduBn
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aggregated at some level, or if year of constrnasaot available.

The cells of the matrix provide probabilities oinalege outcomes for a given wind
speed. The damages are specified in intervallasses of ratios of 2% to 4%. The
row represents a given interval of damage ratiaisthe column represent a given
wind speed. In practice, the damage probabilitiesaasigned to the mid point of the
interval of damage ratios. Thus, e.qg., the first represents the 0% to 2% interval and
is evaluated at 1% ratio. The probabilities ofpaissible damage outcomes must add
up to 1. Therefore, the sum of the cells in anygivector column (for a wind speed)
add up to 100%.

It should be noted that both the damages and wiadds are initially specified as a set
of discrete points. If needed one can interpolaget a rough continuous function by
using either some standard smoothing techniqugsk{g.defining the jump of the
distribution function and using it with a kernehfttion and optimal bandwidth to
estimate a smooth pdf) or by specifying an emgdisea of ranges or intervals where
each interval has an associated probability. Ttierlaethod is used by the
engineering component and its output is specifged set of damage ratio intervals
with associated probabilities.

3.3. Insurance Data | nput

The third major data set utilized consist of thenkowner insurance policy and claim
files provided by several property and casualtyiasce companies operating in
Florida as well as zip code level aggregate exmodata provided by the Florida Cat
Fund. Thefirm policy files (exposure data) typically provide individual pglievel
data on the following:

(a) policy identifier

(b) the insured limits (or coverage) for structwentent, AP, and ALE

(c) nature of coverage (replacement or actual vabliey)

(d) construction type

(e) year built

(f) policy period

(9) zip code location

(h) hurricane deductibles




Thefirm claim files typically provide individual policy level on the [fowing:

(a) policy identifier to ensure that losses areamedl to corresponding exposure
(b) zip code

(c) loss paid for building structure

(d) loss paid for appurtenant structures

(e) loss paid for contents

(f) loss paid for additional living expense

(g) date of loss occurrence and/ or causing hureca

The Florida Cat Fund file consist of only exposure data provided at somd leve
aggregation. It provides exposure data for stregtdP, content and ALE, grouped by
construction type, deductible type (range), andipycode. The number of policies in
each group are also given.

3.4. Treatment of missing observations

If only the limits for structure are provided fohameowner policy, the assumption is
made that limits on appurtenant structures are ofient limits are 50%, and ALE
limits are 20% of the limit on building structurésspection of available data indicate
that these percentages are the most frequentlggsepted in the policy file data.

3.5. Replacement Cost Versus Actual Cash Value

Actual cash value policies are assumed to insutte 80% of the building value. The
remainder is coinsurance. Therefore, to generateffiective value of the dwelling on
these policies, the coverage amounts are multiphetl.25. The value for
replacement cost policies are assumed to the agtuzdl coverage.

3.6. Policy Modifications

The following policy modification can be activatB purposes of sensitivity analysis,
and can be justified by a limited survey of claidjustment practices. The default is
no activation. Loss costs can be produced both anthwithout the following policy
modifications: If the % damage on a residentialdngs reaches 50%, these damage
are converted to 100% loss cost. Damages for éfteat and ALE exceeding 50%
are also converted to 100% loss costs. The juatifio for these modifications is that
once the residence becomes un-inhabitable or ¢dcesses a certain threshold, the
structures are declared total loss.




4. Sources of Uncertainty

The actuarial model is essentially a fairly detenistic algorithm to calculate the
expected insured loss costs for each individualrarsce policies which are then
aggregated in various ways to get the approprgdeegate or mean loss costs. As
currently designed there is no source of uncestamthe actuarial component, except
concerning the assumptions regarding the % at wdachages convert to 100% loss
and concerning the use of proxy for structure valiree modeling uncertainties carry
over from the wind and vulnerability component. Thedel is predicated extensively
on and constrained by the damage matrix and theadetogy adopted by the
engineering group. For example, since a non-paramaatrix is produced by the
engineering component (based on proper enginepringiples), the actuarial model
is simply a non-parametric procedure to get expklasses net of deductible and
constrained by the coverage limits. And since imthelent matrices were provided for
structural, content and ALE damages (rather tharctimtent and ALE damages being
directly related to structural damages) the acallanodel is constrained to sum the
three types of damages at the mean of the comerABR damage ratios (for a given
wind speed) rather than at the content and AP damiatgrvals. Indeed, the model has
been kept simple and does not introduce any sepdisttibutional assumptions (as is
typically the case in actuarial models) nor do wmplicate it by including co-
insurance or reinsurance or other policy modifmati

It is important to note that we do not model ordicethe amount of the deductible or
limits (they are given by the insurance data) batet how, for a given policy, the
single deductible and the various limits are aphpjaently to the combination of
structure, appurtenent, content and ALE lossess;Time methodological errors in the
actuarial model, if any, soley arise because of tlt@wdeductible and limits are
applied.

All policies in a given zip code face the samerdistion of wind speeds. Similarly,

for all policies with the same construction typeairegion, the same weighted matrix
(e.g., weighted matrix of different roof types faasonry) is used as provided by the
engineering group. Thus, the only reason two pedievith the same construction type
in the same zip code (and hence same region) peatitferent insured loss is because
they have different property values (or coveraget)ior different deductibles. Two
policies in the same zip code with the same coattmi type, same limits and same
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deductibles will produce the same expected inslagxiand the same set of discrete
distribution of net of deductible loss across daenagervals and wind speeds. In sum,
the source of variation in expected losses acragzepties is due to the zip code,
construction type, coverage limits and deductibles.

5. The Non-Parametric Algorithm for Generating L oss Costs:
| ntroduction and Assumptions

To generate expected loss first start with a gsetrof exposure, determine their zip
codes and construction types and extract relevat¢eonology, engineering and
insurance data. The starting and the focal pointtfe computations is the damage
matrix with its set of damage intervals and asgediprobabilities. Given a wind
speed, for each of the mid point of the damagevatse the ground up loss is
computed, deductibles and limits are applied, &eddss net of deductible is
calculated. The net loss is multiplied by the phulity in the corresponding cell to get
the expected loss for the given damage ratio. €kelts are then averaged across the
possible damages for a given wind speed, i.e. aVéne cells in a given column.

Next, the wind probability weighted loss is cal¢athto produce the expected loss for
the property. The expected losses can be summessaalt structures of the type in
the zip code and also across zip codes to get taghaggregate loss.

