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Abstract

Hoods are one of the deadliest hazards and affect the m@stople when they occur. Becsaof the
increasig population inthe floodplains andthe nature cataclysms, the number of castalties andthe cost
of damage from floodingncreagsevery year. For that reason the Eropeanmember states enacted the
EuopeanHood Directive. One of its requirements isto deliver flood hazard andrisk maps. In this thesis,
the Euopean fbod mapping requirementsand best practicesare descrbed. This masterQ thesis
primarilyfocuseson the Hazus-MH tool, whichwassuccessfuly usedin the United Sates for flood
mapping needsThe main problem isthat Hazus wascreated only for use in thel.S, and existing
administrativelimitations presents a challenge faisers from other countries. Thechallenge of this
research isto create implementation that would enable a Hazus userto perform flood analysisfor
Euwope by using the @ame methodology. To this endthis thesis analyzed th@efaut Hazus methodology
of flood assesament in detail and provideghe overview and evaluation of flood hazard and inventory
data taken from the Hazu$#/H tool As implementation, it was desided to create the new study region in
Euope, based on standardized Euopean aministrative units. This tak wasadieved byadding new
geographical regonsto the defaut Hazus datases. Thestep-by-step implementation and the new
framework for applying theHazus Fbod Model in Ewope is lriefly described inthe thesis. Theessential
input data paametersand requirementsare also desaibed. The implementation@testing and validation
was carried outby applyingit to alocal Aistrian casestudy. Thetests showed a successil non-U.S
datase integration in the Hazus tochnd affirmedthe resut@® dependencyon the quality of input data.
Additionally,thisresearchis abko intended to assistcommunitiesthat have no financial sypport but that
want to perform flood assesments at the local levellhe additional tools and datasets, together with
Hazus, as freely available tool would enable communitiesto perform theirown flood assessments with
ease
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1. Introduction

Inthe first half of 2011, the world sufferedfrom major flooding disasters: the 9.0 magnitude earthquake
that causeda tsunami in Jgoan; floods inAustralia, Brail, and Si Lanka; the enormous flooding in the
central part of the USA. All theseeventscausedextensiveproperty damage and human casualtiesand
many people lost their homes andvere displaced.Nevertheless, the occurrence of these disasters and
the gravity of the damagdoesnot decrease the number ofpeople who relocateto thesecitiesand river
valleysthat are predisposed to floodingduman nature likesthe challenge and thinksthat it is possibleto
dealwith whatevernature throws at them

Instead of thinking about how to protect ourselvesfrom flooding we should focusmore on how to
decreaseour vulnerability and reducerisk.Yd even this isge is a huge headache for many experts who
are tryingto mitigate flood hazard effects.

1.1. Motivation

Hoods causesevere damage and affect at least 20 million people worldwide every year (Smith et al.,
20009, pp.13). Inthe last few decades Euope has sufered fom many floods. Although there aremany
flood protection efforts within the EU(Euopean Lhion), it hasprovenimpossible to provide 100%flood
protection aganst flood damages (Mostert & Jurier 2009).

For tis reason the mainfocus inEurope has chaged from complete protection against floodsto flood
riskmanagement. InOctober 2007 the Euopean Rood Directive (BD) wasenaded bytwenty-seven
EUmember gates. Thefocusof this directive wasto reducethe adverseconsequences on human
health, ervironment, cultural heritage, and economic adivity as®ciated with floods. Asarequirement
of the BD, eachmember state hasto develop various products concerning flood risk assesment.

Imagine the situation in the UnitedSatesif each $ate had their own datastructure, requirements,
methodology, framework, and even language. How would the United Sateswork to manage the risk
of floodsand their aftermatt? Like other natural disasterfipods do not care about boundaries. Orly
the unity of countries canhelp to fight disager. The same stand applies toeverythingt in war, a
ba%ketball game, during the typicaivork-dayin the office, even inthe family. Orly by workingtogether
canpeopleaccomplistgreat tasks

As part of the requirements of the EFByopean seentistsstarted to searchfor sutable toolsto
develop flood risk anchazard maps. Formany years, the Hazus-MH Rood Model (figure 1) has been
known as awell proven tool for flood hazard mitigation in the United Staes butthea & & (i IBnivafioh
is that Haus-MHwasoriginally desgned to work with U.S.datasés, not global datasets
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Hgure 1: The advantagesof the Hazus-MH Hood Model

Thehuge challenge and interest of this magerQ hesisis to find a solution for the semi-automatical
integration ofnon-U.S data into Hazus-MH.

1.2. Research Questions

Hood Assesment is a complicated field in whichmany problems anduncertainty occur. Hazus-MH isnhot
anopen sourcetool. Therdore, even more possibleproblemsshould be considered. Tobe able to
handle that, it is mportant to answer many resarchquestions:

A What isthe meaning of common used terminology in flood assessment?

>

What arethe requirementsof the Euopean Rood Directive?

>

What arethe requirementsof flood mappingin Euope?

>

What arethe bestexamplesof flood mappingin Euope?

>

What is Haus-MH and what are its applied outcome®

>

What arethe cgpabilities of Hazus-MH?

>

How canHazus-MH contribute to the needs of thdgD?

>\

What isthe step-by-step riverine flood assessment in the Hazus Fbod Model, and how is damage
edimated?



> > > >

A

What contains flood hazard andinventory data in Haus?
What arethe existing Hazus Fbod ModS f ligigationsto applyingit internationally?
What arethe possiblesolutionsto integrating non-U.S datasets into Hazus-MH?

