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ABSTRACT

Castries old Central Business District (CBD) and Dennery Village, in Saint cooi@oated by the
occurrencef floods.Both study aredsave experiencedsubstantial amount of loss from the impact of
floods. This research is focused on assessing the exposure and vulnerability of the elements at risk tc
floods in the study areas.

The method of data dettion for the assessments wasughthe use of aparticipatory approach
(voluntary mappinddy the local people. This proved to be effective in achieving the objectives of the
researchData on building characteristics for 536 buildings and 339 buildings were collected through the
participation of the olunteers at Castries diBD and Dennery Village, respectively. Furthermore,
additional building and population characteristics were collected at 94 households during the househol
interview at Dennery Village.

Exposure analysiwas carried out to assethe exposure of buildings and population during the
December 2013 flood event, at Dennery Village. Theinekcdtted that the buildings and population
had a low exposure during the eveldwever, his result can be improvéarough the use adin
improved flood map.

Physical vulnerability assessment of buildings was conducted using two methods, nauetyagiepth

and Spatial Mul@riteria Evaluation (SMCE). Thikepthdamage method was used to assess the
vulnerability of building structuresthe touseholds that were affected by the December 2013 flood
eventat Dennery Villag&ight common structural types were found in the study area during the building
inventory. However, out of these eight tyffes interviewed households had four structyres fjhe
relationship between flood depth and darftaghe four structural typegsplotted into a vulnerability
curve.Fromthe assessment it wasservedhat themost vulnerable structural type of buildiog) the
interviewed householdsthe strucural typemade ofwood wallwood floor andgalvanized iron sheet

roof. While he least vulnerable is the structural type made of concrete wall, ceramic,titasl floor
painted steel sheet roof. TBBICE methodwas used to assess (gsical vulneraltyt of the etire

buildings in Castries old CBidd Dennery Villagd he wei ghts assigned to t
6cl assesd were derived during an expeFromtheessi
assessment, 14% and 32% of thielibgs in Castriesld CBD and Dennery Village, respectively, were
found to be highly vulnerable to flooAscomparisorof the physical vulnerability maps of buildings
produced from the two methods was conducted at the Dennery Village study areanribebtlie
assessment showed that the vulnerability values of the buildings from bath moagemparable.

Keywords:
Saint Lucigtlood ExposurePhysical Vulnerability Assessmeisluntary Mypping
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1. INTRODUCTION

1.1. Background

The world is faced with an incremsdisasters due to natural hazards, which often leads to great loss in
the society. Hundreds of millions of people are killed and every year millions are injured, affected or
displaced. According taternational Council for Scien(008)most disaster losses originate from
climate related hazards like hurricanes, floods, landslides, heat waves and drought; and current evider
has shown that global climate change will continue to increase the frequency and severity of these hazart

Therisks associated with natural hazards are constantly increasing due to urbanization, rapid populatio
expansion, and widespread poverty in harang areas (International Council for Science, 2008). For
example, most of the largest cities in the wigltbeated in either coastal or seismically active regions,
which are dangeroudso,certain activities of the peoflerease the riskike changes in land use which

can increase landslides and flooding; destruction of mangroves that can redo@et thesitorms in

coastal areas; and slash and burn type of agriculture that contributes to greenhouse gases which increz
gldbal warming

Saint Lucia is confronted with the occurrence of natural hamdabngfloods Its location in the
Atlantic Hurricane belt makes it highly exposed to tropical storms and hurricanes thaswfteto
floods (Global Facility for Disaster Reduction and Recovery, 20@tjble storms include Hurricane
Allen (1980), Tropical storm (later Hurricane) Debby (1994asTa610andtropical storm (Christmas
Eve 2013)

Thedamage and lsss as a result fbodingis much and impedes on the growth and development of the
country. Disaster statisticsRieventionWel@Disaster StatistiesSaint Lucia Americas Countries&

Regions PreventionWeb.nef.d.) shows that a considerable amount of damage, deaths, and affected
people from 1982010 results from storm events. Recent example was the passage of a tropical weathe|
trough in December 2013 which resulted to combined damage and losses of US$ 99.8 million, which is a
equivalent of 8. 3 pHssebae 2014)hedventtled ewidespréad flodding in GD P
Central Castriemnd Dennery villageeveral people had to be evacuated fioodinundated houses
because the water depth was up to fivédfdgemetersandsome bridges where damaged or overrun by
flood (Freak Storm Devagts Saint Lucia, Dominica and St Vincent on Christmas Eve | Caribbean Book
Blog on WordPressmp 2013) Another example was Hurricane Tomas in 2010 with a total impact
estimated at US$ 336 million, affected major sectors of the economy and dimiwishedrgrghly 34
percent of (Fissehaj20ld)Jandds GDP

Saint Lucia is highly vulnerabldlémdsdue to activitieby the people such as, e of substandard
materials for construction; lack of uniform enforcement of building; dadesof legal title (land
ownership/tenure) which has led to unsustainable land use and poor conservation(@lalttes
Facility forDi saster Reduction and Recovery, 2010) . I
critical infrastructures such as seaports, airport, fuel storage, water production for the north of the island
and roads are concentrated along the coast or-tyingweclaimed coastal areas of Caéifidsret al.,

2012) Furthermore, the location of most towimeluding Castries old Central Business Di&RID)

and Dennery Villagim relatively flat stream valleys adjacent to thencakss them highly susceptible to

storm surge and floodEhe conversion of upper watershexsgricultural land use has resulted to an
increase in rainfall runoff which leassequently increased the potential for coastal flood.
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The impact of floogl on the built environmemind population can be reduced by a proper physical
vulnerability assessmedh the other hand, identification aggtimatiorof the exposed buildingsd
populationwill aid in defining areas of priority for effective planning and mitigation strategges.
vulnerability assessment (including physscat) essential step to reduce the negative consequences of
natural hazards on the vulnerable sooietxposed elements at (Blchset al, 2012)

1.2. Problem Statement

As discussed above, major towns of Saint Lucia including Castries old CBD in Central Castries and
Demery Village are being affected by the impact of fl8edsral factors have made it difficult to

conduct a proper physical vulnerability assessment in the island, including both study areas. They include
lack of adequate and sufficiently detajlsmspaal data and nomrincorporation of local knowledge
(Opadeyket al, 2003)In terms of lack of datthe building footprint of both study areas does not have

the necessary attributes requiregfiysical vulnerabilinssessment.onsequently, conducting a proper

risk assesment irboth study aresand the entire island is difficult or even impossible.

There has not been any precise physical vulnerability assessment in both study areas due to some of the
reasons outlined in the preceding paragraph. Therefore, this resaereth at identifying and collecting

the required data that can be used for conducting a physical vulnerability assessment of buildings and
population to floods in both study ardsdditionallythe research intends to incorporate the knowledge

and paticipation of the local peos the main method for data collection.

1.3. ResearclDbjectives

The main objective of this research isidentify and collect relevant characteristics for assessing the
physical vulnerability of buildings to floods; and tg oat an exposure analysis.

