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Chapter 1

Introduction

Flooding is the most common natuhalzardsn the world today (Kron 2005; FEMA
2010). Floods are capable of destroying drainage systems, causing raw sewage to spill out into
bodies of water, damagirbuilding structurs, generating economic stresaysing surface
erosion and contribute to human deafREMA 2010; National Geographic 2010 hese
findings serve to highlight theestructivecapabilities of flooding, specifically in the United
States

According to FEMA (2010), floods cause approximately $3 billion in property damages
every year. Property damages are caused/bsodynamic forces, debris impact, hydrostatic
forces, soaking, sedimerindcontamination (FEMA 2010). These damages arallysu
experienced by populations that have developed their communities in areas that are flood prone.
A natural floodplain is an example of an area in which flooding is more likely to occur, and
floodplain development has contributed to heightened humaenaldility to flood risk.

When flooding events occur, floodplains with lower populations andstasstural
development receiveainimum damagesompared to floodplains occupied by largepulations
with moredevelopment (Gerritsen 2005). Increased sunat developments in floodplains
increase impervious surfaces aedu@ the amount of storage volunmenatural retention areas
which increaseiood hazard potentialparticularly for flash floodingKron 2005). Inthe United
States, floodplains are tihme to approximately 9.6 million households and $900 billion worth

of property are subject to flood risk (FEMA 2010).



Since structural development contributes to human flood hazard potential, considerable
effort has been made to establish federal progrigke the National Flood Insurance Program
(NFIP) to reduce floodplain development (FEMA 2010). The NFIP allows property owners in
communities to purchase insurance as a protection against flood losses and damages. In
exchange for insurance, the commigsitmust agree to adopt and enforce floodplain
management regulations to reduce future flood damages (FEMA 2010). The insurance acts as an
alternative to disaster assistance to reduce the costs of damages caused by flooding (FEMA
2010).

According to FEMA(2010), approximately 20,000 communities participate in the NFIP.
These communities are provided flood insurance if the floodplain management regulations are
adopted and enforced, which must meet the minimum requirements of the NFIP (FEMA 2010).
The commuity is responsible forssuing or denying floodplain development permiispecting
all development, mintaining floodplain developmengcords, preparingnd revisng floodplain
maps and providing information to residents about flood hazards.

Althoughthe NFIP provides communities with flood insurance to reduce floodplain
development, individualeho live in floodplainsare still vulnerable to flooding, and they can
range in levels of vulnerability due to differences in social and economic charazdehati
predispose their susceptibility to floodingg(ly et al. 200; Tockner et al. 200ZFEMA 2010.
Populationdgiving in the floodplains can be described usuagioussocioeconomic
characteristics such as income, minority, elderly, single parerg,henmd handicagtatus(Cutter
et al. 2000, 2003).

Social factorscanalsoinfluence risk perception and respojtbereby making

individuals located in certain placegen morevulnerable to hazards (Cutter et al. 20B@ctors

2



thatcaninfluence risk prception include the following: lack of accesgtmnomic or
informationresources; limited access to political power; social capital; physically limited
individuals;andhousehold infrastructure (Cutter et al. 20@)patial differences in these
characeristics give rise tdiffering levels of flood vulnerabilityand variations in the ability to
respond and recover from the hazard (Borden 2007).

Recent flooding events in the United States or brought to light societal inequalities by
revealinganindd ual 6s exposure to fl| ood Foriexakpleatmed abi |
inability to access resources, failmkeemergencylanning and responsgstems, and late
responses to residential evacuations increased the human death rates from floouynidpel
events of Hurricane Katrina in New Orleans, Louisiana (Cutter et al. 2000, 2003; Thomalla
2006). The floods from Hurricane Katrina destroyed many low income residential communities
and left many survivors homeless (Thomalla 2006). Inadequate reacn s t o Katri nads
were not solely based on the failures in emergency respanakso tofailures to sustain the
social support systems of the cityds poorest

Impactsfrom Hurricane Katrinallustrate thedifferential effects of flooding on society.

Although floods are difficult to prevent, it is possible to measure geophysicalf fisiod
occurrencend social vulnerabilityo flood hazardy using quantitative indicatgreshich can be

used to evaluate the vulnerttyiof places. hdicators like the Geophysical Risk Index (GPRI)

and the Social Vulnerability for Evacuation Assistance Index (SVEAI) are appropriate models to
measure flood risknd estimate place vulnerability metr{€hakraborty et al. 2005).

Thehazards of placeconcept is defined as a combination of geophysical risk and social
vulnerability, which describes hazard vulnerability within a geographic area or domain (Cutter

1996; Cutter et al. 2003As stated by Cutter (1996), hazards of place carobsidered an

3



integration of both geographic and social space. Geographic space is defined as the location
where vulnerable people and places are located (Cutter 1996). Social space includes the places
where the most people are vulnerable (Cutter 1996k€elbencepts exemplify the main focus of

this analysis, to develop hazards of place models describing flood hazard vulnerability for a
northeastern North Carolina study area encompassing sixteen counties. A further discussion of

these concepts will be exameid in future chapters.

1.1 Research Problem

Existing methods have not been tested in their ability to integrate floodplain and human
development data with socioeconomic variablafiustratepatterns of vulnerability and validate
theHazards of Plac®odel of Vulnerability (Cutter 1996pr Northeastern North Carolina.
Therefore, the goal of this research is to estimate the hazards ofrde&f vulnerdility for
sixteen counties in ditheastern North Carolina. This research intends to priolitvzemedium,
and high risk block groups and provideubblock groupanalysis of parcel datar a
guantitative and qualitative validation assessmettteiflazards of Place Model of Vulnerability

(Cutter 1996)n northeastern North Carolina.

1.1.1 Resarch Objectives

Themainobjective of this research is ppoduce an alternative ftme Hazards of Place

Model of Vulnerability (Cutter 1996pr northeastern North Carolina, using bgthantitative



and qualitative method3$he objective behind the vaition process is to determine whether the
results from the quantitative indicators are valid. More specific objectives are as follows:

1) To determine the appropriate geophysical risk and social vulnerability factors for the
hazards of place model. Theesion process is based on a correlation analysis and a visual
assessment of the spatial patterns of the geophysical risk and social vulnerability models.

2) To examine hazards of place metrics through a correlation analysis and visual assessment
of the patial distribution maps. Hazards of place metrics are calculated using the geophysical
risk and social vulnerability metrics.

3) To create a hazards of place matrix based on the groupings of the hazards of place
metrics. Théhazards of placanalysis comimes geophysical risk and social vulnerability metrics
to establish a classification of block groypanging from low to high place vulnerability

4) To perform sukblock group analyses to further validate the results from the hazards of
place matrix. Tk hazards of place matrixexaminedusingparcel levebatafor validation
purposes

5) To validate the hazards of place results through an interview andligsigalidation
procesaises the results from the quantitatarealysisfor an interview A thirty to forty five

minute interview will be conducted with an emergency official. The interaiealysis addresses
whether other dimensions of geophysical risk and social vulnerability exist that could not be

identified through the quantitative analysis



1.1.2 Research Questions

As stated earlierhemainobjective of this research is to validaéte hazards of place
metrics.This researclseeks to answéive questions abouhe hazards of plaga northeastern
North CarolinaThe research questiotisat guide this analysis include the following
1) Is there an association between the spatial patterns of biophysical vulnerability for
different Geophysical Risk Index (GPRI) measures? Does the inclusion of human land cover
data representing locatisiof human activity make a difference?
2) Is there an association between the spatial patterns of social vulnerability for different
Social Vulnerability for Evacuation Assistance Index (SVEAI) measures? How similar or
different is social vulnerabilitydepending on the choice of input variables?
3) How do patterns of social vulnerability compare to the patterns of geophysical risk? How
does the interaction of geophysical risk and social vulnerability contribute to hazards of place
vulnerability?
4) To what extent does a sdtbock group level analysis using land parcel and air photos
validate thehazards of placeesults? How well do the results perform?
5) Based on interview data with a local emergency planner, how well do the result perform?

Do reslits agree with expert local knowledge?

1.1.3 Benefis of Research

The researcls importantfor variousreasons for both the academic and applied

professional communitghat relate to flood risk and mitigation:
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1) Itintegrates multiple quantitative mdgé¢o estimate hazards of place metrics, and groups

them into a hazards of place matrix to reveal patterns of place vulnerability. These patterns may
be useful to emergency managers.

2) It validates the hazards of place metrics through quantitative ahthtjua analysis

3) It provides other dimensions of social vulnerability, geophysical risk, and place vulnerability

through an interview analysis with an emergency informant.

1.1.5 Research Structure

This research focuses on the objectives mention8eation 1.1.1 of this chapter. The
structure of this thesis consistssif chaptersshown inFigurel. Chapted includes
background information on the research, the research objectives, behtfdsesearch, and
thesis structure. Chapt2iserves aa review of the literature review that informfigs research
and includes a discussion of geographical hazard literature, the concepts of risk, methodological
issues related to the use of quantitative social indicators and social vulnerability. iGHaeter
3 describes the characteristics of Mharth Carolinastudy area andescribeghe research
methodology. Chaptef presentshe results and determines whether the research questions can
be answered. ChaptBrdiscusses the implications of this rasbdor flood risk. Finally, Chapter

6 concludes this analysis and providesommendationfor futureresarch.
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Chapter 2

Literature Review

Theconcepts ofocial vulnerability, geophysical risk, atite hazards of placenodelare
identified in this chaptebecause they form the theoretical and analytical foundation guiding this
researchlt is the purpose in this literature review to explain the history of hazards research,
define the main concepts walinerability,discusghe origins of the social indicators movement,

and to evaluate human development in natural floodplains.

2.1 Hazards Research

The purpose of this section is to provide information about the field of natural hazards
and disaster s2arch. This section aims to explain ithtellectual trajectoryf hazards research
primarily focusing on geographical contributions but also covering other disciplinary
contributions given the multidisciplinary nature of the toftibegins with an olihe of the
history of hazards research and the scientific contributions to the field. It concludes with a

discussion of the progression of hazards research.

2.1.1 History of Hazards Research

Contributions to the origins of hazards resear@resot chronologically organized in

theliterature (Cutter et al. 2000; Peek et al. 2002 discussion of the origins of hazards



researchPeek et al. (2002¥entify John Deweyas an early and significant contributor to
hazards research. John Deveayloredsocial behavior usingl@uman ecological perspective.
He believed that humanity exists in a hazardous worldcdrataus@umango beinsecuran
their own environment (Peek et al. 2002).

Academic researcheadso took interest in hazards research dutite 180s. According
to Peek et al . ( behd@the,geobraphedberd\Whitd talfecason natarél |
hazards research and management. White believed that the interaction Ibettngenial and
natural forces result in hazarddagisasers (White 197% He also believed that hazard impacts
can be reduced through individual and social adjustmechanismgWhite 1974. Themajor
purpose of White and his research teambs rese
of adjustmentshat were available to society (Cutter et al. 2000).

Cutter et al. (2000acedthe origins ofgeographicahazards researdhrther back to
Harlon Barrowsandhi s research entitled, AGeography as
Barrows and his studentgere interested in human ecological approach and researched how
individuals and society adjust to environmental extrerBasrows 1923 One ofBarrowds main
contributions was thmitiation of thehuman ecological approag¥thin geographyhat focused
on how society copes with environmental hazards, specifically flooBiaugdws 1923Cutter et

al. 2000).