What isthe framework of flood damage functions adjustment in Hazus, andisit possble to
apply them internationally?

What arethe exigting administrative units, andwhat part dothey play in Hazus?
How canthe implementation be created andtested?

What arethe exigting limitations of implementing HazudviH for Europeand what should
be done to eliminatethem?

What isthe resultingframework of flood assesment in Ewope using the Hazus Fbod Model by
usig created implementation?

What arethe requirementsfor the European nput data for flood assessment in Hazus?

What arethe additional tools and datasetsthat could improveHazus byachieving more
efficientresults?

Whatarethe perspecives, existingissuesand future researchinitiativesof Hazus?

1.3. Methods of Solutions

Theresearchquestions canbe answeredonly by performing research ativities and followingthe
specifed methodology:

A

Thecommon usedterminology would be explained byresearching literature related to risk
egimation andhazard assssment;

Theanalyss of the European Hood Directiveand other supportive directiveswould declae the
EFDrequirements;

Theanalyds andoverview of existingbest flood mapping solutions andexamplesin Euope
would define the existing bestflood mapping practicein Europe and requirements of the flood

maps;

Theliterature reviewand historical outcomeof various projects where Hazus wasapplied
would outline Hazus-MH asa tool and its successful outcomes

Thepractical coursesandtesting of Hazus-MH would reveal the Hazus Fbod ModS £ Q &
cgpabilities and limitations;



A Thepossible contribution of Hazus-MH to BFD would be declared bycreatingthe flood maps
with original Hazus inventory data;

A Thestep-by-step riverine flood assesment in Hazus would be defined and explained indetail
by andyzing Hazus Fbod Model@technical user manuals,following tutorial guides and
performing practicaltasks with Haus Fbod Model;

A Theanalyss ofHazus technical user manualsand practical courseswould descrbe the Hazus
flood hazard andinventory data;

A Theinner Hazus dataandinventory analysiswould identify the existinglimitations to
applying HazusMH internationally;

A Thesolution for international data usein the Hazus-MH Fbod Model would be achieved
by integrating Europeangeographical divisbnsinto Hazus;

A Theadjustment of flood damage functions inHazus would be tested byusing original and later
Euopean ditasets,

A Theresearchof existing European and worldwide administrative units andtheir geographical
featureswould outline the bestwayto be integrated asgeographical dvisions irto Hazus;

A Implementation would be created by modifying the existingHazus datagts and creating
relations between Europeangeographical dvisions,

A Thetesting of the implementation would be done by initiating a casestudy for alocal
Austriancommunityt Micheldorft and performing flood assesmernt;

A Thelimitations of implementation would be defined by evaluating the implementation,andthe
introduced dataintegration framework would define the needed gepsto eliminatethe existing
limitations;

A Thenew framework would be established byanalyzing the differencesbetween international
and U.S datasdsandlisting all needed itermediate stepsto perform successful flood
assesment;

A Therequirements would be defined by andyzing the Hazus defailt data ntegration posshilities;

A Theadditional tools and datasets would be listed andevaluated in terms oftheir direct support
to Hazus;

A Theconclusions, future use of and existing problems with the HazusMH toolwould be
described bysummarizing the whole thesis.

1.4. Expected Results

Thatthe researchwould be approved anddeclaed assuccessfljthesefurther results areexpected:



Explanation of common used trms inflood assessment;

Thelisted recquirementsof the Euopean Food Directive;
Therequirements of flood mappingin Euope;

Themethodology and examplesof bestflood mapping practicesin Europe;
TheHazus-MH definition and the applied experience (casestudies);
Thelisted Hazus-MH caabilities and possble contributions to support BD;
Thestep-by-step Hazus riverine flood andysis;

Thedetailed deschption of implementationQ éeation, its limitations, andeffective solutions;

> > > > > > > > >

Thenew framework of flood asessment in Euope that would be followed by using the
created implementation;

A Theflood assesment case study for alocal Aistriancommunity, Micheldorf, in the Hazus Flood
Model by applying the created implementation;

A Thedetailed listof requirementsfor international input data into Hazus Food Model and
implementation;

A Thedescription andoverview of other freely available tools and datawhichwould improve
Hazus capabilitiesn the fieldof flood assesment;

A Thesummarized sttements of Hazus ssues, €iture focus and whole research.

Beadvised thatsome of the resuts are quite complex. Therdore, they are not included i the resuts
chapter.

1.5. Audience

Theprimary audience of this masterQ thesisare the Euopean fbod mapping andflood riskassesment
expertswho are searching for efficient and costeffectivesolutionsto fulfill the EFDrequirements. This
researchprovidesplenty of guidelinesand examples on how to produce and deliversignificant flood
maps. For the emergency managersand flood hazard mitigation specialists thisresearchshauld increase
the motivation to study theHazus methodology anduse it worldwide. The flood vulnerable communities
should be interested in the possibility of affordableflood riskassessmentand the ability toraiseflood
risk awarenas in theircommunities.

1.6. Structure of the Thesis

ThismasterQ thesisis structured in 13 chapters. Thefirst chapter introducesthe research, the
motivation, rough methods, resuts, and the audience of the study Thethird chapter descrbesthe
theoretical background, such aghe terminology of flood assessnent, important European lawsthe use

of flood maps, Hazus-MH introduction, and successful outcomes, as well as other flood
5



as®essment tools andadministrative units. The fourth chapter overviewsthe Hazusbasedmethodologies
andframework usedto create implementation and produceflood assessment. Thepropertiesof
additional datasets andHazus nventory, such adlood hazard data, are descrbedto outline the
importance of different datatypes. Qapter five presents the step-by-step Hazus riverine framework. The
sixth chapter introducesthe processof implementation that enables Hausto perform flood asessment
in Euope. The new framework of flood assesment in Euwope as derived from thédazus modelis
preserted inchapter seven. The eighth chapter describesthe proceedings of a flood assessment case
study in Austriawith the resultspresentedin the ninth chapter. The future focus,conclusions, existing
problems, and Hazus Fbod Model issues &e descrbed inchapter ten.

