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Hurley, Maura Ann (M.S. Civil Engineering)
Perception of Risk of Natural Hazards: A Hazard Mitigation Plan Framework

Thesis directed by Professor Ross B. Corotis

Within this thesis is a new way for policy makers to incorporate sociolugjyraman
perception of risk into their hazard mitigation plans. Previous methods used onlyaksés |
from natural hazard events as the statistic by which to make decisionsgaigng how people
view natural hazards can cause lack of compliance of emergency plans. This abtdcalea
even greater disaster. New graphs have been created that combine theiskmsakbssment
factors, such as death, injury, and economic loss, and human perception of risk. Therfkamew
includes risk perception by plotting natural hazards on the axes of dread versiasifami
These two created parameters represent the largest range of an itidiviskiperception as
studied by social scientists. Knowing where a hazard stands in terms of csgtfmer can help

policy makers adequately prepare for future events.
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1 Introduction

1.1 SYNOPSIS

This chapter will introduce the study on how people perceive the risks of natunalshaza

It will discuss the overall purpose and the order in which the information will be covere

1.2 INTRODUCTION

The purpose of this report is to combine the mathematical, objective approach of
engineering to the emotional perception of sociology to direct natural hazagdtioit to more
comprehensive and realistic decisions. Including human perception of risk of hanaals is
necessary to provide public direction in emergencies that complements theat regponse.
Unfortunately, policy makers have a hard time quantifying how someone adtlaad often
resort to only considering the dollar loss associated with each natural haeatrd Bhis may
seem easier at first, but preparing for how the public reacts can makeloa bvel thought out
mitigation plan. A new framework has been created recently to quantify the pytgirception
of risk while including the typical loss statistics (Corotis and Hammel 20L0¢ term
framework refers to the layout and components of the graph. Based on the resttarcooil
scientist Paul Slovic, two main factors contribute to someone’s perceptiok:afraad and
familiarity. A graph of dread versus familiarity was produced, includingfodse to deaths,
injuries, and damages, to give policy makers the information they need to makesedfo
decision. Previous research created this framework for the United Statebals.aThis report
regionalizes the data as well as extends the definition of dread in order tohmdkanework

more accurate and applicable. The purpose of these new, regionalized graphsi&lyo vis



represent all the information that a policy maker needs to develop a plan fogdgtiimatural
disasters. This will allow for greater public compliance in emergetggtgins as well as

adequate preparation by authorities due to anticipation in human response.

1.3 LAYOUT

The thesis will begin in Chapter Two with a discussion of the appropriaterback
knowledge on each of the important subjects. That chapter will discuss engim@ering
sociology separately. Chapter Three will discuss how others have combiseditbas of study
in the past and what their findings were. In Chapter Four the main resultstoésiseare
presented and supported. Chapter Four contains all of the data and graphs. Chapikr Five
conclude the study and its findings. There will also be a discussion of furthechetbesdris

suggested.



2 Background

2.1 OVERVIEW

Proper background information is essential when presenting new information. The
subject of hazard mitigation is very involved and complicated. The basics will lznexpl
along with the typical factors used to assess risk in hazard mitigation pldss, wih any
engineering-based study come large sets of data that need to be tteband manipulated.
Problems can arise from combining these values into one metric. Finally, ¢teetper of risk
will be discussed. This subject is based on sociological studies of human perceptranalite
to combine the mathematics and objectivity of hazard mitigation with the sggiahd

subjectivity of human perception is the goal. Thus a proper background in each isuiijest.

2.2 DECISION MAKING IN HAZARD MITIGATION

Hazard mitigation plans provide the foundation for a community’s response to ardisast
Being able to adequately prepare for natural hazards has been a topic af éamcamny years.
Hurricane Katrina brought a lack of planning to the forefront. Engineers vamnedlifor the
inadequate design of the levee system that caused major flooding in NemsOtaw does
that event affect the perception of risk of the people of New Orleans? Howatiddmmunity
react to hurricanes in the future and what tool can be used to properly plan for susf eve

“Mitigation Plansform the foundation for a community's long-term strategy to reduce

disaster losses and break the cycle of disaster damage, reconstruction, dad repea

damage. The planning process is as important as the plan itself. dsadetmework

for risk-based decision making to reduce damages to lives, property, and the economy



from future disasters. Hazard mitigatisrsustained action taken to reduce or eliminate

long-term risk to people and their property from hazards” (Multi-Hazardystion

Planning).

FEMA requires that local governments develop a hazard mitigation plan foatéair This
will allow them to receive disaster assistance or funding if an event ooCursently, local
agencies develop plans based primarily on the numbers associated with prampedgg d
injuries, and loss of life in their area due to certain hazards. FEMA 592 2007 outlines the
country’s goals for hazard mitigation. Section 203 discusses preparation thatdcare tiefore
a hazard hits. Part (b) of this section specifically describes that meaimgnents will receive
assistance, “...in the implementation of predisaster hazard mitigation reg#sat are cost-
effective and are designed to reduce injuries, loss of life, and damage andtesof
property” (FEMA 592 2007). This document allows for performance-based engingegivg
local governments flexibility in their analysis in establishing a hazardation plan. Hazards
affect different areas in different ways, and each area reactoinntsvay to hazardous
situations. FEMA does not have a prescribed method that produces a completgleeffec
hazard mitigation plan. As stated before, ghacess is just as important as the final product.
There are many sources that city planners and engineers use to craateriiagation plans for
their area.

FEMA 386-2 2001 outlines specific measures communities should use to assess risk.
Understanding the risks in specific areas can be achieved by a simplg-step-bsk
assessment. First, the hazards that will affect a particular aredendistermined. This is often
based on historical records of which hazards have affected the area in the pggt.idNe

important to assess which assets are most at risk to those hazards. Spendimd) rtioreey on



hazard prevention in areas that are not vulnerable to that hazard is a waste oésesour
Determining at risk areas is an important way to prioritize. Furthermorergoeets need to be
aware of what assets will be damaged. Funds should be further prioritizedsanvportant or
irreplaceable items, injuries, or loss of life. Lastly, FEMA describdsattammunity should
determine, “to what degree they will be affected, as measured throughlasdlafFEMA 386-2
2001). Many problems arise when all types of losses are assigned a dollandadue a
combined to make decisions. This will be discussed further in a later section.

A cost-benefit analysis was done on the effectiveness of FEMA hazardtimitigeants.
This study gives insight into the positive effects of hazard mitigation plamsy determined
that the, “...overall benefit-cost ratio for FEMA mitigation grants is about 4 to 1, thbeghatio
varies from 1.5 for earthquake mitigation to 5.1 for flood mitigation” (Rose, PaordeDash
2006). Therefore, on average, one dollar spent on hazard mitigation will save four dollars i
losses from a natural hazard. Even more interesting is that these results $moanthaput
into mitigation on hazards with a low risk perception (typical of the flood hazard irasbtar
earthquakes) yields very high return. In contrast, hazards with a high amagsbofated fear,
such as earthquakes, receive a higher level of attention and mitigation fundingneadla not
yield as great a benefit from money put into hazard mitigation. Note that theo¥dfedan this

study was $3.5 million back in 2006.

2.3 TYPICAL RISK ASSESSMENT FACTORS

2.3.1 SHELDUS
Records of natural hazards and their reported losses are documented in difigeent w

The Hazards and Vulnerability Research Institute at the University of Saubhir@ has



compiled all these records into a single, publically accessible databasdat@base is referred
to as the Spatial Hazard Events and Losses Database for the Unitedr&tateds and
Vulnerability Research Institute 2009). It provides comprehensive recordsicdlfaazard
events from 1960 to 2009 and is updated frequently. SHELDUS used to require that the event
cause at least $50,000 in damages or 1 death to be recorded. It has since changed that
requirement to include events of all loss ranges, monetary and human. Theyeartydarthe
process of adding smaller events and thus the data from SHELDUS may be incamgiete
areas. There are a few drawbacks of SHELDUS. First, the system usasire8 hazards under
which losses are catalogued. The sources for these hazard lossesrted. répmvever, the
definitions of each hazard are not given, thus causing some ambiguity. For instasta,is
one of the hazards they use. There seems to be no clear definition of what éheaastiis.
Hurricanes and tsunamis are already their own category so lossebdsmetvents are not
included in coastal. Further research found that storm surge would be a likely comp@nent of
coastal hazard. Also, the severity of injuries is not given. This takes somegizam the
effects of each hazard event. Knowing the severity of the injuries of an ewdthtontribute to
this study in the area of risk perception. A separate study was found to supphesent t
shortcoming. Finally, as mentioned, the database is in the middle of removing timeimilass
threshold and including all events. This causes a spike in smaller events inatig apdated
portions whereas the other portions contain only larger events. This databased\as the
primary source for data on the typical risk assessment factors — death,angigollar loss —
familiarity, and dread. Another source used to find a small portion of data w&AHM-
managed by the Center for Research on the Epidemiology of Disasters (CRED 2©99). T