To achieve the main objective the followingohidctivesare defined
1. To assess the feasibilitycoflecting the required characteristiegdements at riskith voluntary
mappingduring field survey.
To carry out an exgure analysis of buildings and populati@ennery Village study area
3. To conduct vulnerability assessment of buildings using two diffethatis namely depth
damage and Spatial Multi Criteria Evaluation (SMCE)

N

1.4. Research Questions

1. Is the use of voluary mapping for collecting tbiearacteristics effective?

2. How is the exposure of buildings and populati@ennery Village the December 201®od
even?

3. Which structural type of buildings are the most vulnandbénnery Village

4. What percentagéd building structures is highly vulnerable in Castries olci@BDennery
Villag®

5. Are the results derived from physical vulnerability assessment oftusidipgpoth methods
comparable?

1.5. Project framework or cooperation with other groups

This researcis part of the World Bank projecaribbean Handbook for Risk Information Management
(CHARIM) funded bythe African, Caribbean and Pacific Group of Statespean UniorfACP-EU).
The project started Rebruary2014and will end in 2013he mainaim ofthe project is to build the
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capacity of government organizations in the Caribbeaninefiioimg Saint Lucio develoglood and
landslidéhazard and risk informatidimat will be applied in disaster risk reduction use cases with a focus
on planning ahinfrastructure through the development of a handbook, hazards maps, use cases, and dat
management strate@yne of the objectives ie develop amumber of use caset the application of

hazard and risk information to inform projects and programnofiqgand infrastructure sectdnsthe
framework of the project, this research was carried out to assess the exposure and physical vulnerability
the elements at risk to flood hazdrde outcome of this research can be used as a valuable input by
plamers for effective spatial land use planning and risk zoning in Castries old CBD and Dennery Village.

1.6.  Structure of Thesis

Chapter 1Introduction. This chapterivgs a shortntroduction about the researcthe background
problem statement, objectivesl aasearch questions to be achieved, and the project framework within
which this research is conducted.

Chapter 2 Literature review: This chapteroyides a aview of literaturgertaining to definitions,
conceptsand methods that are relevant to #sgarch.

Chapter 3Study area: This chaptéveg adescription othe two casestudy areas which includes its
location, topographglimate and rainfaklemographyurbansettlementand land useand economic
activity Physical vulnerability of builgsto floods using the indicator based me(SMCE) is
conducted for both study areas. While the comparison ofddepéige and indicator based method is
performed at one study area.

Chapter 4 Research methodology. This chaptewviges a detailed ddption of the research
methodology at the various stages, starting froiffirelog@ork to posfieldwork. It also explains the
methodsadopted in data collectiand analysis.

Chapter 5Analysi®f elements at risk. This chaptersents thenalysis ofhe characteristics elements
at riskfor the case study areas.

Chapter 6Exposure analysis to flood. This chaptscibes the flood hazard including flood depth and
flood levebased ondathe r i ved f r o m kriowledgelamdparticipaticeg onp $tuelydasea. It
also, includes thleposure analysi$ buildings and populatioa flood, andthe results obtained from the
analysis.

Chapter 7 Analysis of physical vulnerability to flood. This chapptaies the lpysical vulnerability
asssesmentor buildingsat both case study areas, and the outcome of the results.

Chapter 8 Conclusion and recommendation. The final chaftessthe anclusionof the results
obtainedor each research questiand recommendatidar future research.
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2. LITERATURE REVIEW

2.1. Hazard

There are several definitions of haz¥arnes(1984)defined natural hazard as the prdinabf
occurrence of a potentially damaging phenomenon within a given area and a specified pefibis of time.
implies that hazardsin be potentially dangerous especially if they occur in populated areas and may leac
to great impact in such areas dejpgndn the hazard intensity dmmv vulnerable the elements at risk

are. UN-ISDR (2004)mentioned that evehazardis characterised by its location, intensity, frequency

and probabilityT h e i r definition of hazard is a Opotent
human activity that may cause the loss of life or injapgryr damage, social and economic disruption

or envi r on me nCroaiér (1898) @s cited Mytschroidt(#011)d e f i ned nat ur al
condition that expresses the probability of a damaging event occurring with a specified magnitude within .
defined time géd and area, i.e. the magnitfrdguency relation of processes such as earthquakes,
floods or | a n d sHufscnads$(2011)suklt & concdpitualigatiom of hazard is widely
accepted and applied in present day risk researches.

2.1.1. Flood hazard

Among all natural shsters, flood is the most frequent in occuri(@heet al.2012)and are among the

most destructive and widespread hazards in the (Alkddnaet al, 2011)It may occur as a tdsof

ground infiltration; failure of dams, pumping sysemdsreservoirs; from glacial melt, snowmelt or
rainfall which can develop into flash or riverine fload can originate from the geahe forms of

coastal degradation and storm sgihaet al.,2012) Other causes of flooding includes population
growth; urbanization; lande such as deforestation, intensive agriculture, and unplanned flood control
measures; cyclones; and climate clfabgrC, 2005)

There are several types of floddset al.(2012)categorizedloods into the followinglasses, namely,
urban floodhg, flash floodriver or fluvial floodssemipermanent flooding, coalioods groundwater

floods pluvial or overland flood Additionally, the characteristics of floods are important in
understanding the physical hazard posed by that flood type. Thesevitkrddspth and its spatial
variability; spatial extent ofiidation, particularly at areas that are not normally covered by water; water
velocity and its spatial variability; durasiofiooding suddenness of onset of flooding; and the capacity
for erosion and sedimentati®MO, 1999)

In Saint Lucia th#ood type isisually classified #ssh flood Most of the floodsriginates from tropical
storms and affects the flat leying areas of the islarkhis flood typds characterized Ryigh water
velocity, short duratipand most timdsleads terosion and sedimentation in the environment

2.2. Exposure

Messner et a2007)defnes exposure as the quantification of the receptors (e.g. population) that may be
influenced by a hazard (flody, example, number of people and their demographics, number and type
of properties, et&Exposures one of the components of risk; ddlaet al, 2012)stated thato fully

evaluate risk, it is important to consider the degree of expibguneature of exposed receptors
(vulnerability) and their potential to airsbr resist damaddence, it can be concluded that exposure is a
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function of the interaction of hazarluding floodwith theelements at riskhe term elements at risk
is defined as oO0objects which pogspeepR, progeties,pot ent
infrastructure and econo mfHofscanidtet al.,i2005)es i ncl udi ng

In most assessments, exposure is usaaig outthrough thecombination (spatial overlay) of a hazard
(flood) map withthe elements at risk mapa specified location (snd at a given period of tinAdter
that, the number of exposed elements at risk is calciiaedmplds astudy condued by(Peduzzet

al, 2009, where the exposure of people to four diffematiralhazards, including floods was extracted
by an overlay of the hazards with the population distrilusiignthe Disaster Risk Index (DRI) model.

2.3.  Vulnerability

Vulnerability is a broad concept with several mesademending othe perspective dhe various
disciplines.According toBirkmann (2006) the current literature contains more than 25 different
definitions, concepts and methods to systematise vulnerability. He also, states thae thedpiod a
universal definitiomf vulnerabilityyarious disciplines have developed their own definitions and pre
analytic visions of what vulnerability means.