2.1.2 Progression of Hazards Research

Hazards research became popular withinitiple scientificdisciplinesduringt he 197 06 s

(Peek et al. 2002puring this time geographer Gilbert White and sociologist Eugene Haas
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publishedthe United States firstomprehensivassessment of natural hazardé(te et al. 1975;
Peek et al. 2002Y.he report published by White et al. (1975) entitiedA s s e s SReseardh o
on Natural Disastef@provided a direction for national policy

Mileti (1999) included thesecond national assessment of hazards and disiashess
publ i c disasters by Ddsignii A Reassessment of Natural Hazards in the UnitecddStates
This publicationwvas createth 1990sat the Universityof Calr ado 6s Natur al Hazal
and summarizetelevant hazardsformation in every field relating to science and engineering,
evaluated the success or failures of various United Statesaprsdesigned to reduce human
vulnerability, and suggested recommendationdditure work andapproachegMileti 1999). As
a result, the assessment created a holistic model for future programs and research on hazards
(Mileti 1999). These programs linked rerd mitigation, planning response, recovery, and
reconstruction to sustainable developma#itdti 1999; Peek et al. 2002). The holistic approach
received national recognition and is credited as the framework for national and international

programs (Peeé&t al. 2002).

2.2 Vulnerability

Vulnerability has an established history in geography and natural hazards literature
(Cutter et al. 2000 The scientific use of the term has become a central concept in numerous
disciplines (Cutter et al. 1996, 2000, 20@008 Brooks 2003Ligon et al. 2003Chakraborty et
al. 2005).In addition, disciplines includingconomics, political ecology, physical science,
anthropology, psychology, and engineering have all incorporated vulnerabititgptsnto

hazards reseein (Cutter 1996; Adger 2006). Each disciplineorporates their owdefinition of
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vulnerability into academiéBrooks 2003)This sectiorwill focus on the definitions and
framework of vulnerability.

Before vulnerability is definedt is helpful to examme the root etymology of
vulnerability. The root of vulnerability originates from the Latin watdinusandvulnerare
meaning to wound or be woundd€e{ly et al. 2000 Merriam Webstar 2010Kelly et al. (2000)
acknowledgehe Late Latin wordiulnerabilis as one of the largest contributions to vulnerability.
Vulnerabilismeans enlighteningvhich was used by the Romans to describe a wounded soldier
at risk of a future attack on the battle field (Merriam Webstar 2010). This interpretation relates to
the malern usage of vulnerability as it explains the preexisting conditions of a group being

affected by future hazard outcom&=lly et al. 2000.

2.2.1 Defining Vulnerability

The lterature providesxamples of/arious definitions for vulnerability (Cutté996;
Clark et al. 1998Cutter et al. 200%Kelly et al. 2000Cultter et al. 2003; Borden et al. 2007;).
This research focuses on definitsand themes providespecificallyby thehazard literature.
Hazard literature defines vulnerabilityasasystel® s uscepti bility to harn
natural hazards in specific locations (Cutter 1996; Clark et a8; I#tter et al. 2003; Borden et
al. 2007;Kelly et al. 2000. A system consists of individuals, locations, or infrastructures that
respond to chages inhazardgBorden et al. 200Kelly et al. 2000. Kelly et al. (2000) define
vulnerability as the capacity to be physically damaged. Cutter (1996) has defined vulnerability

simply as the potential for loss.
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Expanding on this literaturéhis analys focuses omwo broad categoriesf
vulnerability (Cuter 1996). The firstelates to geophysicakk which is concerned with the
impacts of a hazard event (Cutter 1996; Brooks 2003; Schmidtlein et al.. @@a®hysicarisk
is often viewed in termsfahe amount of damage experienced by a system as a result of an
encounter with a hazard exposure or measuring
(Brooks 2003). The amount of damage from these natural disasters enhances vulnerability
(Adger 199).
Thet heme f or the second attribute, social v
resilience or ability to anticipate, cope, resist, and recover from the impact oiral haizard
(Adger 2000; Cutter et al. 2008; Schmidtlein et al. 26G8Ly et al. 2000. The framework
behind social vulnerability consists of sodl#ferences omequalities withina population
(Wisner et al. 204; Cutter et al. 2006).dpulationscanvary acrosdifferent social factors or
socieeconomic structures that nakhem more susceptible to loss (Cutter et al. 2003; Yamin
2005). Social factormightinclude hogehold income, occupatipathnicity, gender, health
status, age, race, family, and the nature and extent of social networks (Cutter et al. 2003; Wisner
et al 2004). These socieconomic groups experience the negative impacts from hazardous
events, such as hunger, famine, economic loss, or the loss of productive assets (Wisner et al.

2004). This research incorporates the socioeconomic aspects of socialbilitpera

2.2.2 Themes within Vulnerability

Cutter et al. (2000) identifies three primary themes within vulnerability research. These

themescan help organize our understandings of Ipeaple and places adéferentially
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vulnerable to environmental hazar(Cutter et al. 1996, 2000). The first themdnerability as

a pre-existing conditionexamines the potential exposure or risk of geophysical or technological
hazards (Cutter 1996). This theme focuses on the distribution of hazardous cenditioan
occupancy ohazardous zorsgand the potential loss from a natural disaster (Cutter 1996).
Research related to this theme examines the distribution of structural losses and vulnerability
reduction from natural disaster events (Cutter 1996).

The second theepvulnerability as tempered response concerned with societd s
resistanceéo hazardsits resilience to hazardand itsability to cope with disasters (Cutter 1996).
According to Cutter (1996), the natureadfiazardous event is viewed as a sociaktoiat,
rather than a geophysical condition. The research relating to this theme examines environmental
disturbances such as climate change, drought, environmental change, and famine (Cutter 1996).
This theme sets up the social dimension of vulneraltmlitipcusing on how societies define
hazards as well as thaibility to cope and respond to disasters (Cutter 1996).

The third themeyulnerability as hazard of placés used as the theoretical framework for
this analysis. Thelazards of Place Model of Vlugrability (Cutter 1996jakes ideas from the
first two themes by determining vulnerability within specific locations (Cutter 1996). This theme
combines aspects of geophysical risk and social response within a specific location (Cutter
1996).The locationconsists of areas where vulnerable people and places are located or the
individuals in those places that are most vulnerable (Cutter 1996).

Growing literature existthat incorporates the third therokEhazards of placgCutter
1996; Cutter et al. 2003).uiter (1996) attempted to unify the approaches of societal exposure
and social conditions by developing tHazards of Place Model of Vulnerability (Cutter 1996)

The model serves as an alternative for understanding the factors that contribute to the
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vulnerability of places (Cutter 1996frigure 2illustrates the original version developed by Cutter
(1996).

The model begins with risk and mitigation. Risk combined with mitigation produce an
overall hazard potential (Cutter 1996). According to Cutter (1986)hazard potential is passed
through the social fabric of society to determine the social vulnerability of place. The hazard
potential is also passed through geographic context to determine geophysical vulnerability
(Cutter 1996). The product of geoplod risk and social together create place vulnerability
(Cutter 1996). Place vulnerability eventually loops back to the beginning of the model, which

reduces or enhances risk and mitigation (Cutter 1996).

2.3 Measuring Vulnerability

One way researcheastempt to study vulnerability is through measurement. This
research attempts to measure and identify vulnerable populations by incorporating quantitative
and qualitative measures. To identify vulnerable populations, social indicators were developed as
ameasurement tool to provide statistical information to explain human tribulations (Cobb et al.
1998).Cobb et al. (1998) definessocial indicator as a set afaptitative data that seras a
metaphor for problem that is not directly measurable. To statet the rationale of social
indicators, a literature review of its foundation into vulnerability research is required. This

section explains the origins and types of social indicators used in vulnerability research.
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Figure 2. The Hazards of Place Mel (Source: Cutter 1996)
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2.3.1 The Social Indicators Movement

The social indicators movemepdradigmwas shaped by a series of published reports
during the twentieth century (Cobb et al. 1998; Michalos 201049 .firstreportof this paradigm
Receat Social Trendswas published in 193®)nited StatesPresident's Research Committee on
Sodal Trends et al. 1933).his report is acknowledged as the predecessootoals
measurement publicationsh&@ social indicators movemefotthergained populaty in the
United States agn approach or gui di ng publ i c(Cobloetal &998; Kingr i ng t
et al. 2000; Gahin et &001; Cutter et al. 2003 Some of the problems in public policy included

domestic issues in poverty, race, unemploymert,ublic housing (Gahin et al. 2001).
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In 1966, herequirementor an improved public policy lead to thevelopment of a
project entitledSocial IndicatordBauer 1966)This project published eollection of statistics
as a social report (Cobb et 4898). Another publication issued by the U.S. Department of
Health and Welfare entitledoward a Social Reparéstablished an annual social regoriS.
Department of Health, Edation and Welfare 1969The purpose of this publication was to
enhance soal indicators research and encourage its continued develogch&tDepartment of
Health, Edeation and Welfare 1962 0bb et al. 1998).

Organizations like the Russell Sage Foundation and the Social Science Research Council
were responsibleof fundingcommunity indicators projects and other data orientapguloaches
to developing social indicators (Cobb et al. 1998). Rhssell Sagedundation published
Indicators of Social Change 1968, a volume that was a successor tdibeent Social Trends
publication from the 1930sSheldon et al. 19§80ne of the editors of the publicatideiganor
Bernert Sheldon, wanted to improve social indicators research by suggesting an inductive
approach(Sheldon et al. 1968This inductive approach contad of the bllowing ideas:
gathering descriptive dataggeloping categories that would allgignificant generalization;
working towards an analysis of social chaf@ebb et al. 1998).

There was another approach supported by the Russell Sage FoundationTéwtitled
Human Meaning of Social Changehich was published to improve social indicatesearch
during this time Thisreportfocusedon the subjective measurement of weting Campbell et
al. 1973. According toCampbell et al. (1972the subjective measement of weHbeing
measures an individual 6s perception of their
human perceptions receiveckedibility by appearing in th&ocial Indicators Researgburnal

(Cobb et al. 1998).
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Interest insocial indicatorsesearclb e gan t o decl i (Cebbetal. 1998;e | at e
Gahin et al. 2001). The declined interest caath@utedto a couple ofactors includng
reduced government finances agalernments adapting iore conservative prioriti€Sharpe
1999) According to Cobb et al. (1998), political pressures from the government influenced
social indicator reports to provide only descriptive statistics with limited interpretation. These
descriptive statistics were strong at acknowledging factual informiatiboould no longer
explain social measures (Cobb et al. 1998). Organizations like the Center for Coordination of

Research on Social Indicators began to lose funding and eventually closed (Gahin et al. 2001).