2. Literature Review

Hood risk assessment hasalways beerknown as a complicated field ofresearch becage of the
complexity of moving water calalations. Vaious experts released denty of reports to provide the best
solutionsto identify or predict flood damage. Inthis masterQ thesis,the most intenseliterature
researchwasperformed byandyzing the existing flood mapping methods in Euope and the Hazus
Fbod ModelQ & (i SraaKugls\ Bekaiisene of the goalsof this researchis to contribute European
Hood Directive, a largepart of the time wasdevotedto analyzing the DirectivS Qefjuirementsandthe
currentbestsolutions for saisfyingthem. To this endmany European food maps were analyzedand
evaluated. The common theoretical krowledge about floods wasaoquired from many well known
books and articles.

Literature about Hazus-MH s quite limited. £Q @unigue tool that is mainly usedfor federal and local
U.S government agencies.The typicalusersdo not careabout the methods andprocessesinvolvedin
Hazus; theyneed only to know the capabilities, features, andframework of the system andhow to
proceed with tasksand get resuts. For that reason there are denty of tutorials and step-by-step
frameworksfor specified practical takswith Hazus, lut there is notechnical irformation about the
system The coreliteratureare the official Hazus Food Model technical andusermanuals,released by
FEMA Mitigation Divison. Both of hese documents @ntain details dout methods andprocesses in
Hazus. All of the Hazus information ia these manualgbut there is no alternative literature.

Thereexist many reports and casestudiesof Hazusise in the U.S.and someof these examples are
provided inthis thesisMany accountsdescribe the situation, reasons why Hazus wasused andwhat the
outcome was Sme of the authors (Muthukumar 2005) also evaluate the flood hazard modeling and
capabilities of the Hazuglood model.

Thereis little literature recounting the usef Hazus nternationally. In 2010Kumesch (Kulmesch 2010,
AGIT)evaluated theHazus flood loss estimation methodology for a casestudy in Austria, andthis
magerQ &esid idasedon KumeschQ & KK Bhénewestinterestin Hazus comes out ofCanala,
where they established the Canadian Hazus Users Group (CanHUG) in January 20dteatidg the
potentialto useHazus-MH in Canada. Oneof the most suaessfuland well-knowninternational
applications of Hazus toolis the Hazus Earthquake model implementation for the case study by Doug
Bauscton the earthquake itaiti in early 201qBausch2010). He usedsimilar methodology described in
this and KumesO K i@sdarch, but the main focuswasthe aggregated data.



3. Theoretical Background

Theoretical kackgiound presents the common used terminology in flood assesment, how floods ae
evaluatedin Euope, andthe lawsandregulationsthat are in place to deal witfloods.Hazusa | Q a
background and itstools provide the generaloverview about the cgpabilities of each model and the
methodology.

3.1. Terminology

This clapter introducesthe most common terminology used inHazus, the EFDand 1ood mapping.
Some of the terms canbe definedsomewhatdifferently by variousauthors, but the essenceof the
meaningis thesame.

Risk

Therisk conceptapplied in Hazus-MH wasanalysed by Kulmesch et al (2010) and followsthe risk
definitions gven byCricton (1999, 2001) and Fedeski& Gwilliam (2007). The term is expressed as
function, whererisk isrelated to theperiodic cost of damage causedby a hazard. Theparametersof the
function are: the exposue whichrepresentsthe extent andvalue of by hazard affeced kuildings, the
vulnerability whichdescrbesthe suscepthility of these buildingsto a hazard, andthe charactristicsof
the hazarditself (Kaveckiset al 2011a).

Exposure

Value and location of buildings
Haure 2: Therisk triange by Ciichton (1999,2001)

While Snith et al (2009) descrbesthe riskasrelationship between a haardQ &obadhility and severity, it
is daerminedthat hazardsto humanlife are rated higherthan damage to economic goods and
environment. Together, the risk is anadual exposure of humanor property value. Fgure 3 presents
theoretical reltionships descrbed by3nmith et al (2009) between the risk, probability, and severity of a
hazard.
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Hgure 3: Hazard, probability and risk relations (Smith et al 2009,pp. 13)

This fgure showsa conceptsimilar toQichtonQ, dut instead of 3 edges, there are only two: probability
and severity of the hazard. The severity in this @secould be described asvulnerability differences
between the environment, goods, andlife. Asmentioned earlier, Smith indudesthis exposure into risk
itself. This fgure is eager to understand than CriditonQ a &

HRWaliingford (2002) declaresthe riskas acombination of the chance of a particular event andthe
impact (that the event would cause). Inanother words, risk contains two components:the probability of
an eventto occurandthe consequences of the overalimpactassociaed withthat event, while the
Euopean Food Directive describesflood riskasthe combination of the probability of a flood event and
of the potential adverse consequencesto human hedth, the environment, andeconomic activity
as®ciated with aflood event (Excimap 2007, pp.9).

