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EXECUTIVE SUMMARY

Objective of Study

A probable maximum loss (PML) estimate is the monetary loss, usually expressed
as a percentage of the total value, experienced by a structure or collection of structures
when subjected to a “maximum credible event”. A maximum credible event may be some
natural hazard of a certain magnitude or a one with a given probability of occurrence in a

stated time period.

The objective of the study was to perform a probable maximum loss (PML) on three
Caribbean countries subjected to the hurricane peril. Data to be collected by local engineers
for use in the probable maximum loss estimation were defined by the lead consultant based

in the U.S.

Methodology
For each of the countries selected for the study, the following approach was

utilized to determine the PML for the infrastructure elements at risk

Step 1: Defined the infrastructure elements to be included in the study. This step was
necessary for at least two reasons. First, it defined the boundary of the problem and
second, it determined what data were to be collected. The elements to be included in the

study were defined by the OAS.

Step 2: Documented the exposure and vulnerability of the infrastructure elements at
risk. Exposure relates to the extent of the interaction between the hazard and the element
at risk. In this study exposure was related to such items as characteristic terrain roughness
and topography. Vulnerability is the resistance or strength of the element. The resistance
of the infrastructure element depended upon such factors as age, quality of materials,
level of design attention, codes used, and the quality of construction .The resistance of

the element at risk was necessary for the estimation of the probability of failure of the



element. Information on the exposure was necessary for the adjustment of the hazard
forces at the site of an infrastructure element.

The data collection instrument included a form for collecting the information accompanied
by appropriate guidelines. The information to be collected for each structure type was
deemed sufficient to estimate potential fosses and replacement values for the following types
of facilities: power generation systems, airports, seaports, road networks, water and
sanitation systems, waste management systems, and schools and hospitals. The lead
consultant traveled to each of the islands included in the study and met with a previously
selected local engineer. The purpose of this trip was to instruct the local engineer on the
nature of the information to be collected and to review a selected number of the facilities

covered by the study.

Step 3: Estimated the replacement cost of the elements at risk. The expected loss is the
product of the probability of the loss of the infrastructure element and the replacement
cost of that element. Such costs were obtained from owners’ records, insurance

documents, or cost estimates performed by the local engineering consultant.

Step 4: Generated damageability/vulnerability functions for the elements af risk. From
the documentation of the vulnerability of the infrastructure elements at risk and existing
models for damage evaluation, the probability of failure/loss of an element was estimated
as a function of the magnitude of the hazard. The details of the vulnerability model
depended upon the characteristics of the element at risk under consideration. For example
the approach and calculation details differed significantly for an airport runway and a
hospital. However, for all elements at risk, the output of this step was the probability of

loss of the element at risk as a function of hazard magnitude.

Step 5: Selected “Maximum Credible Events” for the locations of interest. Maximum
credible events may be described in terms of their mean return periods. The mean return
period of a hurricane of magnitude “x” may be defined as the average time interval
between hurricanes whose mtenilly excecds the value “x”. To accoum for tbquncertamty

HATO
in the prediction of the mean return mterval conﬁé/ence limlts in the study referred to as

h
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upper prediction limits are used to define the mean tretu iod. In this study the four

following maximum credible events were selected:
1. The 50% upper prediction limit for a 50-year mean return period hurricane;
2. The 90% upper prediction limit for a 50-year mean return period hurricane;
3. The 50% upper prediction limit for a 100-year mean return period hurricane,
and

4. The 90% upper prediction limit for a 100-year mean return period hurricane.

Step 6:Adjusted hurricane wind speeds fo the location of the structure by accounting
for topography and terrain. Wind speed varies with height and terrain roughness. At the
ground level the wind intensity is lower and the airflow is turbulent because of the
friction generated by the rough surface of the ground. As the height increases, the
frictional effect of the ground decreases and the air move only under the influence of
pressure gradients. The ground roughness may be categorized into three classes: (1) flat
open country, open flat coastal belts and grasslands; (2) Suburban areas, small towns, city
outskirts, wooded areas and rolling terrain; and (3) centers of large cities and very rough
hilly terrain. Items (1), (2), and (3) in the last sentence correspond roughly to
ANSI/ASCE 7-95 Exposure C, Exposure B, and Exposure A, respectively. The terrain
conditions were modeled by ANSI/ASCE 7-95 Exposure C. Wind speed-up effects were

also meddled in accordance instructions presented in ANSI/ASCE 7-95.

Step 7: Computed the loss at a specific site. With knowledge of the site specific wind
speed (Step 6) and the damageability function for the infrastructure element at risk (Step
4) the probability of loss for that element was next determined. The product of the
probability of loss and the replacement cost (Step 3) of the element at risk yielded the

loss for the element at the site.
Step 8: Summed losses for all infrastructure elements at risk. For a given precinct or

parish, the losses were summed according to common categories, €.g., hospitals, police

stations, schools, etc... The total losses was also computed for the country.
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Step 9: Assigned PMI’s for elements, groups of elements, and the total infrastructure.
The PML is the percentage of losses to the total value. This number was computed for

groups of elements, e.g., police stations and hospitals, as well as for the entire country.

Major Results

Vulnerability functions were generated for the various infrastructure elements.
The damage to the element resulting from the assigned hazard assigned at that location
was computed. [n the case of buildings, damage to the structure as well as damage to the
contents was estimated. In some cases external equipment was attached to a structure,
Without additional information on the details of the equipment, the value developed for
the damage to the structure was applied to the damage to the external equipment. The
cost of damage to structure, contents, or external equipment was computed by
multiplying the probability of failure of the element by the replacement cost of the
element. The details of the calculation for all elements in the inventory are listed in the
appendices for the four credible events. PML summaries, for the 50% Upper Prediction
Limit 50-yr mean return period hurricane, of the results for the three countries are

provided in Tables 1-3.

In Tables 1 — 3, the infrastructure elements considered are listed in the first
column. The replacement costs for the structure, contents, and external equipment for
each infrastructure element are listed, respectively, in Columns two, three, and four. Note
that the values listed are for all structures in that particular category. The total damages
(i.e., to structure, contents, and external equipment) computed for each infrastructure
element are listed in Columns five, six, and seven. Total replacement costs and damage is
provided in the last row of the table. The percent PML for each infrastructure element is
provided in Column eight of the tables. Note that the value in Column eight is obtained

using the equation:

Column?2 + Column3 + Column4 y

%PML = 100

Column3 + Columné + Column?

iv



The %PML for the entire infrastructure is the value in the last row of the Column
eight. A summary of the PML for all maximum credible events considered for all three

countries are provided in Tables 4-6.
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Table 4: Summary of PML Estimates for Dominica

Maximum Credible Event Wind Estimated Estimated %PML
Mean Prediction Speed Value of Losses
Return Limit Infrastructure
Period Sampled
(Years) (%) {raph) (EC$) (EC$)
50 50 106 855,636,900 | 377,584,875 44.13
50 90 119 855,636,900 547,905,611 64.03
100 50 118 855,636,900 544,776,895 63.67
100 90 134 855,636,900 583,964,263 68.25
Table 5: Summal"y of PML Estimates for St, Lucia
Maximum Credible Event Wind Estimated Estimated %PML
Mean Prediction Speed Value of Losses
Return Limit Infrastructure
Period Sampled
(Years) (%) (mph) (EC$) (EC$)
50 50 100 1,198,899.852 | 149,277,163 12.45
50 90 116 1,198,899,852 | 428,698,392 35.76
100 50 113 1,198,899,852 | 411,713,725 34.34
100 80 136 1,198,899,852 | 555,673,928 46.35
Table 6: Summary of PML Estimates for St, Kitts and Nevis
Maximum Credible Event Wind Estimated Estimated % PMI,
Mean Prediction Speed Value of Losses
Return Limit Infrastructure
Period Sampled
(Years) (%) (mph) (EC$) (EC$)
50 50 102 836,471,020 200,027,450 2391
50 90 119 836,471,020 | 425,210,448 50.83
100 50 113 836,471,020 | 399,045,303 4771
100 50 133 836,471,020 | 471,193,084 56.33
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PART I: THE HURRICANE HAZARD, THE INVENTORY AT RISK,
AND THE LOSS ESTIMATION METHODOLOGY



1.0 INTRODUCTION

1.1 Concept of Probable Maximum Loss (PML)

For the purposes of this document, a Probable Maximum Loss is an estimate of
the monetary loss, expressed as a percentage of the total value, experienced by a structure
or collection of structures when subjected to a “maximum credible event”. The maximum
credible event is usually some natural hazard of a certain magnitude or one with a given
probability of occurrence in a given time period. In this study, the hazard of interest is the
hurricane peril thus the maximum credible events will be tied to magnitudes and
probabilities of occurrences of wind speeds, wave heights, and surge heights. The

maximum credible events used in this study are discussed in the next chapter.