Currently, théwo main perspectives the concept ofulnerabilityare, one frommatural ad engineering
scienceand the otherfrom social sciendglufschmidtet al, 2005 Sterlacchini et al., 201Katural

scientists relate vulnerability to the susceptibility of people, infrastructure and buildings to a hazard;
engineers describe vulnerabitity a structural perspective, for exampliédibg structures, bridge
designs, etayhile social scientists focuses on the vulnerability of freofdehmidt et al., 2005)

UNDRO (1979)defines vulnerability as the degree of lossiveragement at risk or a set of elements at
risk resulting from the occurrence of a natural phenomenon of a given magnitude and expressed on a
scale from 0 (no damage) to 1 (total damage).

UN-ISDR (2004)defines vulnerability athe conditionsletermined by physical, social, economic, and
environmental factors or processesid increases the susceptibility of a community to the impact of
hazard. This definition encompasses various conditions that have impact on the susceptibility of a
community(Birkmann, 2006 he physicalaspectof vulnerabilityrefers mainly to considerations and
susceptibilities of the built environment and location; and may be determined by population density levels,
the site, degh and materials used for critical infrastructure and housing, and remoteness of a settlement.
Social vulnerability refers to the level of-lwedtlg of individuals, communities and sodteitycludes

aspects related to levels of literacy and edudhtoaxistence of peace and security, access to basic
human rights, systems of good governance, social equity, positive traditional values, customs and
ideological beliefs and overall collective organizational syStememic vulnerability relates to

ecoromic status of individuals, communities and nations; the poor and elderly group in most regions are
more vulnerable than economically better off segments of society. Also, inadequate access to economic
infrastructure such as water, transportation, sewajeéneal t h care facilities, i
risk. Finally, environmental vulnerabibfiers mainly tthe state of resource degradation and the extent

of natural resource depletiéactors like inappropriate forms of waste managemenakgpegensely

populated urban areasduced access to clean air, safe water and sanitation; diminished biodiversity, soll
degradation or growing water scarcity, and pollution influence environmental vulnerability.

According tovan Westen & Kingm@011) physical vulnerability r e f ehe potential for physical
i mpact on the buil t .Eheautharsstatec thattican denrdlatiyelp guantifiad i on 6
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because it is directigpendant on the physical impact of a hazard ewehit elates to the magnitude
and intensity of the hazard, and the characteristics of the elements at risk.

In this researclthe focus of vulnerability is on the physical environment, and in gramicihe impact
of flood to the built environmenAlthough the main focus is on buildimgulation islso,considered

becauseheyreside in buildings and might be injured or killed duringn@act of hazard (flood) to
buildings.

2.4. Physicalulneraliity assessment

Physical vulnerability assessment to fldedls withascertaining the level of damage ortéoasset of
elements at risk in a specified location. These (dsseageran be either direct or indirebirect
damageefers to damagedtoccus due to physical contact of fleeaterwith human beings, properties

or any objectConverselydamagevhich is induced by the direct impswth aslisruption of traffic,

trade and public services, but occurs in space or time outside theefhvdsl mferred to as indirect
damage€Bichele et al.086) However,the most frequently evaluated losses are structural damage or
collapse to buildings; neiructural damage and damage to contents; fatalities; andyajuiNgesten &
Kingma, 2011)

There are twangor approaches of flood vulnerability assess(@amtearet al, 2013) One approach

focuses oreconomic damage in terms of quantifying the expected or actuak danmsmgtructure
expressed in monetary terms or through an evaluation of the percentage of the expected loss; while tf
secondapproach deals witthe physical vulnerability of individual structures and on estimating the
likelihood of physical damages altapse of a single element, for example, buiklindpermore, the

authors mentioned thaiithin the second approatko main methodeamely, empirical and analytical
methodcan be identifiedEmpirical methadhrebased on the analysis of observed qaesees through

field mapping, questionnaires, and interviews. In other words collection of actual flood damage data afte
an eventThe main advantage of empirical methods is the use of real data; but it depends also on
r e s p o misk pencepsioh and @aavailabilityn contrast, analytical method involves the direct control

and quantification of different flood parameters such as duration, impact pressure, velocity, etc., on the
structure.However this method is resource demanding (time and monepgrnts a better
understanding of the relation between flood intensity and degree of damage to an exposed structure wit
definite characteristics.

Based on the above explanations, the scope odgbaclis limited todirectphysical floodlamagéeo
buildings using data collected from field mapping, questionnaires and irfeang&igal method)

2.4.1. Physical vulnerabilitgssessment methods

Three main methods are commonly uséldeirempirical approach pifiyscal vulnerabilitassessments
and eacimehod requires different parameters for expressingdtmethods atagedamage functions
(vulnerabilitycurved, vulnerability indicators, and damage matHoegever, the first two methods are
commonly used for vulnerability assesstodioiods.

A. Stage-damage method

Direct flood damage in physical vulnerability assessment is often conducted using-dhmajage
method.In stagedamage method, direct damiageased orstage height (water depitijh eitherthe
percentage damage or ltsduildingstructure and /or to building conter{ididdelmansFernandes,
2010) This method requires extensive information on damaged Buidsogdamage is restricted to
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one characteristic of a building without taking into consideration othersiacioas building age, height
from the groundetc.,that influences the vulnerability of the buildappeset al, 2012) However it
shows thexplicitreldionship between hazard, vulnerability and daieg®ni et al., 2006\ccording

to Smith (1994) stagedamagdunctions ¢urve} ae the essential building bloeckgon which flood
damage assessments are based, antearationally accepted as thaeddad approach to assess urban
flood damage.

Stagedamage functions are produced in two ways, namely empirical curves and fegotioetic
(Middelman#ernandes, 2010)he former is based antualdamages from a historical flood event in a
particular locatioand includes the influensemany physical factofgarameterg)n buildings such as,

water depth, velocity, contamination, sediment, debris load, duration of inundation and warning time. The
latter are hypothetical curves developed independently from historical flbmdadgtacific areaand

are based on one or two parameters such as, water depth, duration and/or warning time.

Severaphysical vulnerability assessmkat® been conducteding the staggamage functigrand in

such assessments, one or more parameteiselemveonsidere{reibich et al(2009)consideredvater

depth and flow velocity as the flood paramé&msttenthaleet al. (2010)considered water depth,
contamination by oil anstatic damageMiddelmans-ernandeg2010)in a damage assessment of
residential structures to floods in Perth, Australia considateddepth and velocity the study a

comparison of damage was made using water depth and damage; and velocity, water depth and damage
parametersn HOWAS databasdhe watedepthparameter was considered for assessing the damage to
buildings that occurred in nine flood events in Gerfheagsner et al., 2007)

In order to develop staglamage functions for a building (s), several steps are taken. In a study by
(Schwarz & Maiwald, 2008he step taken includes, harmonization dafmage descriptions and
assignment of repeatedly observed effdefmition of damage gradesirelation of flood impact
parameters and building damaaggregation of buildintypesinto their vulnerability classes; and
correlation between damage graiid inundation lev@lhe damages are usually expressed on a scale of O
to 1 at the yaxis with 1 meaning total destruction. While #wesxshows the intensity of the hazard
(flood).