2.3.2 Legacy of Social/Environmental Indicaso

Al t hough the social indicators movement wa
agencies were i nfl wenmbutodto@opb et ah £998n Coneemeover 6 s
the environment influenced the creation of new indicators during the {©80b et al. 1998;
Gahin et al. 2001). The social indicators movement led to development of environmental
indicators (Cobb et al. 1998; Gahin et al. 2001). Organizations like the Council on
Environmental Quality and the Environmental Protection Agencgég contribute to
environment indicators by publishing s and developingpdicators to monitor the stability
of the environment (Cobb et al. 1998; Gahin et al. 2001). In countries outside of the United
States, new approaches were developed by reseas (Cobb et al. 1998). For example, the
Pressure State Response Framework was one of the approaches created in Canada and the

Netherlands (Cobb et al. 1998).

18



The soci al i ndicators movement experienced

(Cobbet al. 1998; Gahin et al. 2001). The next decade of environmental indicators had less
motivation from federal agencies and major national institutions (Cobb et al. 1998). There was a
greateremphasis on sustainalilevelopment, andustainability indicatas were models that
determined the relationships between social, environmental, and economic concerns (Cobb et al.

1998).

2.3.3 Modern Conceptual Models

Recent conceptual moddiave beenleveloped to measure vulnerability by integrating
Geographic Infamation Systems (GISnd quantitative, social indicator metr{gglger 2006;
Cutter et al. 2003). This analysis focuses on current models that relate to the goals of this
research. Models relating to this analysis are separated intategories:ndicaors that
measurenly social vulnerability, anchdicators that integrate social vulnerdlpitind
geophysical vulnerability

Cutter et al. (1997) created a handbook for measuring social vulnerability in Georgetown
County, SC. This handbook provided cbuamergency managers with a method for identifying
the most vulnerable areas to floodilmgdincluded a step by step guide for creating a Social
Vulnerability Index (SoVI), which is credited as one of the first modern indicators that measured
social vulrerabilityto hazards riskThe original SoVionly measured the social aspects of
vulnerability. The combination of geophysical risk and the social vulnerability elements of the

Hazards of place Model served as a framework the SoVI.
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The SoVI used United 8tes county census data from 1990 (Cutter et al. 1997). A subset
of eight socioeconomic variables was included in the modedtimatethe leves vulnerability
(Cutter et al. 1997). These variables were selected because they encompassed the factors of
previous regarch on disaster vulnerability, includiagcial factorasage, gender, race, house
value, and income status (Cutter et al. 1997). Once each social variable was standardized, the
physical hazard and social vulnerability zones veserlaidto ma the total vulnerability
(Cutter et al. 1997).

Cutter et al. (2000) expanded upbeirresearch in Georgetown County, SC. The SoVI
model developed by Cutter et al. (1997) and Cutter (2000) used similar variables. These
variables included total populatiptotal housing units, number of females, number of nonwhite
residents, nuimer of people under age I8 mber of people over age 65, and mean house value
(Cutter et al. 2000). The SoVI calculation followed the same procedure as the SoVI developed
by Cutte et al. (1997). The standardized values were summed for each block group to
standardize the variables to produce an aggregate value for social vulnerability (Cutter et al.
2000). The results were combined with values from geophysical vulnerability aggregalts

using GIS.

2.34 Applications and Models of SoVI

The following indicators incorporate geophysical risk and social vulnerability elements.
The Social Flood Vulnerability Index (SFVI) was developed to measure the impact of floods in
communitiegTapsell 2002). Tapsell (2002) used the SFVI to predict areas and populations that

are likely to be most affected in terms of health and other flood impacts (Tapsell 2002). The
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variablesused for Tapselb s r es ear c h paeentg preexistpbaalth problesis, ng | e
and financial deprivation (Tapsell 2002).

Wu et al. (2002) incorporated the SoVI but used different socioeconomicleariab
produce an overall flood vulnerabilitgap with flood hazard zone data (Wu et al. 2002). The
map depicts howea level rise increases the vulnerability of populations and high risk areas in
Cape May County, NJ (Wu et al. 2002). The results from the flabterabilitymap illustrate an
increase in vulnerabtl and exposegopulations to the risk of flooding (Wat al. 2002).

Chakraborty et al. (2005) provides the frameworktfier methodology approach that will
be used in this thesi$heiranalysis develops a Geophysical Risk Index (GPRI) and a Social
Vulnerability for Evacuation Assistance Index (SVEAIhe GPRI was developed to represent
the probabilities of occurrence for hurricanes and tropical storms (Chakraborty et al. 2005).
Metric valueswvere calculated by summing the two individual probabilities together
(Chakraborty et al. 2005).

The SVEAI was creatkas a method to compute and illustrate the spatial patterns of
socialvulnerability in Hillsborough County, Flvith respect to the need for flood evacuation
assistanceThe SVEAI follows the same framework as the SoVI by inputting and standardizing
varialdles. However, there are two differences between the SVEAI and SoVI (Cutter et al. 2003
and Chakraborty et al. 2005). First, rather than using the Principle Components Analysis to
reduce and standardize input variables, the SVEAI standardizes vanigibies using the
maximum value ratio observed in each county (Chakraborty et al. 2005). The maximum value
ratio determines the ratio value of the variable in the block group to the total number of that

variable in the county. Second, the SVEAI separates thigles into three categories
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population and structurejftierential access to resources; angdylation with special evacuation
needs (Chakraborty et al. 2005)

The results from the GPRI and SVE®Etrics illustrate the spatial distribution of
vulnerabilty in the study area (Chakraborty et al. 2005). Findings from the results indicate that
specific areas with high GPRietric valus are not the same as the areas with high &wfiic
values. Also, the variables used in thanerability analysis identiéid approximately 40,000 to
150,000 peoplevholive in the high risk areas (Chakraborty et al. 2005). These results help
emergency officials develop more accurate emergency plans for evacuation purposes.

The hazard literature identifies othandicatorsand methods to guide the decision
making process for disaster risk management (Cardona 2006; Chakraborty et al. 2005; Cutter
1996). Cardona (2006) identified four indicators that measured risk accurately to reduce and
control it. The Disaster Deficit IndefoDI) allows decision makers to measure county risk from
a financial perspectivéy estimating theconomic loss that a specific county could suffer when
a natural disaster occurs (Cardona 2006). The Prevalent Vulnerability Index (PVI) determines a
couny 6s pattern of vulnerable conditions by mea
Prevalent Vulnerability Index (PVI) measures exposure in hazard prone areas and the lack of
social resilience to illustrate vulnerable conditions (Cardona 2006). The Risagdment Index
(RMlI') combines a group of indicators to measu
(Cardona 2006).

FEMA (2010) developed the HAZUS software program for mitigation, recovery, and
preparedness to natural disasters. HAZUS estimates fossesatural disasters, including
flooding (FEMA 2010). According to FEMA (2010), HAZUS incorporates Geographic

Information Systems (GIS) to estimate geophysical and social impacts from natural disasters.
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The software provides users with the ability teate a pralisaster planning process by
providing a visual representation of thgatial relationships between populatians! structures

for the specific hazard being modeled (FEMA 2010)

2.4  The Physical Environment

A literature review of the physicehvironment of floodplains is required to understand
human vulnerability irflood prone areasThe first section defines floodplains through various
literature (Holway et al. 199@®ender 1991; Nanson et al. 19@erritsen et al. 2005).

Determining the antribution of development to vulnerability is highlighted in the following
section. This section focuses on the positive and negative contributions of floodplains in society.

The final section identifies various literatures relating to floodplains amkability.

2.4.1 Understanding Floodplains

The Iterature presents several definitions for floodplains (Holway et al. 1990; Bender
1991; Gerritsen et al. 2009).majority of the meanings of floodplains presented in literature
include flooding or inudation into their definition (Jun&t al. 1989; Nanson et al. 1991
Tockner 2002). Literature from Montz et al. (1986), Few (2003), and Kron (2005) defines
floodplains as representations of sediment sinks with low lying surfaces that accumulate water
and undergo processing for long periods of time. Tockner et al. (2002) broadly defines
floodplains as areas of low lying land tleaémore susceptible to flooding by the overflow of

water from associated bodies of water. Floodplains can be specifically dagitesad that is
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capable of being inundated by the overflow of lakes, rivers, deltas, estuaries, or direct
precipitation (Junk et al. 1989; Nanson et al. 1992; Tockner 2002).

Bender (1991) and Nanson et al. (1992) expdi#fiierentperspectives itheliterature
that define floodplains. The topographic explanation defines floodplains as flat surfaces that are
adjacent to a stream (Bender 1991). In geomorphology, floodplains are defined as a landform
composed of unconsolidated material from sediments tbatansported by a stream (Bender
1991). The geomorphology definition of floodplains provided by Nanson et al. (1992) is
explained as the horizontally bedded alluvial landform adjacent to a channel and built of
sediment transported by the current flowimeg

This research focuses the hydrological explanation as opposed to geographich is
defined as a landform that is susceptible to periodic flooding from a nearby stream (Bender
1991). According to Bender (1991), the amount of time a floodplaiarisidered flooded
depends on the size of the stream, the channel slope, and the characteristics of the climate. The
hydrological definition provided by Nansen et al. (1992) is explained as the surface next to the
channel that will eventually be floodedhdse definitions serve as a background for

understanding the risk of human development in floodplains.

2.4.2 Human Activities in Floodplains

Depending on howhe land is used and developeéé t er mi nes a popul ati o
vulnerability to flooding Burton et al. 1968Bender 1991Kron 2005; FEMA 201 Bender
(1991) provides a couple of examples that explain how variations in development increase

human vulnerability to floodind=irst, floodplain development increases surface runoff rates
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becausé¢herate in which the surface land area can absorb rainfall is decr@aséah et al.
1968;Bender 1991FEMA 2010. Thus, the rate in which the water flows into the sewers and
drainage systems are increag¢kétbn 2005; FEMA 201 Second, dforestation and
overgrazing practices are other examples that increase human vulnegBbitither 1991 Both
of these practicedecreas@egetation cover and exposail to erosion which reduces the lands
level of flood absorption (Bender 199HEMA 2010.

There are nmerous factors that contribute to the vulnerability of populations in
developed floodplaing3erritson et al. 2005; Kron 2005; FEMA 2010he most important
factor that contributes to this research involves the alteration of runoff condivom&iuman
development (Bender 199EEMA 2010). The alteration of runoff conditions produces
population vulnerability in areas where impervious surfaces, gusters) sewersare located
(FEMA 2010). By altering runoff conditions, flash floods are more likely fgpkea from an
increase ostream flow during normal rainfall cycles (Bender 19%don 2005; FEMA 201

The literature presented above illustrates the importance of minimizing development in
natural floodplains. Significant researchthe floodplain literature has identified numerous
reasons for preserving natural floodplains (Gerritsen et al. 2R88ucing human development
in natural floodplains increases the strength of flood defenses from flooding, erehteserves
environment stability (Gerritseet al. 2005). Gerritsegt al. (2005) explaithat natural
floodplains can control floodingy floodwater detentiordefined as the temporary storage of
water entering a floodplain as surface runoff (Gerritsen et al. 2005). This natural system delays

andreduces river peak discharge which reduces flood potential (Gerritsen et al. 2005).
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Chapter 3

Methodology

The literature review from the previous chapter suggests that recent social indicators
research hasiainly focused on the quantification of geopiwgl risk and social vulnerability
While this approach is becoming more commom previous study hagyorously validated
resulting productsThe lack of validation does not specify the extenthich these communities
are actually vulnerable. For expta, a community identified as highly vulnerable through the
SVEAI estimation may notcually be vulnerable based on pisysical bcation with respect to
the hazardous area@hus, the starting point for this analysis is to estintagehazards of place,
foll owing Cutterods (1996) Harhisresdasch definesPl ace Mo
hazards of placas the product of geophysical risk and social vulnerability. The results from the
hazards of placestimation inform and guide the selectiortttd sup-block groupanalysis.