At a minimum, a PML should satisfy the following requirements: (1) reflect local
building practices, (2) reflect the existing condition of the structures, (3) reflect the level
of professional design attention received by the structures, (4) reflect the local
topography and terrain, and (5) reflect the characteristics of the specific materials used in

the construction.

1.2 Terms of Reference for the Project
As initially conceived, the personnel for this project included a lead consultant
and four engineers each based in one of the selected countries. The abridged terms of

reference for the lead consultant were as follows:

“Since its inception, the Caribbean Disaster Mitigation Project (CDMP) has
worked with the property insurance industry in the Caribbean to promote loss reduction
incentiv.es and hazard mitigation. The large dependency of Caribbean firms on reinsurers
outside of the region has hindered progress in this activity. The World Bank and the
GS/OAS, through the CDMP, have investigated the possibility of establishing a regional
reinsurance fund. Critical to determining the viability of such a fund is an understanding
of the potential loss associated with a major natural hazard event in the region. To assist

in this effort, estimates of the probable maximum losses in public infrastructure from



major hurricane events will be developed under this contract. These estimates will focus

on the countries of Dominica, Saint Kitts and Nevis, and Saint Lucia.

Under this contract, the consultant will:

a. Define the data to be collected by local engineers for use in the probable
maximum loss estimation. The data collection instrument will include a form
for collecting the information, accompanied by appropriate guidelines. The
information to be collected should be sufficient to estimate potential losses
and replacement value for the following types of facilities: power generation,
airports, seaports, road network, water and sanitation, waste management,
schools and hospitals.

b. Travel to each of the islands included in this study to meet with the local
engineer. The purpose of this trip is to instruct the engineer on the information
to be collected and to review a selected number of the facilities covered by
this study. The consultant will also collect available information on existing
construction quality and codes used in the island. Upon return from this trip,
the consultant will continue to provide assistance to the local engineers as
needed during the data collection phase.

¢. Determine the vulnerability functions for each class of infrastructure covered
by this study

d. Determine the probable maximum losses for hurricane events in the selected
countries. The loss calculations will use information provided by the CDMP
on return time of various magnitudes of high winds, storm surge, and wave
action from hurricane events. Loss estimates will be provided by hurricane

category and also as estimated annual losses by category of infrastructure.”

The generic terms of reference for each of the locally-based consultants were as

foliows:

Under this contract, the (local) consultant will:



a. Meet with the lead consultant, Dr. Norris Stubbs, who will be visiting the
country for 2-3 days. During Dr. Stubbs’ visit, the consultant will carry out a
field visit to selected public infrastructure sites included in the study for the
purpose of testing the data gathering questionnaire defined by Dr. Norris
Stubbs.

b. In discussion with Dr. Norris Stubbs, finalize the physical definition and
structural classification schemes to be used in the study for each of the
infrastructure subdivisions.

¢. In discussion with Dr. Norris Stubbs, review and finalize the methodology for
documenting the infrastructure inventory and estimating the replacement costs
of the elements of the inventory. Because of time constraints, detailed studies
willl.not be conducted on all facilities. Work should be based on existing
country reports, where available, to develop global estimates of replacement
costs.

d. In discussion with Dr. Norris Stubbs, finalize the format of the data to be
transferred to the lead consultant.

e. For each infrastructure category, the engineer will collect the following
information:

i. A physical description of the infrastructure inventory at risk by parish or
quarter which includes: year built, construction quality, roof covering, roof
framing, bracing system, roof-frame connection, window protection,
foundation, building value, building contents value, and equipment value;

ii. A classification, according to categories provided by Dr. Norris Stubbs, of
the structures that make up the inventory;

iii. An estimate of the replacement cost for each structural class by parish or
quarter;

iv. An estimate of the replacement cost of the contents for each structural
class by parish or quarter.

v. An estimate of the replacement cost for any equipment associated with
each structural class by parish or quarter,

vi. The design wind speed for each structural class; and



vii. Photographs of representative structures in each structural class.
f.  During the execution of the consultant’s work, the consultant should maintain
close contact with the lead consultant, Dr. Norris Stubbs, to resolve any

questions related to data gathering and definitions.

1.3 Objective of Study

The objective of this report is to present the results of the probable maximum loss
study for Dominica, St. Lucia, and St. Kitts and Nevis. Potential losses will be reported
by infrastructure classification (e.g., schools, ports, etc.) as well as by damage
classification (e.g., structural, contents, etc.). Please note that all costs reported in this

document are in Eastern Caribbean Dollars.

1.4  Organization of the Report

The remainder of the report is organized into four major sections. Part I includes a
description of the hurricane hazard, an explanation of the approach used to estimate the
losses to the infrastructure, and a description of how the physical inventory at risk was
documented and how the associated replacement cost of the inventory was estimated.
Part I includes a description of the PML estimates for Dominica. The section include a
description of the elements at risk in Dominica, vulnerability curves for selected elements
at risk, a definition of the hazard at specific towns in Dominica, and a summary of the
PML calculations for several “maximum credible “ events. Part III and Part IV include,
respectively, a description of the PML estimates for St. Lucia and St. Kits and Nevis. The

references cited in the work are listed in Part V.

The supporting documentation for the study is assembled in Part VI- the
appendices. Appendix I contains items such as instructions and data collection forms that
are generic to the study. Appendix II contains the information that supports the PML
calculation for Dominica. The appendix contains the documentation of the inventory at
risk in Dominica, a summary of the data processing of the information, the results of the

PML estimates for several maximum credible events, and a set of photographs depicting



a sample of the inventory at risk. Appendix IIl and Appendix 1V contain the analogous

material for St. Lucia and St. Kitts and Nevis.



2.0 THE HURRICANE HAZARD

2.1 Overview

The major hazards associated with hurricanes are wind, flying debris, wave
action, surge, and rainfall. These hazards can in turn generate other dangerous hazards
such as floods, erosion and mudslides. Although the main hazard to be addressed in this
study is wind, the impact of surge and wave action will be seriously considered for
coastal structures. In addition, once a hurricane of a given magnitude and direction has
arrived, the wind speed magnitude may be appropriately modified to reflect such factors

as topography, exposure, and potential sheltering from topographic features.

2.2 Concept of Mean Return Period

Climatic events such as extreme winds, surge, and wave action are conveniently
described using the concept of mean return period. Let Xy, Xa,....Xy be a set of recorded
random extreme values for a period of one year. The measured values may be wind
speeds, wave heights, or surge levels. The probability that the random intensity, X, of the
wind speed, wave height, or surge level is less than a specific value x, in any one year, is

given by

P(X £x)=F(x) 2.