values from these databases were collected and will be reported assverage



2.3.2 Losses due to Death

Quantifying the value of a life has proven to be very difficult for scientigds a
governments alike. This designation comes with emotional ties, as many pebiplatfies
desensitizing to quantify a life in dollars. The federal government is evewleong doing
away with their concept of the “value of a statistical life” to get fidry implications that they
are defining how valuable someone is in society. The EPA has proposed changing the
terminology to the value of mortality risk. This is quantified as, “willingriegsay for a
reduced risk of 1/1,000,000 or a ‘micro-risk™ (Environmental Protection Agency 20&i3). T
new terminology is aimed at reducing confusion and concern in policy making. Theiudea c
eventually be applied to the area of natural hazards; however, further nemedustudies need
to be done to discover its applications in such areas. Agencies and researchers atduitesthe
States have had trouble dealing with this concept. The same value is radaly different
applications. Some have tried to use a scaling system in which they decide wé®aedimore
important than others. Often, the value assigned to death in dangerous jobs, such as on a
construction site, is lower than for jobs where death is very unlikely. The EPA mas eve
considered using a weighting system to reflect fear associated wittatireer of dying,
incorporating, “...a cancer differential into mortality risk valuation gui@drfEnvironmental
Protection Agency 2010). This would place a higher value on risk due to cancer than other ways
of dying. This weighting system can get very complicated and is frequertiyas unethical.
None of these weighting systems will be used in this application.

For this study, a typical dollar value will be assigned for each deatbcasEarison
mechanism to alternative methods (although this study will also present tHenactber of

deaths, separate from injuries and property loss). The Federal Aviation Anlation wrote a



guide on the economic values to be used in decision-making, including the value of life and
injuries, which will be discussed later. Their data come mainly from sisalpne by the U.S.
Department of Transportation. The study shows that a value of $2.5 million was used in 1993.
Converting for inflation yields a value of about $3.77 million, which was rounded to $4 million
for simplicity. The U.S. Department of Transportation reached this amount, “...intordaue

the benefit of investment and regulatory decisions” (Rose, Porter and Dash 2006)udyhe

most closely resembles the type of application used here.

2.3.3 Losses due to Injury
Injuries are equally difficult to quantify into a dollar value. Although it does not
introduce ethical issues to the extent of deaths, the severity of the injurynisabia into
account as well as the future effects of that injury. The designations arenshalle 1. The
Federal Aviation Administration (FAA), which defined the value of a life, alsmeeéfthe value
of injuries as a percentage of the total value of a life. These percentagesvarersTable 2

below.

Table 2-1: Selected Sample of Injuries by the Abbreviated Injury Scale (AIS)

AlS Code | Injury Severity Level Selected Injuries

Superficial abrasion or laceration of skin; digit sprain; first-degree

1 Minor burn; head trauma with headache or dizziness (no other
neurclogical signs).

Major abrasion or laceraticn of skin; cerebral concussion
{unconscious less than 15 minutes); finger or toe
crush/amputation; closed pelvic fracture with ar without

dislocation.

Major nerve laceration; muliiple rib fracture (but without 7lail
Serious chast); akdominal crgan contusion: hand, foot or arm
crush/amputation.

Spleen rupture; leg crush; chest-wall perforation; cerebral

4 Severg concussion with other neurclogical signs (unconscicus less than 24
hours).

Spinal cord injury (with cord transection); extensive second- or third-
Critical degree burns; cerebral concussion with severe nzurologiczl signs
({unconscious more than 24 hours).

Injuries, which althcugh not fatal within the first 30 days atter an
accidzni, ultimately result in death.

Moderate

o]

(%]

tn

(& Fatal

Table 1: FAA Injury Level Categories (GRA, Incorporated 2004)
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Table 2-2: WTP Values Per AlS Injury Level
(2001 dollars)

Description Fraction of WTP
AlS Code - - WTP Value
of Injury Value of Life
AlS 1 Minor 0.20% $6,000
AlS 2 Moderate 1.55% 546,500
AlS 3 Serious 5.75% $172,500
AlS 4 Jevere 18.75% $562,500
AlS 5 Critical T6.25% $2 287 500
AlS B Fatal 100.00% 53,000,000

Table 2: FAA Values for the Percentage of the Valuef Life Due to a Certain Injury Level (GRA,

Incorporated 2004)

These fractions and willingness-to-pay (WTP) values are determinegd theslevel of injury a
person sustains under the Abbreviated Injury Scale (AIS). Similar numbers wdna asstudy
of the value of injuries in the Northridge Earthquake using the AIS scaler(Fsittaf and
Seligson 2006). The values in the FAA study were used as the data are more resent. Thi
introduces some uncertainty, as the classification of injuries is very BubjeElowever, the
SHELDUS database, which has provided all the data for this study, defines arsimjply as,
“Number of injuries associated with an event” (Hazards and VulneraRii$garch Institute
2009). There is no distinction as to the severity of the injury.

To better estimate the cost of an injury in fraction of life value, it would hEutéd
know the probability that a certain injury will fall under one of the above cagsgoA study by
Kaneda in 1994, geared toward a medical audience, was performed to show the number of
injuries that are likely to occur in each category of severity during tpandse earthquakes.
His data were collected from the Sendai City Medical Association and thealotithe Akita

Medical Association. The results are summarized in Table 3 below.



Extent of | Miyagi Percentage off Japan Sea Coag Percentage ol Average
Injury | Earthquake Total Injuries Earthquake | Total Injuries | Percentage
Major 235 8% 31 10% 9%

Moderate 1431 49% 92 29% 39%
Minor 1257 43% 193 61% 52%
Total 2923 100% 316 100% 100%

Table 3: Probability a Specific Injury Will Occur in an Earthquake (Kaneda 1994)

These results show that of the injuries sustained in these earthquakes, itlikehore be

minor and least likely to be major. Due to a lack of injury data, the average ®péregntages

will be used as an estimate for percentage of injury type during a repteseasathquake. The

injury severity categories are not the same as determined by the A8d\.Kaneda did not

explicitly define his injury categories. To combine the FAA study deisgifractional costs to

Kaneda'’s study which found probabilities that certain injury levels werly li&eccur, the

common factor of severity categories must be connected. Two possible veaymbhg these

differences are proposed and listed in Table 4.

Option 1 Option 2

Kaneda FAA Kaneda FAA

Major Critical & Severe Major Critical
Moderate | Serious & Moderate  Moderdte Severe & Serious

Minor Minor Minor Moderate & Minor

Table 4: Comparison of Injury Severity Categories

Using basic probability in each case, a value for a single fraction efd$ecomputed to

represent the cost of injuries. The probability that an injury will be major, @ted@r minor

was taken from Table 3, while the fractional cost of each injury was tekanTiable 2.

10



Average Fractional Cost of All Injuries

= P[Major][Major Fractional Cost]

+ P[Moderate][Moderate Fractional Cost]

+ P[Minor][Minor Fractional Cost]
In the case where two FAA categories represent one category frord&dne fractional costs
are averaged. Inserting the known values for each option yields a range of 6%dbth&%4
million assigned to the loss of a life. Reasonably, a value of 10% was chosen froamdja,
intended to be somewhat conservative and not underestimate the value of injuripsobldras
with this method include the fact that the number of injuries in each categsgniyafound for
certain Japanese earthquakes and could vary for different earthquakes, asromllh@zard to
hazard. Also, the definitions of the categories for Kaneda and the FAA faceltib equate.

Finally, Kaneda’s values represent a very small number of events and isjuiyudions.