To estimate the uncertainties associated with shienates of expected loss, variances
are also estimated. In practice to generate thanee of the expected loss we make
the following assumptions:

(1) Assume that the building types in each zip cadeindependent.

(2) Assume that the damage caused by different gpeegds are independent

(3) Assume that different policies within a zip eaare independent

(4) Assume that different zip codes are independent

6. Variable Definitions

X, = Damage ratio for structure. It is the mid pmhthe damage ratio interval n.
V = $ value of structure
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DM, = $ damage for structure for intervaln. DM =X

LMs= Limit on structure loss LM= Limit on content loss

LM p = Limit on appurtenant loss LAVE = Limit on ALE loss

Ls = net of deductible structure loss costs c =Lnet of deductible content loss
costs

Lap = net of deductible appurtenant loss costs, g = net of deductible ALE loss
costs

Ds= Deductible applied to structural loss cDDeductible applied to content
loss

Dap= Deductible applied to AP loss Al2= Deductible applied to ALE loss

p(X,[W) = the probability of damage in the interval or, & property type in zip code,
conditional on the given wind speed w.

C = f(X,) = $ Mean damage for contents. The easiest metioott be to assume that
content damage are deterministically relatedriactiire damage. Thus, the
conditional probability of content damage, for @egi mean structure damage, will be
the same as the conditional probability of struatdamage. The upper limit on
content lost cost will be C = LM if COLM¢, and L = O for Lc < 0. The lower limit
is zero, hence replace negative C by zero. Theneeghg component, however,
produces a separate damage matrix for contenthdiehe content damage interval
nor the mean content damage is specified for angstreictural damage interval. In
effect, though the content damage are relateductstal damage indirectly through
engineering relationships, they are essentiallglated in terms of damage intervals
or loss costs. Thus, to sum across the structathtantent damage for a given
interval of structural damage, we add the mid psinictural damage, for a given
damage interval and wind speed, to the mean cod&nage for the given wind
speed. The wind speed is now the only common fraineference for structural and
content damage.

AP = g(X,) = Mean damage for appurtenant structures. Lidwdents, an effectively
independent AP damage matrix has been provideds, Taisum across the structural,
content, and AP damages for a given interval aicstiral damage, we add the mean
AP damage for the given wind speed to the mid poiiach of the structural damage
intervals. lap = LMap if Lap OLMap, and Lyp = O for Lyp < O.
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ALE = h(X;) = Mean loss for Additional Living Expenses. Ligentents and AP, an
effectively independent ALE damage matrix has h@ewided. Thus, to sum across
the structural, content, and AP and ALE damages fgrven interval of structural
damage, we add the mean ALE damage for the gived speed to the mid point of
each of the structural damage intervalg, gl= LMa g if Lacg OLMa g, and Ly g =0
for Ly g <O.

7. Modeling Deductibles

A key problem in stipulating the equation for exjgelcloss in the case of multiple
types of losses is that for most policies the dedligcapplies jointly to structure,
content, appurtenant and ALE loss, while the liraits separate. In the project the
engineering team has developed damage matricesrfmture and content, each with
their own set of probabilities. In practice the e¢oan deductibles imply that multiple
types of losses from a single event must be agtgdg® that a multi-variate model is
used. Ideally, for aggregation we need to havgadimé probabilities of the losses. In
practice such joint probabilities are hard to eaterand validate. Three alternative
solutions are investigated. Depending on the smuthosen, their restrictions must be
applied to the algorithm described in prior section

7.1. Multiple Types of Losses, Separate Limits, and Single Deductible

From theory it is clear that content (C) damageuai@nant (AP) damage and ALE all
should be a non-negative function of structural dgen Thus an easy solution to the
problem of probabilities may be to estimate thecfiomal relationships, and then
specify for each interval or class of structurahdge, the corresponding non-random
C, AP, and ALE damages. The conditional probabsifior C, AP, and ALE will then
be the same as those for structural damage. Tfezaht losses can then be summed
with the limits applied individually, the deducti$ubtracted and the net multiplied by
a unique joint probability.

L+D \Y
Expected Loss =73 (DM, + C + AP + ALE - D) p(Xiv) + 3 LMsp(X.0w) ? 00
D L+D

13



Or L+D Y,
Expected Loss =7 3 (DM, + f(Xp) + g(%n) + h(%,) -D) p(X,[Ww) + 3 LMs p(X,[w) ?00

D L+D

where, if (DM, + C + AP + ALE - D)}# 0 they are replaced by zero.

7.2. Multiple Types of Losses, Separate Limits and Multiple Residual Deductible

If the structures, contents, AP and ALE have sdpgreobabilities and are not
deterministically derived from structural loss thea need either separate deductibles
for each type of loss or we should assume thatalddies are applied in some given
priority order. Based on the relative ranking of@@ge size, it is assumed the
deductibles are first applied to structure, and t@xontents, and next to AP and
finally to ALE until they are exhausted.

L+Ds

Expected Structure Loss = EJl= 3 (DM, - Dg) ps (xiCW) + 3 LMsgps (xCW)

Ds

Expected Content Loss = Efl= 3 (f(X;) - D¢) pc (W) + 3 LMc pc (xCw)

Expected Appurtenant Loss = Ef) = 3 (g(Xi) - Dap) pap (Xi[W) + 3 LMap pap
(xi[w)

Expected ALE Loss = E(lie) = 3 (h(X) - Dace) Pace (XCW) + 3 LMace Pace
(xiCw)

Expected Loss = E (L) = EQ.+ E(Lo) + E(Lap) + E(Lace)

Where, either the deductibless,D¢, Dap, Dace are allocated separately to the
respective losses or are applied reductively inescamk order. In the latter case:

Ds ={Ds if Ds #D, and IR = D otherwise }

Dc ={D¢ if Dc #D -Ds, and R =D - Ds otherwise }

Dap ={Dpp If Dpp #D - Ds- De, and Rp =D - Ds- D¢ otherwise }
Date ={Dace if Dae #D - Ds-Dc - Dap, and Qg =D - Ds - Dc - Dap
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otherwise}

Depending on the solution chosen, these condinmns be applied to the algorithm
described in prior section.