This chapter introduces the analysis through a series of procedures. First, the study area is
examined. The study design is provided second, followed by the methasstonbling and
collectingrequireddata. The next two sectioegplain the construction of geophysical risk and
social vulnerabilitymetrics for thecensuslock groups in the study area. A statistical analysis of
the geophysical risk and social vulnerabihtgtrics is executed next to determine the
relationships wit the data. Thenetrics are used to calculabtazards of placmetrics and create
thehazards of placmatrix. The final section explains the validation processéaards of place

results.



3.1 Northeastern North Carolina

In order to estimate geophyalaisk and social vulnerability, Northeastern North
Carolina was selected as the study area for this research, shown in3Figartheastern North
Carolina was selected because ofatg lying elevation which makes it vulnerable to flooding
Theregiods vulnerability to natural hazards exemp
and communities to be aware of their flood risk environment. Also, research in Northeastern
North Carolina has not examined satial patternsf populations living invulnerable areas at

the relatively finecensus block group levef analysis

3.1.1 Physical Characteristics

The purpose of this section is to describe the physical characteristics of the study area.
Northeastern North Carolina is geographically lodatethe areas that extend from the Atlantic
Ocean to the Piedmont Plateau. This classification is known as the Coastal Plain physiographic
region Gtate Climate Office of North Carolina 2Q1This region encompass24,330 kni in
area which is the siza&f the state Massachusetts (Gordon 1996). Its surface isftydmw-lying
and containsnany wetlands and lakeState Climate Office of North Carolina 2010

North Carolina varies in different topogtapal regions across the statewever, the
climate remains constantate Climate Office of North Carolina 2Q10lortheastern North
Carolina has a similar climate to areas with warm temperate z8tae Climate Office of
North Carolina 2010 According tothe State Climate Office of North Carolinad(®), the entire

state of North Carolina is located at the same paxdletitude as the Mediterranean but is
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Figure 3. Study site ohortheastermNorth Carolina
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affected by its position with the eduwsesan i n
change in temperature but increases the amount of precipitation (State Climate Office of North
Carolina2010.

Average precipitatioin northeastern North Carolina varies each year (State Climate
Office of North Carolind010. The greategpreciptation occurs during the summendis often
connected with frequent showers and thunderstonhie the driest season occurs during the
fall (State Climate Office of North CarolirZ910. Precipitation duringhe winter and spring are
influenced bymigratory low pressure stormsgvhich average one inch per year during these
seasongState Climate Office of North Carolirz910.

The State Climate Office of North Caroli(2010) also states that North Carolina
accumulates the most economic loss from trdgaaricanes and flooding during the summer
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season. North Carolinabs weather is influence
year (The State Climate Office of North CarolR@L0. Tropical hurricanes produce floods

which significantly damaginland property, specifically in the coastal areas of Northeastern

North Carolina (The State Climate Office of North Carol04.0. The propertiesfccoastal

communities in aredge the OuteBanksoccasionally suffer severe damage from associated

with floods(The State Climate Office of North Caroliga10.

3.1.2 Population

In 2000, the coastal region had a population of 336,470 (Northeast North Carolina
Commission for Economic Developmeé@10. The most densely populated areas in the region
comefrom its three largest cities, Elizabeth City (population 19,056), Roanoke Rapids
(population 16,505), and Washington (population 10,060) (Northeast North Carolina
Commission for Ecoomic Development). Therestobmr t heast ern North Car ol
isdispersedcross theegion in rural areas arsinaller towns including Kill Devil Hills
(population 6,614), Williamston (population 5,583), Edenton (population 4,989), Ahoskie
(population 4,313), and Plymouth (population 3,957) (Northeast North Ca@ximenission for
Economic Development). The 2080d 2010Census population for each county is shawable

1.
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Table 1.2000and 2010Census Population for each County

County Name 2000 Population | 2010 Population | Percent Change (4/
Beaufort 44,598 46414 +4.07%%
Bertie 19,773 19,345 -2.16%
Camden 6,885 9,730 +41.32%
Chowan 14,526 14,784 +1.78%
Currituck 18,190 24,216 +33.13%
Dare 29,967 34,296 +14.45%
Gates 10,516 11,768 +11.91%
Halifax 57,370 54,582 -4.86%
Hertford 22,601 23,283 +3.02%
Hyde 5,826 5211 -10.%%
Martin 25,593 23,337 -8.81%
Northampton 22,086 20,136 -8.83%
Pasquotank 34,897 41,578 +19.14%
Perquimans 11,368 12,734 +12.2%
Tyrrell 4,149 4,078 -1.71%
Washington 13,723 12,851 -6.35%
Total 342,068 358,343 +4.76%

32 Data Collection

The first stage of #amethodologyrequired assemblinGIS spatiadatalayersfor the
geophysical risk and social vulnerability estimation. Assembling spatial data is mandatory to
identify the hazards of place of vulnerability in N&#stern North Carolina. The spatial data
used in this resear@dresummarizedn Table 2

Thesecondstage is to obtaitand @ver datao undertakéhe geophysical risk
estimation. The final stage is to identify and obtain socioeconomic variables ti€@enghs
data. Additional information from an interview with an emergency officiattpuired to get the
opinions, preferences, and concerns for the verification of the obtained data. The following

sections describe the data methodology.
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Table 2 SpatialData

Boundary Data County Boundaries; Source: ESRI
County Block groups; Source: ESRI
Flood Data Floodplain Maps; Source: North Carolina
Floodplain Mapping Program
Development Data Land Cover Data; Source: MulResolution
Land Characteristics Consortium
Socioeconomic Data Census; Source: Census Fact Finder

3.2.1 County Boundaries and Block Group Data

Obtaining detailed county boundaries aisl Censuslock groupss one of the first
steps for the data collectioBounty boundaries were providadd &sembledy ESRI. Thedata
setincludes the sixteen countieENortheastern North Carolin8eaufort, Bertie, Camden,
Chowan, Currituck, Dare, Gates, Halifax, Hertford, Hyde, Martin, Northamp@asguotank,
Perquimans, Tyrrell, and Washingtofear 2000US Censublock groups for these counties are
also obtained from ESRI (201)he detailed county boundaries and census block groups are

shown in Figure 4.

3.2.2 Flood Data

This section explains the process for obtaining flood data for geaphyisk estimation.
Floodplain dataveredownloaded from the North Carolina Flood Mapping Paag (NCFMP)
website. Floodplains were represented as vector polygon feature classes, whiclcateden
the geodatabases provided by NCFMBch floodplain feature classmade up of flood zones.

The Federal Emergency Management Agency (FEMA) has defined flood zones as geographic

areas with various levels of flood ridkood zones shothelevelsof flood risk pertaining to
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Figure 4. Detailed County Boundaries and Ges Block Groups
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that location Definitions for each flood zone designation are providebaible 3.These zones
are represented on a Flood Insurance Rate Map (FIRM) or Flood Haaandd@y Map (Cutter
et al 1997). For example, Figure 5 illustragedigital flood zone map of Pasquotank County,

NC, provided by the North Carolina Flood Mapping Program (2010).
Areas classified as being within the 100 year floodp@@used in this analysig.he one

hundred year floodplain or 1% annual chance floalahane percent annual chance of being

equaled or floodethany gi ven year. The 1% annual chance

AAEO zones. fAAO0 zon e shuranedyearfl¥odl@dingwithmor dat ed by

established base flood elevatioREMA 2010 . AAEO zones are areas i ni

flooding withestablished base flood elenets (FEMA 2010). Figure shows an illustration of
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Table 3.Definitions of Flood Zones

Zone Title Description
A Areas with a 1% annual chance of flooding.
AE The base floodplain where base flood elevations are provided.

Areas with a 1% annual chance of shallow flooding, usually in the

AH form of a pond, with an average depth ranging from 1 to 3 feet.

River or stream flood hazard areas and areas wi# ar greater
AO chance of shallow flooding each year, usually in the form of sheet
flow, with an average depth ranging from 1 to 3 feet.

Areas with a temporarily increased flood risk due to the building o

AR restoration of a flood control system (sucladsvee or a dam).

Areas with a 1% annual chance of flooding that will be protected |
A99 Federal flood control system where construction has reached spe
legal requirements.

Coastal areas with a 1% or greater chance of flooding and an
\Y addiional hazard associated with storm waves. No Base Flood
Elevations are shown within this zone

Coastal areas with a 1% or greater chance of flooding and an
additional hazard associated with storm waves. WfoaeBase

VE Flood Elevations derived from thieetailed hydraulic analyses are
shown at selected intervals within this zone

X Areas that are determined to be outside the 100 and 500 year
floodplains.

D Areas with possible but undetermined flood hazards. No flood ha;

analysis has been conducted.

the 1% annual chance flooNdrth Carolina Department of Crime Control and Public Safety

2008.

3.2.3 Human Development Land Cover Data

Past research has not included land cover data in the framework for mgasurin

vulnerability. This analysis attempts use land cover data as one of the dimensbiise
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Figure 5. Digital Flood ZongSource: NC Floodplain Mapping Program 2011)
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vulnerabilitymatrix classifcation system. The inclusion of land cover data is important to
determine wherbuman development is actually located with respect to floodplain Zbhes.
Multi-Resolution LandCharacteristics (MRLC) Consortium provides 2001 land cover data sets
for the Uhited States. The MRLC provides sixteen, regicuglerzoneavailable for download.
The state of North Carolina requires Zone 13 and Zone 14 for complete state coxecage
were downloaded and clippedAmcGIS Desktop .9

The land cover data set is aterdata layer withvariouscategoriesTherewere
originally a total of twentynine categories of land cover data. For example, Figure 7 illustrates
the categories for Tyrell Countyhis analysis focuses on the human development
classificationsThe four different types of humradevelopment land cover data were classified to
values of 1, with all other categories received values ©h8.land use codes, names, and
descriptions arshown inTable 4.These categories angerged togethdn ArcGIS Deskto®. A

merged, development land cover map for Tyrell County is shown in Figure 8

3.2.4 Land Parcel Data

Land parcel datavere acquired for one countty aidin thevalidation of analytical
results.For exampleFigure illustrates an online mapping ofdlintegation of land parcel and
aerialphotograph data in Bertie County, North Carolina. Online land parcehdzdsailable
fromthecount yés GI S wGedspatagData Sefvices on the Ndrte Carolina State

University webpagerovides links o t he countyds GI S webpage.
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Figure 7. Land Cover Categories for Tyrell County
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Table 4. Types of Human Development Land Cover Data

Land Use Code and Name

Description

21: Devéoped, Open Space

Includes areas with a mixture of some constructed materials
mostly vegetation in the form of lawn grasses. Impervious

surfaces account for less than 20 percent of total cover. Thé
areas most commonly include lafige singlefamily housing
units, parks, golf courses, and vegetation planted in develoj
settings for recreation, erosion control, or aesthetic purpose

22: Developed, Low Intensity

Includes areas with a mixture of constructed materials and
vegetation. Imperviousurfaces account for 240 percent of
total cover. These areas most commonly include sifiaghely
housing units.