2.3.4 Direct Economic Losses
Direct economic losses are the easiest to quantify as they are adnsetjuence of the
natural hazard. This metric is typically used in most hazard mitigation @anis aery
straightforward and does not present any moral complications. SHELDItsStlspse losses
into two categories: property damage and crop damage. Total damage will beéngseithes
distinction is not necessary in this study. Still, direct losses only parigliesent the economic

impact from a natural hazard. Often indirect losses far outweigh the initial cos

2.3.5 Indirect Economic Losses
Economic losses reported in the SHELDUS database are only direct |cszegated
with a certain hazard event. Indirect losses, such as the effects on locaddmssimken roads
are closed, are not included. It is common for such losses to be combined in engineering

11



applications; however, they are seen very differently from a sociolaiaadpoint. Often when
a person considers the risks of a natural hazard, their familiarity and dsemibéed with that
hazard are based heavily on the direct costs. Perception of risk focuses on thaienmedi
consequences as opposed to the long term effects. Since the human risk perceptica of natur
hazards developed in the study does not account for long term effects, it would bdinmgsie
use indirect costs in the framework. Another confounding issue with indirect cthss tisey
vary significantly from hazard to hazard and situation to situation. Some have [pprtipaise
indirect costs be calculated as a certain percentage of the direct cosesveHdhese
percentages would have to be a result of long term studies specific to eachithazder to be
accurate. This study uses only direct costs, in order to avoid misleading peopldalebigcts
of indirect costs. On the other hand, the reader should keep in mind that there arecostisect

associated with each hazard and they may be even more costly than the dsect cost

2.4 EXPECTED VALUES

When creating a hazard mitigation plan, policy makers typically usexffexted values
of natural hazard data to make decisions. Typically the average numbghqtiakes per year
or the average number of deaths per event is used. Expected values may repeadédnt a
available statistic, but there are several problems that arise from lnsing Expected values of
natural hazard losses are averages of many outcomes and events, and do not reppdssnt p
perception of risk. Individuals may react very differently to a small buivelg frequent halil
event that causes minimal amounts of damage and injuries versus a large, inftequettias
blows out car windows, destroys roofs, and injures their loved ones. An averagesfdoss

not tell a policy maker the distinction between small events that are mdyetdileecur and

12



large events that seldom happen. Yacov Haimes describes that, “In the clpsstedxalue
approach, extreme events with low probability of occurrence are each givamihe s
proportional weight/importance regardless of their potential catastropthicraversible impact”
(Haimes 1998). For example, lowa may have hundreds of small flooding even¢gapeiny
July of 2010, they had record flooding that caused millions of dollars in damage (CBS New
2010). That single event pushed what was a low average of dollar loss per yeadingfto a
much higher level. If the mitigation plan was revised, it might instead plan fer segere
floods even though they are very unlikely.

Another problem with expected values of natural hazard data is the way sciesgist
them to create scenarios. Probabilities are often difficult for the ggnéiat to understand.
Thus, scientists may resort to creating scenarios with charactedstived from the expected
values of the data. For example, a study was done by the Geological Sureaadé@nd the
United States Geological Survey (USGS) on scenario-based risk analysy graphed the
likelihood of an event happening versus the amount of dollar loss due to building damages if that
hazard were to occur. This graph represents probabilities of certais ecentring. The
general public may have a hard time understanding these values and whaltheyean. A
scientist could report this probability data to the public in a way that presenthemygected

value outcome. The graph is shown below in Figure 1.
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Figure 1: Likelihood vs. Building Damages for Squarsh, Canada (Wein, Journeay and Bernknopf 2007)

For example, looking at the 20-year flood, it has over a 70% chance of occurring @xti2& n
years. The scenario under which policies may be based would include that in the reas2b y
flood is likely to occur that will cause $50 million in damages to the buildings in Squamish,
Canada. The scenario allows policy makers and the public to get a better undeysthtiain
probability of events; however, it does not include the uncertainty in this outconseflobii
could occur in three days, or it could occur in 50 years. Also, the damage values uses here a
estimates. Showing a distribution of damages associated with a 20-year floody preaiging
the standard deviation, could help remedy the issue of expected values of lesssgused in
scenarios. Without some sort of information on uncertainties, policies could be madierase
this scenario and could lead to unnecessary preparation.

Finally, using expected values does not take into account how people feel abodit or reac

to the various components that comprise the average. As described above, a cardhiminaz
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have a modest average due to low probability, high consequence events, or to high probability,
low consequence events. Someone may feel more nervous about that average ifativeyatne
contributed to it. For example, the expected value may be a 50-year flood. The publimtenay
for policies to prevent the consequences of a 50-year flood or larger. If the pubiidomaed

that the expected value was an average of hundreds of 10-year flood events and onecsgyere e
they may react differently. People may even choose to move away froeeanitrout
understanding the frequency and severity of the floods. Using expected vakiesddiiress

these issues and can cause miscommunications. The data that have beed forllbctestudy

were taken from the Spatial Hazard Events and Losses Database for dte3daies

(SHELDUS 2009). The data were collected in an expected value approach due to theotolume
entries. Policy makers should keep the above information in mind when considering the

information presented in this paper.

2.5 RISK DEFINED BY MONETARY LOSSES

It is typical in engineering to convert factors that are being comparecoim@on unit of
measure. This is often done in hazard mitigation in an attempt to show decision Inoakers
much money they might lose from a certain hazard event. Monetary loss is a corbvasietd
understand and base decisions. On the other hand, several problems arise when death, injury
and economic losses are described in dollar terms. As discussed above, settingada @cce
for a life is difficult and forces policy makers to make moral decisions abouhgw@tance of
losing a life. Depending on what value is chosen, results can vary significantbceit New
York Times article explained how the value of life differs greatly amofigrdnt departments of

the government (Applebaum 2011). Below is a complied table of notable departmetis and t
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value of life that they use to make decisions. Professor Viscusi is a longpert ex the
subject of the value of a life. He began his studies as an undergraduate at Harvaedriy the
1970s and has continued this research for his professional career. His work is ditesistiieat
agencies use to determine their own valireorder for engineers to make informed decisions,
the value of life must be estimated to reasonably reflect how a deathfegl e community

and local government.

Agency Value of Life (US Millions)
Environmental Protection Agency $9.1
Food and Drug Administration $7.9
Transportation Department $6.0
Bush Administration $6.8
Professor Viscusi $8.7

Table 5: Value of Life from Different Sources (Appebaum 2011)

It can be noted that there are even differences within agencies. As meimiceetion 2.3.1,
the Federal Aviation Administration, part of the Department of Transportatiosing a figure
that is around $4M. The variability in the dollar values of death and injury should be cedsider

when creating hazard mitigation plans.

2.6 PERCEPTION OF RISK

Risk, as used in engineering is, “... a function of the likelihood of event occurrence and
the resulting consequences” (Nafday 2009). These consequences have been defnesl abov
mortality, morbidity, and economic loss. Engineers strive to define a problenisbes plan
for the future. Often, emotions are set aside and replaced by models, computangrend
eqguations created to explain certain occurrences and phenomena. Hazard rekganchergg
describes that, “events relating to hazards interact with a variety of, gsgiehological,

institutional and cultural processes in ways that can heighten or attenua{etipescof risk and
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thereby shape risk behavior” (Twigg 2003). People are in many ways individual and
unpredictable, and thus civil engineering design has traditionally ignored ¢aesedf human
perception. However, in the event of a natural hazard, human reaction is incredibkainnjmor
consider. Paul Slovic is a social scientist who has conducted significant studies oroplawv pe
perceive risk. He outlines his studies in his bddie Perception of Risk (Slovic, The Perception
of Risk 2000), in which he creates a new framework on which to measure risk based on human
perception. From a statistical factor analysis conducted in his work, he desttivatr the
perception of risk is based primarily on three parameters: voluntarinessafaynihnd dread.

Slovic realized that, “The basic assumption underlying these efforts thdsat who
promote and regulate health and safety need to understand the ways which people think about
and respond to risk” (Slovic, The Perception of Risk 2000). Civil engineering is one of the
primary players in the reduction of risk due to natural hazards. Providing propegiyetks
infrastructure and incorporating how people perceive risks is crucial to mgchazard
consequences. Slovic’s research does not include how people perceive risk fromhaasuc.
Thus, this study attempts to relate his methods to the area of hazard omitigati

The basis of this study comes from Slovic’s use of Factor Analysis. He beiya®0wi
everyday risks and asked people to rate their perceived risk and perceiveddreaeittale of O-
100. He also asked the subjects to describe why they perceived such risks. The datalsitow

18 characteristics were given most frequently when describing risk.
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Dread Not Preventable
Affects Future Generations, Catastrophic
Potential for Global Catastrophge Involuntary
Certain to be Fatal Many Exposed
Increasing New
Affects Me Immediate
Inequitable Unknown to Exposed
Not Easily Reduced Not Observable
Uncontrollable Unknown to Science

Table 6: 18 Risk Characteristics (Slovic, The Perggion of Risk 2000)

The data were plotted in an 18 dimensional space of all the characteristiosallyya
correlation matrix of these characteristics would be created to desciibekgonship.
However, Factor Analysis was used to simplify and reduce this confusing.ntgline (1994)
describes Factor Analysis as, “a dimension or construct which is a condensestaf the
relationships between a set of variables” (Kline 1994). Factor Analysigdpsoaireduced basis
aligned with the principal directions of variance among the data. As suchtedlimimber of
factors can often be substituted to represent most of the variation among thecbatave
Analyzing the data, Slovic determined a reduced set of new factors thaesitiffidescribed the
great majority of the variability among the risks. He then examined flaetding to determine
the original characteristics that were most highly correlated to hidasters. The first
principal factor is the direction that describes the largest amount of rigbiity. Using the
factor loading of these characteristics on the first factor, he degedrthat this factor described
various aspects and attributes of dread. Continuing the process, he used axistodiad the
factor which explained the second highest amount of variability in the data, andragagh
loadings of the characteristics on this factor he termed this second faciitarfey. By keeping

the factor axes orthogonal he assured that these two factors were indeperdespacée of the
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original 18 characteristics. The third most important factor was assbeigh aspects of
voluntariness. This parameter will not be used in this study, which will be explaah@w.