Where F(x) is the cumulative distribution function of X. The distribution F(x) is also
referred to as the distribution of annual extremes. The return period of a value x, denoted
T(x), is defined as the time interval between phenomena whose intensity exceeds X
(Ghiocel and Lungu, 1972). Note that the return period T(x) is a random variable. The
mean return period, denoted t (x), is the mean value of T(x). It can be shown that the
mean return period and the distribution of annual extremes are given by (Ghiocel and

Lungu, 1972).

t(x)=1/(1 -F) (2.2)



Thus the cumulative distribution function of the annual extremes can be related

numerically to the magnitude of the mean return period, expressed in years, as

Fx)=1-1/1(x) (2.3)

The relationship between the cumulative distribution function and the mean return period
is demonstrated in Table 2.1. If F(x) is known for wind speeds, surge levels, or wave
heights at some location, the hazard may be described probabilistically in terms of the
mean return period. Thus from Table 2.1, The probability of a hurricane with a 100 year
mean return period will occur in any singly year is 0.01. In other words, the mean return
period links the probability of occurrence and the magnitudes of extreme events.

Maximum credible events will be identified by their mean return periods.

Table 2.1: t(x) as Function of F(x)

t(x) |1 2 510 20| 25 | 50 | 100 | 200 | 500 | 1000 2600 ; 10000
years

F(x) [0{05][08]09]{095|0.96|0.98099]0.995/0.998|0.999(0.9995|0.9999

2.3  Mean Return Peried Estimation

Johnson and Watson (1998) have recently completed a comprehensive study of
return period estimation of the hurricane peril in the Caribbean. Their results consist of
mean return periods for wind, wave, and storm surge for the entire region. Maximum
likelihood estimates were computed for a two-parameter Weibul distribution at specified
locations using 112 years of meteorological data. In order to account for uncertainties in
the meteorological forecast, Johnson and Watson (1998) reported an upper perdition limit
with the hazard magnitudes associated with a particular mean return period. A typical set
of resultsr for a specific location is presented in Table 2.2. The following direct quote

from Johnson and Watson (1998) best explains the concept of the upper prediction limits.




“The MLE (maximum likelihood estimate) column provides the best estimate as
to the most likely extreme one minute-ten meter sustained wind for the various time
frames. The MLEs are approximately equal to the “median” or 50% values (in knots).
This implies that roughly speaking, the MLE is too low about half the time and too high
the other half the time. From a planning standpoint, one might wish to *hedge one’s bets”
to protect against worse than expected phenomena. The 75%, 90%, 95%, and 99%
columns are useful for this purpose. For example, 66.0 knots is given for the 95% upper
prediction limit for the 10-year return period. Although the best guess of extreme wind in
the next ten years is 57 knots, there is only a 1 in 20 chance (corresponding to the 95%
level) that the extreme wind will exceed 66 knots. The difference between the 57 and 66
knot wind values reflect the inherent uncertainty in predicting return periods values.”

Table 2.2: Kingston Central Port Wind Results (knots): Maximum Likelihood
Estimates and Upper Prediction Limits for Various Return Periods

MLE 50% 75% 90% 95% 99%
10 year 57 58.2 61.2 63.9 66.0 70.4
20 year 76 77.0 81.6 86.7 90.6 104.4
30 year 89 90.5 97.0 105.0 111.4 130.4
40 year 102 103.1 112.8 124.0 133.1 157.8

2.4 The Maximum Credible Events

In this study the following four maximum credible events are selected:

1. The 50% upper prediction limit MLE 50-year mean return period event;

2. The 90% upper prediction limit MLE 50-year mean return period event;

3. The 50% upper prediction limit MLE 100-year mean return period event; and

4. The 90% upper prediction limit MLE 100-year mean return period event.
Magnitudes of the estimates have been provided by Johnson and Watson (1988) for the
following locations:

I. Basseterre, St. Kitts

2. Castries, St. Lucia

3. Vieux Fort, St. Lucia

4. Roseau, Dominica, and

5. Melville Hall, Dominica
The data for the specific location will be presented with the analysis of the appropriate

country.



3.0 APPROACH TO LOSS ESTIMATION OF INFRASTRUCTURE

For each of the countries selected for the study, the following approach will be

utilized to determine the PML for the infrastructure elements at risk

Step 1: Define the infrastructure elements to be included in the study. This step is
necessary for at least two reasons. First, it defines the boundaries of the problem and
second, it determines what data are to be collected. The elements to be included in the
study should be made at the executive level. The outcome of this step should be a

detailed listing of the infrastructure elements to be included in the study.

Step 2: Document the exposdre and vulnerability of the infrastructure elements at risk.
Exposure relates to the extent of the interaction between the hazard and the element at
risk. In this study exposure 1s related to such items as characteristic terrain roughness and
topography. Vulnerability is the resistance or strength of the element. The resistance of
the infrastructure element depends upon such factors as age, quality of materials, level of
design attention, codes used, and the quality of construction. The resistance of the
element at risk is necessary for the estimation of the probability of failure of the element.
Information on the exposure is necessary for the adjustment of the hazard forces at the

site of an infrastructure element.

Step 3: Estimate the replacement cost of the elements at risk. The expected loss is the
product of the probability of the loss of the infrastructure element and the replacement
cost of that element. Such costs can be obtained from owners’ records, insurance

documents, or estimates of building professionals.

Step 4: Generate damageability/vulnerability functions for the elements at risk. From
the documentation of the vulnerability of the infrastructure elements at risk and existing
models for damage evaluation, the probability of failure/loss of an element may be
estimated as a function of the magnitude of the hazard. The details of the damageability

model will depend upon the characteristics of the element at risk under consideration. For
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example, the approach and calculation details will differ for an airport runway and a
hospital. However, for all elements at risk, the output of this step will be the probability

of loss of the element at risk as a function of hazard magnitude.

Step 5: Select a “Maximum Credible Event” for the location of interest. The maximum
credible events were discussed in the last chapter. These events describe the intensity of
the hurricane without any consideration of modifications to the wind field due to terrain

or topography.

Step 6:Adjust hurricane wind speeds to the location of the structure by accounting for

topography and terrain. Wind speed varies with height and terrain roughness. At the

“ground level the wind intensity is lower and the airflow is turbulent because of the

friction generated by the rough surface of the ground. As the height increases, the
frictional effect of the ground decreases and the air move only under the influence of
pressure gradients. The ground roughness may be categorized into three classes: (1) flat
open country, open flat coastal belts and grasslands; (2) Suburban areas, small towns, city
outskirts, wooded areas and rolling terrain; and (3) centers of large cities and very rough
hilly terrain. Items (1), (2), and (3) in the last sentence correspond roughly to

ANSI/ASCE 7-95 Exposure C, Exposure B, and Exposure A, respectively.

Step 7: Compute the loss at a specific site. With knowledge of the site specific wind
speed (Step 6) and the damageability function for the infrastructure element at risk (Step
4) the probability of loss for that element can now be determined. The product of the
probability of loss and the replacement cost (Step 3) of the element at risk yields the loss

for the element at the site,

Step 8: Sum losses for all infrastructure elements at risk. For a given precinct or parish,
the losses can be summed according to common categories, e.g., hospitals, police
stations, schools, etc... The total losses can also be computed for the town, city, or

country.
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Step 9: Assign PML’s for elements, groups of elements, and the total infrastructure.
The PML is the percentage of losses relative to the total value of the assets. This number

can be computed for groups of elements, e.g., police stations and hospitals, as well as for

the entire country.
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4.0 PHYSICAL DOCUMENTATION AND ESTIMATION OF REPLACEMENT
COSTS FOR THE INVENTORY AT RISK

4.1 Data Collection Forms

Approximately ten different forms specially tailored to fit the region were
designed and mailed electronically to all local consultants. In the case of buildings, for
example, the form requested information such as building location, year built, elevation,
code used, number of stories, construction quality, roof details, wall framing, materials,
absence or existence of window protection, foundation type, surrounding terrain, and

debris hazard. A set of the forms is listed in Appendix I.

4.2 Instructions for Filling out Forms

A set of instruction for filling out the most complicated form was also provided to
the consultants in late August 1998. The entries in the form reflected building material
and practices, and codes used in those regions of the Caribbean. A copy of the instruction

form is provided in Appendix L.