In line with the above discussiamter depth is considered aspghmmeter for asssing the damage to
buildings by flood, in this research.

B. Vulnerability indicators

In vulnerability indicator methodardage assessméniconducted by taken into consideration all the

factors thatnfluencethe physical vulnerability @ building According toVillagran De Leok2006) the

three vital aspects in the context of indicators are the characteristics or inherent properties of such
indicators, the methodologies regarding data management and processing inherent to each one, and the
availability of data to obtain thefdditionally, the design of the indicators is usually based on their
expected use.

Severalesearchers (eRppathom#&ohle et al. 2007 Alkemaet al, 2012 Kappe<et al, 2012 Thouret et

al, 2014)have conducted physical vulnerability assessments through the applitifidoenthdicator

based methadAmong them are SMCE and fhapathoma Tsunami Vulnerability Assessment (PTVA).
SMCE method was used Bykemaet al.(2012) for the assessment wiultrthazard vulnerability

(including physicalt Nocera Inferiore, in Southern Italjhe main stes that was used for the
assessment includes, a structuring of the decision problem; standardization of the parameter maps (i.e.
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transformation of the parameter values into scoreg)pfp@ioritization (i.e. assigning of weights to the
criteria); and agggation of the maps (i.e. the combination of the maps in a decision model).

Additionally,the selection of factofmdicators¥or physical vulnerability assessmeaties, and it is
usuallynfluenced by the aim (goal) of #ssessmeand the type diazardin the study byPapathoma

Kdhle et al., 200,7/0he wall material, existence of a surrounding wall around a buildibey, of floors,

existence of largeindows towards the slope, and warning signs were the selected factors for assessing the
vulnerability of a building to landslidékemaet al. 2012)includedthe material for constructing the
building, number of floer the floor area of the building and other fadtotise physicalvulnerability
assessmefdr four natural hazards including flobdthe studies b§Thouret et al., 201Kappes et al.,

2012) the age of a building, level of maintenance, number of floors, and other factors were selected a
indictors for assessing the physical vulnerability of buildings to different hazards, including floods.
Granger et al. (19995 citedby Kappes et a{2012)suggests that floor height is the most important
characteristic for physical vulnerability to floods, followed by number of storiesy lbgigi wall

material, and the existence of large unprotected windows as well as plan regularity.

In this researciphysical vulnerability assessment of builthritrgod will be conducted usirige SMCE
indicatorbasednethod. SMCEwas considered becausenhances participatory approach, and includes
the use of the peopl eds p e rToespléciethctorsthabwilde usedi or i
in the physical vulnerability assessmenbuaising age, wall material, maintenance, heigh¢ #e
ground,and number of floors

2.5. Hements at risk

Identification and mapping of elements atisisinimportant taskn physical vulnerability assessments

In orderto map the elements at risk an understanding of its characteristics is\éasmmialements at

risk, for example buildings and population have different characteristics that are foeckssdry
physical vulnerability assessmémtserms of lildings, characteristics suchwaall material, occupancy
type building height fromhe ground, number of floors, etc. are nece¥ghite the number of people in

a building, the age distributiomymber per building during the day or night, and other characteristics
depending on the purpose of the study are necessary for populbtéability Additionally the
characteristics differ for different hazafelsr example, the characteristic of a buiklisbape is
important for earthquake while it is not so important for floods.

However, one of the limitations is the lack of requiredrdgarding the characteristics of elements at

risk; or if such data exists, it may either be inadequate or may not be suitable for the level (scale) ¢
purpose of the assessment. For exarRgleathomdohle et al. (2007 notedin an assessment of
physical vulnerability of elements at risk that the main limitation was data availability and costs. The}
suggesd that data for characteristics of elements at risk can be collected thphaybgaaphs and

remote sensing, local authorities, questionnaires and field survei@ppeset al.(2012 indicated

during an assessment of the physical vulnerability ohazaltds (including flood) that the major
drawback of the method was lack of dEtey suggested that complementary data through the use of
Google Street view (if available) or cotigpleof questionnaires by people that reside in the hazardous
areas, will considerably improve the vulnerability assessment.

2.5.1. Land use classificatisthemes

Land use is one of the most important spatial characteristics of a defined location for teteskents a
inventory(van Westeret al, 2011) It determines to a large extent the type of buildigscan be
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expected in a defined locatitre econoia activities that are carried diag density of the population at
different periods of the day, dteand usaypescan bedeterminedhrough the interpretation shtellite
imagery{preferably high resolution imafje)d survey, Google Street viesvia photographs, etc.

There areseveraland use classification schere@gamples @&, the classification thfe urban or buitp

land byAndersonet al. {976)into seven classes, hamg)yesidential2) commercial and servicés;
industrial;4) transportation, communications, and utili@sndustrial and commercial compleX®s;

mixed uban or buikup land; and) other urban or buitip land.Another type of classification of the

urban and developed land into eleven classes is by the North Carolina Center for Geographic Information
and Analysi§CGIA, 1994)In the HAZUS-MH methodologybuilding occupancy (which also refers to

land use) was classified into seven main classes, hprasigential?) commercial3) industrial;4)
agriculture’) religious/nonrprofit; 6) governmentand 7educatiofFEMA, n.d.)

In line with the preceding paragraphs, elements at risk inventbig fesearcts conducted through
field surveyandthe land use classificatid; adapted frona combination of the abe classification
schemes, with main focusharldings

2.6. Participatory approaches

According to the UNSDR Hyogo Framework for Action (26@®15), community involvement is vital

for disaster risk reductigyN-ISDR, 2005)An integratin of the krowledge and participation of the
localpeople can be effective in collecting the required data (or inforfioatgmn)sical vulnerability and

risk assessmentganet al.(2009)emphasized that importance of community knowledge of the physical

and social environment is vital for natulisaster management. Especially in the aspect that the local
people have a firkand experience and knowledge of the disasters and are able to talk about the extent,
and how they were able to cope during and after the lewehermore, the people km@ great deal

about their surroundings and are able to indicate the areas that are prone to floods, houses that are built
on platforms high above the ground and houses that aemaateas where water currents flow faster

during floods

Some researaisge.gPetersGuarinet al, 2012Chingombeet al, 2014; Tran et al., 2009) have used local
knowledge to retrieve vital information (e.g. on characteristics of elements at risk) that assisted in disaster
risk managment of an area, and have sugijestits usefulness. Information ool through surveys,
interviews, transect walks, focus group discussions, expert knowledge, parGapgtaphic
Information Systent3|S), etc. were then entered, stored, analysed and retrieved using GIS.

Therefore, this research will adopt padioiy approach as the main form of data collection. More
emphasis is on the use of volunteers during the field survey.

10
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3. STUDY AREA

The two study areas, CastriesC#dtral Business District (CBD) and Dennery Village are lioctited
Eastern Caribbeasland ofSaint LucidFigure 2).