Dread is the first factor that Slovic found to be a good gauge of risk perception. The
word dread implies fear, and in the case of hazards it is associated wilsteimas
uncontrollable, difficult to prevent, or disastrous. Dread is expected to vary rggidrar
instance, winter storms in the Southeast are usually mild and don’t cause ma®ridsseas
winter storms in the Mountain Region are often very severe, uncontrollable, and sudden. The
level of dread will vary from the Southeast to the Mountain Region due to the different
characteristics of the storm hazards seen in those regions.

The second factor used to measure risk is familiarity. An individual's level dfdety
with an event significantly changes his or her perception of risk. A woman wiieodthsen the
coast of Florida for 50 years has likely experienced hurricanes many tirheswill in general
reduce her perception of risk because she is familiar with the events.aif am Kansas
moved right next door to her, he is likely to perceive a higher level of risk from h@sican
because he has never experienced one. This factor varies considerably foontoreggion,
especially due to the large geographical spread of the United States.

The final parameter that was found to dictate an individual’s perception of risk wa
whether or not they voluntarily entered into that risky situation. For instance ishest a high
perceived risk for smokers because they voluntarily smoke cigarettes, gespén negative
health effects. Fortunately for our study, voluntariness has little relevasatural hazards
strike whenever and wherever, frequently without warning. Theoretidallpuld be possible
to apply voluntariness in a manner that accounts for where people choose to live. If people

decide they want to live in California, they may have already considered the reskhofuakes.
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On the other hand, many people do not necessarily choose where they live. They njaly get a
that requires them to relocate to a region where specific risks are high. ospegtrof a good
job may outweigh the risks of moving to that area. Due to this presence of so marigcitre

is selecting location, and the lack of information, this factor of risk pecceptil not be

incorporated.
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3 Previous Framework for Natural Hazard Risk Analysis

3.1 OVERVIEW
This section describes previous work that was done in this area of study. Applying the
perception of risk to the area of natural hazards is not a new concept. Mangmygrignners
have realized the large effects that human perception can have on succiigsfilbmplans. If
a plan is created that works against the typical response of the public, the plan. wHbf
example, when a disaster strikes, one of the first reactions people have isheiccki/ed ones.
Phone lines are then tied up with the general public trying to communicate whtbtbar. In
many instances, this has prevented emergency personnel from being able to catemuni
Knowing this human response can save many lives. Emergency responders shouddptaeate
that includes this response. Many steps have been taken to prevent situatiorss likbehi
following explanation will give a background of what has been done in the past Hwetha

extension of this study in Chapter Four is well understood.

3.2 PRIOR STUDIES

Slovic’s study was modified and applied to natural hazards in this research. Evan
Hammel investigated risk perception associated with natural hazards in 20069@nd
Hammel 2010). His thesis and subsequent papers addressed how sociological work such as
Slovic’s can be applied to natural hazards to create a better frameworkisiordetaking. A

total of 18 risks were assessed, as defined by SHELDUS and shown in Table 7.
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Hazard Abbreviation Hazard Abbreviation
Avalanche A Landslide Ls
Coastal C Lightning Lt
Drought D Storm S
Earthquake E Tornado Tr
Wildfire Wi Hurricane Hr
Flooding Fl Tsunami Ts
Fog Fg Volcano Vv
Hail HI Wind Wd
Heat He Winter Weather Ws

Table 7: 18 Natural Hazards as Defined by SHELDUSHazards and Vulnerability Research Institute 2009)

The two factors Slovic found that best described an individual’s perception of risk aticead
familiarity, were used to create a framework. Since these paramaetenot specific to natural
hazards, their definitions were modified by Hammel. He attempted to tedadescriptive
definition found by Slovic to a practical, mathematical way of calculatingodr&rom
interviews he deduced that the time it takes for a hazard to strike is acowatabutor to how
dreadful people perceive that natural hazard to be. This value is typicadly leat time and is
carried over from Hammel’'s work into this study. Hammel also defined tmaltefety, in
relation to natural hazards, could be measured as the number of occurrences gdéflgeds
happen often, people will be very familiar with them. On the other hand, if certagrarely
experience floods, the public will react very differently when one occurs. défirgtion is also

carried over into this study. Below are the values Hammel used to creétanmework.
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Hazard Dread (s)| Familiarity (occurrences/yr
Avalanche 2 3.20
Coastal 2160 13.98
Drought 4320 8.78
Earthquake 2 1.07
Flooding 120 106.20
Fog 720 3.44
Hail 7200 111.80
Heat 5760 9.27
Hurricane 1440 5.51
Landslide 4 2.82
Lightning 4 96.98
Storm 1440 127.29
Tornado 18 92.93
Tsunami 1 0.24
Volcano 10080 0.07
Wildfire 2880 14.47
Wind 729 148.20
Winter Weather 5760 47.33

Table 8: Dread and Familiarity Data for the United States (Corotis and Hammel 2010)

The number of occurrences per year was collected from SHELDUS, which egaagesn in
this study. The values for dread were taken from an article published by at#4.TThis study
extends Hammel’s work to make it more realistic and practical, both byalpieg it to

different regions of the country, so that it might be used as a practicabniskunication and
management tool, and by including more aspects of the hazards in the definition of dread.
Hammel's main purpose was to create a user friendly, multi-attributee¥vark that could be
used to make decisions when creating hazard mitigation plans. His frameworleatad ¢or
the United States as a whole. The issues that arise with the assumption thateneein the
United States has the same dread and familiarity will be discussedHitelso developed a
graphical system was effective in displaying all the necessaryrafan. Below is a visual

description of how he presented information such as deaths, injuries, and dollar loss.
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Figure 2. Hammel's Graphical Representation of the TypicaRisk Assessment Factor(Corotis and Hammel

He proposed a set of threencentric circle, with an analogy to the eariin, which the radius c
the core corresponded to the number of deathithicknessof the mantle from the core to t
crust represented the number of injuries, anchickness of the crushowed the anunt of
dollar loss. The hazards in the graph are labeled with abbiievigias shown iTable 7. Below

is the final form of Hammel’'s framewo
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Figure 3: Original Graph of Multi -Attribute Risk with Familiarity and Dread for the United States
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Displaying information graphically can be very misleading, depending on how tnmatfon is
presented. Some of Hammel's data points cannot even be seen as they are nyerappi
addition, people have a hard time distinguishing between a large cirla wmall thickness
and a small circle with the same thickness. Due to the increased sizeidaflehgself,
individuals will see the information differently even though it representsaime loss value.
Changes were made to this system to improve the visual quality and provide acowede

display.
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4 Additions to Proposed Changes in Risk-Based Decision
Making

4.1 OVERVIEW

Hammel’s research introduced a new way of assessing risk perceptiondtoral
hazards. In this section, his work will be extended to make his original framework more
practical and realistic. His definitions for dread and familiarity haes Ioeodified. Also, the
data were analyzed here in a regional manner to better explain peoplefgiparaed provide a
more realistic hazard management tool. This will aid policy makers in decidingauise of
action since natural hazards vary tremendously over regions of the United Stateeduce
confusion, the data representation was modified in Excel to better show the sizesaoisloc
on the graph. Finally, a discussion is presented on how population and gross domestic product

(GDP) affect the data collected in SHELDUS.

4.2 FAMILIARITY

4.2.1 Memorability
Whether or not the public is familiar with an event is extremely important whe

considering human perception of the risk that the hazard poses. A person who is completely
unaware of the risks could act in a way that inhibits the emergency plan. Asfiddsange

from extreme panic to complete lack of concern. There are many asppsyEhology and
sociology that dictate how someone perceives risk. Many are related tarmdiarfthey are

with that risk. Slovic concluded that, “any factor that makes a hazard unuseatigrable or
imaginable, such as a recent disaster, heavy media coverage, or a vivid fithrseroalsly

distort perceptions of risk” (Slovic, The Perception of Risk 2000). Memory is one of the
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strongest drivers of people’s actions and emotions. In order for a natunal baeat to be
memorable, it must happen. Therefore, familiarity is defined as the numbeesfainazard
event has occurred per year in a specific region. When people in a region ardamfathithe
particulars of a hazard due to a lack of prior occurrences, the concepts shownais Slovi
research would lead them to have a greater fear and perception of that hésdesd’s
Occurrences are divided regionally as it is assumed that an event that happenpart of the
region affects everyone in that region in terms of familiarity. Often, ridtarards cover large
geographic areas. The regional divisions of the United States, discusseddeganasle in an

effort to group states with similar hazard statistics and mitigatiartipes.