23: Developed, Medium
Intensity

Includes areas with a mixture of constructed materials and
vegetation. Impervious surfaces account foi79@ercent of
the total cover. These areas most commonly include single
family housing units.

24: Developed, High Intensity

Includes highly developed areas where people reside or wo
high numbers. Examples include apartment complexes, row
houses and comencial/industrial. Impervious surfaces accou
for 80 t0100 percent of the total cover.

Figure 9. Land parcel and aerial photogrph data in Bertie County, North Caroli
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Originally, land parcel data was desired for all counties but this was ndblpdss
various reasons. First, the land parcel data availability was limited because some counties did not
have land parcel data available online. Also, some ddithéable parcel dataere outdated or
did not contain the metadata needed for this asialyfo obtain some of the missing parcel data,
local GISsupervisors were contactegiecond, while evaluating the land parcel data for each
county strengthens the accuracy of the validation process, since more block groups would be

compared in the analysiDue to time constraints, this was not possible.

3.2.5 Socioeconomic Data

Thereis a wide range of socioeconomic variables available for this resteichas been
used in prior work to measure social vulnerahily issuewith socioeconomic data
determiningwhich variablego include for a focused analyslastead of creating a new set of
variables, the same variables from Charakraborty et al. (208®used in this malysis. These
variables are shown in Table 5.

Variablesvere selectebasedon their relevance to the characteristics of the population
that are important from the risk perspectiVareecharacteristics were identifiethd included:
general population and structuedtributes; access to resources; grnecgl evacuation needs.
To represent the variables within eatlaacteristic, US Census data wiasvnloaded from the

U.S. Census Bureau American Faotder (2010) webpage.
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Table 5. Socioeconomid®/ariables

Variable Name

Description

Total Population

Identifying large poplation densities is an important variable to consiq
when combining known hazard occurrence areas (Cutter et al. 1997
More assistance from local and emergency officials is required to not
these large population groups (Cutter et al. 1997).

Number ¢ Housing Units

Like total population, the number of housing units identifies where thg¢
greatest number of people live (Cutter et al. 1997). This variable is
important to show the intersection of hazard zones because it shows
many people are potentiaimore prone to hazard damages.

Number of Mobile Homes

Mobile homes are built and factories and taken to a location where th
will be occupied. Mobile homes are easily destroyed and more vulne
to hazards (Clark et al. 1998; Cutter et al. 2003).

Population Below Poverty Level

People that have lower incomes and live in poverty are less capable
recovering from hazard impacts (Cutter at al. 1997, 2003). According
Cutter et al. (2003), wealthy populations are able to absorb losses m
quickly dueto insurance and social safety nets (Cutter et al. 2003).

Occupied Housing Units with No
Telephones

Telephones serve as a tool for communication. Households without
telephones are limited to current knowledge and updates on potentia
disasters (Clark edl. 1998).

Occupied Housing Units with NQ
Vehicles

Households utilize vehicles for transportation purposes. During a nat
disaster, a vehicle is an important commodity for households to find :
way out arms way (Clark et al. 1998) According to Clarillef1998).
households with no vehicles are limited to evacuation accessibility.

Institutionalized population in
group quarters

Institutionalized populations consist of people under supervised care
institutions at the time. It is difficult to monitéine number of individuals
living in an institutionalized environment monitor during natural disas
making them more vulnerable (Clark et al. 1998).

Population age 5 years or under

Children and infants are one of the most stressed demographic grou
affected the most by disasters (Cutter et al. 2003). For example, pare
lose money when caring for the children when daycare and school
systems are affected (Cutter et al 2003).

Population age over 85 years

Elderly populations are the one of most affeatethographic groups
(Cutter et al. 2003). Elderly populations require more attention becauy
they have more mobility constraints than other age groups (Cutter at
1997, Cutter et al. 2003).

Population (age over 5 years)
with disabilities

Individuals wih disabilities have unique needs that require more deta
planning in the event of a disaster (Clark et al. 1998; Cutter et al. 20C
Clark et al. (1998) states that disabilities can intervene with any actio
taken to reduce vulnerability.
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3.3 DataProcessing

As mentioned earlier, the purpose of this researahpsdvide a detailed analysis of
hazardvulnerability by incorporating the hazards of place assessment and Geographic
Information Systems (GIS). The first step was to obtain the datadaeophysical risknd
social vulnerability assessment. After theta were obtained, the next step weaprovide a
methodology for producing tHeazards of placand the matrix classification of low, medium,
and high risk block groups. Methodologiesdigy Cutter et al. (1997) and Chakraborty et al.
(2005) provide frameworks for estimating vulnerability and creating the matrix for the block
groups in Northeastern North Carolina. The methodology begins with calculating geophysical
risk and social vulnetality metrics to producehe hazards of place indedsing themetrics

from the hazards of place modal matrix classification of risk is creatad described belaw

3.3.1 Geophysical Risk Assessment

Chakraborty et al. (2005) providemethodology fodeveloping an indicator to calculate
the GPRI The GPRIresults in metric valug®r the 286block grougin the study arealwo
GPRI measures using different approacespresented for grouping different factorerder
to calculatemetric valuesTheseGPRI modelsaire shown imable 6 GPRI1 is thepercent of the
block group within the floodplairand GPRI2 is thpercent of development in each block group

within the floodplain
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Table 6.DeterminingGeophysical Risk

Approach Title | Description

GPRI1 Calculating the percent of the block group within the floodplain

GPRI2 Calculating the percent of development in each block group within th
floodplain

Since GPRI1 does not include aspects of the human built environment or development,
GPRI2 is expcted to be the main contribution to this analysis as it relates to one of the primary
goals of this research. For example, Figures 10 and 11 illustrate the significance of human
development land cover data on the GPRI. Figure 10 illustrates a GPRI1reméskntation of
a block group in Pasquotank County with a high percentage of its land located within the
floodplain. However, in Figure 11, a GPRI2 model representation is shown for the same county.
Even though a high percentage of the block group &tdakcin the floodplain, there is a low
percentage of human development within the floodplain. Thus, the block group is not as
susceptible to flooding based on the GPRI2 visual representation.

Before calculating GPRhetrics a series of raster editing tean ArcGIS Desktop @re
used to edithe geophysical datdtilizing editing tools inArcGIS Desktop 8ervesto calculate
the geometric intersection of floodplain and block group data. The intersect tool is used to
calculate and produce an output daf thtersected floodplain and block group data.

Raster editing tools iArcGIS Desktop @re important to emphasize and merge the
human development characteristics of the land cdatx setThe land covedata set are edited
through various toole/hich include the following: mosaic; spatial analyst calculator; spatial
analyst reclassify; and zondhsistics. The zonal statistics tool is the most important function

since it summarizes the human development land cover dadteset with values ofd 1
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Figure 10. GPRI1 Pasquotank County Block Group
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within the floodplain dataA value of0 represents nedeveloped land cover pixels and 1
represents human development land cover pixels.

Tabular calclations are required to calculate fpercentagef development in each
block group. Area values are needed to calculate the tabular data for each block group and
DFIRM in the study ared he area values required for the tabular data calontainclude e
following: total block group areagtal blockgroup area within floodplain; total developed area,;
and btal developed area in floodplain.

The GPRImetricsuse the area values mentioned above to detertimengercent of the
block group located in thedbdplain and the percent of development in each block group within
thefloodplain. To calculate the percent of each block group located in the floodplatotathe
block group are& divided by theotal block group area within the floodplamultiplied by
100. To calculate the percent of development in each block group widfioodplain, the total

developed area is divided by the total developed area in the floodplain.

3.3.2 Social Vulnerability Assessment

The approach for evaluating social vulaeitity is based on the models developed by
Cutter et al. (1997) and Chakraborty et al. (2005). As mentioned in the literature review, Cutter
et al. (1997) developed the Social Vulnerability Index (SoVI) and the Social Vulnerability for
Evacuation Assistare Index was developed by Chakraborty et al. (2005). Conceptualizing ideas
from both models sergéwo purposes within thisesearch: alculating social vimerability

metric valuedor eachvariable; and grouping variable metric valtesllustrate the satial
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patterns of vulnerability. First, the models in the literature are examined to determine their
relevance to this analysis.

Although both models calculate social vulnerabititgtrics they vary inscale As
mentioned in the literature revievingt S&/1 developed by Cutter et al. (199Teasures
vulnerability on ecountyblock grouplevel. However, his research follows the same direction as
Chakrabortyet al. (2005) by computing social vulnerability on a census block group level. The
SVEAI developedy Chakraborty et al. (2005) modified the original SoVI model by computing
social vulnerability on a census block group level.

The methods mentioned above were used in this analysis to catbelébeir SVEAI
measures$or each block group, using the seéstvariables. These®VEAI modelsarelisted in
Table 7, along with the groupings of each variaBefore the vulnerabilitynetric valus are
calculated for each variable, the variables are grouped together and standardized to develop
metricsfor each cheacteristic. The rationale for the grouping variables together is to evaluate the
differences that might exist beten different variables (Chakaty et al. 2005). Variables are

grouped together based on a series of characteristics provided by Chaieahbr(2005).

Table 7: Variable Characteristics Used to Determine Social Vulnerability

Characteristics Variables

SVEAIL: Population and Structure Total Population
Number of Housing Units
Number of Mobile Home

SVEAI2: Limited Access to Resources Population Below Poverty Level
Occupied Housing Units with No Telephone
Occupied Housing Units with No Vehicles

SVEAI3: Populations with Special Evacuatio| Institutionalized population in group quarters
Assistance Population age 5 years or under

Population age over 85 years

Population (age over 5 years) with disabilitie

SVEAI4: All Variable Qharacteristics All variables
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Chakaborty et al. (2005) summarizése methodology for computing and standardizing
eachmetric value, shown in Table 8. The overaitial vulnerability metric value for each block
group is standardized from 0 tol. Lower metric values in the SVEAI represent lower
vulnerability for the block group. Higher metric values indicate greater vulnerability.