3.1. Geographical Location

Sudy aredl-Castries old Central Business District (CBD) is situratbd northwest of the island at
latitudel4’ OE46'N to 14 0E23'N and longitud&® 59E40'W to 60 5959"W (Figure 3l), andcoversan

area 00.36km. It is located in thdistrict of Castrieg-igure 2)which is theapitalandlargest city of

Saint LuciaCastries old CBD is classified under the census district of Castries City which is in the political
(electoral) cotituency of Castries Centfaable 31).

7
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D Castries old CBD

ATLANTIC OCEAN
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Figure3-2: Map of Saint Lucia

Legend
D Dennery Village

Figure3-3: Location of Dennery Villag2014Pleiadesatellite image

Study eea 2 The precise study area gart of the entire Dennery Village settlepspecificallyhe flat

valley adjacent to the codstthis research, the small part of the settlement is referred to as Dennery
Village. The study arisalocated at the ¢aast of Saint Lucia within latitudé 3444 "N to 13 545

28"N and longitude 86G3E43"W to 60 5314"W (Figure ), and covers an area of approximately

11
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0.28km. It is located in Dennery distri€tigure 2) under the political constituency of Dery South
(Table 31).

No | Political Constituency | Total Households | Total Population
1 Gros Islet 8 600 22 493
2 Babonneau 4578 12 723
3 Castries North 4321 11 825
4 Castries East 4232 11 939
5 Castries Central 2 813 7 398
6 Castries South 3424 9504
7 Anse La Raye_Canarig 2948 8 291
8 Soufriere 2 875 8472
9 Choiseul 2 069 6 098
10 | Laborie 2914 8 691
11 | Vieux Fort South 3304 9 140
12 | Vieux Fort North 2 351 7 131
13 | Micoud South 2 487 7 326
14 | Micoud North 2 465 6 982
15 | Dennery Soit 1770 4920
16 | Dennery North 2632 7679
17 | Castries SoutBast 5108 14 983
Total 58891 16 5595

Table3-1: Political Constituency and estimated 2010 population
SourceCentral Statistics Offi¢z011)

3.2.  Topography

The topogaphy ofSaint Lucids mountainoysandit is dominated by a centrabuntainridge that
extends along the nowslouth axis of the islandhd highest elevationasMt. Gimie (950 myvhere the
slopes arextremelysteep Other high peaks at the southestern coast of the island incluble twin
peaks of Gros Piton (797 m) and Petit Piton (75T0he)main drainage netwsdmanatefom these
mountains towards the Atlantic Ocean to the east aGaitindean Sea to the west.

Castries old CBI» locatd in a flood plaimvith a maximunelevatiorof 10m above sea levEhe slope
varies from 5% and laout 64% of the study area falls within the slope rang2 @f.Uhe principal
drainage system consists of Cad®ies at the southern part of the spuatrea.

Dennery Village is located at the flood plain of Dertiggy and it issurrounded by urbanized hills
The slopevariesfrom 0-55% and the highest elevation is approximatelyaBdve sea levélhe main
drainage network consists of DennergiRav the south, and a central drain network that is connected to
the Dennery River.

3.3. Climate and rainfall

Saint Lucia has a tropical, humid climate moderated byeastttrade wisd all year round. Mean

annual temperatures at sea | evel, range from 26E
mountain peaks. Relative humidity ranges in the high of 70% year round. Two distinct rainfall patterns

are, dry season from DecemtzeMay and wet season from June to November. During the wet season

12
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the island is invariably affected by hurricanes and other tropical storms; and the season is sometime
referred to as the hurricane sease@rrage annual rainfall ranges from 1300 mhe a&iobstal areas to

3810 mm in the rainforest interior area. This is mostly due to orographic effect of the general topography
of the island with a lower coastal areas and high central mountgWaalagBank, 201.3)

3.4. Demography

Castries is the mosbpulous district in Saint Luaidth a totalestimated 201gopulationof 65, 950
persons(Francis, 2014)The distrit 6 s popul at830kme Frbra the RGlY cerisishet
population of Castries City fell from 7.9% in 2001 t he di stri ctds tot al p o]
was due to the movement obpke from Castries City @astrieRuraland Grosdslet. However, he
estimatedhousehold populatioof Castries Citis 4, 173 andout of this sum2, 044are maleshile 2,

129are females

The estimated total population of Dennery district from the 2010 census is A€rs6889The
population density is8lkm2, According to the 2010 censD&nnery is among the districts in Saint
Lucia that has experienced a declire. 8% in population sif€entral Statistics Office, 20H9wever,
the estimated household populatinrDennery south constituerisy}, 20, and out of this surg 433

are malewhile2,487 are females.

Furthermore,htere has éen a decrease in the average household size of the island from 1991 to 201
The average household size decreased from 4.0 persons per household in 1991 to 3.3 and 2.8 persons
household in 2001 and 2010, respectively. Howleweaydrage householdesdf the islantias been

steady with a 2014 estimat@.8fpersons per househ(fdancis, 2014)

3.5. UrbanSettlemenPatterrand Land use

In Saint Lucianost of the settlement patternslamateddong the flat coastal arédsth an increase in
population, the settlement pattern has expanded from the low lying urban areas to the surrounding hills
where most of the settlements are unplanned.

In terms of land use, 100% of the land uasirie®ld CBDis urban settlemernthe total number of
buildings and business plates the 2010 censun,Casties district is 23, 966 and80, respectively.
While inCastries Citthe total number of buildingsdbusiness placesl, 826 and 1, 132sgctively

In Dennery Village, there are five land use types, namely, Rock and Exposed Soil; Scrub Forest; Urbe
Settlement; Grasslands and Open Wood; and Mangrove. However, urban settlement makes up 69.5 %
the land use typelstom the 2010 census tlmeal number of buildings and business pladasrinery
districtis5, 254 and 468espectively

3.6. Economic Activity

The main economic activity in the island is tourism. About 62% of the national Gross Domestic Product
(GDP) is derived from the servicestaeof which tourism is the main contribut@tobal Facility for

Disaster Reduction and Recovery, 200@her activities include agricultufishing, and small
manufacture.
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4. RESEARCH METHODOLOGY

This chapteexplains the methodology used in this resédrelesearch was conducted because of the

need for assessing the exposure and physical vulnerability of elements at risk in flood affected areas
Saint Lucia. Participation and knowledge of the local people was used as the main method for achievin
the objectives of this researdthe research methodologyas condcted in three stages, nametg; p
fieldwork fieldwork, and gstfieldwork(see Figure-4).