TheUnited Nations Straegyfor Disaster Reduction (UN/ISDR)approachfor aninterdisciplinary multi-
hazard andysis and riskassessmaent is similar to the Hazus methodology (UN/ ISCR 2004). The UN/IDR
approachdefinesriskasthe probability of harmful lossesresuting from interactons baween ratural
and human-induced haards andvulnerable conditions. This stategy determinesthe nature and extent
of riskby analyzing potential hazards andevaluating existingconditions of vulnerability that could pose
a potential threat or harm to people, property, livelihoods, andthe environment on which they depend
(Kavedkis et al 2011a).

Hazard

Quite often the two termst risk andhazardt canbe confusing. Acordingto Snith et al (2009), hazard
asa caiseis apotential threat to humansandtheir welfare, while the risk asa likdy consequence isthe
probability of that hazardwhichisoccurring andcreating the loss. Fzards can be recognized asthreats
to different groups of assets:



1 Hazardsto environment ¢ pollution, lossof amenity, lossof flora and fauna;
1 Hazardsto goods ¢ property damage and economic loss;
1 Hazardsto people ¢ death, diseasemental stess,injury.

A good example of how to distinguishbetweenriskand hazard is provided byOkrent (1980): Two people
are crossing the ocean. One of them isin arowboat, another in a bigshp. The hazardsin this caseare
described as deepvater andlarge waves.Theriskt probability of capszinganddrowning. In this
example, tiis clearthat the person in the rowboat hasthe geater risk @nith et al 2009, pp. 13).

Vulnerability

Acmrding Snith et al (2009), vulnerability is desribed as gossble future state that implieshigh risk
combined with an inability to cope. Inanother words ¢ vulnerability isthe susceptbility of resources
(human andmaterial)to neggtive impactsfrom hazard events. Forexample, improving afoundationQ a
ahility to resist flood water would deaeasethe foundationQulnerability to the floods. Human
vulnerability isamore comprehensive term, asdescrbed by Timmerman (1981). Himan vulnerability is
adegreeof resistarce offered by a social g/stem to the impact of a hazardous event (Snith et al 2009,

pp. 15).
Flood

A flood is any relatively high stream flow that overtopsthe naturalor artificialbanksin anyreachof

its steam. Thereasonsfor flood canvaryt from long lastingrainfall, heavy rainfrom athunderstorm,
rapid snow melting, a dam breakor even atsunami. Snce 1900, the Cente for Researchon the
Epdemiology of Disasers ((RED) has addednore than 3,000 recorded flood disasters its database.
Hoodingis described asa common environmental hazard because of thevidespread population
distribution in river flood plains andthe increasig densitynear rivers. foods cancauseand be caused
by other disasters. Theycancauselandslides andepidemicsof diseasepr they can occur as theesult of
stormsandtsunamis. That is why it is hard to determine exact numbersin flood losses (Smith et al 2009,
pp. 232).

Flood Depth

Hood depth canbe descrbed asthe differencebetween flood water elevation andground elevation
(seefigure 4). It should be alsoconsidered thatnormal stream elevation is defined asground elevation.
In the correct way, the flood depth grid should show only the depth of the flood. Veryoften this isnot
correctly depicted but that doesnot influence the resuts, becauseusually there areno assesat risk in
the stream itself. Thee are exceptions like bridgesand utilities, but this canbe considered in camage
functions (in Hazus).
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Haure 4: Hood depth described as difference between flood water and ground elevation (FEMA 2009c¢)

Flood Probabhility

It ishardto descrbe the severity of aflood. Not all floods ae equal inthe context of duration, effect, or
severity. One way to describe the severity of a flood isthe probability of occurrence Acording Holmes
et al (2010), the term &100 year floodé was born in the 1960sin the United Sttes,whenthey decided
to usel percentannual exceedance probability (AEP) flood asthe basisfor the National Food
Insurance Program. Thel-percent AEP flood has al in 100 chance of being equaled or exceeded inany
Oneyear,and it has anaverage recurenceinterval of 100 years. Tht iswhy it iscdled ad @0 year
flood.€

More often, scientits use statistical probability (chance) to evaluate floods. To determine statistical
probability, they measurethe annual peakstream flow and examine the stream gages. This analysis
helps <ientists to etimate AEFor various flood magnitudes.

How accurate are these estimations indeterminingflood severity (magnitude)? The accuacy varies
deperding on the amount of available data, the accuracy of that data cimate conditions, etc. Holmeset
al (2010) provide a good exampl&igure 5 showsthe flood probability of BigPiney Rver. The flood
probability isrepresented assolid black line. Below and above that solid blackline are two dashed Ines.
They representthe 90 percent confidenceintervalsof thisrelation. Thatmeansthat there isa 10 percent
chancethat the true flood magnitude will lie somewhere outsidethe dashed areaand the slid black
line. Theissue isdifferent with discharges(discharge meaningthe volume of water). According to figure
5, letQdssaime that the 1 percent ABPflood (100 year flood) for BigPiney Rver has anesimated
magnitude of 44,300 cubic feet per second. We canalsodeclarethat thereisa 90 percent chancethat
the true value of 1 percent ABPflood is between 36,600 and 56,400 cubic feet per second (Holmes etal
2010).