7.3. Multiple Types of Losses, Separate Limits and Pro-rata Allocation of
Deductible

In practice the insurance companies often allodatiictibles to structure, content,
AP, and ALE on a pro-rata loss basis. Thus, ifefemmple, structure and content
damages before deductible are $20,000 and $6,8p@ctvely, and the deductible is
$3,000, then (20,000/26,000)(3,000) = $2,308Ieated to structure and
(6,000/26,000)(3,000) = $692 is allocated to cotsteAlthough the FCHLPM does
not have any specific method required for allogatieductibles in its standards, from
its example it appears the commissions preferaiitiod of allocation. This means
that the various damages have to be consideredeahdttibles applied
simultaneously. The deductibles must be allocatedray the different losses and the
truncation applied to each loss separately on agiebasis.

For pro-rata deductible method to work optimalhg functional relationships between
structure damage and others should be estimatddpaeach interval or class of
structural damage, the corresponding mean andneariaf the C, AP, and ALE
damages should be specified. The conditional pritbeb for C, AP, and ALE will
then be the same as those for structural damagmd&pendent content matrix is
somewhat problematic and may create biases in &s#&of net of deductible losses.
For structures we are likely to have damage ratnges or intervals of 0 to 2%, 2% to
4%, 4% to 6% etc. For each of these intervals {snehid points), ideally we may
want to use the mean and variance of the correspguidmage ratios for contents,
APS and ALE. In practice, since the damage matnixdffferent types of losses are
not directly related, we need to use the meanettntent, or AP, or ALE damage
vector conditional on wind speeds, since the wimeksl is the only common frame of
reference to the various types of damages.

L+Ds

Expected Structure Loss = EJl= 3 (DM; - Ds) ps (X{CW) + 3 LMg ps (XCW)

Ds

L+Cs
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Expected Content Loss = Efl= 3 (f(X;) - D¢) pc (W) + 3 LMc pc (xCw)

Since AP and ALE losses are derived directly fromcural they have the same
probabilities as the structural losses.

Expected Appurtenant Loss = Ef) = 3 (g(Xi) - Dap) ps (XiCW) + 3 LMap ps
(xi[w)

Expected ALE Loss = E@.e) = 3 (h(X) - Dae) ps (W) + 3 LMace ps (X[W)
Expected Loss = E (L) = EQL+ E(Lc) + E(Lap) + E(LaLe)

Where, each of the losses net of deductibld@yreAnd where the deductibless, D,
Dap, DaLe are applied on a pro-rata basis to the respedaweages as follows:

Ds =[DMs/(DMs+ C + AP + ALE)] *D
Dc =[C/(DMs+ C + AP + ALE)] *D

Dap =[AP /(DMs+ C + AP + ALE)] * D
Dae =[ALE /(DMg+ C + AP + ALE)] * D

The preferred method is the third one in which a¢idles are applied on a pro-rata
basis. For this method to work, ideally, the jgpnbbabilities of the losses must be
estimated and used. In practice such joint proligsilare hard to estimate and
validate. Thus, the engineering component showdlig provide for each structural
damage interval, and given a wind speed, the medivariance of damage ratio for
content, APS, ALE. If it is very difficult to derévor fit a functional relationship
between a given structural damage and correspomrdinignts, AP, ALE for each
interval and wind speed, or if the uncertaintiesgneat, a less preferred alternative
will be to use the mean C, AP, and ALE for the givand speed alone to determine
the allocation of deductible to various coveragelSis the case in our model.
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8. Algorithm for the Probabilistic | nsurance L oss M odel (PILM)

In this section we develop the algorithm for estingpexpected loss costs summed
over the expected structural, content, AP, and Ab&is.Here, the exposure data by
zip code is the only given observed data. The wotabilities, and damage matrices
are all modeledIn practice to generate expected loss costs #thad we adopt
involves an algorithm with the following steps.

(1) Start with a particular insurance company rpantfolio of policies m.

(2)  Next pick a residential policy exposure unifréam the insurance policy
database.

(3) Determine the zip code j of the policy.

(4) Extract the distribution of wind speeds for #ig code | from the wind
database.

(5) Next determine the building type i for the stésl policy.

(6)  Select the damage matrix fructureof type i. The structure types are:
masonry, frame, mobile home, or unknown. The acnattix selected will be a
weighted matrix, where the weights are determinethb proportions of roof
types in the region. For example, the matrix usgdfmasonry structure in
Miami Dade county will be the weighted average afasonry/hip roof matrix
and masonry/gable roof matrix.

This matrix is provided by the Engineering team aodsists of the simulated
probabilities for various damage ratio intervald anind speeds. The row
represents a given interval n of damage ratioslamdolumn represent a given
wind speed w. Each cell represents the probalfilityLet X; be the vector of
the mid points of the interval of damage ratiosdwucture type i in zip code |.
It has N elements. Now rather than use the MDR (M&amage Ratio) of the
whole matrix, the mid point of the damage rati@mal n, X, is used to
represent an outcome, and the probability of thisame for a given wind
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(7)

(8)

(9)

(10)

(11)

speed is R. In general, for structure i in zip code k, thelmoint of damage
intervals is X, and its probability of outcome for a given windesg is B,,.
Select the damage matrix fwontentdor structure of type i. This matrix is
provided by the Engineering team and consistsefttimulated probabilities for
various content damage ratio intervals and win@&dpeThe row represents a
given interval n of content damage ratios and tileran represent a given
wind speed w. The interpretation of the cells valat is similar to the
description given above for structure damage ma#ithough the content
damage depend indirectly on structural damageetisano stipulated functional
relationship between the two matrices and theiratgmntervals.

Select the AP and ALE damage matrices. Theraaging team has generated
independent matrices for AP and ALE based on ictir@ationships between
structural damage and both ALE and AP.

From the insurance policy file, get the polityits LM, and its deductible
Dix.. Typically, property values are not reported. fFeglacement cost policy
the value of the property,;V, is set to equal the limit V= LM For actual cash
value policy (replacement cost minus depreciation) the valub@property is
set to equal V = 1.25 x LM since typically, ACV policies are insured to 80%
of the value.

Select a wind speed bin from the distributibhne bins are speed intervals of 5
mph starting at 50 mph. They are the column headifighe damage matrix.
The wind speeds represent 3 second peak gust Wihdscorresponding
maximum 1 minute sustained wind speeds are typi&alito 35% lower. The
1 minute maximum sustained wind speeds are cor/&tpeak gust wind
speeds by applying the gust factor model and thecion for terrain
roughness

Apply the damage ratio vector; Xo the property k (of type i in zip code j). For
each damage interval n, calculate the $ damagej ™ Vi *Xjjnw. Thus, a
Nx1 $ damage vector Djis generated for property k. This vector is assec
with the chosen wind speed.