Pre-fieldwork

Multispectral &
‘ panchromatic
Pleiades satellite
images

Building

‘ Literature review footprint D™

Questionnaire

I

Pan-Sharpen . Preliminary classes Characterization
P .tp:ﬂad-es of buildings & |4 of buildings &
sateliie mage population population

Primary data collection }1— Secondary data
Fieldwork * collection

Updated classes of
buildings & population

Y

l Focus group
Inventory and Household discussions
interviews with volunteers
¥
l Weighting of physical

Database vulnerahility indicators

- Building characteristics
- Population characteristics
- Flood depth and duration

¥
Post-fieldwork Analysis of elements
at risk
Flood level

¥
map

Physical vulnerability

assessment
Exposure analysis
v

Depth-damage method SMCE method

4" Discussion

i

Conclusion &
Recommendation

OpenLISEM
flood map *

A

*CHARIM project

Figure4-1 Flowchart showing research metHody
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4.1. Prefieldwork

Before the fieldworkitérature reviewas carried out with journals articles, books, reports and previous
studies related to information about data needs and methods that will be used during tharfgbidwor
data analysi§he prefieldwork steps are described below.

4.1.1. Data Requirement and Availability

Most of the data that was needed to achieve the overall objectiveddjecsives of this reseamhre
not availabléseeTable 41). This promptedte ned to collecthe required dafeom fieldwork.

No | Data Analysis Data Requirement Data Sources
1 Delineation of study | Satellite Image 2014 Pleiades images (0.5m
area panchromatic, and 2m multispectral)
from provided base data
Digital buildingdotprint; road | Available from provided base data
map
Land use Scanned paper map 1:50000 scale frg
the Canadian Agricultural Research a
Development Institute (CIDA) project
2 Generating an Buildingand population Fieldwork andHouseholdriterviews
Elements at risk attributesnventory
database
3 Analysi®f Elements aj Buildingand population FieldworkandHousehold interviews
risk atributes
4 Exposure analysis Flooddepthsof study area Field work10mopenLimburg Sd
Digital Terrain Mode{DTM) Erosion Model (openSEM) flood map
from Prof. Jetten
10m DTM(from provided base data
5 Flood physical Depth Fieldwork(through household interview
vulnerability Structural damage to buildingg
assessment (Depthdamage method)
Characteristiad buildings Fieldwork, anxpert session
(SMCE method)

Table4-1: Data requirement and availability

Prior to fieldwork, Castries City was chosen as the main study area due to its unigue role (key economic
activities and location of critical infrastructures) in Saint Lucia, and its susceptibility to floods. However,
the choice of including Dennery Village as another study area was necessitated due to information
obtained during meetings with stakeholders asthe Physical Planning Department in Ministry of
Planning Development Housing and Urban Renewal (MPDHUR), and National Emergency Management
Organization (NEMO), during the field work. From the meeting it was made known that structural
damage due toofbds in other parts of the island such as Dennery were more severe than in Castries City;
and the NEMO has initiated a project on providing an early warning system for Dennery community and
will need information on building characteristics and vulngragsissment.

4.1.2. Base maps preparation

The base map for Castries old CBD study area was prepared before fieldwork, while the base map for
Dennery Village was prepared during fieldwork. The base maps were derived through the combination of
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two 2014 Pleiadest8late images (0.5m panchromatic and 2m multispectral) in ArcGIS. The result was a
pansharpened image (0.5m) of Casti@é<CDB and Dennery Villagéhe map projection used in this
research is UTM (Universal Transverse Mercator) Zone 20 Northern Ildemigpld Geographic
Coordinate System (GCS) WGS (World Geographical System) 1984.

The parshapened Pleiades satellite image aildirg footprint map of the study areaereimported
andstoreddigitally usindgL WIS (Integrated Land and Water InformoatiSystem3.4 and 3.8Segment
mays of the building footprints erecreated to enable editing of buildings during field survey. A Point
map that was linked to each building ID was crebisdl copies were producasl base maps for field
survey.

4.1.3. Charactdzationof building and population

After an extensive study on literatuedevant characteristics for assessing the exposure and vulnerability
of buildings and population wedeveloped.This was necessitated because the provided building
footprint maps had attributes such as elevation, area, and building height, whieit weffecient for

the assessmentHowever,building attributeglevelopedvere occupancy typdyuilding functionwall
material, floor material, roof material, number of floeght above the ground (i.e. height of first floor

of building from the roadpantenanceandbuilt-up or on columnd$opulation characteristics developed
includes, selected temporal scenarios (day/night time); age distidmgtionmber of people per
household

A dassification schenfier the occupancy tygavas adopted and modified from literat@reliminary
classes for other building attributes were developerbdesl were assigned to Wagious classéan
example is shown ihable 42). These dtibutes weraused to update the attributes in the building
footprint map (elements at risk database), digisaily ILWISGIS. Also, they werentered irBuilding
SurveyForm (see Appendi¥) that was used for data collection during fieldwork.

CODE \ DESCRIPTION

OCCUPANCY TYPE

Residential

RES_1 Single dwelling

RES 2 Multiple dwelling

Commercial

COM_1 Retail trade (e.g. supermarkets, shops
WALL MATERIAL

CBM Concrete block

PB Wood

Tabled-2: Exampé of building attribute classes

4.1.4. Questionnaires

The aquestionnaire was developgedcollectdetailed information on flood depthmage to building
structure, and other characteristics that influence vulnerability of b(seéndppendi®), from the
localpeopl e ds . Iltkwa® wsed dudgng household interviews at Dennery Vidadethe
information obtained was used to generate a database that éuidadalys of physical vulnerability.
The questionnaire wasévidedinto four main sections, namel general informatipelements at risk
floods and damage and losses.
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4.1.5. Precontact to local authorities

Before the fieldwork, contact was made with the contact person (for the World Bank project) in the
island, and a meeting was scheduledraptieserdtives of various organizationsPhysical Planning
Departmenbf MPDHUR.

4.2. Fieldwork

As stated abovéigldwork was needed titainthe relevantdatathat will be usedof achieing the

objectives of this resear@nollection of data for this research wasied out in two forms, namely,

primary and secondary data collection. Primary data was collectedbihifdinghinventory (at both

study areas) and household interviews (at Dennery Vilags) field surveySecondary dataas

collected from thevarious ministries and organizations visited during the Focus Group Discussion
Additional secondary used in this research is a flood model (openLISEM) map that was obtained after
field work.Fieldworkwas conducted from September 22 to October 17, Rfdipment used includes
measuring tape, small computer, Digital Voice tape recorder, Digital camera, and base maps of both study
areaslt was accomplished through the participation and knowledge of the local people.

4.2.1. Focus Group Discussions at various $ftiigis

Beforefield surveyFocus Group Discussiom&as held at various institutiqese Appendif) with key
actors of hazards and disaster risk management in thdtislasgimed at acquiring detailetbwledge
based on their experienoasflood tazardn both study areamd its causgactivities by the people that
increase their vulnerabili;dmitigation effortgprojects)Also, to know if there is an existing database
that contains buildingharacteristicand anygeneraland uselassifiation scheme in the islattdwas
made known that there was neither lamiding characteristickatabase nor a general classification
scheme. Furthermorehet stakeholdergprovided an effective wdg collect data for hazard and
vulnerability assessn®itihirough target groups likee District Disaster Committeesnd createdthe
possibility of conducting building inventory in Castries old tB®IDgh the assistance safime staff
members from the Physical Planciegartment of MPDHUR.