4.2.2 Imaginability

Slovic found that people’s perception of risk is often very inaccurate despite proper
education. He says that, “Risk judgments are influenced by the memorability ef/pat and
the imaginability of future events” (Slovic, The Perception of Risk 2000). Asidedabove,
memory is how one has experienced a natural hazard in the past. Imaginabiligyptiveth
hand, is how one sees that hazard happening in the future. Memory often guides a person’s
imagination. The number of occurrences, or events the public has experiencesiladiovo
have a more realistic view of what experiencing that hazard at a latevaldtelook like.
When creating a hazard mitigation plan, knowing how familiar the communityrisspecific
hazards will allow the plan to include people’s instinctive reactions. If a hazandamiliar,
imagination will be based on information gathered from a wide range of souraesingcl
friends and family, media, film, or government agencies. These sources’ informety not be

based on fact or typical events but are more frequently describe extreng event
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Mathematically, this information is hard to quantify and add to the parameter of
familiarity. This is especially true as Slovic describes that a pergbrpreconceived notions
has a hard time modifying those perceptions, whereas someone with no thoughts orethie matt
greatly influenced by any information received. The geographic location o$@nfefamily
and friends is essentially random, as well as the level of communication amongThese
closest to someone can have a profound impact on one’s perception of risk. However, with the
uncertainty and lack of data, this study has not found a way to incorporate thainédféue
factor of familiarity. Government agencies have a responsibility togeaducation to the
public about hazards in their area and how to deal with them properly. Education pregchms
as these are used to increase awareness of threatening hazards an tReraegample,
depending on the region, school systems may educate and train the students on how to respond
when a tornado hits. This increases the public’s level of awareness and propiokanin
information on how to react. Certain cities may have educated the public vetiweffeand
thus this may change their perception of risk. These educational programsieierporated
into the factor of familiarity but should be considered when planning for hazardtnoitig
Each natural hazard calls for unique strategies for avoiding that hazskd's lcocal agencies
can greatly reduce the typical risk assessment factors by acgptortthe public’s perception of
risk in their area using the framework created in this research. The roslaf m risk
perception is an interesting topic that has been studied in depth. Its effdstsmereception are
a controversial, with ongoing discussion.

Unfortunately, the strongest examples of the public reacting in irrational twanatural
hazards come from developing countries. Disasters such as the Haiti earthghakswumami

in the Indian Ocean show how being unfamiliar with a hazard and the warning signeatin gr
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increase the devastation to the public. People in Haiti were unaware of sugdh ealdhquake

risk and therefore did not take the steps to build according to earthquake codes or enforce
building standards. Thus, the damage was catastrophic even though the earthquak&evas wea
with only a magnitude of 7.0, than many other earthquakes that have caused muchdges dam
Tourists in the Indian Ocean were actually attracted to the beach as thdneratéack before

the tsunami hit. Had tourists and locals been educated about the warning signigtihénave
reacted very differently, and many lives could have been saved. Many peoplé&mittdue

States have not experienced a hurricane or tornado; however, most have heard about them and
even seen what they can do. News reports continually state what typesgdérayeneasures
people should be taking. Even those small encounters can provide a person with enough
information to react in more appropriate ways. Providing hazard mitigatiorotmérg such as

Haiti seems like a natural and necessary next step after the 2010 earthqualegu€iuhys

without an effort to familiarize the country about earthquakes and how to react to taamd, ha

mitigation plans will not be followed.

4.2.3 Impact of the Media

The role of the media in familiarity cannot be ignored. Most of the United States ha
access to media sources such as television, newspapers, radio, and internet. lgvighdahe
data being circulated through these sources, people’s perception of risk isaffeatbd. It
may seem obvious that media has an impact, but how is risk perception affected by #%e medi
The media can positively affect the way the public is receiving informagiaetiing the word
out quickly of the event and how to properly react. One negative impact is the exaggsrat
the event, making people more scared than necessary. The media also has the @bKignd

choose what events it will cover. There are thousands of flood events every yedranig ye
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large and damaging floods are covered. The familiarity of large and/astdéng events is, “a
constant battle for the newest and best headlines, and, thus, includes the potentiagjémt neg
research and even modified stories” (Niedek 2003). This topic has divided reseanchers
policy makers on whether the media aids in reducing risk or poses a larger threat
Supporters of the media argue that the powerful impact it has on today’s saoiéty c
extremely helpful in emergency situations. Professor Calvi, President of thygeBarCenter for
Training and Research in Earthquake Engineering at the IUSS of Paglaned in an
interview that, “With mass media and communication people will take into account celdae
they are familiar with it from anywhere” (Calvi 2009). It could be seemaslaantage that so
many people can be reached through media sources in such a short period of time. yersonall
warning the public of a natural hazard requires an infeasible amount of manguinaekes
more time than a hazard would allow. If a warning message was sent by radiévisrdn, a
large quantity of people could be reached in seconds. This is especially importanyas ma
hazards can only be detected seconds before they strike. As seen in the devastation f
tsunami that hit in the Indian Ocean over 6 years ago, the lack of communicatioraisices
such as radio and television provided almost no warning. Had villagers and touristsab®esh w
15 minutes before the wave hit, not only would they have understood what was happening but
they would have had time to react. Ample warning time is crucial in situationsasusunamis.
With sufficient warning time comes the need for proper education. People nedsdlzat were
hit didn’t know what was happening until they saw a wave coming towards them.alSffraist
have known what the potential for a tsunami was after hearing of the 9.0 earthquaks. To
closest got the worst of it with little to no warning time. However, the séwald have traveled

as each city was hit. In many towns the water receded so much thasteerstout taking
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pictures. National Geographic reported that, “Experts say that a recedangroay give people
as much as five minutes warning to escape to high ground. There may have been emough tim
for many of the people who were killed by the 2004 tsunami to save themselves, if only they
knew what to do” (National Geographic News). Some places in Thailand mbasyfram the
earthquake’s epicenter sent military ships into the harbors to stand waticty tiatd spent their
time warning and evacuating the people, hundreds of lives could have been saved. Tples exam
shows how failing to use resources such as the media to distribute warniageseapsickly can
be extremely devastating.

On the other end of the spectrum are those who believe the media can worsen a natural
disaster situation. Slovic cites several separate studies that have showant@oatysis of
media reporting in... the domain of hazards in general has documented a great deal of
misinformation and distortion” (Slovic, The Perception of Risk 2000). These situationsetave |
to public overreaction of risk, which means they will spend more time and money than
authorities recommend to prevent a risk that isn’t really there. Formpdsaexperts determine
that people within a certain radius need to be evacuated due to a tsunami warning. &he medi
chooses to exaggerate the problem to get the best news story which causes nothgeopl
necessary to evacuate. This interrupts emergency personnel since thellargeof people
evacuating was unexpected. There is also the possibility that if the medsteathspives
people distorted or misinformation, they will no longer be trustworthy. This disctbdimedia
as a source for real information. Thus, it is no longer effective to send out gvaregsages as
no one will believe them. The impact of the media with respect to natural hazaedg is
controversial. The best case scenario would be for the media to report faicinaation

without exaggeration for their own gain. The power they have can either be ugeddar
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could turn into complete disregard. Unfortunately, there is currently no clearyuof wa
applying the impact that media has on the parameter of familiarity, and assseitbats will be

omitted in the calculations.

4.3 DREAD

As described in Section 2.6, dread best described the variability of the daka of ris
perception from Slovic. He described this risk perception as catastrophic, hardetat piagal,
inequitable, threatening to future generations, not easily reduced, involamdnyersonally
threatening (Slovic, The Perception of Risk 2000). Risk perception and human resaatigeli
studied subject. Twigg, a senior research fellow for the Aon Benfield UCL HaerashRh
Center in Germany, stated, “that the experience of risk is ... one of physical orgyqteysical
harm...” (Twigg 2003). These definitions were the basis for describing dreads aér
measurable quantities. Three quantities are utilized in this resea@mpoite dread. As
continued from Hammel’s work, lead time, or time to react, was used as a neat@ad.
Hammel referred to these values as temporal response time, but furtbhestréisdicated that
lead time was the term most commonly used, whereas response time was mdreditee for
emergency crews to respond. These values were refined with new informatmore€ent
studies and advancements in weather prediction technology. The second pararagtended
from Slovic’s description of dread as fatal, is the amount of people that die during\emt.
The amount of people who die in one event contributes greatly to an individual's dread. The
third measurement is created from Twigg’s analysis of risk perceptionmiasdiom physical

harm. This factor is the amount of people who are affected during a hazard &hent.
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accounts for dread from injuries and property damage, two of the three typicakaskraent

factors. These three measurements will be described in detail.