For example, the metric values foethumber of mobile homes in each census block
group are shown in Table 9 (Cutter et al. 1997; Cutter et al. ZDB@)samepproachs used for

the SVEAI calculation. The value of X is calculated using the following expression:

X = Number ofa givenvariable in census block/ Numbertbie givenvariable in county
The desired variable metric is calculated by dividing the percentage score by the
maximum percentage out of every block group. This calculation places all social variables on the
same scale:
Desred Variable Score = X/Maximum X
The mean housing value variable does not use the same calculation. Negative numbers are

possible in this calculation and the absolute value of the difference between block and county

values araised An example of the medrousing value calculation is shown in Table(Catter
et al. 1997, Cutter et al. 2000). The mean housing value is determined by three steps that

calculated the lowest mean house value. The variable calculated represents the lowest mean

Table 8 Methodobgy for Computing and Standardizing Each Varidric

Step 1: For each variable determine the ratio of the variable in the block group to th
total number of that variable in the counRj)(

Step 2: Compute a standardized social vulnerability foiEAli for variablei using the
maximum ratio value (Rmax) observed in the county

Step 3: To combine multiple variables in the assessment of social vulnerability, calc

the arithmetic mean of the vulnerability indices by dividing the sum of index
values of all variables by the number of variablesdonsidered

SVEAI=ESVEAI
N
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Table 9.SVEAI Mobile Homes Estimation

# of Mobile # of Mobile
Homes in Censu] Homes in the Mobile Home
Census Block Block County Score
Block A 125 3,500 0.036 1.00
Block B 76 3,500 0.022 0.55
Block C 4 3,500 0.001 0.03
Block D 21 3,500 0.006 0.17
Table 10.SVEAI Mean House Value Estimation
County
Mean House Average
Value in Mean House Mobile Home
Census Block] Census Block Value X Y Score
Block A 41,286 75,000 33,714 69,364 1.00
Block B 110,650 75,000 -35,650 0 0.00
Block C 76,776 75,000 -1,776 33,874 0.49
Block D 64,900 75,000 5,100 40,750 0.58

house value and is used as an indicator of poverty (Cutter et al. 1997). To determine how

different each block is from the county mean, the difference between cauhiyork housing

needs to be computed. This is calculated by taking the county average of mean house value and

subtracting the mean house value for each census block:

X= County Mean House ValueMean House Value for Census Block

To remove negative valugbe absolute value of the maximum X is added to X:

Y = X + Absolute Value of Maximum X

To calculate the mean house value ingd®stric value the ratio of the new value Y is

divided by the maximum Y:

Mean House Value Score = Y/ Maximum Y

46




3.3.3 Statisticd Analysis

The main objective ahe statisticalanalysis ido establish relationshi@sd correlations
among the GPRI and SVEAI metrics. It is important to assess the different GPRI and SVEAI
models by determining the extent to which each model igleded. If the models are highly
correlated, they measure aspects of geophysical risk and social vulnerability. Otherwise, the
models measure different outcomes.

To determine potential correlations and differences within the GPRI and SVEAtHdata
statigical operationsvereexecuted irPSAW 17The first set of correlatioresxaminedhe
relationship between théwo GPRI moded. The second set of correlatiomsplainedthe
relationship between the fousVEAI modes.

To visually determine the relatidmps between the two GPRI model characteristics, a
scatter ploand correlation matrix were creat&hce there are only twGPRI models, the
scatter plot of the GPRI characteristieas createdThe relationship between two variabless
visually identifed as data points on a scatter plot. Once the scattenasiterpreted, a
correlation matrix is compute@haracteristics fronthe GPRI and SVEAI models are used in

the correlation matrix.

3.3.4 Spatial Distribution Maps

After the statistical anadys, mapsverecreatedo visualizethe spatial distributionof
geophysical risk and social vulnerability in the study ae@mining the spatial distributions for

each quantitative model helps to identify spatial patté&xn<sIS Desktop & used to mathe
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metric values numerically or by groupings. More specifically, raw scores and classified metric

values, ranging from low to high were mapped.

3.3.5 ProducingHazards of Place

Themetricsfrom the geophysical risk and social vulnerability assessarensedto
producehazards of placéChakraborty et al. 2005J.able 11 shows a description of the GPRI
and SVEAI models. fie twoGPRI metris are multiplied with fouSVEAI metricsto produce

eight,hazards of placmetrics, shown in Figure 12

3.3.6 Hazards of Plac&latrix

The hazards of place matrix was produced from the GPRI2 and S\i#ttits.
Creating thénazards of placmatrix with quantitative rankings of lounedium, and high
permits the prioritization of risk among various block groupsartheastern North Carolina. &h
matrix provides a classification of these block groups into different rankings by categorizing
them on a nineelled grid Geophysical risk is the first dimension of the matrix. Social
vulnerability is the second dimensiohthe matrix. The8x3 matrix is shown inrable 12

Since every variable does not have the same values in each block group, the values in
each ranking classification vary depending on the selected variable. Téots35 Desktop 9
are used as an alterivat to numerically categorize the matr&.natural breaks classificati
categorizes risk into threeimercal classes. Class valug® used as separators between the

low, medium, and high classificatioridetric valuesbelow the lowest threshold receiaevalue
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Table 11 Description of Quantitative Models

Quantitative Models| Description

GPRI1 Percent of block group within the floodplain

GPRI2 Percent of development in each block group within the floodplain
SVEAIL Population and structure evacuatraracteristic

SVEAI2 Limited access to resources evacuation characteristic

SVEAI3 Populations with special evacuation assistance evacuation characte
SVEAI4 Combination of all SVEAI models

Figure 12. Hazards of Placklodels
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Table 12.Matrix Classification

SVEAI
GPRI 1 (Low) 2 (Medium) 3 (High)
1 (Low) 11 12 13
2 (Medium) 21 2 2 2 3
3 (High) 31 3 2 33

of Al.0 Values between the secoMdricwles f i r st t
between the third and second thrdsltb r ec ei v e at rviax uvea loufe si 3i. de nMai f
A2 2, 0 a nuwbediin3he Bert seatioreto validate Hezards of Place Model of

Vulnerability (Cutter 1996)i 1 10 or f@ALow Lowo bl ock groups ha
due to low gophysical risk and low social vulnerability. Block groups identified as

A2 20 or AMedium Mediumo have the most interm
geophysical ri sk and medium social vulnerabil

Hgho have the highest hazards of place due to

vulnerability.

3.4  Validating theHazards of Place Model of Vulnerability

Previous literature identifies geophysical risk and social vulnerahilyicsas the end
pointfor quantitative models (Cutter et al. 2000; Tapsell 2002; Wu et al. 2002; Chakraborty et al.
2005; Cardona 2006 Howevet it is important to pursue the validation of quantitative models
by assessing the degree to which high hazards of place bloclsgrcally are located within

the one hundred year flood zoriéis research expands beyond the residitise hazards of
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placemat ri x to validate the ALow Low, 0 AMedium N
in northeastern North Carolina.

As stateckarlier, the purpose of this section is to explain the methodology for validating
theHazards of Place Model of Vulnerability (Cutter 199B)e results are validatéldrough two
procedures: qoviding a subblock groupanalysis of thdazards of placeatix, specifically
residential parcelghose actual building footprinistersect with lhe one hundred year
floodplains; and mainterview with a key informant about their knowledge of vulnerability in

northeastern North Carolinhe key informant was a loceounty emergency planner.

3.4.1 SubBlock GroupAnalysis

It i s expected from the hazards ofrhav@l ace m
hi gher percentages of their developed | and wi
Lowdo andn iMdaediumo ri sk block groups. However,

specifically determine whether residential properties are located within the floodplain. Thus, the
subblock group analysis serves as a quantitative assessment that attemptiate tredi hazards
of place matrix.
This research conducissubblock groupanalysis fotwo countiedo validate the
hazards of placmatrix. The counties selected for this dollock group analysis were Currituck
and DareCountyselection wadvased orthe availability ofland parcelnd the existence of
bl ock groups spanning the ALow Low, ReforBtilee di um
subblock group analysis was performedygel data, DFIRMs, and aerial phofos Currituck

and Dare County welienportedinto ArcGIS Desktop .9
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The first step in this analysis was to identi#gidential parcels that intersect wikie one
hundred year floodplairJsing the selection tool iArcGIS Desktop Sesidentiaparcels that
intersect with the one hundred ydi@odplainwereidentified and given values of The other
residential parcels that did not intersect with the one hundred year floodplain were given values
of 0.

The second step of the analysis required a more detail examination of the parcel data.
This step determined whether or not the building footprint within the residential parcel was
located in the one hundred year floodplain. For eesidential parcel that intersectedth the
one hundred year floodplgithe parcels were evaluated furtherZiopming in to see if the actual
building footprint was located in the floodplain. The location of each building footprint within
the floodplain was interpreted visually. Thushie householdvasactually located in the
floodplain, the langbarcel receive a value of 1. Otherwise, the lapédrcel received a value of 0.

The final step of the sublock group analysis was to calculate the percentages of
building footprints located in the one hundred year floodplain for the selected block groups.
Percentagewere calculated by dividing the total number of residential parcels that intersect with
the one hundred year floodplain by the actual number of parcels with building footprints located
in the one hundred year floodplain. Thus, applying these percentdgesldate or reject the

hazards of place matrix.

3.4.2 Interview

Although this analysisisesquantitative models to calculate geophysical risk, social

vulnerability, anchazards of placmetricsfor northeastar North Carolina, the qualitative
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analyss provides an approach to further validate the restilis qualitative analysis consists of
an interview with an emergenaofficial from Currituck County. The purpose of interviewing the
emergencynanagementepresentatives to provide validagsthe resilts from theGPRI, SVEAI,
andHOV AssessmeniThus,attempting to validate the quantitative results through an interview
analysis will eithestrengtheror weaken the results frothe assessment.

The first step towards completing an interview analysisheito select the interviewee
from Currituck County. Potential candidates w
webpage and invited through email to participate in this research (NC Government 2010).
Interview candidates were chosen for thgialifications, availability, and immediate response to
the research invitation. The assumption was that each interview candidate possessed expertise in
vulnerability and flooding. Based on this criterion, only one candidate was selected for the
interview. The selected interviewee was a representative from the emergency management
department of Currituck County.

Thisinterview beginswiththa e mer gency of ficial 6s percepti
significant areas of geophysical risk, social vulnerability, lsamhrds of placare located in their
county. GPRI, SVEAI, and HOV maps of Currituck County werevided to the emergency
representativas visual cues, shown in Figures 13 through 15. These maps consisted of block
group boundaries and roads, which a@saids to identify significant areas within the
community.A marker was provided to the emergency official to hand draw boundaries of these
significant areas.

The map results provided by the emergency offigililbe compared to the spatial
distributionmaps from the quantitative results. Interpretations of the map results are twofold.

First, the map results could suggest that the resultstirequantitative models were accurate in
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Figure 13. GPRIMap of Currituck County
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Figure 14. SVEAI Map of Qurrituck County

R

|

[ 0038747 -
[ Joo7o71s-
[ 0.122659 -
I 0173938 -
I 0254045 -

0.070715
0.122658
0.173937
0.254044
0.360422

P

54



Figure 15. HOV Map of Currituck County
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identifying at risk areas. Second, the comparison of the two maps could determine potential areas
the key informant identified as high risk that the spatial distribution maps did not rezogniz
Since the goals of the interview analysis have been identified, it is important to outline
the questions for the analysis. The emergency representatsprovided with a specific seff
open ended questions. These questions ettabiemergency offial to provideherperspectives
of vulnerability and the importance of assisting these populations during flooding events. The
guestionsexplorethe following aspectsdentifying areas that are more susceptible to flood
events identifying areas where huans are more susceptible to floodimdentifying areas where
the combination of geophysical risk and social vulnerabilityhagle; and he methods taken to

evacuate communities.
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Chapter 4

Results

This chaptepresents analyticaesults from the hazds of place assessment. The
detailed results are presented in the form of tables and maperébalts are illustratethrough
a series of stages: correlation analysis and spatial patterns of the two GPRI and four SVEAI
indices; spatial patterns of thazards of place model of vulnerability; spatial patterns of the
hazards of placmatrix; subblock group analysis of the land cover parcel data; and an interview

with the emergency official

4.1  Geophysical Risk Index (GPRI)

As mentioned in the previouhapter, twdGPRI modelsverecreatedo estimate
geophysical risknetrics for every block group in northeastern North Carolina. TheGRBRI
models include the following:atculating the percent of the blogkoup within the floodplain;
and @lculating he percent of development in each block group within the floodflaisie 13
showsthe average GPRIland GPRI2netric valuedor each county. Each GPRletricwas
standardized from O to 1. This section determines the most signi@&Hrikto include as th

geophysical risk factor in tHeazards of placmatrix.