For the above selected wind speed, estimateotil vector of wind conditional
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mean $ content damages, where each element iscilue content damage for
the given wind speed: meaf& = LM * mean G, ratio.

(12) For the selected wind speed, estimate theviemtor of wind conditional mean
$ AP damages, where each element is the mean ARgiafor the given wind
speed: mean AR, = LMap * mean AR, ratio.

(13) For the selected wind speed, estimate theviemtor of wind conditional mean
$ ALE damages, where each element is the mean Alniade for the given
wind speed: mean ALf, = LMae * mean ALE;,,, ratio.

(14) Using the wind conditional mean $ structuraindige DN), and combine it
with the wind conditional mean C, mean;fpPand mean AL, Next,
calculate the deductibless[D¢, Dap, Dae ON a pro-rata basis to the respective
damages as follows:

Ds =[DMs/(DMs+ C + AP + ALE)] * D
Dc =[C/(DMs+ C + AP + ALE)] * D

Dap = [AP /(DMs+ C + AP + ALE)] * D
Dae =[ALE /(DMg+ C + AP + ALE)] * D

(15) Apply the pro-rata structure deductiblgCand limits LM to each of the cells
of the $ damage Matrix Djd. Calculate the structure losgl, net of
deductible, and truncate it on the upside byl Bhd on the downside bys{.
Thus, a vector § of insured losses is generated for property &.eléments
are Lsjn. I Lsjkn IS OLmij, then Ljxn = Lmik. If Lsijkn iS#0, thenlet Ly, =0

(16) Repeat step (15) for C, AP, and ALE. Heres¢heariables are means
conditional on the wind speed. Generage Lap, and Ly -

(17) Next, to get thexpected insured loss for a given wind speechultiply each
element L, of the vector k by its corresponding probability&, to compute
Liknw, and then sum over the N inter\i‘aISteps 15 - 17 can be represented by:

% Once the damage ratios are generated, the traalit@tuarial theory says that:
Loss net of deductible = (Damage Ratio x Bldg Valu®eductible
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(18)

(19)

(20)

(21)

(22)

L+Dg

Expected Structure Loss = E[l= 3 (DM;-Ds) ps + 3 LMgps

Ds

Expected Content Loss = Efl= 3(C-Dy) pc + 3 LMcpc
Expected Appurtenant Loss = Ef) = 3 (AP- Dap) pap + 3 LMpp pPap
EXpeCted ALE Loss = E@I:E) =3 (ALE' DALE) Pae + 3 LMALE PaLE

where lijkwn = LMijk if (DMijn - Dsijk) DLmijkv and if ( DMjn - DSijk ) #0,
then let DM, - Dsjx =0 , i.e replace negative values of net ofudtiile loss
with zero. The same applies to C, AP, and ALE.

Expected Loss = E (L) = E{L+ E(Lc) + E(Lap) + E(Lag)

Repeat step (10) through (18) for all thedvspeeds to generate a row of
expected insured loss for all wind speeds

Multiply the Expected Loss Efly) for a given wind speed by the probability
of the wind speed, o Next sum over all wind speeds to get the property

Expected Loss
w

Property kExpected LosE(Lix) = 3 [E(Likw) * Pwl
W

Steps (7) through (20) are repeated for adltimgs of type i in zip code j to
generate E () for all properties k =1,...,K.

The expected losses are then summed to géixihected Aggregate Loss for

property type i in zip code j:
K

Expected Aggregate Loss = B} = 3 E(Lix )

and Loss# Limit. If net loss is < 0 then replace it with per

Example

Bldg value = $200,000. Limit = $180,000. Dedhiet= $3,000. "y Damage ratio = 5%.

Loss net of deductible = .05 x 200,000 - 3,0007;960. If the i Damage ratio = 1%, then loss net of
deductible = 0. If the damage ratio is 95% thenldlse net of deductible is = $180,000 - $3,008L%7,000.
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(23)

(24)

(25)

(26)

(27)

(28)

(29)

Variance will now need to be computed empirically, sindetla terms in the
calculations for the expected losses are correldedcompute the variance as
follows:

The variance for all dwellings of type i in zipdsmj will be:
K K

o%i = {U(k-1)}{ 3E(Lx)*- (LK) (3E(Li)) >}

k=1 k=1

To get the Expected Loss (mean loss) for giradype i in zip code j, the
E(AL) is calculated as the weighted average oftkpected Loss of all
properties of type i. The weight is the relativéueaof the structure  / 3 Vi
(or relative exposure of the structure 4M3 LMj):

Expected Loss for property type i in zip code j 3 (v /3Vvy) Lij

k=1
To estimate the expected loss as a percenfaggosure for structure type i in
Zip code |, use:

% E(Lj) = {3 Lik /3 LMk}

K=1 K=1

Repeat steps (5) through (23) for all propgpesi=1,....,I to getthe
Expected Aggregate Loss and Expected loss forafigrty types in zip code j.

Sum the E(A}) across all property types i to get the Expectgdr&gate Loss

for all exposure in zip code j:
|

E (ALJ) =3 E(AL”)
i=1
Sumd?j to get 6% , the variance for all exposure in zip code j.

Pick another zip code and repeat steps (dudir (28) to generate E (fLfor

all zip codes. Sum across the zip codes j=1to.g&t the Expected Aggregate
Loss for insurance company m.

E (ALy) for company m =3 E(AL;) j=1,....,J
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(30) Suma? to get a°m, the variance for insurance company m.
(31) Pick another company or another portfolio oligges m and repeat steps (1)

through (30). Sum across the insurance companipsrtfolios to get the
Overall Expected Loss.
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9. Algorithm for the Scenario lnsurancelL oss Model (SILM)

In this section we develop the algorithm for estingaexpected loss costs for a given
scenario. Typically the scenario refers to a paldichurricane with a given set of
characteristicd-dence, both the exposure data and the wind speedplzode are
given observed data. The damage matrices, as hefrenodeledThe observed
wind speeds used are the 3 second peak gust Wihdse are converted from the
reported 1 minute maximum sustained wind speedgfwdre typically 30 to 35%
lower) by applying the gust factor model and caiers for terrain roughness. Most
of the steps in this algorithm are the same alarptior section.