4.3.1 Leadtime

Lead time plays an important role in the perception of risk. The smaller amouned ti
person has to react usually increases adrenaline and forces people to make sgmir of the
moment decisions. When combined with natural hazards, the outcome can be descrigdsl as le
of dread. A person, on average, has a few seconds to react to an earthquake. G@nbpane t
3 days people have to prepare for hurricanes. It is common for people in hurrichoasdtup
their house, obtain emergency supplies, and wait out the storm, rather than evacuate. On the
other hand, when an earthquake hits, people’s first reaction is to run. Emergency parsbnne
seismic experts would advise the public to stay inside, as buildings in the UnitesicBéa
seismically designed, and people have a lower probability of being hatlimgthazards. With
little time to consider the best options or obtain better information from offigpietple
generally panic and think that being on the ground will be safer. This is the fawtamt piece
of the new dread parameter which was carried over from Hammel 2005.

Criticism of Hammel's work included the sources used to find lead time values. This
study sought to remedy that problem by providing extensive research of thesdroatues
experts specific to each hazard. Lead time for natural hazards coliebagenot been studied
very extensively. As a result, these values could not be found regionally for tkd States.
On the other hand, lead times can be expected not to be greatly affectgobbyfe¢he country.
There are some differences, however. For example, based on the geographic kgout of
United States, it is common for hurricanes to hit the southeast part of the cashtagd then

possibly move up the east coast. Regions farther from the Gulf of Mexico maieegper
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longer lead times for hurricanes. Even a hazard as predictable as a burrasasuddenly
change course without warning. Other hazards unrelated to weatheryaranaem.
Earthquakes can be predicted very generally, but exact place, time, and magaitudenawn.
Several regions of the United States have experienced earthquakes in thaupastthB
random nature of earthquakes, there is no evidence to show that lead time on thedzestifi
for instance, is significantly different from lead time in the southedsis i$ a recommended
topic for future study.

Each hazard has very specific lead times depending on technological aduasaame

areas such as weather reporting. These lead times are measured in@etd@nddisted below

in Table 9.
Hazard Lead Time (sec) Source
Avalanche 5 (United States Search and Rescue Task Force)
Coastal 900 (Gutierrez 2003)
Drought 7776000 (Zillman 2003)
Earthquake 10 (Lee and Espinosa-Aranda 2003), (Lomnitz 2003)
Flooding 28800 (Todini 2003)
Fog 3600 Estimated from individual reports
Hail 1800 (Zillman 2003)
Heat 604800 (UNEP/GRID-Arendal 2005)
Hurricane 86400 (UNEP/GRID-Arendal 2005)
Landslide 5 (United States Search and Rescue Task Forice)
Lightning 1 Estimated from individual reports
Storm 1800 (Zillman 2003)
Tornado 3600 (UNEP/GRID-Arendal 2005)
Tsunami 900 (Gutierrez 2003)
Volcano 259200 (Tilling 2003)
Wildfire 2880 (Corotis and Hammel 2010)
Wind 43200 (Zillman 2003)
Winter Weather 1800 (Zillman 2003)

Table 9: Lead Times for Each Hazard

As discussed, these values are specific to each hazard and have been found frenmequdrt

field. Certain hazards will be discussed alphabetically as some deductiweingas needed to
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extend the research findings. One specific source, a compilation of related goticies from
Zschau and Kuppers 2003, was especially helpful in gathering lead times.ifi,cavatanches
and landslides are grouped in regards to lead time due to their similar nature. iféeafifive
seconds is chosen based on general statements such as, “Landslide and mudflgnstrikeuall
without warning” (United States Search and Rescue Task Force). Consideruajeantize or
landslide, lead time depends on an individual’s position in relation to the slide. If thvad usadli
initiates the slide, as back-country skiers sometimes do, the time to readtts mething. If

one is at the bottom of a hill, he or she could have maybe 10 seconds to react depending on how
far away the slide is. Therefore, five seconds is chosen as a reasonataeedtiext,
SHELDUS describes coastal hazards typically as storm surge. Stormsssirgéar to a

tsunami in that it, “is a large dome of water, often 50 to 100 miles wide, that sweegs ac
coastline...” (National Hurricane Center 2002). Coastal hazards typically daring large
storm events or wind events, especially hurricanes. Since damage causestdlyheaards
resembles damage cause by tsunamis, they will be taken to have the sameeleéah tarticle

by Dante Gutierrez studied earthquakes off the Chilean coast and determintdatimadre

than 15 minutes and 20 minutes between earthquake and maximum tsunami waves arriving to
the coast have been estimated...” (Gutierrez 2003). To be conservative, the lonatieasti
fifteen minutes is used. Obviously the lead time would be much greater for tsureraling
across an open ocean to another continent. Following that is the lead time for earthquakes
Earthquakes are a well studied phenomenon but the average warning time igynfutuereas

Each event is so different with respect to time, place, and magnitude that gyearsuz is

very general and carries a large amount of uncertainty. Some resgagdments in Taiwan

showed that, “In the experimental earthquake early warning system in HuaieanT a 10-
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second or less response time has been achieved for earthquakes occurrimg ivesad¢he

dense array with sensor spacing of about 2km” (Lee and Espinosa-Aranda 2003). Thkis is ver
much an estimate and could vary extensively. Nevertheless, the level of damsege directly

by earthquakes increases as the distance to the epicenter decreasefrelta value of ten
seconds is reasonable. For many other hazards, the lead times depended ahetatiokzr
reporting technology. Hail, storm, and winter weather are assigned theesahtierle, as

specific warnings are issued roughly thirty minutes in advance (Zillman .20®3ypdition, a
graphic was taken from the United Nations Environmental Program which deshalgeneral
timeline of meteorological hazard prediction with respect to early wagmysigms. The graphic

is displayed in Figure 4 and was used to find lead times for heat (highs and lows)nbkayrica

and tornadoes.

: drn 1 decade —
_| Long-term climate prediction

Seasonal to interannual climate prediction El Nifio! vear —

Long-range weather forecasting /} Monscon 1 month —
= |":: Y

Medium-range weather forecasting

B <oy
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Figure 4: Early Warning Times for Weather Related Haards (UNEP/GRID-Arendal 2005)

The lead time for lightning is inferred from logic. Weather forecastmgpredict a storm with
lightning in the times discussed above. Yet, the actual time to react to ligigttifegmoment it
strikes. Since lightning strikes are instantaneous, but people have reporietafdabe

atmospheric static charge, a value of one second was chosen. Lastly, volgang thaes are
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hard to estimate in the United States; however, a study was done on the 1991 eruption of Mount
Pinaturbo in the Philippines which showed that, “The general evacuation order wasrmgyi/2

June, three days before the beginning of the climactic eruption” (Tilling 2003¢e Thays was

used as a low estimate since early warning systems in the United &agtessamably more
advanced. As mentioned, the worst case scenario or lowest lead time vall®sesfoom the

data available. Most of these values come from a source on early wastemsyZschau and
Kuppers 2003). Note that in some areas these systems may not have been impletented ye
although most of the United States has working early warning systems inq@eaase of its

level of development and emergency preparation. For the hazards not mentioned above,

relatively clear value was found in the given sources.

4.3.2 Deaths/event

As discussed earlier, memory can also have a negative effect on a pers@psqent
risk. Their personal experience during that hazard dictates how thendesact. Earthquakes
may be a familiar occurrence on the Pacific Coast, but if someone livingdkeeeloved one in
an earthquake they may have an unnecessary fear of earthquakes. Beingniguraziard can
cause someone to dread that event. Yet, people are pushed to a new level of dreadttigfrey or
loved ones have the potential to die. Knowing how many people are likely to die in a given
hazard can provide useful insight into how the public will react. Their perceptiask afiti
increase dramatically.

Using SHELDUS, the number of deaths for each hazard in each region was found. This
number was divided by the number of occurrences and used to find the average number of
people that die per hazard event. This was included in computing the overall deead 2@)2

studied how risk relates to extreme events. He found that,
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“When experts judge risk, their responses correlate highly with technirabéss of
annual fatalities. Lay people can assess annual fatalities if theskactta (and produce
estimates somewhat like the technical estimates). However, thainguds) of risk are
related more to other hazard characteristics (for example, catastromntaldhreat to
future generations) and, as a result, tend to differ from their own (and ekpstitsiates
of annual fatalities” (Slovic and Weber 2002).

Slovic indicates that risk perception relates more to catastrophic potémtdividual events

than to total annual fatalities. Natural hazards are understood morg tldarins of specific

events and not years. Thus, dread will incorporate deaths per event. The valdeaneia

each region of the United States, and as an example values for the Southeast tiegitimited

States are shown below.