10



100,000 [

I 56,400 cubic feet per second -

Upper band of 90-percent
confidence interval v

confidence interval

Annual Peak Streamflow
Cubic Feet Per Second

A
I
I
I
I
I
- I
MLower band of 90-percent I
10,000 F : 1
I
I
I
I
I
I
| 4 I
: Solid line through data indicates
| fitted frequency curve; dashed lines
I indicate 90-percent confidence lim-
! its for the Big Piney River near Big
: Piney, MO
].OOO L L L 1 L L L L L L L L L L L L L ’ .
99.5 98 95 90 80 70 50 30 20 10 5 I .5 2

Annual Exceedance Probability, Percent

Fgure 5: The flood probability relation for the BigPiney River near BigPiney, Montana, USA (Hdmeset al 2010)

How accurate arethe egimations in the case of theseocaurrences? Many people interpret this
incorrectly. Theythink that if a 500 year flood happenedastweek, another will come after 500 years.
That istotally incorrect Holmeset al (2010) writesthat during the span of a 30 yearmortgage, a
property inthe 1 percent AER(100 year flood) floodplain has a26 percentchance of being flooded at
leastonce during those 30 years. This value of 26 percentis based on probability theory that accounts
for eachof the 30 yearshavinga 1 percent chance of flooding.

Flood Damage

Hood damage is the damage causedby water. Thedamage canbe presented asa percentageor as a
monetary expresson. A percentage expresson showswhich part of the subject is damaged, andthe
monetary expres$on shows the market value of the damagesthat occurred Quite often it would be
represented as repl@ement costs(not the same asmarket value).

Thedamage canbe direct and indirect. Direct damage is the damage that inflictsdirect lossand canbe
noticed drectly, while indirect damagecanQlie immediatelydeterminedor is justnot directly related
to the flood or to another disager (job loss, gychologicaleffects, etc.)

In Hazus methodology, the term & @bstantialdamageg is used.According FEMA (2009a), the substantial
damage of the building isthe 50 percentthreshold of the damage. When it passe$0 percentof the
strucli dzN@aDréplacement cost, the huilding is mnsidered atotal loss. Tiat meansthat the building is
no longer operational, it uninhabitable, ands cheaper to demolish andbuild anew. The term
osubstantialdamage¢ canbe usedwhenassessinglood damagesto count how many buildings reed to
be replacedand how many shelters would be needed if these buildingswere declared uninhabitable

Flood Loss
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Hood lossisthe flood inflicted disappearance of something cherished, suchasa person, possession, or
property. Inflood damage egimations, flood losscanbe expressed asamonetary value or asa quantity.
Hood lossin Hazus methodology is direct and indirect. The lossin Hazus issepagted from direct
physical camage and usesthe form of direct economic/ sociallossandindirect economic loss.For sure,
indirect sociallosscausedby the flood exists for example people who experiencephysiological
problems becatse of their lost relativesor property, etc.

Direct economic and socialloss inHazus isrelated to demographics, building damage, and lost building
functionality in the community. Theexpresspn of direct economical bss ispresented asfinancial
consequencesto the communityQ Businessdue to businessinterruption, the financial resourcesthat will
be neededto repairthe damage, and an ndication of job andhousing losss. Inanotherwords, the
capital investmentsand value of an ncome produced bythe invegment that creaed thebuilding or
inventory, while the sociallossis measuredasdisplaced households due to loss of housing habitability
and short term shdter needs.

Theindirect economic loss represents the economic disruption, or ripple effects, that follow from
directed losses. A good example would be whenafadory isdamaged inaflood. It is likely that the
factor would have to beshut down for the period of time until repairs could be madewhichmeans
that the factory isnot operationaland O y Qi  LINE Fhdii®Gled@rdrical disruption
(FEMA 2009a).

Flood Damage Rinction

The food damage function isthe relationshipbetween flood depth and occurred flood damage. The
damage functions ae usedto relate the level of damageto the flooding conditions. Flooddepth is used
asthe main parameter. Thereare two typesof damage functions: the atsolute andthe relative. They
differ in the combination of information on land useandvalues andsusceptiility of asets (MRC2009,
pp. 68-70).

Theabsolute or direct damage esimation approachrepresents the combination of inundation and land
use information. Thiscombination allows individualsto estimate the absolute damage amount for each
property or unit of property (see figure 6).
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Fgure 6: Absolute and relative damage functions (MRC 2009p. 71)

Therelative or percentage of property value approachdescrbesthe combination of inundation, land
use,valuesof assets, and total value of as®ts at risk. The resuting damage for each assebr unit of
assesis calalated by means of relative damage function, which showsthe damaged shae in terms of
the total value (see figure 6) (FIOODsite 2007, pp. 25-26).

Mapping Scheme

Themapping scheme is a scheme that describesthe datamapping framework. Themapping itself is
descrbed asarelationshipbetween datesets. S, the mapping scheme isthe framework of relationd Q
creaton between datasets (Alexe et al 2008). The mapping schemesare widely used indata
transformation and ntegration, andysisof data relaions, etc. In Hazus, the meaning of amapping
scheme is slghtly different. Hazus usemapping schemesto define properties of attribute information
for aggegated data, such as settinghe distribution of building typesfor a specifed geographical
division.

3.2. Floods in Europe

Hoods are natural phenomenathat cannot be prevented, however,human activity (like the expansion of
settlements, economic asses inthe floodplains, natural weater retention, etc) and climate change both
contribute to the increase of flood events (European Hood Directive 2007, pp. 27).