Table 13.AverageGPRI Metrics byCounty

County GPRI1 Metrics GPRI2 Metrics
Beaufort 43 .39
Bertie .20 .06
Camden .59 .37
Chowan .20 .09
Currituck .60 .38
Dare .65 .68
Gates .32 .05
Halifax 13 .04
Hertford 16 .02
Hyde .83 .85
Martin .20 .05
Northampton | .17 .02
Pasquotank | .39 .35
Perquimans | .22 21
Tyrrell .87 .81
Washington | .28 14

4.1.1 Correlations

In order to understand the relationship betw&®RI1 and GPR,aSpear manés Ranl
Ordercorrelationcoefficient andscatter diagrarwereexecuted ilrPSW Statistics 18 able 14
shows theSpearmeés Corr el at i on Co erhoflalsdheeenults sthow thatt he t w
GPRIL andGPRP arestrongly correlatedThecorrelation coefficient between the GPRbdels
is 0.864, and the correlation is significant at the 0.01 level (p < 0.05).
Figurel6 represents the scatterplot for the two GRIBbels Each dot represents a
block group in the study area. The dots abovditigerepresent block groups with higher GPRI2
values and the dots below the line represent block groups with higher GPRI1 values. Although
the scatter plot reveals a positive, linear relationship bet@&1 and GPRIZhere are
various outliersMost d the outliers fall below the line, with higher GPRI1 values. Since the

outliersbelow the line do not include human land cover data, these outliers over estimate
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Tablel4.Spear mands Correlation Coeff

GPRI1 GPRI2
Spearman'sho | GPRI1 Correlation 1.000 8227
Coefficient
Sig. (2tailed) : .000
N 286 286
GPRI2 Correlation 827" 1.000
Coefficient
Sig. (2tailed) .000 .
N 286 286
**_Correlation is significant at the 0.01 leveH@iled).

Figure 16.Scatter Plobf the GPRI Models
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vulnerability. Thus, the outliers above the line, with high GPRI2 values, are better models to
approximate vulnerability
More specifically, the points highlighted in Figure 16 represent block groups in

Perquimans and Curritucko@nty. The Perquimans Countylock group has a low GPRI1
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metric value of 0.23, and a higgPRR metric valueof 0.55.This indicates tha®5% of the
human development is within the floodplaamd 23% of thélock grou@ s ia withia the
floodplain. Thus,the Perquimans County blogkoupis still considered at high riskven though
a low percentage of its area within the floodplas shown in Figure 17.

In contrast to the Perquimans County block group, the Currituck County block group has
a GPRI1 meic value of 0.68 and &@PRP metric valueof 0.13. This indicates that8% of the
human development is within the floodplaamd 13% of thélock grou@ s ia withiathe
floodplain.Thus,the Currituck County block is considerddw risk even thougla high
percentage of its area within the floodplaas shown in Figure 18.

Although the results from the correlation analysis show a high correlation between
GPRI1 and GPRIZ2, the scatter plot suggests a different relationship between the two geophysical
risk indices. First, a block group with high GPRI1 value and a low GPRI2 value are less
vulnerable. Second, a block group with a low GPRI1 value and a highGPRI2 value are more
vulnerable Thus, the inclusion of human development land cover data is aramport

contribution to the geophysical risk assessment.

4.1.2 Spatial Distribution of GPRMetrics

The spatial patterns of the GPiRétrics are presented in Figure 19 and 20. The GPRI is
based on the percent of each block group located in the floodplatheapdrcentlevelopment
in each block group within the floodplain. The maps illustrate the differences between the

characteristics that compose the GPRI results.

59



Figure 17. Perquimans County Block Group
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Figure 19.GPRM SpatialPatterns
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In Figurel9, the GPRImetrics represent the percent of each block group located in the
floodplain.The majority of the block groupslentified adow and medium risk arease
clustered in thevestermregion High risk block groups are locatebbag the eastern coast and
inland. Figure 20llustrates a differenpatternusing the percent development in each block
group within thefloodplain. A majority of the block groups are cgtarized as lovand medium
risk, specifically in the western regionhere are variouigh risk block groupslistributed along
the southeastern coastal areas.

Both maps illustrate how geophysical risk is distributed along the eastern coastal areas of
northeastern North Carolina. Froageophysical risk perspective, the block groupth the
highest metric scoreme the most susceptible to floodifidnese areas are located primarily in
the coastal areas of northeastern North Cardiingergency managers case these maps as a

guide to prioritize geophysical risk within their communities.

4.1.3 GPRI Summary

For the hazards of place analysis, the GPRI2 model was selected as the geophysical risk
factor, based on the results from previous sections. By candube correlation and visual
analysis for the GPRI metrics, the importance of integrating human land cover data is
demonstrated. It is possible for a block group to still be identified as vulnerable with a low
GPRI1 value, and a high GPRI2 value. Thhs, inclusion ohuman develoment land cover
data is an important contribution to the hazards of place analysis. The inclusion of human
development land cover data is essential to pinpoint societal development and their proximity to

floodplains.
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4.2  SocialVulnerability for Evacuation Assistance Index (SVEAI)

As mentioned in the methodology, t8¥EAI is measured by grouping variables into
four models These foumodels include the following:gpulation ad structure; dferential
access to resources; pdgion with special evacuation needs; and a combination of all
evacuation characteristics. Talileshows eachSVEAI, average metric valuer each county in
northeastern North Carolina. The results from the table show that Hyde and Pasquatagk Co
havethe highest, average metric value®achSVEAI.

The purpose of this section is to examine the results from the social vulnerability
assessment to determine the most significadelto include in théhazards of placmatrix. The
results are examined thughSpearmad €orrelation Coefficient and visual assessment of

spatial distributiormaps for the social vulnerability characteristics

Table 15.AverageSVEAI Metricsby County

County SVEAI1 Metrics | SVEAI2 Metrics | SVEAI3 Metrics | SVEAI4 Metrics
Beaufot 27 24 A7 22
Bertie .23 .26 A7 21
Camden .25 14 15 .18
Chowan .23 .25 .18 22
Currituck .29 A2 .16 19
Dare .36 A2 15 .20
Gates .23 18 15 .18
Halifax .23 .28 .19 23
Hertford 22 24 .18 21
Hyde .33 .25 24 27
Martin 21 22 A7 .20
Northampton | .23 .26 .18 22
Pasquotank 24 24 .20 .23
Perquimans .26 A7 .16 19
Tyrrell 24 22 .16 21
Washington .20 .20 15 18
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4.2.1 Correlations

The resulbf the correlation analysis shown inTable 16 In this particularcase, every
SVEAI is significant at the 0.01 level. Ea8VEAI significance value is less th@r05 (p <
0.05. Although the social vulnerabilitywdices areositively correlatedthe relationships
between each SVEAI vary depending on the variablesinsggth characteristic

For example, SVEAI1 and SVEAI2 have a weaker, correlation of 0.22. These results
suggest that out of 286 block groups, there is a weak relationship between the variables grouped
together for the population and structure charadiews SVEAIL and the differential access to
resources characteristic of SVEAI2. SVEAIL and SVEAI3 have a stronger correlation of 0.626.
Thus, there is a stronger relationship between the variables grouped together for the population
and structure charactstic of SVEAI1 and the population with special evacuation needs

characteristic of SVEAI3. SVEAIL and SVEAI4 have a strong correlation of 0.745. These results

Tablel6.Spear mands Cor rfeathaSVEAIModeBoef f i ci en

SVEAIL | SVEAI2 | SVEAI3 | SVEAI4

Spearman's rh| SVEAI1 |Correlation 1.000 .223°| .626 | .745
Coefficient

Sig. (2tailed) . .000 .000 .000

N 286 286 286 286

SVEAI2 |Correlation 223" 1.0000 .547°| .740
Coefficient

Sig. (2tailed) .000 . .000 .000

N 286 286 286 286

SVEAI3 |Correlation 626 547" 1.0000 .881
Coefficient

Sig. (2tailed) .000 .000 . .000

N 286 286 286 286

SVEAI4 |Correlation 745 | 7407 | .88 1.000
Coefficient

Sig. (2tailed) .000 .000 .000 .

N 286 286 286 286
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suggest that there is a siger relationship between the variables grouped together for the
population and structure characteristic of SVEAI1 and the combination of all the characteristics
for SVEAI4.

There is a strong correlation between SVEAI2 and SVEAI3 at 0.547. Thus, there is
stronger relationship between the variables grouped together for the limited access to resources
characteristic of SVEAI2 and the population with special evacuation assistance characteristic of
SVEAI3. For SVEAI2 and SVEAI4, the two indices have a muobngier correlation of 0.740.

These results suggest that there is a strong relationship between the variables grouped together
for the limited access to resources characteristic of SVEAI2 and the combination of all the
characteristics for SVEAI4. FinallgVEAI3 and SVEAI4 have the strongest correlation at

0.881. These results suggest that there is a strong relationship between the variables grouped
together for the populations with special evacuation assistance of SVEAI3 and a combination of
all the charateristics for SVEAI4.

The results from the correlation analysis have confirmed some expectations about the
social vulnerability indices. Since SVEAI4 is a combination of every variable and characteristic,
it is not surprising that the strongest correlasiovere associated with SVEAI4. Also, the
correlation between SVEAI1 and SVEAI3 was the strongest among SVEAI1, SVEAI2, and
SVEAI3. Thus, the variables grouped together for the population and structure characteristic

were strongly related to the populatwith special evacuation needs characteristic of SVEAIS3.
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4.2.2 Spatial Distribution of SVEAVletrics

Figures 21 through 2dlustrate the spatigdatterns of the variables. It is apparent that the
SVEAI spatial patterns are dispersed, indicating ti@sscored areas are irregularly scattered
throughout the study area. Irregular, scattered patterns increase the complexity of defining social
vulnerability in the study area. Emergency representatives would be able to prioritize their
evacuation plans mereffectively based on the distributions of higher metric values. However,
block groups with a high SVEAI may not have a high GPRI.

Figure 21 represents block groups that reflect the population and structure characteristic
of the SVEAI There are variouow and mediunrisk block groupsclusteredhroughout the
northernand southermegiors. High risk block groups arelustered along the outer perimeter of
the study aredrigure 21 suggests that the block groups with the largest populations and
structures ie clustered in the coastal areas.

Figure22 showsblock groups with populations witiff erential access to resourceew
risk block groupsredistributed inthe northeastern parts of the study area. Most ahéaium
and highrisk block groupsare Iacated in the western parts of the study aféas, block groups
with populations that are limited in access to resources are scattered throughout the western
region.