4.2.2. Preliminary fiel survey

A visit roundCastries old CBLjstudy ared) was carried out with Dhaveed Anwar, a structural
engineer from the Asian Institute of Technology (AIT), Thailand. It was aimed at dewvelmpét]j
classification of structural types of buildfogshe elements at risk databaseer the field observation,
building attributeand classebatwill be colleted were modified and updaitethe database

Before the actual field survey with volunteers, a pilot test was carme@asities ol€BD using a

small computer, provided, to directly enter attribute information regarding each building;1SLWIS

It was not used throughout the field survey petimdto technicdbsuessuch asvery slow to open

ILWIS and to load the maps; even wien click on the points that represented buildings on the point
map, it taketoo longfor the attribute table to open; the battery life was about 2 hours 30 minutes and no
extra battery; ILWIS was®fhit i mes di s p | &lpse prggrafn Apart frome thesissges 06
mentioned, it would have been a very good data entry approach whereby building information is entered
directly to the database; which is less time consuming. Addiiionatimizes thdoss of datand
errorswhich oftentimes result®fn transferring data from paper to a database (GIS)

18



ASSESSMENT OF PHYAEICULNERBILITY T@OD IN SAINT LUCIASE STUES: CASTRIES OLINCRAL BUSINESS DIETRAND DENNERY X{EE

4.2.3. DataCollection Study area)l

Building InventorCastries old CBD

Three members of staiphysical planning officer that was currently working on building mapping in
Central Business Districts ofs@&s,a physical planning technician, and a GIS technician from the
Physical Planning Department of MPDHUR and the researcher conducted the field simoy. A
training aimed at instructing the voluntgstaff memberspn procedure of data collecti@amd
documentation was carried out. Most of them already have experience in spatial data collection (mapping
entry, and analysis. Satellite image of the studguiidiag survey formsneasuring tapes and writing
materials, were used during fileéd survey. Aditionally the 2008 aerial photograpfts Castries old

CBD (12.5cm resolution) and Dennery village (25cm resothtionjasprovided by GIS section of

Phystal Planning departmeWiPDHUR were used to supplement the recent, 2014 satelligeiinthg

field.

Building mapping was conducted at a dethilad of collecting attributes for individual buildings.
Attribute data, namely, occupancy typéding functionwall material, floor material, roof material,
number of floors, heiglabovethe groundmaintenanceandbuilt-up or oncolumns for 536 buildings

were collected. Additionally, pictures of different buildings and features were taken. Attribute data of
buildings was documented haoilding surveyforms wi t h  uni qu e ndedwih eathh a t
buil dingds | D (zea Figurh-8. AishbimeRositiomag Syste K9 was not used
because the-X coordinates of each buildioguld be retrieved frothe digital map of the study area

Hence considering the number of attrikxsi that needs to be collected for a large numbaeildihgsit

will be faster collecting them without a GRShe end of each field sury@g. each dayhe data that

was collected wasoss che@dandtransferredrom the building survey forta the databasgreated in

ILWIS by the researchdduring the field survey, it was observed that some of the buildings that were
initially grouped together (digitized) as a single building in the building footprints were separate buildings
Such buildings we edited andigitized as separate buildings.

Figure4-2: Building inventory during fieldwork

Survey with District Disaster Committee member

A field survey was also, conductegkthemwith Mr Junio Mathurin (vice president of Castries District
Disaster Committe@round Castries old CBIs aim was to gain more knowledge abigint, moderate
and low flood areas in the study a¥ésits were made to those locatiansgl structural mitigation
measLes like the use of sandbags at buildings were observed

Assigning obcores (wghtg to selectedbuilding characteristics was performed with Mr Junior Mathurin
based on his experience during disaStkesscores were assigned based on the numberldhdpui
characteristics classes in each factor; on a scale of 1 to the maximum numbe(Taibitag3ed he

class with the highest number of score is the most vulnerable, while the least vulnerable class of buildir
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characteristics was given a scork Bbr example, the fact@rumber of floor8has 4 classes, and the
score for the classes if frord.IThis means that one storey buildings are the most vulnerable to floods
while buildings with more than three storeys are the least vulnerable.

Factors Building Score
characteristics classes
Wall Material Concrete Block 1
Wood and Concret
Block

Wood

Height above the <0-0.0

ground* (in meters) | 0.10.5

0.61.0

1.1:15

>1.6

Number of floors 1

2

3

>3

Maintenance Good

Moderate

Poor 3
Table4-3: Scores assigned to the classes byriidr Mathurin(*with reference to the road)

N

NIFRPIRPINWIAPRINWIRAOIW

These scores (weights) will be referred to during the assessment of physical vulnerability using the
indicator method (SMCE) $ection 7.2.

4.2.4. Data CollectiorSfudy area)2

Building Inventorpenneryillage

Data collectiorin Dennery village was carried out in collaboration with a team of five members from the
community. Some of them are Red Cross volunteers and have experience in mapping, and assisting during
disasters in the community. Beftire field surveya short training aimed at instructing the team on
procedure of collecting and documenting required data was conducted. The researcher worked closely
together with the volunteers to further guide and respond to any questions raised regarding data
collecton. Attribute data (atated in section 43pfor 339 buildings was collected.

Household Interviews

Household interviews aimed at gaining more knowledge about flood events, damage information of
various structural types, flood degtiation relations/dita population scenario distribution, was
conducted at 94 househ®ldsing questionnairddhe interviews were conducted simultaneously with
inventory onbuilding characteristidSue to the very short time frame of data collection in Dennery
Village the volunteers assisted in pointing out the buildings that were and were not affélcéed
December 2013 flood. Building sample points were selected based on the information provided by the
volunteersHeight of flood in affected buildings was measurei ittre@ house, from the mark shown by

the respondent on the wall to the ground of the first floor. Additionally, some households were affected
by previous flood events in October 2013, and October 2010 (Hurricane Tomas), and during the
interviews data ondke events were collected.
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Most respondents were unable to provide the ambumbneyspent on repairing damages to building
structure due to flood. Some of the excuses given are, their husband that carried out the repair is nc
present as at the timethé interview; they cannot remember the exact cost of repairs; and some did not
want to disclose the amount.

It was difficultto obtain damageataon building contents which was expressgithapgercentage dhe

cost of building and entire content# isivided bythe totalamount of damagdéuilding content (due to

flood). Most respondents stated that they do not know the value of the building in for example, 2013
because it was built more 10 years ago; others stated that they are not the refathenmauses and

are occupying them on rent; and some could not specify the total amount spent in constructing their
buildings because money was spent in bits at different times for different aspects of the buildings, e.c
roofing, doors and windows, @tay of tiles, etcdMost respondents mentioned that items such as
television, clothes, furniture, fridge, microyaeattress, etc., were damaged.