4.3 Personal Consultation with Local Consultants

In accordance with the Terms of Reference, a 2-3 day field trip was made to each
designated country. Any outstanding questions were discussed along with any features
peculiar to that country. On the first trip Dominica and St. Lucia were visited. St. Kitts
was visited on the second trip. Reports summarizing the two frips are provided in

Appendix L

4.4  Data Received From Local Consultants

An essentially completed set of data forms was submitted by the consultant from
St. Lucia in October, 1998. A completed set of forms was submitted by the consultant
from Dominica in November, 1998. An essentially completed set of data forms was

submitted by the consultant from St. Kitts in mid April, 1999,

13



5.0 ESTIMATION OF VULNERABILITY FUNCTIONS

5.1 Vulnerability/Damageability

One common way to express the damageability of an infrastructure element is to
utilize a so-called loss function (also referred to as a damageability function, vulnerability
function, or damage function). In order to relate physical damage to the infrastructure to
other socio-economic issues, damage is expressed in terms of economic loss; the greater
the damage, the greater the loss. One common measure of damage is the cost to repair the
element at risk divided by the replacement cost of the element. This number is referred to
as the damage ratio. Once this ratio is calculated, as a function of wind speed, water
speed, wave height or surge level, the economic loss can then be estimated, provided the
cost to replace the element at risk is known. This line of thinking holds for buildings,

roads, transmission lines, or any arbitrary structure.

5.2  Building Damage Ratic Calculation

The model that is used here to estimate damage to a building in a wind
environment assumes that a building may be broken down into the following
components: roof covering, roof decking, roof framing, roof to wall connection, exterior
cladding, openings, lateral bracing, frame-foundation connection, and the foundation
itself. The damage to a building is a complex mixture of the damage to the components of
the building.

In the model used in this study (Stubbs, 1995), the mean damage ratio dr; (i.e., the

repair cost divided by the replacement cost of the structure) is given by:

lfa
NC v il A
dr, = dr,(v) = {Z wi(IfRi ( )dr,} } (5.1)
i=l 0
where

A = the wind speed at site,

fo () = the triangular density function for the resistance of the i building

component (for the building class) to wind speed,
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Wi = the relative weight of the i" component,

s = a parameter which defines which type of system defines the behavior
of the building, and
NC = the number of building components in the structural damage ratio
model.
Note that
N
w, =1 (5.2)
i=1
and
0<dr(v)<l

Also note that if a; — o, the building behaves as a series system. That is, failure occurs if
any one building component fails. On the other hand, if a,; — -oo, the building behaves as a

parallel system and all building components must fail for the building to fail.

5.3  Building Content Damage Ratio Calculation

The model that is used here to estimate the damage to the contents of the structure
is based on the assumption that damage to the contents is caused by damage to the
building. Content damage may result from damage to any component of the building
discussed in the latter paragraph. The content damage ratio, dre, (i.€., repair cost divided

by the replacement cost of the contents) is given by (see, Stubbs and Perry, 1999):

M Pi(v) a6
dre = dre(v) = {Zci[d}i ffgi(bi)dbi} } (5.3)

0

where
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p(v) = the structural damage (from Equation 5.1) sustained by the i

component at wind speed v,
fy, (b)) = the density function for the resistance of the contents given damage

to the i building component for the building class,

O = a parameter which models the exposure of the contents
G = the relative weight of the i mode of content damage,
o = a parameter which defines the behavior of the content damage modes

as a system, and

M = the number of content damage modes.

Again, note that

>.C =1 (5.4)

and
0<dr(v) £l

To aid in the estimating of content damage, ISO has suggested a scheme which
classifies the vulnerability of contents as a function of building usage and material. The
scheme is shown in Table 5.1. Note that a higher risk, in Table 5.1, implies a higher
vulnerability of contents. Four sets of parameters which reflect high, medium high,
medium low, and low risk grades, respectively, are listed in Tables 5.2 to 5.5. Note that
the parameters by and b, reflect the level of structural damage at which damage to the
contents begin to occur (by) and at which the contents are completely destroyed (bz). Note
also that these values vary with the mode of failure. For example, in the case of high risk
grade contents (Table 5.2), damage to contents may begin as soon as damage to the roof
covering commences (e.g., as a result of water penetration). However, in the case of
damage to the roof-wall connection, structural damage to that element may be substantial
(b, = 0.25) before damage to the contents ensues. In Table 5.4 and Table 5.5, the reader

may note that the parameter b, is assigned values greater than unity. Physically, the
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maximum value of structural damage in a given mode is one. Therefore, if Fy (b;} is the
cumulative distribution function of the content damage in mode i, the maximum content

damage is equal to F, (1).

5.4  Pavements

Pavements consist of such items as airport runways, paved and unpaved roads,
and concrete pavements (See, e.g., Huang, 1993). A typical paved road may consist of
surface asphalt wearing course which overlays another asphalt base course. The asphalt
layers are supported by a base (e.g., crushed stone), which may be supported by in situ
soil. Modern airport runways are concrete pavements supported by a base or sub base

course on local soil.

In a hurricane-prone region, pavements are particularly susceptible to storm-
induced erosion processes. At least two prominent failure modes have been identified
(Davidson et al 1993): (1) where the layer of unconsolidated sediment below the
pavement or foundation is thin (i.e., < 1 meter), it can be completely removed due to
wave and wind, and (2) when the unconsolidated layer is thick (i.e., 1-4 meters), the layer
is not completely removed but the pre-storm grade can be lowered significantly. In both
cases if the foundation grade or pavement base is above the scour zone, it will be

undermined and the building or pavement destroyed.

To perform a detailed damage analysis of a particular pavement system one must
have a knowledge of such items as soil properties, pavement geometry, pavement
material properties, design assumptions, etc... Unfortunately, this level of detail is not
available for this study and we must resort to a less precise approach that utilizes the

information at hand.

An expert system approach (See e.g., Kandel, 1992) is selected here. The

approach consists of the following steps:
(1)  Develop rules to assign qualitative magnitude of the erosion hazard, taking

into account the potential of surge, wave action, and wind,;
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(2) Develop rules to assign qualitative resistance of the pavement system
taking into consideration the quality of the design and construction and the
strength of materials;

(3) Develop rules to assign qualitatively the relative likelihood of pavement
reliability in a potential erosion environment, and

(4)  Quantify the qualitative likelihood of pavement failure.

To describe the undermining hazard to pavements, an island may be divided into
the four following zones (1) the erosion zone, (2) the overwash zone, (3) the flood zone,
and (4) the non-affected zone (Davison et al., 1993). These zones are indicated in Table
5.6 along with the processes associated with cach category. Note that Table 5.6 also
accounts for the aggravating effects of increasing wind speed. Thus from Table 5.6, the
potential for erosion depends upon the site’s susceptibility to surge (S), wave action (Wy),

wind speed (V) and erosion (E).

The various pavement types encountered in this study are listed in Table 5.7. A
judgment of the relative resistance of each and every pavement type is listed in the

second column. These values are taken to be in the same units as those used in Table 5.6.

A qualitative assignment of the pavement failure probability is given by the
twenty five rules summarized in Table 5.8. Note that if the pavement system resistance is
equal to the erosion potential, a likelihood of H (High) is assigned. Finally, Table 5.9
provides a quantitative assignment of the qualitative likelihoods. The assignment system
essentially assigns a different order of magnitude to each qualitative level The
application of the methodology to the runway systems for the two airports in Dominica is

provided in Table 5.10.
5.5  Utility Poles and Transmission Towers

If the resistance (strength), R of a utility pole can be expressed by the random

variable with density function fr(v), where v is the wind speed, and if the pole is
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subjected to a deterministic wind speed of magnitude s, then the failure probability of the

pole is given

P = PAOL (5.5)

Thus if fx(v) is known, pr can be estimated. A rationale for estimating the density
function fr(v) is presented below.
Let the design wind speed for the pole be given by vq. Then, if F.S. is the factor

of safety used in the design of the pole, wind speed at failure of the pole is given by

v, =JFS. v, (5.6)

- (Note that the square root results from the relationship between pressure and the square of

the wind speed.) Assume that a coefficient of variation v (ie., standard deviation of
design wind speed/ mean of design wind speed), is associated with the design and

construction, then a standard deviation associated with the failure speed may be given by
o, =V (5.7)

Finally, treating vg as a mean, and assuming that the resistance is normally distributed, the
failure probability of a pole or transmission tower can be estimated from a knowledge of
the design wind speed, assuming values of a factor of safety, and a coefficient of
variation for the design and construction. Ellingwood et al (1982) provide guidelines for

selecting coefficients of variation for various types of construction.