Figure 23 shows the spatial patterns of populations with special evacuation needs. Block
groups identified as low and medium risk are distributed throughout the study area, while high
risk block groups are distributed in coastal and inland areas. Figure 24 represents a combination
of all the SVEAI characteristics. Block groups identified ag, lmedium, and high risk are

distributed throughout the study area.
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42.3 SVEAI Summary

Similar to the GPRI, a SVEAI model is selected as the social vulnerability factor for the
HOV analysis. Results of the social vulnerability assessment identified B\&sAhe selected
model for the hazards of place, based on the results of the correlation matrix and the visual
assessment of the spatial distribution maps, as discussed in sections 4.2.1 and 4.2.2. In Section
4.2.1, the results of the correlation maingicated that various observed relationships were
strong. More specifically, the correlation matrix indicated that SVEAI4 was strongly correlated
with the other SVEAI models.

Section 4.2.2 further validates SVEAI4 as the selected model for the hazptdseof
matrix. The results from Section 4.2.2 indicate that each SVEAI had similar spatial patterns.
Similar spatial patterns appear in block groups with higher metric values. This finding supports
the notion that all of the characteristics estimate siptiligh risk areas in the study area. Thus,
it is appropriate to select SVEAI4 as the social vulnerability aspect of the hazards of place

analysis since it is a combination of every social vulnerability characteristic for the SVEAI.

4.3  Hazards of Place btlel of Vulnerability

HOV metricsare produced by the product of geophysical risk and social vulnerability

(GPRI X SVEAIl)metrics Section 4.1 identifie@PRI2asthe geophysical riskactor forthe

hazards of placestimation. Thenetricsfrom SVEAI4 ar used as the social vulnerability factor.
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Figure 21. SVEAI
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Figure 23. SVEAI3 Spdial Patterns
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4.3.1 Hazards of Placéetrics

As mentioned befe, thehazards of placmetricswere calculated by multiplying the
GPRR metricswith the SVEAI4 metrics The results from this procedure are showiable 17,
which showghe averag@azards of placmetricvaluefor each county in the study area. The
highest, average SVEAhetric values are iDare County, Hyde County, and Tyrrell County.

The spatiapatterns are shown in Figure.22ost of this region consists of block groups
with lower metric valugsduta few block groups have higher metric valueswlrisk dock
groupsare distributed in thevesterrregion, andrarious medium block groups are distributed in

the coastal region. High risk block groups are clustered in the east.

4.32 Hazards of Plac&indings

The results from thhazards of placanalysis support two findings from the data. First, it
is evident that block groups in the western region ohd®ards of placassessment are less
vulnerable to flood risk. When compared to the SVEAI map, higher metric values are scattered
throughout thevestern region, while the GPRI map shows lower metric values in the western
region. This indicates that the western region has minimum geophysical risk, with high levels of
social vulnerability.

The rationale for this argument is further supported byahkes and spatiglatternmaps
from Section 4.1. The tables show the GPRI and SVEAI avenageéc valuesor each county

in the study aredreas with higher SVEAInetric valuesre in the west, and tl@PRI2 spatial
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Table 17.Average Hazards of Plad/etricsby County

County Hazards of Place Metrics
Beaufort .07
Bertie .01
Camden .07
Chowan .02
Currituck .07
Dare 14
Gates .01
Halifax .01
Hertford .00
Hyde 23
Martin .01
Northampton .00
Pasquotank .07
Perquimans .04
Tyrrell A7
Washington .02

Figure 25.HOP Spatial Patterns
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patternmap ha similar results.Both mapsshowthe cluster of low risklock groups in the
western region.

For the second argumehigh riskblock groups in the eastern regiare more
vulnerable to flood riskkrom geophysical risk and socioeconomic factors. Like the western
region, the eastern region is further analyzed by the visual assessment of the GPRI and SVEAI
spatial distribution maps. The GPRI and SVEAI maps reveal distributidnglofrmetric

valuesin the eastern region.

4.3.3 Hazards of Placdatrix

Producing the vulnerability matrix of low, medium, and high rankings was accomplished
by categorizing the GPRlnd SVEA# metrics The following resultérom the matrix
demonstree the levels of geophysical and social vulnerability within the study &nesfirst
dimension of the matrix comes from the geophysicalmiskrics while the second dimension of
the matrix comes from the social vulnerabihtetrics
Table 18 showthehazards of placmatrix. Thetableidentifies numerous block groups
with lowerHOV metricvalues A t ot al of 78 bl ock groups wer e
areas. These blockr oups make up a total of 27% of the s
areas represent 7%f the study area. This is a total of 28 block groups. Only 6 block groups
were identified as AHigh Higho risk areas, wh
Thehazards of place matrix farther analyzed through a spatial distribution méapym
in Figure26. The mapn Figure26 reveals similar spatial patteras Figure 25Both maps show

that the higher risblock groups mor e speci fi cal | yardicbhcegtratedHi g h o
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Table 18.Hazards of Place &trix, Counts and PercentagasBlock Groups

SVEAI
GPRI 1 (Low) 2 (Medium) 3 (High)
1 (Low) 78 (27%) 78 (27%) 25 (9%)
2 (Medium) 23 (8%) 21 (7%) 10 (3%)
3 (High) 27 (9%) 18 (6%) 6 (2%)

in the southeastn region. Figure28veals that the western regioonsistso f A L o wi LLoow, ©

Medium 6 and ALow Higho bl ock groups.

4.3.4 Hazards of Placéatrix Findings

The results from the hazards of plaatrix supporthe arguments from Section 4.3.1
The first argument focuses on the geophysical risk and social vulnerability asfrectvafstern
region. Thehazards of placmatrix results show that the areas in the western rege@more
vulnerabletd | ood ri sk from socioeconomic factors.
Low, 0 ALow Medi um, 0 aanedistriblked wthadareph 6 r i sk ar eas
The second part of the first argument is further examined by the geophysical risk aspect.
The results from thkazards of placmatrix validate the findings of the limitdtbod risk in the
westermregion The previous paragraph mentiodnet hat t here were various
Medi um, 06 and ALow Higho risk areas in the wes
of the matrix is geophysical risk. These results indicate that theseaagaasre vulnerable to
flood risk fromsoad economi ¢ factors but a | ower percent

development is within the one hundred year floodplain.
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Figure 26. HOP Matrix Distributions
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Supporting evidence from thezards of placmatrix results validatthe second
argumenm Results from Sections 4.3.1 and 4.3.3 show a smaller distribution of higher values,
specifically in the southeastern region. Acco
Hi gho values. This f urt he reassnuhmpstemtegioniark mores e c o n
vulnerable tdlood risk from socioeconomic factors and are in danger of flood risk since a higher

percentage of their development is within the one hundred year floodplain.

4.4  Hazards of Place Model of Vulnerabiltalidation

Validation isimportantto verify the quality of thehazards of place results is the

purpose of this section to show the results from the quantitative validation. Considerable effort
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has goneén to validating the results through procedures other thantifative methods. This
section provides and interprets the results from the in depth analysis of parcel and flood data.
Section 3.4.1 provided the methodology for the analysis. The results from this analysis will
either validate théazards of placeatix or illustrate the discrepancies with the reshbits

identifying the degree to which land parcels are located within the one hundred year floodplain

45  SubBlock Group Analysis

It is the purpose of this section to quantify the number of residgatieéls with building
structures within the one hundred year floodplain. These residential parcels are reported as a
percentage. A sublock group analysis was undertaken fdM@ck graupi dent i fi ed as 0l
Lowo f or Cniyr This isshiowrkin Riymes27 and28. Figure27 illustrates the
residential parcels with households located in the one hundred year floodplain.Z8iguaa
aerial representation of the Figl@@map. The results from the analysevealedhat 5% of the
residential parcelthat intersected with the one hundred year floodplain hesidential building
footprintslocated in the floodplain.

In terms of théhazards of placemat ri x, two bl ock groups were
Medi umo ri sk for Curr irdaupisshowgio Bigute®and30. e f i r st
map shown in Figurg9illustrates the residential parcels with households located in the one
hundred year floodplain. FiguB®is an aerial representation of the FigR8amap. The results

from the analysisevealthat 23% of the residential parcels that intersected with the one hundred

year floodplain haveesidential building footprintecated in the floodplain.
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The second block group is shown in Figusésnd32. Figure31is a map of the
residential parcels ith households located in the one hundred year floodplain. Falisean
aerial representation of the FiglB&map. The results from the analysevealedhat 38% of the
residential parcels that intersected with the one hundred year floodplaireldeatial building

footprintslocated in the floodplain.

Figures33and34ar e maps of the block group i dentif

Currituck Countyd Hi gh Hi gho means that the block group

SVEAI4. Figure33 shows residerdi parcels with households located in the one hundred year
floodplain. Figure34is an aerial representation of the FigBBamap. The results from the
analysisrevealedhat 38% of the residential parcels that intersected with the one hundred year
floodplain have households located in the floodpl&ime hazards of placmatrix did not
determine any fiLow Lowo block groups for Dare
The bl ock group identified asisshowaidi um Medi
Figures35and36. As mentioned beforéf Me di um Medi umo means that t
medium GPRI2 and a medium SVEAHMQgure35illustrates the residential parcels with
households located in the one hundred year floodplain. F3§lisean aerial representation of
the Figure35 map The results from the analysigvealedhat 12% of the residential parcels that
intersected with the one hundred year floodplain mas®lential building footprintkcated in
the floodplain.
Two bl ock groups were ident i f firstBloclaggoudi Hi g h
is shown in Figure87and38 As menti oned before, AHiIi gh Highbo
has a high GPRI2 and a high SVEAThe map shown in Figui&/ represents the residential

parcels with households located in the one hundredfigeaiplain. Figure38is an aerial
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representation of the FiguB¥ map. The results from the analystyealedhat 69% of the
residential parcels that intersected with the one hundred year floodplaibhneg footprints
locatedin the floodplain.

The second block group is shown in Figud@sand40. Figure39is a map of the
residential parcels with households located in the one hundred year floodplain. 4Biguaa
aerial representation of the FiglB8 map. The results from the analysevealedhat 95% of the
residential parcels that intersected with the one hundred year floodplaibhzneg footprints
located in the floodplain.

To further emphasize the results from the sub block group analysis, aggregate results are
provided in Table 19. Ainterpretation of these results suggests that the percentage of the
parcels located in the floodplain appears to increase with each block group classification, from
ALow Lowo to fAHigh High. O The estimate from
5.67% of the residential parcels are located within the one hundred year floodplain. This estimate
increases for AMedium Medi umdo bl ock groups. 1
AMedi um Medi umd bl ock groups arepll aicat edomwi it Hi
Hi ghd bl ock groups, 40.05% of the residenti al
floodplain.

The results from this analysis suggest that the number of residential parcels in the block
group corresponds to the percentage of thigleatial building footprints located in the
floodplain. As mentioned previously, there we
examined in the sublock group analysis. The block groups consisted of 5748 parcels. Out of
the 5748 parcels, 230uilding footprints were located within the floodplain. Thus, the

execution of a sublock group analysis is an important contribution to this research.
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Figure29.Af Medi um Medi umo Bl ock Group
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Figure31..i Medi um Medi umo Bl ock Group
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Figure37.6f Hi gh Hi ghdo Bl ock Group for
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