(1) Start with a particular insurance company m orfpba of policies m.

(2) Next pick a residential policy exposure unit krfrthe insurance policy
database.

(3) Determine the zip code j of the policy.

(4) Extract the distribution of wind speeds for the egale j from the wind
database.

(5) Next determine the building type i for the selegbeticy.

(6) Select the damage matrix fetructureof type i. Select the damage matrix for
structureof type i. The structure types are: masonry, #amobile home, or
unknown. The actual matrix selected will be a wedhmatrix, where the
weights are determined by the proportions of rgpés in the region. For
example, the matrix used for a masonry structutdiami Dade county will be
the weighted average of a masonry/hip roof maitnck masonry/gable roof
matrix.

This matrix is provided by the Engineering team aadsists of the simulated
probabilities for various damage ratio intervald anind speeds. The row
represents a given interval n of damage ratiosladolumn represent a given
wind speed w. Note that in tlseenario analysis the observed wind speeds
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(7)

(8)

(9)

(10)

areused. Thus, only the column corresponding to the obs@wind speed for
the zip code is used. Let;Xe the vector of the mid points of the interval of
damage ratios for structure type i in zip code hds N elements. Now rather
than use the MDR (Mean Damage Ratio) of the whaé&i®) the mid point of
the damage ratio interval ny,Xs used to represent an outcome, and the
probability of this outcome for a given observedavspeed is . In general,
for structure i in zip code k, the mid point of dage intervals is 3 and its
probability of outcome for a given observed winéegp is B .

Select the damage matrix foontentgor structure of type i. This matrix is
provided by the Engineering team and consistsettmulated probabilities for
various content damage ratio intervals and winédpeThe row represents a
given interval n of content damage ratios and thleran represent a given
wind speed w. The interpretation of the cells valat is similar to the
description given above for structure damage ma#ithough the content
damage depend indirectly on structural damagee tisano stipulated functional
relationship between the two matrices and theiratgmntervals.

Select the AP and ALE damage matrices. The Engmgé&zam has generated
independent matrices for AP and ALE based on ictir@ationships between
structural damage and both ALE and AP.

From the insurance policy file, get the policy lismLMj,, and its deductible
Di.. Typically, property values are not reported. Feglacement cost policy
the value of the property,;V, is set to equal the limit V= LM For actual cash
value policy (replacement cost minus depreciation) the valubdeproperty is
set to equal V = 1.25 x LM since typically, ACV policies are insured to 80%
of the value.

Select the damage vector for the observed winddspée observed wind
speeds represent 3 second peak gust winds. Applyamage ratio vector; X

to the property k (of type i in zip code j). F@oh damage interval n, calculate
the $ damage: Dlw = Vik *Xijnw- Thus, anx1 $ damage vector DM is
generated for property k. This vector is associati¢ll the observed wind
speed.
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(11)

(12)

(13)

(14)

(15)

(16)

(17)

For the observed wind speed, estimate the row vettwwind conditional mean
$ content damages, where each element is the noetent damage for the
given wind speed: mean& = LMc * mean Gy, ratio.

For the observed wind speed, estimate the row vettwwind conditional mean
$ AP damages, where each element is the mean ARgdafor the given wind
speed: mean AR, = LMap * mean AR, ratio.

For the observed wind speed, estimate the row vettwwind conditional mean
$ ALE damages, where each element is the mean Alniade for the given
wind speed: mean Aljg, = LMag * mean ALE;,, ratio.

Using the wind conditional mean $ structural dam@d&,, and combining it

with the wind conditional mean C, mean;fpPand mean AL, : calculate

the deductibles §) D¢, Dap, Dace On a pro-rata basis to the respective damages
as follows:

Ds =[DMs/(DMg+ C + AP + ALE)] * D
Dc =[C/(DMs+ C + AP + ALE)] * D
Dap =[AP /(DMs+ C + AP + ALE)] * D
Dae = [ALE /(DMg+ C + AP + ALE)] * D

Apply the pro-rata structure deductiblgyband limits LM to each of the cells
of the $ damage Matrix Djd. Calculate the structure losgl, net of
deductible, and truncate it on the upside byl Bhd on the downside bys{.
Thus, a vector § of insured losses is generated for property &.eléments
are Lgjn. I Lsjkn IS OLmij, then Ljxn = L. If Lsjkn iS#0, thenlet Ly, =0

Repeat step (15) for C, AP, and ALE. Here, thesmbikes are means
conditional on the wind speed. Generate Lap, and Ly -

Next, to get thexpected insured loss for the observed wind spgedultiply
each element;j, of the vector k by its corresponding probability;&, to
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compute lyn, and then sum over the N intervals. Steps 15cahrbe

represented by:
L+Ds

Expected Structure Loss = EJfl= 3 (DM;-Ds) ps + 3 LMsps

Ds

Expected Content Loss = Efl= 3(C- D)) pc + 3 LMc pc
Expected Appurtenant Loss = Ef) = 3 (AP- Dap) pap + 3 LMpp pPap

Expected ALE Loss = E@.g) = 3 (ALE- Dag) pace + 3 LMaie Pae

where lijkwn = LMijk if (DMijn - Dsijk) DLmijkv and if ( DMjn - DSijk ) #0,
then let DM, - Dsjx =0 , i.e replace negative values of net ofudtiile loss
with zero. The same applies to C, AP, and ALE.

(18) Expected Loss = E () = E(Ls) + E(Lc) + E(Lap) + E(LaLe) for property k

(19) Steps (7) through (18) are repeated for all dwgdliof type i in zip code j to
generate E (}) for all properties k =1,...,K.

(20) The expected losses are then summed to get thetexlb&ggregate Loss for

property type i in zip code j:
K

Expected Aggregate Loss = E(} = 3 E(Lix )

(21) Variance will now need to be computed empirically, sindetla terms in the
calculations for the expected losses are correldedcompute the variance as
follows:

The variance for all dwellings of type i in zip @pwill be:

o’ = {U(-1}{ 3E(Ly)*- (LK) (3E(L)) *}

(22) To get the Expected Loss (mean loss) for strudiyre i in zip code |, the
E(AL) is calculated as the weighted average offtkpected Loss of all
properties of type i. The weight is the relativéuesof the structure ) / 3 Vi
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(23)

(24)

(25)

(26)

(27)

(28)

(29)

(or relative exposure of the structure 4M3 LMj):

Expected Loss for property type i in zip code j 3 (v /3vy) Lik
k=1

To estimate the expected loss as a percentaggo$ere for structure type iin
Zip code |, use:

% E(Lj) = {3 Lix /3 LM}

K=1 K=1

Repeat steps (5) through (21) for all property $ype 1,....,| to get the
Expected Aggregate Loss and Expected loss forafigrty types in zip code j.