Hazard Deaths/event
Avalanche 0.00
Coastal 1.06
Drought 3.43
Earthquake 0.00
Flooding 0.44
Fog 1.06
Hail 0.10
Heat 4,11
Hurricane 2.09
Landslide 6.30
Lightning 0.38
Storm 0.19
Tornado 0.68
Tsunami 0.00
Volcano 0.00
Wildfire 0.02
Wind 0.19
Winter Weather 1.66

Table 10: Deaths per Event in the Southeast Regidhlazards and Vulnerability Research Institute 2009)
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4.3.3 People Affected/event

Translating Twigg’s definition into actual data brought in the parameter of how ma
people are affected per event. If a hazardous event is localized, people throughar are
less likely to dread it. The catastrophic effects are smaller per edanicane Katrina is one of
the United States’ most devastating and memorable natural disasters st tee ldecades.
Starting in the Gulf of Mexico, it hit mainly Mississippi, Louisiana, Alalaaiend Florida. From
there it continued on a NNE path and caused extreme weather conditions all the wayléo Cana
The images below come from NASA and demonstrate the large area that wiesldffethis

one hurricane.
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Figure 5: Path of Hurricane Katrina (Dunbar 2006)
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Figure 6: View of Hurricane Katrina over North Amer ica (Dunbar 2006)

Hundreds of square miles of the United States experienced losses from Hukatana.
Compare that to the typical tornado that occurs in the Midwest. Below is anfroagge

National Weather Service from a tornado that hit central lllinois on March 12, 2006.
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Figure 7: A 2006 Tornado Path in Central lllinois (National Weather Service 2006)

The area that this tornado affected is on the level of counties within a stateasvhierricane
Katrina’s path of destruction covered multiple states. The dread assodittdiisv
phenomenon varies significantly. When a tornado occurs, its path is usually hcafidehus
people are less likely to think that they will be included in that destruction unlestcstig
warned or if they can actually see it. When a hurricane hits, people that afeeemyear the
path of the hurricane immediately take measures to protect their loved ones amny.piofe
difference is accounted for in the dread parameter by including how many pespliéected
during each hazard event. These values were hard to find and were only for mags. h@iha
table below shows these values, which were taken from the Center for Rezedre

Epidemiology of Disasters (CRED).
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Hazard People Affected/event*
Earthquake 1,878
Flooding 134,287
Landslide 35
Storm 1,548
Volcano 1,250
Wildfire 27,594

Table 11: People Affected per Event (CRED 2009)

The definition for people affected as used in the CRED database is, “people that Imave bee
injured, affected and left homeless after a disaster” (CRED 2009). Thebensuane used in

the dread calculation as described below.

4.3.4 Weighted Average of Dread Parameters

Calculating dread involves the combination of the three aforementioned considerat
As lead time increases, an individual's dread decreases. Therefore, anrelaticeship was
used in relating lead time to dread. The number of deaths per event and the number of people
affected per event are directly related to dread. These values have ffiereatdinits consisting
of time, deaths, and people. In order to combine these parameters appropgrageiged to be
transformed into a unit-less value with similar averages and variabilityt, E&ch mean needs
to be adjusted to avoid unintended dominance of one feature over the rest. This isyespeciall
necessary if the added parameters are in incomparable units. In thidestddymes are in
seconds and are to be inverted and combined with number of deaths per event. If iatss attr
were simply added, deaths/event would dominate since lead times are fracborofess.
Adding a number smaller than one to something like 100 deaths per event would be insignificant
Yet, lead time is a very important part of dread. Thus, the values were scalectise #vatrage
of each attribute was the same, 0.5. Second, the data collected for each f&ct@ryaifferent

levels of variability. If deaths per event and people affected per event doved lzage
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variability but lead time does, it would cause the final summation to have largbiltyri even
though a majority of the parameters do not. This would cause lead time to condalityaof
the final sum. To avoid this, a non-linear transformation was performed to chithgefactors
to have the same spread of values, a range of one. The non-linear transformation squa

shown below.

x,-—f

y = + 0.5

Xmax — Xmin
This equation will transform the factor into new values with a range of one and a ntean of
The variable y represents the new valyeegresents the value being transfornieis, the mean,
and Xnax and X,in are the maximum and minimum values, respectively. The parameters are

shown below in their initial form and then their transformed value.

Hazard '1/Iea(_1I1 Scaled Deaths/event Scaled People Scaled
time (s7) | value value | Affected/event| values
Avalanche 2.00E-01 0.62 0.00 0.42
Coastal 1.11E-03 0.42 1.06 0.51
Drought 1.29E-07 0.42 3.43 0.71
Earthquake 1.00E-01 0.52 0.00 0.4p 1,878 0,31
Flooding 3.47E-05 0.42 0.44 0.46 134,287 1.29
Fog 2.78E-04 0.42 1.06 0.51
Hail 5.56E-04| 0.42 0.10 0.43
Heat 1.65E-06 0.42 411 0.76
Hurricane 1.16E-053 0.42 2.09 0.59
Landslide 2.00E-01 0.62 6.30 0.95 35 0.29
Lightning 1.00E+0Q 1.42 0.38 0.45
Storm 5.56E-04 0.42 0.19 0.44 1,548 0.30
Tornado 2.78E-04 0.42 0.68 0.48
Tsunami 1.11E-03 0.42 0.00 0.42
Volcano 3.86E-06 0.42 0.00 0.42 1,250 0.30
Wildfire 3.47E-04| 0.42 0.02 0.42 27,594 0.50
Wind 4.63E-05| 0.42 0.19 0.44]
Winter Weather| 5.56E-04  0.42 1.66 0.5p

Table 12: Scaled Values of Each Dread Parameter -otheast Region
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With the new scaled values, each factor can be added together to produce a faetat. o d
be able to control the importance of one factor over another, each value was weighted. Ea
factor is assigned a weight and all of the weights sum to one.
Y = WwiXy + WXy + WiXxs
3

Z w; =1

i=1
Lead time is proposed to have the most important impact on dread, twice as mtizéras ei
deaths or people affected. Further, deaths per event and people affected per egsigreee
equal weights. The weights were chosen arbitrarily based on judgmentpadititisThis

produces the equation,

1 1 1
dread = > (lead time) + 2 (deaths/event) + 2 (people af fected /event)

These specific weights were proposed for simple calculations and a lack ahsiabst data to
determine which factor affects dread the most. Where a value was not found ferafémgied
per event, the weights were changed to one half for lead time and one half for deattenper

Further research in this area could reveal more realistic, exact svéagltitis function.

4.3.5 Real dread vs. Media driven dread
Similar to the media’s effects on familiarity, the media can change andodlis
perception of risk as it relates to dread. A major issue that arises comesfincrease in
dread due to over-exaggeration by the media. If the news report exagderaesausness of a
natural hazard, the public will react in a more urgent and panicked way or emergeocypke
may over-prepare. On the other hand, news reports could downplay the situation and cause
people not to react at all. This will also produce a lack of trust in the mediatidiecome

detrimental. These effects should be considered when preparing for natardshaz
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4.4 REGIONAL ASSESSMENT

The multi-attribute framework brings many important elements togetheovapra
comprehensive way to evaluate risk and develop a hazard mitigation plan. mes/@k lacks
one important division, geographical regions. Each region of the United States expeareggce
different hazards. A framework of the United States would be difficult to apptyis@ecific
region. People living along the Pacific coast of the United States areanaitiaf with
earthquakes. People are educated in schools, work, or through the media on how to properly
react to earthquake events. Thus, the familiarity of earthquakes on the &aastics
significantly higher than in other regions of the United States. This gedtdbts the hazard
mitigation plans laid out by the local governments in that region. Also, sincedifie Region
does not experience hurricanes, it would be incorrect to develop a hazard onitojat based
on the whole United States, which shows hurricanes causing large amounts of damsage. Thi
regional division allows the framework to be more useful in decision making.

Based on the approach of the Department of Energy, the United States wasdemara
eight regions. These were selected since they each share sasilaritatural hazards. The

eight regions chosen are shown below in Figure 8.
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Figure 8: Regional Division of the United States (DE 2009)

These regions will allow the hazard mitigation framework to be more funttidtlaesults will

be shown in these regions.

4.5 GRAPHICAL ANALYSIS & RESULTS

The goal is to compile all of the work above into a user friendly visual aid to be consulted
when creating natural hazard policies. As discussed above, the way informatesersgul is
very important. Changes were made to Hammel’s visual structure to makeeitte read. His
approach was to create concentric circles in which the thickness reprekentatlie of deaths,
injuries, or dollar loss. To improve this, the each parameter is shown in rings. aemeesed
within each ring corresponds to the value of one of the three factors. This edsiimaissue

that some circles might be hidden by other larger circles, and not be seeneals factor’s
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ring size no longer depends on the others for each hazard. Therefore, if the numbéiso$ deat
large and the number of injuries is small, the radius of both circles does not have g be lar
This was a major concern in Hammel (2005). If the core of the data point washergéhe
radius of the mantle became large despite being thin and representing wafueallNow, each
factor stands alone, but all three are still centered on their correspondired hahard.