The following Bndbook of good practices povidesthe table of the typesof floods with additional
information like the causes of aflood, consequences andkey parameters.
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Table 1: Hood type table (EXCMAP 2007,pp. 10)

Type of flooding

Causes of flooding

Effect of flooding

Relevant parameters

River flooding in
flood plains

Intensive rainfall
and/or snowmelt
Ice jam, clogging
Collapse of dikes or
other protective
structures

Stagnant or flowing
water outside the
channel

* Extent (according to
probability)

* Water depth

*  Water velocity

* Propagation of flood

Sea water flooding

Storm surge

Stagnant or flowing

* Same as above

e Tsunami water behind the shore
* High tide line
* Salinisation of
agricultural land
Mountain torrent ¢ Cloud burst * Water and sediments * Same as above;

activity or rapid
run-off from hills

Lake outburst
Slope instability
in watershed
Debris flow

outside the channel on
alluvial fan; erosion along
channel

* Sediment deposition

Flash floods in
Mediterranean
ephemeral water
courses

Cloud burst

Water and sediments
outside the channel on
alluvial fan

Erosion along channel

* Same as above

Groundwater flooding

High water level in

Stagnant water in flood

¢ Extent (according to

adjacent water bodies plain (long period of flooding) probability)

* water depth

Lake flooding * Water level rise trough * Stagnant water behind the * Same as above
inflow or wind induced shore line
set up

It ispossible andimportant to reducethe risk of negative consequences.especialy for humanhealth
and life, the environment, cultural helitage,economic activity, and infrastructure whendealing with
floods. Themeasuresthat reducethe risks, especiallyf they are effective, shouldbe coordinated
throughout ariver bash.

3.2.1.Water Framework Directive

TheWater Framework Directive was released bythe European Council and European Parliament on 23"
of Odober in 2000. Thisdirective wasdefined asa framework for community action in the field of water
policy. Thepurpose of thisdirective wasto egablish aframework to protectthe inland surface,
transitional, coastalwatersand groundwater, and develop a sustanable river basn management planfor
each rier basindistrict. However, the flood riskreduction was rot the main goal of this drecive (Waer
Framework Directive 2000, European Food Directive 2007).

3.2.2.European Flood Directive

History has showthat the Water Framework Directive is rot efficient in reducingflood risk. The
change of the situation wasreflected inthe EuopeanFlbod Directive of October 2007, whichisan
important legal franework for the current 27 BJ member states (Mostert & Junier 2009). The
Ewopean Fbod Directive (HD) aimsto reduce the adwerse consequenceson human health,
environment, cultural heritage, and economic activity associated withfloodsin the community. As part
of this initiative, theED sets out the requirement for EUmember statesto develop threetypesof
products:
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Preliminary Hood Risk Assessment ¢ An evaluation of flood risksin the river basindistricts,or certain
coadal areasor individual river basns anddetermination ofthe areasof potential flood risk. The
preliminary flood riskassesment should be completed to the 22.12.2011.

Flood Hazard Maps and Hood RiskMaps - Gover the geographical aeasthat could be flooded
acording to the ecified scenaros: flood risk maps should show the potential adverseconsequences
as®ciated with specified flood seenarios expressed interms of the specifed values. Theflood hazard
and flood riskmaps should be completed to the 22.12.2012.

Flood Rsk Management Plans ¢ Should addressall aspeds of flood risk management, focusng on
prevention, protection, and preparedness,including flood forecastsand earlywarning systems and
taking into account the characteristicsof the particular river basinor sub-basin. Hood riskmanagement
plans sould be completedto the 22.12.2015 (EuopeanHood Directive 2007, pp. 30-31).

Acordingto the EwropeanHood Directive, eachmember state must prepare flood hazard andflood risk
maps atthe most appropriate scalefor each iver badn district and coastal area (Euopean Food
Directive, 2007). Inthis context a detailed overview of the requirements for flood hazard riskmaps is
needed. It isworth considering that some member states ateadycreaed flood riskand flood hazard
maps byfulfilling the BD requirements (Kavedis et al 2011a).

3.2.3.Requirements for Flood Risk and Flood Hazard Maps

Hood hazard maps should cover the geographical aeaswhich could be flooded ac@rding the following
seenarios.

¢  Floods with a low

probability or extreme * Flood extent,

event scenarios: And for each ¢  Water depths or

s« Flood: with 2 mediim zcenaro  the waterlevel as
probability (like retium following appropriate;

eriod > 100 years); elements must *  Where appropriate,

P - ) be showr: he flow velosity

¢ Floods with a high the flow velocity or
probability, where the relevant water
appropriate. flow.

Haure 7: Requirementsfor flood hazard maps (European Hood Directive 2007)

Hood risk maps sould show the potential edverse consequencesassociatedwith flood scenaios
expressed inthe followingterms:

A Theindicative number of inhabitants potentially affected:;

A Type of economic activity of the areapotentially affeded;

A Accilental pollution sitesin caseof flooding and potertially affected protected areas;
A

Other information which the member state considersas useill, suchasthe indication of
areaswhere floods with ahigh content of transparted sedimentsand debris canoccurand
information about other significant sourcesof pollution (Euopean Food Directive 2007).
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3.3. The Use of Flood Maps

Theknowledge of hazards and risksthroughout ariver basn andcoastal aeaisthe key element in
efficient flood riskmanagement. This ado indudesinformation about the type of flood (river, lake,
groundwater, coastd), the flood magnitude expressed asflood extent, the probability of a particular
flood event, water depth or flow velocity, and the possble magnitude of damage causedby floods
(EXCIMAP 2007, pp. 6).

In June 2003, at the Water Directors meetingin Athens the core group led by the Netherlands and
France presented dthe best practice documenti én flood prevention, protection, and mitigation. The
document is anupdate of the United Nations andEconomic Commission for Euope (UN/ ECE)
CGuidelineson Sustainable Hood Prevention (UN/ ECE2000). That documentholdsthe combined
improvementsand experienceof all of the countries of the European Lhion andbeyond (WDEU2003,
pp. 2).