Sum the E(AL) across all property types i to get the Expectgdr@gate Loss

for all exposure in zip code j:
|

E (/\Lﬂ) =3 EE(/\l_”)

i=1
Sum &?j to get 6% , the variance for all exposure in zip code j.
Pick another zip code and repeat steps (4) thr@2gto generate E (A)-for
all zip codes. Sum across the zip codes j=1to.g&t the Expected Aggregate

Loss for insurance company m.
E (AL,,) for company m =3 E(AL)) j=1,....,J

Sum &7 to get o°m , the variance for insurance company m.

Pick another insurance company m and repeat si¢pisrough (28). Sum
across the insurance companies to get the Overpéidted Loss.
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10. Use Casefor Actuarial Form Al: L oss Estimatesfor Thirty
Hypothetical Hurricane Events

Thirty hypothetical events have been specifiedigy@ommission consisting of five
hurricanes, one for each hurricane category 1-&ixatifferent landfall locations;
Jacksonville, Ft. Pierce, Miami, Ft. Myers, TampaP®tersburg, and Panama City. A
description of the events and the tracks of alinsgoare specified in the file named
“FormAlinput04.xIs™.

More specifically, for the thirty events, data grevided on central pressure, radius of
maximum winds, forward speed, landfall locatiomedtion at landfall, and radius of
hurricane force winds. The hurricane are assuncerntinue through the state in the
direction specified until they exit the state. Tdse case identifies all the zip codes
over which the each hurricane passes. Data on esgdsr the zip codes, by coverage
type and construction type are extracted from theRtind aggregate exposure data
file. The damage matrices for these zip codes andtouction types are selected. The
losses are then estimated using the Scenario Imseitaoss Model (SILM) for the
exposure in the zip codes.

Because the meteorological data is given, the Wweald model and wind probability
components are not activatddis test, therefore, is essentially a test of the upstream
vulnerability and actuarial components.

The form requires the following output to be getenla

(a) maximum estimated one-minute sustained 10-metef speed over land
associated with the events. Modeled estimated dnatenaverage wind speeds should
be consistent with central pressure inputs.

(b) projected loss by coverage type. Projectesdosre requested in total and by
coverage type for the thirty hypothetical events.

The procedurefor Al consists of the following steps:
1. Run the wind field model for each of the 30 hyyatical storms tracks. and
their given tracks run the wind fields at successime intervals using a
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combination of the inland decay, storm track andrinity, and wind field
models.
Determine the set of zip codes over which ehel80 hurricane pass.

The maximum wind speed anywhere in the stornopan terrain exposure
(OTWS1) is the required output for field 10. Thiwuld be entered for each of
the 30 storms.

For each storm the wind field model output &itentains the mean OT wind
Speed and direction. These data are then selm toihd speed correction
(WSC) algorithm and the wind speeds are correcdlde maximum 1 min
wind speed for the actual terrain (V1mph) and thakp3 s gust (V3) for the
actual terrain.

Run the Scenario Insurance Loss Model (SILMpaiga) the zip code level
Cat Fund exposure data (file 02fhcfwts.xlIs) by ¢angion type and by type of
coverage, (b) the peak 3 second gust (V3) genenatep 4, ( c) the
appropriate damage matrices for the zip code regyoronstruction type.

For each of the 30 hypothetical storms, gendhatéollowing output from the
SILM model: projected total losses for structustents, AP, and ALE, and
the total losses across all coverage types. Tiseso®r are aggregated across
all affected zip codes and across constructionstype
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11. Use Case For Actuarial Form A2: Loss Costsfor
Hypothetical Cover age by Construction Type For Each Zip Code

This use case requires the model to provide theagd annual loss costs by
construction type and coverage for each ZIP Codedarsample data set named
“FormA2Input04.xls.” There are 1,479 ZIP Codes and three construttjmes;
therefore, the completed file should have 4,436ndsin total. The exposure for each
zip code is set at: $100,000 for structure, $50f0@@ontents, $10,000 for
appurtenant structure, and $20,000 for additiamadd expenses. The deductible is set
at 1%.

The use case tests the Probabilistic Insurance Mose! (PILM) for all the zip codes.
The exposure and the deductible are held constam$ésthe zip codeSo the purpose
of thisform isto determine how the loss costs vary across zip codes because of the
meteorological and vulnerability functions.

The procedurefor A2 consists of the following steps:

1. Get the wind probability distribution for eadp zode generated by the 55,000
year simulation run of the meteorology model. Theses generate a stochastic
set of 42,262 simulated storms. Based on the nuofberars and the number
of storms, for various wind speed intervals, theggpthough a given zip code,
the probability distribution of wind speeds is gexted for that given zip code.
These distributions are for the terrain corrects@@peak gust winds.

2. Run the Probabilistic Insurance Loss Model (P)L¥sing (a) the exposure
data (fileFormA2Input04.xlsby construction type and by type of coverage, (b)
the modeled terrain corrected peak 3 second gutdeherated by the
meteorological components for all zip codes in dtepc) the probabilities for
the wind speeds generated by the meteorologicatass (d) appropriate
damage matrices for all the zip code region by tansgon type.

3. For each zip code, and for each constructioa,typing the PILM, produce the
projected loss costs for structure, AP, contemtd,/ALE.
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12. Use Case For Actuarial Form A4: Official Hurricane Set
Average Annual Zero Deductible Statewide L oss Costs

Requires the model to produce the monetary conioibuo the average annual
personal residential zero deductible statewide dosss from each specific hurricane
in the 2004 Official Hurricane Set. There are 7&icane in the official set and they
occur between 1901-2003.

The procedurefor A4 consists of the following steps:

1. Using HURDAT data set determine the actual tiaickll 73 Florida hurricanes
of the past century.

2. Run the wind field model for each of the bagéhsericane storm tracks.

3. For each storm the wind field model output &itetains the mean OT wind
Speed and direction. These data are then seim toihd speed correction
(WSC) algorithm and the wind speeds are correcekdd maximum 1 min
wind speed for the actual terrain (V1mph) and thakp3 s gust (V3) for the
actual terrain. The peak winds are generated faffa@cted zip code centroids.
These wind speeds will be used in the scenariodoadé.