The data are graphed along the axes of dread and familiarity. Each \hilzaagte a
different location depending on the values calculated above. This position on the graph
represents that region’s perception of risk. A hazard located at the togarigét of the graph
indicates a very serious perception of risk. A hazard which falls in the bottocgredr of the
graph indicates a region that does not have a very severe perception of ridgkatrbarzard.

Two graphs for each region were created. The first graph was createdtwéh a
numbers of deaths and injuries. The second graph uses monetary values for death and injury.
The graphs for all eight regions are shown below in Figure 9 through Figure 28inéisled
are graphs of California and Florida separately to show the effect thepihdveir regions. The

color of the graph corresponds to the colors given in the regional map in Figure 8.
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The graphs above can be compared to show the differences in dread, familiarigs,idjeaths,
and dollar loss. There are major differences between regions. This suppatgdhalr
separation of the data. Also, note the graphs of California in Figure 19: &#snis. Dread per
Event — California Figure 19 and Figure 20. If compared to the Pacific regiofgr@iali
accounts for a significant amount of the effects of natural hazards. This groséden for the
other states in the Pacific region to look at their own data without Californet toaye accurate
information. In addition, California’s policies would be better taken from fdagast that state.
Clearly, the methods in this study could be used on a state or even local batsibeagest
accurate information possible. Interestingly, Florida, as seen in R2§uard Figure 26, did not
have a large effect on the Southeast region despite its geographic locatibreoWitich land
along the coast, it would be easy to think that Florida would account for most of the data in the
Southeast region, but that is not the case. Note that wind data was could not bel dolidlete
Southeast region due to an error in the SHELDUS database.

These graphs were developed for policy makers to make a more informedrdetisn
creating a hazard mitigation plan. Knowing the basics such as deaths, inpdidansages is

important, but including the way people feel about those hazards is also important.

4.6 FRAMEWORK APPLICATIONS
The background research supports the need for a visual representation of both “risk as
analysis” and “risk as feelings” (Slovic 2000). The above tools sought to include thoss pi
risk to provide a more integrated way to visualize the effects a hazard is havicgromanity.
The next question is, how would a policy maker use this framework to create i@eraygplan
that will anticipate how the public will respond and use that to its advantage?aReicndell

wrote a book entitle@Emergency Planning in which they specifically deal with this issue. They
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explain that, “Experienced planners know that citizen compliance with protective ac
recommendations (PARSs) is much more likely if those protective actions ayeates a way
that complements known human response” (Perry and Lindell 2007). Protective action
recommendations are a part of mitigation plans that require public complianese FARs are
used in natural disasters to help protect the public and infrastructure. Pekipdeltiprovide
the example of Hurricane Rita when the PARs did not complement the public’s respfiese. A
Hurricane Katrina, there was an increased amount of dread and fayndesdciated with
hurricanes in the Southeast region. A known human response to this type of situation is
described as an evacuation shadow. More people evacuated than authoritieseretzimm
because of the severity of Hurricane Katrina. They caution policy s\dhat; “Ignoring the
evacuation shadow produces clogged routes of egress, stalled vehicles (breakdavmtual),
and clogged shelters” (Perry and Lindell 2007). This lack of regard for human redpesset
just apply to evacuation shadows. This deficiency in planning is where the abovalregion
graphs provide the largest benefit. When developing PARs, a community can look at their
region to determine how the public perceives the risk from that specific hazard.ini§ribat

the public has a large amount of dread would lead policy makers to consider effects like
evacuation shadow. In contrast, Perry and Lindell found that, “Fear-generating @igen

elicit much higher levels of warning compliance” (Perry and Lindell 200@jne®ne using the
above graphs could conclude that a hazard with a high amount of dread or familigirheara
that the public would be more compliant than in other situations because they have no prior
knowledge of how to react. These reactions are usually specific to each comnanaty, and

period of time. Professional judgment is required when making final decisions @d haza
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mitigation plans. These frameworks are designed to introduce human perceps&rirofm

natural hazards in the hazard mitigation planning process.

4.7 RISK EVALUATION AFFECTED BY REGION DEMOGRAPHICS

One important consideration has not been discussed. Losses due to deaths, injuries, and
damages are directly related to the population and the value of the built environment. Whe
consulting these graphs it should be recognized that storms in New England aressdnilgc
worse than storms in the Plains. There are more people and higher propedyrvalee
England, however, compared to the Plains. Thus, any natural hazard that hasisélhtore
deaths, injuries, and damages simply because there are more people to adfeat.ishhoted
that dread can vary from town to town depending on the demographics. If a town has one
hundred people and ten of them die, the town will be seriously impacted. On the other hand, if
ten people die in New York City from a hazard event, the city as a whole would not be
significantly affected. There are several ways the above results comddiied to account for
this discrepancy. First, the gross domestic product (GDP) of any region could be used t
measure economic activity and as a representative figure for populatiamandt of
constructed facilities. Secondly, the data can be compared to population. By ogripadata
to population, it would account for how many people are actually there to be affected. Ye
would not include the value of the property those people own. The third metric was developed
by HAZUS, which stands for Hazards United States, and is called the built enemonFEMA
developed HAZUS to have an inventory of information built into the program. This inventory
includes essential facilities, lifelines, general building stock, and demogidgthi¢FEMA

2010). Using the HAZUS inventory would be the best, most complete way to make the data
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more realistic. By comparing the data to one of these three metricstahealdd be
neutralized so that no single region stood out above the rest unless those hazawisIwéne

most severe.
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5 Conclusions

5.1 SUMMARY

The methods described in this paper are meant to be used to create a more informed
hazard mitigation plan. With the basis of Slovic’s research, sociology ancerigmare
combined to cover a wider spectrum of risk. Slovic points out that, “the higherdtsvgel risk,
the more people want to see its current risk reduced, and the more they want totsee stri
regulation employed to achieve the desired reduction in risk” (Slovic, The RencepRisk
2000). For example, millions of dollars have been spent on retrofitting structuresRacifie
coast to reduce risks from earthquakes. Earthquakes rank relatively high on the graph of
perceived risk for that region. Far more money is spent on reducing earthglakeamion
reducing risk from wildfires because the perceived risk is higher, even thHoeyghdth cause
significant losses. This framework is meant to be an aid in decision makithg$er situations.

In a later study by Slovic, he discusses how, “Research within the psyclwopaesadigm
has identified people’s emotional reactions to risky situations that affigments of the
riskiness of physical, environmental, and material risks in ways that gmdbéyeir objective
consequences” (Slovic and Weber 2002). This theory of sociology explains how people react to
situations such as natural hazards. In the current study, previous work was comthireed wi

new, more accurate way of assessing risk from these hazards.
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5.2 FUTURE DEVELOPMENT OF HAZARD MITIGATION AND RISK

ASSESSMENT

This study seeks to further the field of hazard mitigation and risk asses&tiEniques.
Consequently, the topics discussed in this paper have a lot of room to expand. It isduggeste
that the following sections be studied more in depth. First, Slovic’s factor analysiapplied
directly to the study of natural hazards. Thus, dread and familiarity arecioscii his work in
terms of general risks. If sufficient surveys were conducted, a factgs@snzould be
performed that is specific to natural hazards. This may change thatorrelf the
characteristics. It might be found that dread is not the most highly codredatatural hazards.
Moving forward, there is a large amount of improvement that can be done for the ddctors
dread. Since lead times are hazard specific in their accuracy, it would beiaéteknow
more exact times that an individual has to react. Also, the values found for the nundugslef p
affected per event were not region specific. Being able to find regionabwatuéd provide a
more accurate measure of dread. The next suggestion comes in the way the dreatbrsare
combined. Simple weights were chosen based only on judgment. A sensitivitysacailydibe
performed to determine more accurate weights based on which factor aféactsidr most.
Finally, familiarity was unchanged from Hammel 2005, but could be expanded. Tdeptoh
being familiar with an event is hard to define. It could easily depend on howdgrthevevent
was. This study considers regions, but if a person lives on the border of a region heay she
be familiar with an event that happened in the neighboring region. Familsaailyo impacted
by how recent the event was. If a volcano erupted thousands of years ago,divegeisk of
the current community will be very low. Yet, this may be compensated by thbdathe

media can present information from any era. Finally, there is considerableaogravith
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when dealing with expected values. Expected values are just averages, buttfuatheosld
show the range of consequences felt from natural hazards. These are smmnveayfktthat this
framework can be improved. Hopefully, researchers will see the bewfatiis study and will

want to continue pursuing related topics.
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