5.6 Wastemanagement Collection Bins and Vehicles
Wastemanagement collection bins and vehicles are treated as objects that fail by
overturning. The overturning moment of the wind force is resisted by the moment of the

force equivalent to the weight of the bin or vehicle.
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5.7  Piers and Wharves

The majority of piers and wharves encountered in this study are pile structures.
The only design information provided by the local consultants is the design wave height
(Hg) of the structure. In order to estimate the failure probability of a particular pile

structure with such limited information, the following approach is utilized.

(O Estimate the design moment of a pile that can withstand the designated

design wave height in a wind environment of 120 mph. That is,
Mgesign = M (Hg, vy) (5.8)

Note that 120 mph is a typical design wind speed specified by codes for
the region and for the type of structure.
(2) Estimate the failure resisting moment by assuming a factor of safety. That

is,
Msiture = F.S. Mdesign (5.9)

(3) Assume a coefficient of variation{cov) for the design and construction

process.

(4) Estimate a standard deviation of the failure moment, using the equation
GM;J,-;." = (cov)'ﬁ'/[ﬁlﬂun (5 . 1 0)

(3) Treat failure moment as a random variable with mean M and standard
deviation o, .
Saihre

(6) Compute moment induced, M;_on the pile due to wave action, drag, and
impact in a given wind environment (See, e.g. FEMA, 1986).

(7) Estimate the failure probability of the wharves using the equation:
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Pr=P[M; = Mailure]-
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Table 5.1;: ISO Content Risk Grade

Content Risk Grade Risk Grade ID
Antiques High 1
Aquarium High |
Glassware High 1
Open Stock High 1
Electronic Equipment Medium High 2
Grocery Stores Medium High 2
Hospitals Medium High 2
Furniture & Fixtures Medium Low 3
Department Stores Medium Low 3
Hotel Medium Low 3
Generators Low 4
Grain Low 4
Heavy Machinery Low 4
Rubber Low 4
Vaults Low 4
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Table 5.2: Content Resistances for ISO GRADE 1 CONTENTS

(High RISK GRADE)
Component b;' bz2
Roof Covering 0 0.5
Roof Decking 0 0.5
Roof Framing 0 0.5
Roof-Wall Connection Suct. 0.25 1
Roof-Wall Connection Intp. 0.25 1
Lateral Bracing 0.25 1
Openings 0 0.5
Claddings 0 0.5
Frame-Foundation Connection 0.25 I
Foundation 0.25 1
Gross Structure 0.25 1

"Effective level of structural damage at which content damage begins
?Effective level of structural damage at which content damage is 100%

Table 5.3: Content Resistances for ISO GRADE 2 CONTENTS

(Medium-High RISK GRADE)

Component b b,
Roof Covering 0.05 1
Roof Decking 0.05 1
Roof Framing 0.05 1
Roof-Wall Connection Suct. 0.4 1
Roof-Wall Connection Intp. 0.4 1
Lateral Bracing 0.4 1
Openings 0.05 1
Claddings 0.05 1
Frame-Foundation Connection 0.4 1
Foundation 0.4 i
Gross Structure 0.4 1
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Table 5.4: Content Resistances for ISO GRADE 3 CONTENTS
(Medium-Low RISK GRADE)

Component by b,
Roof Covering 0.05 2
Roof Decking 0.05 2
Roof Framing 0.05 2
Roof-Wall Connection Suct. 0.5 1.45
Roof-Wall Connection Intp. 0.5 1.45
Lateral Bracing 0.5 1.45
Openings 0.05 2
Claddings 0.05 2
Frame-Foundation Connection 0.5 1.45
Foundation 0.5 1.45
Gross Structure ' 0.5 1.45

Table 5.5: Content Resistances for ISO GRADE 4 CONTENTS

(Low RISK GRADFE)

Component b, b,
Roof Covering 0.05 3
Roof Decking 0.05 3
Roof Framing 0.05 3
Roof-Wall Connection Suct. 0.5 2.05
Roof-Wall Connection Intp. 0.5 2.05
Lateral Bracing 0.5 2.05
Openings 0.05 3
Claddings 0.05 3
Frame-Foundation Connection 0.5 2.05
Foundation 0.5 2.05
Gross Structure 0.5 2.05
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Table 5.6: Assignment of Qualitative Erosion Potential Load

Zone Processes Hurricane Category
Class QOccurring in Zone* (Saffir/Simpson)
OREOREONECORNS)
1 Vi, Wy, S,E M M H VH | VH
2 Vi, Wa, S L L M H
3 Va, S VVL | VLL | L L
4 Vg VVL | VVL | VVL | VL L
*V4= Wind, W, = Wave action, S = Surge, E = Erosion
H = High, M = Medium, L = Low, VL = Very Low, VVL = Very Very Low
Table 5.7: Assignment of Qualitative Pavement Resistance
Pavement Systems Resistance
Runways < 10 years VH
Runways > 10 years H
Paved Roads M
Undesigned Concrete Surfaces M
Unpaved Surfaces L
Table 5.8: Assignment of Qualitative Pavement Failure Probability
Qualitative Qualitative Pavement Resistance
Erosion
Potential ¥ VH H M L VL
VH H VH VH VH VH
H H VH VH VH
L H VH VH
L VL L H VH
VL VLL VL L H
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Table 5.9: Quantification of Qualitative Pavement Failure Probability

Qualitative Failure Probability

Quantitative Failure Probability

VH 0.5
H 107!
102

L 107
VL 1o
VLL 107
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PART II: PML FOR DOMINICA INFRASTRUCTURE
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6.0 DESCRIPTION OF ELEMENTS AT RISK

6.1 Physical Documentation and Estimation of Replacement Cost for the
Infrastructure
The physical documentation for airports, electricity generation plants, waste
management system, health service facilities, road networks, utility poles, seaports,
wharves, primary schools, public buildings, secondary schools, etc.., are documented 1n
Appendix II. In the words of the local consultant, the values of the replacement costs

reported were generated using the following rationale:

“Generally public sector buildings are not insured and the few that are insured,
their replacement values are understated, given current construction cost. Therefore, in
the case of the public buildings, I have used my knowledge and experience in property
valuation and of the local construction industry to arrive at replacement values. With
respect to contents, the replacement values were determined based on discussions with
officials.

In the case of the private sector facilities — Electricity generation and Seaports —
values given were provided by the respective company or authority. These facilities are
all insured.”

Digitized photographs of typical structures in Dominica are also provided in

Appendix 1I.
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7.0 VULNERABILITY CURVES FOR BUILDINGS

7.1 Classification of Buildings for PML

To account for such differences as age, materials, construction quality, size, level
of engineering attention received, etc.., the buildings must be classified. Building groups
in each infrastructure division are analyzed and assigned to a category. For example,

essentially all of the buildings in the Dominica inventory fall into three classes.

The first building class, designated Building Type D-1 (a 1-3 story commercial
masonry structure), has the following characteristics: (1) the structure was fully
engineered, (2) the structure was built between 1958 and 1995, (3) the structure has a
gable roof, and (4) in the opinion of the local engineer the structure was of average
construction quality. This type of structure was typical for the airports and the electrical

generation facilities.

The second building class, designated Building Type D-2 (a 1-3 story commercial
masonry structure), has the following characteristics: (1) the structure was fully
engineered, (2) the structure was built in 1980, (3) the structure has a flat roof, and (4) in
the opinion of the local engineer the structure was of average construction quality. This

type of structure was typical for the schools, government buildings, and hospitals.