4, Run each historical storm through the Scenasarance Loss Model (SILM),
using (a) the zip code level Florida Cat Fund expeslata (filenlpm2002.xI¥
grouped by construction type and by type of coverélg) zero deductible, ( c)
the terrain corrected peak 3 second gust (V3) geeein step 3 for all the
affected zip codes along the historical track,tke)appropriate damage
matrices for all the zip code region by constructigpe.

5. Using the SILM produce the contribution of eatdrm to the zero deductible
statewide loss costs. First estimate the totakptepl losses for each historical
storm track, summed across all construction tygkspverage types, and all
affected zip codes. Next divide the losses by 1@4rs) to get the monetary
contribution to the average annual residential eductible statewide loss
costs from each hurricane in the Official Hurric&ed.
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13. Use Case For Actuarial Form A5: Current Exposure Based
L osses From Modeled Hurricane Andrew

Requires the model to produce the losses from eama Andrew track for the 2002
Cat Fund exposure data. Requires that the projéasecand percentage of losses be
generated for each zip code from Hurricane Andrewkt The winds underlying the
loss costs calculations must be produced by thestaddvind fields rather than the
published wind field for Hurricane Andrew.

The procedurefor A5 consists of the following steps:

1. From the HURDAT data set extract the actuakiraentral pressure, R-Max,
translational speed etc. for Hurricane Andrew.

2. Run the wind field model for the given track,,GPMax etc.

3. The wind field model will produce the mean OThdiSpeed and direction.
These data are then sent to the wind speed camg@/SC) algorithm and the
wind speeds are corrected to the maximum 1 min spekd for the actual
terrain (V1mph) and the peak 3 s gust (V3) forabtual terrain. The peak
winds are generated for all zip code centroidscééid by hurricane Andrew.
These wind speeds will be used in the scenariododdé.

4. Run the modeled hurricane Andrew through then&ge Insurance Loss Model
(SILM), using (a) the zip code level Florida CanBiexposure data (fi@2
fhcfwts.xI$ aggregated by construction type and by type wérage, (b) zero
deductible, ( c) the terrain corrected peak 3 seégust (V3) generated in step 3
for all the affected zip codes along the hurricAndrew track, (d) the
appropriate damage matrices for the southern Fardion for all the
construction types.

5. Using the SILM produce the contribution of eaghcode to the zero
deductible aggregate losses. These are the projldses and % of total losses
for each affected zip code, summed across all ngetgin types, and all
coverage types.
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14. Use Case For Actuarial Form A6: Distribution of Hurricanes
by Size of L oss

Requires the model to provide the distribution ofrltane by size of losses. More
specifically, requires the model generate, for sasive loss ranges, the following:
total loss, average loss, number of simulated tames, expected annual hurricane
losses, and return time in years. For the Expe&tedial Hurricane Losses column,
provide personal residential, zero deductible stiake loss costs based on the 2002
Florida Hurricane Catastrophe Fund’'s (FHCF) aggeeg&posure data.

The procedurefor A6 consists of the following steps:

1. Determine the optimal number of years of simulafammthe meteorological
component. This is done through procedures outhnestiatistical standard S4.

2. Run the meteorological simulations for the optimainber of years. For our
model it is around 55,000 years. The 55,000 yeaganerated a stochastic set
of 42,262 simulated storms. Extract the track amagimum sustained wind
speed information for each of the tens of thousafidgemulated storms.
Convert the sustained wind speeds into terrairected 3 sec peak gust wind
speeds.

3. For each of the 42,262 simulated storms in thehststic set, run the Scenario
Insurance Loss Model (SILM), using (a) the zip ctelesl 2002 Florida
Hurricane Catastrophe Fund’s (FHCF) aggregate expatata by construction
type and by type of coverage, (b) zero deductilolethe modeled terrain
corrected peak 3 second gust (V3) winds generatedeometeorological
components for all the zip codes affected by amgsiemulated storm, (d) the
appropriate damage matrices for all the affectpcdcade region for masonry
and frame construction type.

4. The SILM should produce for each simulated staha,aggregate personal
residential (frame and masonry construction) zexudtible state wide loss.
This is done for all the thousands of simulatedrso
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Classify the simulated storms by the size of statke losses they produce.
Assign the storm losses to their respective losggaThe ranges are in bins of
$500 million up to $5,000 mil and bins of $1000 thiéreafter (0 to $500 mil,
$501 to 1000 mil, ...., 4501 to 5000, 5001 to 66&0 all the way to the
maximum).

For each loss range sum across the corresponskignad storms to get the
total loss for the range.

Divide the total loss for each loss range by theber of hurricanes in the
range to generate the average loss for the range.

Divide the total loss for each loss range by thmber of simulated years to
generate the expected annual hurricane loss fordahge.

Estimate the return time associated with the yeelass within the ranges on a
cumulative basis. This is based on the probalwlitgxceedance. The return
time is the reciprocal of the probability of thessoequaling or exceeding the
average loss for the range. Specifically, the reyi@ar for a given loss range is
the reciprocal of the ratio of (number of yearswidsses > than the mean of
the range)/(number of simulated years or 55,000).
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15. Use Casefor Actuarial Form A7: Output Ranges for L 0ss
Costsfor Counties by Coverage Type and Construction Type and
Deductibles

Requires the model provide loss costs per $1008doh county in the state of
Florida. Within each county, loss costs should g separately per $1,000 of
exposure for personal residential, tenants, andlenbbme; for each major deductible
option; and by construction type. This use cass aliéhe components of the model
and is therefore a joint tests of the meteoroldgiadnerability, and actuarial models.

For each of these categories using ZIP Code papalaentroids, the output range
should show the highest loss cost, the lowestdosg and the weighted average loss
cost based on the 2002 Florida Hurricane Catastrépimd (FHCF) aggregate
exposure data provided in the file nanieibm2002.exe” Use file named
“02FHCFWts.xIs” for determining the weighted average loss colstslude the
statewide range of loss costs (i.e., low, high,aedjhted average). For each of the
loss costs provided, identify what that loss cepresents by line of business,
deductible option, construction type, and coveragesided, i.e., structure, contents,
appurtenant structures, or additional living exgsnss specified.