Hood hazard maps outline riskareasand are important for planning. Hazard and risk maps must be easily
readale andshow the different hazard levels. Theyare a planning tool, and it isimportant that all
officials have the same information on the spatialextent of a certain hazard. Hood riskmaps $ould be
used for the reduction of damage potential to lives,property, andeconomic as®ts by integrating risk
maps irto spatial and emergency planning. Both types of utilization require that the flood hazard,
zoning, and riskmaps should include the worst-casescenaio aswell (BestPracticeson Hood
Prevention, Protection andMitigation 2003, pp. 16).

Acording the current practice of flood mapping in Eirope, the flood hazard maps andflood riskcanbe
identified bythe following characteristics (table 2).
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Table 2: Properties of flood hazard and flood risk mapsin Europe (EXCIMAP2007,pp 11)

Flood hazard map

Flood risk map

Overall awareness building

Content Flood parameters such as Risk parameters such as
» flood extent according to probability classes, * assets at risk
e according to past events * Flood vulnerability
¢ flood depth * Probable damage
* flow velocity * Probable loss (per unit time)
* flood propagation
* degree of danger
Purpose and use ¢ Land use planning and land management * Basis for policy dialogue
* \Watershed management * Priority setting for measures
¢ \Water management planning * Flood Risk Management Strategy
* Hazard assessment on local leve (prevention, mitigation)
¢ Emergency planning and management * Emergency management
¢ Planning of technical measures (e.g. the determination of main assets)
. -

Overall awareness building

low: whole river basin, national level

Scale e Local level:
1:5,000 to 1:25,000: various parameters e 1:5,000 to 1:25,000
* National level, whole river basin:
1:50,000 to 1:1,000,000: in general only flood extent [ * 1:50,000 to 1:1,000,000
Accuracy ¢ high: cadastre level for detailed maps e high: cadastre level

low: whole river basin, national level

Target group / use

National, regional or local land-use planning
Flood managers

Emergency services

Forest services (watershed management)
Public at large

Insurance

National, regional or local emergency
services

National, regional or local water and
land use managers

Both typesof maps canbe used br various purposes.Foreach purpose, the scaleandthe content must
be different. Theattention alsoshould be paidto the accuacyandthe spatial content, while the maps
canbe desigrated for different target groups (spetial plannersand community representtiveshave
different objectives). The maps should contain the information, which hasto achieve one of three
purposes:

A Preventthe build-up of new risks(planning and construction);

A Rediceexistingrisks;

A Adapt to changing risksfactors.

Deperding on the purpose,the demands of the stakeholderscanvary:

A Land-useplanning andland management;

A Emergencyplanning;

A Hood riskmanagement strategy (prevention, mitigation);
A Raising publiewareness;

A Insuance.

Each stkeholder needsa different setof information. Inthat cas, the content, essential paameters
(defined by theBD), scale andother factors are defined. It is nasenseto put all possble information in
one map. When thestakeholdersare known, the following aspets areconsidered:
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A Content (extent of flooding, dynamic parametersof floods, hazard andrisklevel);

>

Level/ scale(overview of large area,detailedinformation);

A Readerhip (expert, pracitioner, decison maker, community) and complexity (Smple,
complex) (EXCIMAP 2007).

3.4. Hazus-MH

This clapter introducesthe theoreticalbackgound andthe features of Hazus-MH andits tools. The
generalHazus model description reveals thecapabilitiesof eachof the models.

3.4.1.Background

Hazus-MH isa powerful risk asesanent software program for analyzing potential lossesfrom floods,
hurricane winds, andearthquakes, and usesEsrisoftwareto run its calalations. Hazaus-MHis an
extension for ArcGl®eskop.
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Fgure 8: HazussMH Hood Model interface

Interoperability between Hazus-MH andArcGIS is huge advantage; the input/intermediate/o utput
Hazus data can bexported or modified usng all known Arc@Stools. The same standards allow users
to shae information at ease.

Hazus wasdeveloped bythe Faderal Emergency Management Agency (FEMA) wnder contract with the
National hstitute of Bulding Sciencesand started in1992 as aproject related to the National
Earthgquake Hazards Reduction Program (ESR2006, pp. 1). Hazus-MH isintended for useby U.S local,
state, and regional officials,and consutants who assst in mitigation planning, emergencyresponse,
and remvery preparedness.

Qurrently, Hazus-MH estimates losses for three typesof natural hazards. earthquake, hurricane wind,
and flood. Thesemodelsare continuouslyrevised and updated through input from sdentists, engineers,

18



software developers, and hazard speciailststo provide increasingy accurate lossesimates. Thebig
advantageof Hazus isthe common inventory for eachof the three hazards. Hazus-MH iritially comes
with large quantitiesof U.S-specificdata that canbe easly updated and shared.

Thestrength of Hazus-MH is not floodplain delineation, but flood risk assessment. For floodplain
delineation inthe U.S, Fbod Insurance Maps (HRM) are wsed. They are known asthe primary tool for
stateand localU.S governmentsto mitigate the effeds of flooding in their communities. FRMsare
defined asofficialmaps of a canmunity on whichFEMA has delheated hazard and risk zones goplicable
to the community (FEMA 2010b). Hazus-MH offersthe usermultiple options for integrating enhanced
user-provided hazard data. Theseoptions rarge from characterizng a flood inundation area basecn a
boundary assgned a constant flood depthto more refined agproadchesthat empower userswith the
ability to usethe resultsfrom detailed food studieswith a hgher localresolution. In the caseof
communitiesthat do not haveaccessto more refined flood hazard data, FEMA advised thatflood
inundation areas, geerated by Hazus-MH andysis, carbe accepted asthey are. This declaration
enabledfinanciallydisadvantagedJScounties to useHazus-MH as atool to meet the initial
requirementsof the Disager Mitigation Act2000 (DMA 2000, Muthukumar 2005, pp. 4, Kaveckiset al
2011a).