The third building class, designated Building Type D-3 (a 1-3 story commercial
masonry structure), has the following characteristics: (1) the structure was fully
engineered, (2) the structure was built between 1982 and 1994, (3) the structure has a
gable roof, and (4) in the opinion of the local engineer the structure was of average

construction quality. This type of structure was typical for the government buildings.

7.2  Assignment of Model Parameters to Building Classes
Using extensive raw data, expert opinion, and engineering calculation, a
systematic method has been developed to assign model parameters to any building class

once the type of information on the PML form has been provided. Examples of such

30



parameters for the airport building, electricity generation buildings, and the health
facilities are provided in Tables 7.1-7.3. Each table describes the construction material
used for each of the major building elements. For example for Building Type D-1, the

roof covering is provided by metal sheathing. Parameters a; and a; are used to define the
density function fy (r,) (i.c., the resistance of the component) defined in Equation 5.1.
Note that the units of a; and a, are in miles per hour. Also as discussed in Section 5.3,
the parameters by and b, are used to define the density function fj (b;) (ie., resistance
of the contents) in Equation 5.3. Note that the units of by and b; are non-dimensional. The
weighing factors I; and J; correspond, respectively, to w; and ¢; in Equations 5.1 and 5.3.

Note that the units of w; and ¢; are non-dimensional.

7.3 Generation of Vulnerability/Damageability Functions

On using the parameters in the above tables along with the damageability models
described in Chapter 5, damageability curves for each of the building classes can be
developed. Representative curves corresponding to the three building classes above are
presented in Tables 7.4 - 7.6. A graphic of the damageability showing the content and

structural damage ratio as a function of wind speed is also presented.
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Table 7.4: Structural and Content Damage Ratios for Airports and Electricity

Generation Facilities in Dominica (Building Type D-1)

Wind Speed (mph)

Structural Damage Ratio

Content Damage Ratio

5 0.000000 0.000000
60 0.003653 0.000462
70 0.035084 0.037773
80 0.102899 0.175393
90 0.193886 0.220598
100 0.280575 0.323409
110 0.364680 0.444799
120 0.465530 0.515341
130 0.577037 0611818
140 0.680010 0.749598
150 0.768098 0.870907
160 0.841296 0.954310
170 0.899188 0.977829
180 0.936545 0.980581
190 0.959014 0.984474
200 0.975817 0.989805
210 0.988098 0.994248
220 0.995705 0.997051
230 0.998837 0.998679
240 0.099348 0.999517
250 0.999668 0.999874
260 0.999880 0.999984
270 0.999987 1.000000
280 1.000000 1.000000
290 1.000000 1.000000
300 1.000000 1.000000

0

90

Strugtural Qamage Ralio . ......

140

190
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Table 7.5: Structural and Content Damage Ratios for Schools, Public and Health

Service Buildings in Dominica (Building Type D-2)

Wind Speed (mph)

Structural Damage Ratio

Content Damage Ratio

50 0.000000 0.000000
60 0.003653 0.000462
70 0.035084 0.037773
80 0.102889 0.175393
90 0.193886 0.220598
100 0.280622 0.323409
110 0.364747 0.444799
120 0.465561 0.516341 -
130 0.576986 0.611818
140 0.679829 0.749598
150 0.767742 0.870907
160 0.840718 0.954310
170 0.898484 0.977566
180 0.935838 0.979877
190 0.9568358 0.983320
200 0.975258 0.088574
210 0.987683 0.993545
220 0.995480 0.996691
230 0.998776 0.998517
240 0.999348 0.999457
250 0.999668 0.999859
260 0.999880 0.999982
270 0.9990987 1.000000
280 1.000000 1.000000
290 1.000000 1.000000
300 1.000000 1.000000
04 /

10

90

40

190

. Structural Demage Ratlo _......

Content Damage Ratio
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Table 7.6: Structural and Content Damage Ratios for Government Buildings

in Dominica (Building Type D-3)

Wind Speed (mph) Structural Damage Ratio Content Damage Ratio
50 0.000000 0.000000
60 0.003653 0.000462
70 0.035084 0.087773
80 0.102899 0.175393
90 0.193886 0.220598
100 0.280597 0.323409
110 0.366647 0.445129
120 0.470176 0.518760
130 0.584774 0.625132
140 0.691247 0.784690
150 0.783248 0.917243
160 0.860758 0.970420
170 0.918737 0.977829
180 0.953495 0.980581
190 0.972855 0.984474
200 0.986337 0.989805
210 0.994787 0.994248
220 0.998151 0.9970561
230 0.998857 0.998679
240 0.899348 0.999517
250 0.999668 0.999874
260 0.999880 0.999884
270 0.999987 1.000000
280 1.000000 1.000000
290 1.000000 1.000000
300 1.000000 1.000000

40

99

40

190

Structural Damage Ratio . .. ., ..

Content Damege Ratio

37

240




8.0 WIND HAZARD IN DOMINICA

The wind data for Roseau, Dominica, utilized in this study is provided in Table

8.1

Table 8.1: Wind Speed Estimation for Various Return Periods and Prediction limits
at Roseau, Dominica in Knots (After Johnson and Watson, 1998)

Upper Prediction limits
Mean Return \——=557 75% 50% 5% 59%
Period ¢
10 Year 62.8% 65.6 68.3 69.5 72.7
25 Year 80.1 84.0 88.3 91.7 102.2
50 Year 92.2 97.0 103.5 109.3 125.8
100 Year 102.9 109.6 116.9 124.9 141.4

*1-minute sustained at 10 meters

The credible events selected for this study are

(1) The 50% upper prediction limit MLE 50-year mean return period event (92.2
knots);

(2) The 90% upper prediction limit MLE 50-year mean return period event (103.5
_ knots);

(3) The 50% upper prediction limit MLE 100-year mean return period event (102.9
knots); and

(4) The 90% upper prediction limit MLE 100-year mean return period event (116.9

knots).

The exposure assumed for the island was Exposure C (see e.g., ANSI/ASCE 7-1995).
Exposure C includes open terrain with scattered obstructions having heights generally
less than 30ft (9.1m). In addition, the basic wind speed was modified according to
building height and topographic effects in accordance with guidelines presented in

ANSI/ASCE 7-95. Note that the topographic effects accounted for the wind speed-up
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effects expected in the island. Values for the topographic effect and the exposure

developed in accordance with ANSI/ASCE 7-95 are provided in Appendix L.

39



9.0. SUMMARY OF PML FOR DOMINICA

Vulnerability functions were generated for the various infrastructure elements, as
described in Chapter 5. The damage to the element resulting from the assigned hazard
assigned at that location was computed. In the case of buildings, damage to the structure
and damage to the contents were estimated. In some cases external equipment was
attached to a structure. Without additional information on the details of the equipment,
the value developed for the damage to the structure was applied to the damage to the
external equipment. The cost of damage to structure, contents, or external equipment was
computed by multiplying the probability of failure of the element by the replacement cost
of the element. The details of the calculation for all elements in the inventory are listed
in Appendix II for the four credible events, Summaries of the results for Dominica are

provided in Tables 9.1-9.4.