The procedurefor A7 consists of the following steps:

1. Get the wind probability distribution for eadp zode generated by the 55,000
year simulation run of the meteorology model. These will generate a
stochastic set of tens of thousands of simulat@unst Based on the number of
years and the number of storms, for various wirekdpntervals, that pass
though a given zip code, the probability distribatof wind speeds is generated
for that given zip code. These distributions aretlfie terrain corrected 3 sec
peak gust winds.

2. Run the Probabilistic Insurance Loss Model (P)Lising (a) the hypothetical
exposure data provided in the ROA for various cager ale , and using the
weights derived from zip code level Cat Fund expeslata (files
hlpm2002.exeby policy group (combination of construction tygeductible
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option and line of business) and by type of coverdl) the modeled terrain
corrected peak 3 second gust (V3) wind data gezbtat the meteorological
components for all zip codes in step 1, ( ¢) thabpbilities for the wind speeds
generated by the meteorological use case in st@}) he appropriate damage
matrices for the zip code region by constructigrety

For each policy group in each of the zip co@e€ljf combination of
construction type, deductible option, line of besis in the zip code), using the
PILM, produce the projected expected losses forcsire, AP, contents, and
ALE.

For each policy group (combination) in eachcoge, and for each coverage
type, estimate the loss costs per $1,000 = (exgdasses/amount of
coverage)*1,000. Report the results for each pdlbemn, for each construction
type and each deductible type at the county levaggregation.

For each given policy group (combination), seéex report the highest and
lowest zip code level expected loss costs per $laddong all the zip codes in
the county.

Next using the weights determined by the reéa@at Fund zip code level
aggregate exposure data (fi2fhcfwts.xlsby construction type and by type of
coverage, estimate the weighted average countgdsss. The weights are the
percentage of county wide exposure in each zipxdfepeat this for various
types of deductibles.

For each county, using the PILM, produce thgeated expected losses for
structure, AP, contents, and ALE for the rangeexfutttibles and construction

type.

For the variety of deductibles and constructige, and line of business,
calculate the county wide loss costs per $1,00&xpdcted losses/amount of
coverage)*1,000. Report these loss costs.

Repeat steps 6 to 8 using the same amount engpimsall policies (instead of
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the Cat Fund county wide aggregate exposure d&®gfthcfwts.xly. Use the
hlpm2002.exelata to estimate the exposure weights to prochegveighted
average loss costs for each counties.
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16. Use Casefor Statistical Form S2: Probable M aximum L oss

(PML)

The purpose of this use case is to provide the EMicibution of annual losses for a
set of hypothetical policy data. The hypothetdata is provided in the input file
“FormAllnput06.xls.”

The procedurefor S2 consists of the following steps

1. For each of the 42,262 hurricane in the 55,384 yun simulated stochastic set,
estimate the aggregate losses for the hypothebqaisure data.

2. The 42,262 hurricane occur in about 35,000 yeam the losses across the
multiple hurricanes occurring in any given yearisigenerates a set of annual
losses.

3. Rank the annual losses from high to low.

4, Choose a set of return time (e.g., 5, 10, 50, 260, 500, 1000, 5000, 10000
years). The probability of exceedance for any gnetarn time is the reciprocal
of the return year. Therefore, probability of exdaece for 50 year return time
is 1/50 = 2%.

5. The rank (position from the top) of the loss fagigen return time is = (# of
simulated years/ return time). Thus, the positibthe 100 year return time will
be 55,000/100 = 550. The losses correspondingggtsition will be the total
annual loss for 100 year return time.

6. Repeat step 5 for all selected return time.

7. Based on the 55,000 years of losses calculate #a® median, standard deviation
and inter-quartile range of losses

38



17. Use Casefor Statistical Form S3: Comparisons of M odeled
versus Actual Historical L osses

The purpose of this use case is to validate theeiteddosses against actual historical
losses for different insurance company policy mdids and for different hurricanes.

The procedurefor S3 consists of the following steps

1. From the HURDAT data set extract the actuaktraentral pressure, R-Max,
translational speed etc. for selected historicatitanes.

2. Run the wind field model for the given track,,GPMax etc.

3. The wind field model will produce the mean OThdiSpeed and direction.
These data are then sent to the wind speed camgd/SC) algorithm and the
wind speeds are corrected to the maximum 1 min speskd for the actual
terrain (V1mph) and the peak 3 s gust (V3) forabtial terrain. The peak
winds are generated for all zip code centroidscadid by hurricane Andrew.
These wind speeds will be used in the scenarioddadé.

4. Run the modeled hurricane through the Scenasiorbnce Loss Model
(SILM), using (a) each of the policies in the politi of company policy
exposure data of the affected zip codes at the afiee hurricane, (b) actual
policy deductibles, (c) the terrain corrected p8aecond gust (V3) generated
in step 3 for all the affected zip codes alonghbeicane Andrew track, (d) the
appropriate damage matrices for all the constrodifpes.

5. Using the SILM produce the aggregate modeleseand loss/exposure ratio,
by coverage type and by construction type for daghicane/company.

6. Compile the actual aggregate losses for eaaht evel compare with the
modeled losses.
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18. Use Casefor Statistical Form $S4: Average Annual Zero
Deductible Statewide L oss Costs-Historical versus M odeled

The purpose of this use case is to provide theageeannual zero deductible statewide
loss costs using the 2002 personal residentiaFGad exposure data provided in the
input file “hlpm2002.exe.” The Cat Fund aggregate exposure data is apiadnd
fields and track data for the list of historicarhcanes in the Base Hurricane Storm
Set.

The procedurefor $4 consists of the following steps

1. Run the Cat Fund exposure data through the Sl&ikg the historical wind
field and track data for each of the historicalstan the base set (1900-2005).
Use the appropriate vulnerability matrices for ziggcode level exposure data
grouped by construction type, and policy type.tBetdeductible for each group
equal to zero. Estimate the aggregate loss gendogteach historical hurricane
using the current exposure data.

2. Sum the losses across all the historical hames. Divide the sum by the
number of years in the base set. This providesvleeage annual zero
deductible statewide loss costs for historical icanes.

3. Run the Cat Fund exposure data through the PILKguie modeled wind
field and wind probabilities and appropriate vuldiglity matrices. Set the
deductibles for each policy group equal to zerbe PILM will produce the
average annual zero deductible statewide modegsdclosts.
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