Flood map from volunteers

The volunteerdrew asketch magsee figre 43) showinglocatons that had higlmoderatelow, and
no-flood water duringhe December 2013 floott gave the researcher a better knowledge of the flood
eventand extent

Legend
NF- No Flood M Moderate
L- Low HHigh

Figured-3: Sketch map from volunteers showing December 2013 fload exten

4.3. Database generatiamd Data Analysis

After the fieldworkall the data derived during the building inventddgmanery Villagevastransferred

to the database ILWISthrough the following stepsiah building in thiotprint (GIS)was located on

the base maps (hard copy) used during the fiel
| D6s i n t he rbsuhe httddute igformatiaimvthe luildingpsurvey forms were now entered

into attributes othe corresponding buildings in thelding footprint mapThe building inventory data

from both study areas were used to generate the elements at risk Adtitiasally,information

collected during the household interviews with the questionnaires at Dennery Village was entered in th
corresponding buildings, using the same procedure explained.
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Data collected from fieldwork wagsocessed and analysed udiwylS 3.4 3.8,and ArcGIS 10.2.2

software Spatial analysid elements at risknd physical vulnerabiliyas pocessedn ILWIS; spatial

analysisf flood depth points derived from househntdrviews and a providegemLISEM model map

was pocessedh ArcGIS.Correlation analysigas performed using SPSS statistics 22 software. For the
exposure analysis, the spatial join of water depths from the model map, and the elements at risk map
(buildings and population) was processed in ArcGIS.

The analysiand results from the data collected will be explained in details in the subsequent chapters.
They include the elements at risk identified for this study; exposure and vulnerability assessments in
chapters 5, 6 and 7, respectively.

4.4. Discussion

The data metlods of data collection duritige fieldworkdata preparation and data anahesi® been
discussed in this chaptdihe integration of local knowledge and participation mainly through the
volunteers for data collection was very useful and effective.

There were some strengths and weaknesses observed by the researcher during data collection with the
volunteersThe strengthgcludes, 1) collection of more data than when one person collects it alone; 2)

the correct classes of occupancy types and buildictipfis was documented due to information
provided by the local people (volunteerso@e information that the local people would not have given

to the researcher was collected because the volunteers asked such questmsstodyome buildings

wes possible due to the assistance of the volunteeeubity of the researcher was not jeopardized
because the volunte@rovidedinformation onhighly insecure areas, and oftentimes went to collect the

data in such places, themselggability to ctlect some of the data at night, when the people are around

to answer the questiosiaice they live in the study aseat7) ability to specify locations of high, medium

and low flood areas; and buildings that were and were not severely affected by flood.

In contrast, ame of the problem@sveaknesseshcountered while documenting the information obtained
by the volunteers werg) mismatching of codes in the Building Survey Forimg@)sistencies in data
collected e.g. some differences in recordeldtheifybuildings; and differences in wall, roof, floor, etc.
types when compared to that of the researcher
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5. ANALYSIOF ELEMENTS AT RISK

This chapter explains the various characteristics of buildings collected at the two study areas (Castries C
CBD, and Dennery Village) from the building invent&yrthermore additional characteristics of
building and population are explained based onailgehold interviewemnducted abennery Village.

The chapteralso,describes the relevance of tharactertgs for exposure and physical vulnerability
assessmesf theelements at risk to floods.

5.1. Building description from building inventory

Building characteristicaamelyoccupancy typduilding functionwall material, floor material, roof
material, nonber of floors, heighgbove the groundanaintenancéuiltup orcolumnsfor 536 buildings
and 339 buildings were collected at Castries Old (EBDre5-1) ard Dennery Villagéigure 52),
respectivelyhese characteristics will be explained in ltbeviing sections.
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Figure5-1: Distribution of building inventory in Castries old CBD
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Figure5-2: Distrbution of building inventory in Dennery Village

5.1.1. Occupancy type

An analysis of the various occupancy types shows that the predominant occupancy type in Castries old
CBD (Appendix4g and Dennery Villag@ppendix4b) is commercial and residential, respdg{see

Table 51). During the inventory, some buildirgal a mixture of more than one occupancy Tyese

buildings were categorizeddami x ean dui stetbe t er m 06 dwaggmregatedhe diffefentwas u's
commercial types into asinglecldese ver , an except i wherebysfficéislsmanmer ci al
class of commercial. I n this study | sepamteshec!| assi f
professional serviceffices and (or) government officeshat are in the samiguilding with other

commercial type§or examplea building contained the Housamgd Urban Renewdépartment of the

MPDHUR (government office) at the second floor and a restaurant at the ground floor.

The occupancy type is important becaussnibeused as proxy in determining where the population
(number of people) ihuildingsarehigh or low at various times of the day and night. In Castries old
CBD, the population is high during the day because most of the people are presefticesha: the

shops, factory, etc., and low during the night. In contrast, the population at Dennery Village will be low
during the day because most of the people have left the buildings to their work places, or shops, and high
during the night when they are bacthe buildingsConsequently, if a flood event occurs during the day,
Castries old CBD may be more vulnerable in terms of population than Dennery Village, and vice versa.

5.1.2. Building function

This attribute is similar to occupancy type but it gives a mi@itedl description of the various
occupancy classes i.e. the specific function (use) of each building. For example, retail trade store on first
floor and residential on second floor (mixed use). A map showing the spatial distribution of the building
functon could not be presented because it is too detailed to be visualized on a single map document
rather it is better visualized in a GIS.
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Castries old CBD

Dennery Village

Occupancy type Number of | Percentage| Number of | Percentage
buildings (%) buildings (%)

Residential

Single dwelling 46 8.6 199 58.7

Multiple dwelling 24 4.5 10 2.9

Squatter 6 1.1 0 0.0

Commercial

Retail tradée.g. shops) 154 28.7 19 5.6

Financial institutio(e.g. 13 2.4 1 0.3

banksandcredit union)

Professional serveg.g. 52 9.7 1 0.3

officessuch as ¢

of fi ce, | aw

insurance agencies, Jetc.

Restaurant/bar/tavern 21 3.9 6 1.8

Specialty stole.g. barber 18 3.4 9 2.7

shop, hairdressers, repai

shop etc)

Warehouse 7 1.3 0 0.0

Market 7 1.3 0 0.0

Funeral parlour 1 0.2 0 0.0

Bus shelter 2 0.4 0 0.0

Industrial

Heavy industr{e.g. soft 1 0.2 0 0.0

drink factory)

Power/energy related 1 0.2 0 0.0

facility

Water related facility 3 0.6 0 0.0

Government

Government office 7 1.3 1 0.3

Fire/Police station 3 0.6 1 0.3

Courthouse 2 0.4 1 0.3

Postoffice 1 0.2

National assembly compl 1 0.2 0 0.0

Town/City hall 1 0.2 0 0.0

Educational

Schoole.g. preschool, 14 2.6 9 2.7

primary and secondary

school)

Library 2 0.4 1 0.3

Religious

Church 8 15 5 15

Church related residence 3 0.6 3 0.9

Social

Meeting hall 2 0.4 0 0.0
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5.1.3.

Club 1 0.2 0 0.0
Recreational

Outdoor recreatiofe.g. 0 0.0 2 0.6
building at hockey field,

football field etc)

Mixed use

Residential/@Gmmercial 29 54 14 4.1
Residential/Office 1 0.2 0 0.0
Residential/Educational 1 0.2 0 0.0
Commercial/Light industr 2 0.