In Tables 9.1 — 9.4, the infrastructure elements considered are listed in the first
column. The replacement costs for the structure, contents, and external equipment for
each infrastructure element are listed, respectively, in Columns two, three, and four. Note
that the values listed are for all structures in that particular category. The total damages
(i.e., to structure, contents, and external equipment) computed for each infrastructure
element are listed in Columns five, six, and seven. Total replacement costs and damage
are provided in the last row of the table. The percent PML for each infrastructure element
is provided in Column eight of the tables. Note that the value in Column eight is obtained

using the equation:

Column?2 + Column3 + Column4 y
ColumnS5 + Columné + Column7

100

%PML =

The %PML for the entire infrastructure is the value in the last row of the Column
eight. A summary of the PML for the entire country and for the four “maximum credible”

events is provided in Table 9.5
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Table 9.5: Summary of PML Estimates for Dominica

Maximum Credible Event Wind Estimated Estimated %PML

Mean Prediction Speed Value of Losses

Return Limit Infrastructure

Period Sampled

(Years) (%6) (mph) (EC$) (EC$)
50 50 106 855,636,900 | 377,584,875 44.13
50 90 119 855,636,900 | 547,905,611 64.03
100 50 118 855,636,900 | 544,776,895 63.67
100 90 134 855,636,900 | 583,964,263 68.25
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PART III: PML FOR ST. LUCIA INFRASTRUCTURE

46



10.0 ELEMENTS AT RISK AND VULNERABILITY CURVES

The physical documentation for airports, electricity generation plants, waste
management system, health service facilities, road networks, utility poles, seaports,
wharves, primary schools, public buildings, secondary schools, etc., for St. Lucia are
documented in Appendix III. Assignment of replacement costs followed procedures
similar to those described for Dominica. A set of digitized photographs summarizing the
inventory is also included in Appendix III. The classification of building, the assignment
of model parameters for the infrastructure elements, and the generation of the

vulnerability functions, all follow the procedures outlined for Dominica.
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11.0 WIND HAZARD IN ST. LUCIA

The Wind data for Castries, St. Lucia, utilized in this study is provided in Table 11.1.

Table 11.1: Mean Return Period Estimation for Castries, St. Lucia in Knots
(After Johnson and Watson, 1998)

Upper Prediction limits
Mean Return |-—557 75% 50% 55% 55%
Period 4
10 Year 59.0% 62.1 64.6 66.0 71.0
25 Year 75.5 79.7 83.4 87.4 09.6
50 Year 86.8 092.7 101.0 107.7 131.1
100 Year 98.0 105.3 117.1 126.5 162 .4

*].minute sustained at 10 meters

The maximum credible events selected for this study are

(1) The 50% upper prediction limit MLE 50-year mean return period event (86.8
knots);

(2) The 90% upper prediction limit MLE 50-year mean return period event (101.0
knots);

(3) The 50% upper prediction limit MLE 100-year mean return period event (98.0
knots); and

(4) The 90% upper prediction limit MLE 100-year mean return period event (117.1
knots).

The exposure assumed for the island was Exposure C (see e.g., ANSI/ASCE 7-
1995). Exposure C includes open terrain with scattered obstructions having heights
generally less than 30ft (9.1m). In addition, the basic wind speed was modified according
to building height and topographic effects in accordance with guidelines presented in

ANSI/ASCE 7-95. Note that the topographic effects accounted for the wind speed-up
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effects expected in the island. Values for the topographic effect and the exposure
developed in accordance with ANSI/ASCE 7-95 are provided in Appendix IIL.
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12.0 SUMMARY OF PML FOR ST. LUCIA

Vulnerability functions were generated for the various infrastructure elements, as
described in Chapter 7. The damage to the element resulting from the assigned hazard
assigned at that location was computed. In the case of buildings, damage to the structure
and damage to the contents were estimated. In some cases, external equipment was
attached to a structure. Without additional information on the details of the equipment,
the value developed for the damage to the structure was applied to the damage to the
external equipment. The cost of damage to structure, contents, or external equipment was
computed by multiplying the probability of failure of the element by the replacement cost
of the element. The details of the calculation for all elements in the inventory are listed in
Appendix 111 for the four credible events. Summaries of the results for St. Lucia are

provided in Table 12.1 to Table 12.5.

50



<

SPTI YZS'6Y0'T | 095°'62L'2 8/0'205'vvL 0o0'ovY's | 09V vL8' VT Z6E'685 FOL'L jejoL
Al 169'80¢'8 000°060'10Z SDABUAN
0001 LSL" LT 605'L42'1 Logoalold adois
0001 000'8EE'2 000'08£'cZ yeudsy spodesg
00701 BLL'¥LT 68L'ivL'T 8jaIo0ucy)
00°01 BPE'LLL Ip'CLL L uayye]
00°01 £120°€98 €12'0£9's [neIsy
000! £96'Cr6'2T 128’65V 622 $91Q 30BUNg
0001 00.'y98°'12 000'2b9'8L2 yeudsy SHIOMPEOY
£6°9F - - 8/¥'9.5'01L - - 662'9€5'22 sjejrdsoy
010 665'0L1L LEL'B6E'SLL sAemuny podiny
£6°81 620'¥6 6LLVLL 210'666'8 000'00S 000'009 019'258' ¥ sbuipjing
€50 61622 £SH'opL'l 291'Z0z2'02 000'sZ 0oF' PPe't 188'95°TF s|1o00Y2s
$°€T - - 069'L€'EL - - SZ1'E8R'9S Aiojoey
P1HT z95'8¥y 925’6/ v16'298'L 000'SL8'L | 000'DBY'L 009'920°'2 xa|dwoy
SLst GE6'E8P'L | 098'829 G60'€85'+T 000'00L°2 | 000'0SL'8L 058122 vrl sbuipjing
1381 - - z2/0'2YT'8 - - 025'L28'¢Y JIUEN
($03) ($203) (823) ($03) 180D ($03) 1500 {$23) 1500 FTERTETE |
mmmrcmo wmmEmO mmmEmD «C@Emom_amm u:mEmom_QmN* ucmc.._wom_amm ainjonajseayul
TN % wawdinbg LDI0D) |einyanng juawdmbg SJUBOD amnpngg
($0d ut 18 sanea [[v)

JUIATY POLIdJ UAMIIY UBIJA] 183 X -0S FTIAL W] uondrpaag 1oddp) 905 sern 3§ 103 T "T°TI AL



[4S

9L°S¢ ¥6.4'296'C L¥G'orE'g 950'681 8Ly 000'0%¥'6 0o¥'v18'vE ZEL'GRG YOl L IF101
6L°L §65'059°G1 000'000°102 SanIBUM
00°0% §52'6E9 80S'LLZL Lonoajold adois
0005 000'069°L1 000'08E'€2 yeydsy suodeag
0005 v6R'sLE L 68L4YVL'T 8)210U0))
00°0¢ 8€.'085 9i¥'elL'L uaype3
00708 og1's18'e £42'089'G [oARID
00°0s ELE'BLLPLL 128'65¥'622 $81(] 0BHNG
00°0¢ 005'E2E'60L 000'2¥9'81Z Heydsy SHIOMpEOY
£9°1L - - ale'vrliglL - - G6T'8E6'2T sjepdsoy
001 LBE'E9L L LEL'BBE'QLL sAemuny podiiy
9L'8¢ L00'E61 6L0°LLE 0zZ'LIY'8L 000008 000'009 019'259' /¥ sBuippng
85°89 ZLo've LLL'OLO'E $95'8EE'6T 000'6Z 0SF' o'y IBE'OrS'ZY sjooyog
¥8' vy - - 0£0'605°62 - - GZL'£88°9S Kioyoey
66°9% orT'che $$9'265 L80'PSP'E 000°'G18'L 000'08Y'L 009'9Z0°4 xa|dwop
0EE L¥6°106'Z 2r9'959'z 0.8'¥6£'05 000'001'L 000'05L'81 058'12Z'¥¥L sBuipping
09°8¢ - - 0LG'216°91L - - 026'228'ch 1EN
(03) ($03) 803} {303} 150D {$03) 1800 ($03) 1800 JuaWR[T
mmmEmD mmmEmO wmmEmO EwEmom_amm EmEmum_amm EmEmum“amm 3injonaseajuy
TNd % wawdinb3 JUBIU0D [BINONNS juswdinba SJUBCD ampnng

($0d ur 218 sanfea [[v)
JUGA POLIDJ UANJOY UBIJA] 1€IX-0S ATl HWil'] uondIpaiy 1oddn 9,06 :elnT IS 10§ T "T'TI AA9eEL



129

$E1E GEF'FRs'e £0€'08L'G /86'86€70F 00Q'Cry'6 0st'vL8'vT Z6E'G85 YOL'L 12301
16'9 Zry'ces'el 000°000°102 SOMBYM
0008 6G/'GEY 60G'LLT'L 011931014 2doIS
00°0¢ 000'089'L1 000'08E'€2 yeydsy syodeag
00°0¢ $88'€LE'L 68.°IvL'T gjaiouod
00°0s 8€4'08G QLP'ELLL usypey
008 gelL'sLe'e €L2'089'S (Eh\=315]
00°0S EL6'6LL'PLL LZ8'BEY'6ZT $3I(] 90BHRS
00°05 005'€Z£'601 000'L¥9'8LE yeydsy sylompecy
ST'L9 - - L8E'LGLGL - - S62'8ES'TT sepdsoH
00°1 166'€91°L LEL'BBE 9L shemuny podary
9L pE Z16'2L1 6¥£'96¢2 185'8PS 9L 000'00§ 000°'009 0L9'768' LY sBuip|ing
S6'¥9 LGh'vE 0Z8'tv08°C LEP'8ER'LT 000'sZ 0o vv9'y L8E'9PG'ZY sjooyos
SL0v - - G9/'081'ET - - 6Z1'E8R'9G Aojoed
99°Ty LOZ'69. S LLY 66£'Z9L'E 000'618'1 000°08F'L 009°'920'L x3dwod
9" 6T z18'219'2 681612 o9bH'Z61'Gh 000 00L'L 000'05L'81 068'LZZ PPL sBuipjing
85°bE - - 809'951'G) - - 025 LZ8'E el
($03) 03 ($03) ($03) 180D ($23) 1500 ($03) 150D Juawagy
sbeweq abeweq afeweq wawsogday { juawasoejday wawaoeiday ainjanisenu)
TN % wawdinbg 30D jeimoanns wswdinb3 SIUBIUO0D ainpngs

($07 ut are sanfea V)
JUIAY POLIDJ UANIIY UBIJA S8 X-00] ATIA N wondpasd 1addpy o,08 ern IS 10) T "€'TI 219EL



125

§Eop 188'28¢€'9 009'vv6'ZL LYP'OPE'9ES | D00'0PP'S 0o¥'vi8'vZ Z6E'GBG'POL'L 1830,
88°91 €5t LZB'ee 000'000'LOZ SAAIEYM
00°05 GG2'GE9 606°'LLZ'L Lonosold 9dojg
00°0s 000'069'L1 000'08¢'¢€2 Jeydsy spodeag
00°0s v68'ELE"L 682'L¥L'T 3j210U0D
00°0¢ 8€.2'985 9P'ELLL uaypey
00°08 ocL'sig'z £42'0£9'G [aABID)
0008 CIB'BLLPLL JRA NN S TA sai( 9oBuNg
00°0¢ 00§'€2€'601 000'2+9'812 Neydsy SHIOMPEOY
18716 - - 282'169'02 - - S62'BES'TT s|eydsoy
000t ELB'6E9' 11 LEL'6BEOLL shemuny podiy
Ti'89 G9.L'vZE v18'0Lp 902'180'1€ 000'00S 000'009 019268 Lb sBuipjing
19°L8 ¥.6'%2 GZ5'Z80't T T T AR 000'se 0oF'¥ro'y L8E'OPG 2y s|00Y3sg
L0'oL - - 622'958'6¢ - - GZ1'£88'95 fiojory
L6'VL BLE'YOE'L oLe'ebLL 021'682's 000'618') 000'08+'L 009'020°2 x3|dwod
0v'8¢ £2C8'8CL'y LSS'Zye'L 9£0'L00' 28 000'001L°L 000'051'81 0s8'1LZT il sBuipiing
56°¥9 - - 682'/9v'ST - - 0zs'Les'sy JajIeN
($03) (303 ($03) (303} 1800 ($03) 180D ($03) 1800 FUETITETE]
abeweq sbeweq asbeweq juswaoelday swaoe|day powaoeideoy ain}onaysejuy
TNd % juawdinbgy Jus1u0) jeinonag uswdinbg SUBUOD anpnag

JUAAT POLIdJ UMY UBIN 183 X-001 A TN Bl uondpaag 1addp) 9,06 :eT 1S 103 TIAd b°TI 219EL

($0d ut axe sanjea (V)



Table 12.5: Summary of PMIL Estimates for St. Lucia

Maximum Credible Event Wind Estimated Estimated Y%PML
Mean Prediction Speed Value of Losses

Return Limit Infrastructure

- Period Sampled

(Years) (%) (mph) (EC$) (EC$)
50 50 100 1,198,899,852 | 149,277,163 12.45
50 90 116 1,198,899,852 i 428,698,392 35.76
100 50 113 1,198,899.852 § 411,713,725 34.34
100 30 136 1,198,899,852 | 555,673,928 46.35
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PART IV: PML FOR ST, KITTS AND NEVIS INFRASTRUCTURE
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13.0 ELEMENTS AT RISK AND YVULNERABILITY CURVES

The physical documentation for airports, electricity generation plants, waste
management system, health service facilities, road networks, utility poles, seaports,
wharves, primary schools, public buildings, secondary schools, etc., for St. Kitts and
Nevis are documented in Appendix IV. Assignment of replacement costs followed
procedures similar to those described for Dominica. A set of digitized photographs
summarizing the inventory is also included in Appendix 1V. The classification of
building, the assignment of model parameters for the infrastructure elements, and the

generation of the vulnerability functions, all follow the procedures outlined for Dominica.
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14.0 WIND HAZARD IN ST. KITTS AND NEVIS

The Wind data for Castries, St. Lucia, utilized in this study is provided in Table
14.1.

Table 14.1: Mean Return Period Estimation for Bassetterre, St. Kitts in Knots
(After Johnson and Watson, 1998)

Upper Prediction limits
Mean Return ——pa7 75% 50% 95% 59%
Period +
10 Year 61.4* 64.2 66.7 68.3 73.7
25 Year 772 81.4 86.4 90.7 112.4
50 Year 88.6 943 103.5 111.3 140.1
100 Year 98.5 106.3 116.4 1259 163.9

* ] -minute sustained at 10 meters

The credible events selected for this study are

(5) The 50% upper prediction limit MLE 50-year mean return period event (88.6
knots);

(6) The 90% upper prediction {imit MLE 50-year mean return period event (103.5
knots);

(7) The 50% upper prediction limit MLE 100-year mean return period event (98.5
knots); and

(8) The 90% upper prediction limit MLE 100-year mean return period event (116.4
knots).

The exposure assumed for the island was Exposure C (see e¢.g., ANSI/ASCE 7-
1995). Exposure C includes open terrain with scattered obstructions having heights
generally less than 301t (9.1m). In addition, the basic wind speed was modified according

to building height and topographic effects in accordance with guidelines presented in
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ANSI/ASCE 7-95. Note that the topographic effects accounted for the wind speed-up
effects expected in the island. Values for the topographic effect and the exposure are

provided in Appendix IV.
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15.0 SUMMARY OF PML FOR ST. KITTS AND NEVIS

Vulnerability functions were generated for the various infrastructure elements, as
described in Chapter 7. The damage to the element resulting from the assigned hazard
assigned at that location was computed. In the case of buildings, damage to the structure
and damage to the contents were estimated. In some cases external equipment was
attached to a structure. Without additional information on the details of the equipment,
the value developed for the damage to the structure was applied to the damage to the
external equipment. The cost of damage to structure, contents, or external equipment was
computed by multiplying the probability of failure of the element by the replacement cost
of the element. The details of the calculation for all elements in the inventory are listed
in Appendix 1V for the four credible events. Summaries of the results for St. Kitts are

provided in Tables 15.1-15.5.
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Table 15.5: Summary of PML Estimates for St. Kitts and Nevis

Maximum Credible Event Wind Estimated Estimated %PML

Mean Prediction Speed Value of Losses

Return Limit Infrastructure

Period Samptled

(Years) (%) (mph) (EC$) (EC$)
50 50 102 836,471,020 | 200,027,450 23.91
50 90 119 836,471,020 | 425,210,448 50.83
100 50 113 836,471,020 | 399,045,303 47.71
100 90 133 836,471,020 | 471,193,084 56.33
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