3.4.2.Hazus Models

Hazus-MH @ntains three models,but the main focusof this research ighe flood model. Theadvantage
of Hazus isthat the same common inventory data canbe used in each of the model andysis. This
masterQtesiscanalsofully contribute to the research indeveloping other Hazus modelsfor
international use.

Flood Model
TheHood Model alows users to carry out awide range of flood hazard andyses,such as
A Swudiesof specificreturn intervals of floods (e.g., 100-year return interval);
A Swdiesof disdarge frequencies;
A Swdiesof annualized losses from flooding;
A Quicklook assesments;
A fWhat ilK &cenaios andother mitigation measures.

Theflood lossegimation methodology consistsof two modulesthat cary out basic amlytical pocesses:
flood hazard andysis andlood lossestimation andysis. Theflood hazard andysismodule uses
characterigtics, suchasfrequency, distharge, andground elevation to egimate flood depth and flood
elevation. Theflood lossestimation module calwlates physical daimage and economic loss(FEMA
2011a).

Earthquake Model
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TheHazus-MH earthquakemodelis one of the oldest and most advanced Hazuts-MH models. This
model egimates damage and lossto buildings, lifelnes, and essential fadities from scenario and
probabilistic eartlguakes, incduding:

A

> > > >

>\

>\

A

Ground shakng and ground failure;

Estmates of casialties,

Displacedhouseholds andshelterrequirements;
Damage and lossof use of es®ntial faclities;
Estmated cost of repairing damaged huildings;
Quartity of debiris;

Damage to buildings;

Direct costsassociated with lossof function (e.g., lossof business revenue) (FEMA 2011b).

Hurricane Model

TheHazus-MH Hurricane Wind Model uses an existing state-of-the-art windfield model andallows
usersto estimate the economic and sociallossesfrom hurricane winds. Thismodel has leen caibrated
and validated using full-scale hurricane data, andit incorporates seasufacetemperature inthe
boundary layer analysisand calalateswind speed asa function of centralpressire, translation speed,
and surfaceroughress.

Thismodel is animprovement over existinglossestimation models kecauseit usesa wind hazard-load-
damage-loss famework. The model addresss wind pressue, windborne debris, duration/fatigue, and
rain. It alsoincludesthe following features:

A

A building clas#fication system that depends on the characteristcsof the building envelope
and building frame;

Thecapability to compute damage based on building classes anthe effects of rainand
progressve failure;

Thecapability to compute damage to contents and building interior;
Thecapability to estimate tree and structural debris quantities;

Lossestimatesthat indude direct andindirect economic loss,sheter requirements, and
casualties,

Modulesthat facilitate future asessment of mitigation, beneft-cost, and building code
issues(FEMA 2011a).
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3.4.3.Hazus Tools

Hazus data peparednessand integration is complicated. Theadditional Hazustools lke HTand
CDMSsupport the user to prepare the flood hazard data andmanage the inventory datasets.

Comprehensive DataManagement System

TheMMS(GmprehensiveData Management S/stem) is anadditional tool of Hazus-MH that provides
userswith the ability to update and manage statewide datasets, which are currently usedto support
analysis irHazus-MH. TheHazus 2.0 version comestogether with CDMS and is not installed sepagtely
asit wasin the earlierversons.

[ i .
What is CDMS? i
Field Mapping Statewide Databases
Validation
T
CDMS oS
Repository |-m£|
L Msh.mdb__J
T
L Utilmdb

Hgure 9: Dataintegration framework usng COIMS (HUG2008)

When Haus-MH wsersare required to undertake a large amount of manual efort to incorporate new
data intothe statewide datasds, (DM Scomesto the help. Toreducethis effort, COMScanautomate
raw data pocessirgto convert external data sources into Hazus-MH compliant dataand transfer the
datainto andout of the statewide data<ets. This process isoften quite complicated due to pre-defined
formatsof input data. MMSusesdatafield anddatavalue matching, which enablesthe userto integrate
data intoHazus-MHwithout reorganizing input data. COMShasa validation module whichvalidates the
input data andconfirmsthat input data was identified and understood by Hazus.

Flood Information Tool

TheHood Information Toaol (AT) is anArcGlSxtensionthat procesesuser-supplied flood hazard data
into the farmat required by the Hazus-MH Fbod Model. HT computesthe extent, elevation, anddepth of
floodingwhen flood hazardinputs as gound andflood elevation andflood boundary are provided. In
other words, HT processesthe raw geographicaldata anddeliversthe reaults that fit for Hazis-MH Food
Model asinput data (see figure 10) (ABSConsuting 2003, pp. 8)
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Fgure 10: HT Schematic View (ABSConsuting 2003,pp. 8)

It isimportant to consider that HT doesnot provide hydrologic and hydraulic cdculations becausethe AT
methodology wascreated to assisthe userby incorporating the resultsof third party hydraulic models.
HTis able to processflood hazard data for riverine and coastal 1ooding conditions. Themaininputs to
HT riverinemodel are diital elevation model (DBEM), a st of polylines(crosssections)which are
attributed with flood elevations, andthe floodplain boundary. As he final result, FIT dérersaflood
depth grid. If auseralready has aflood depth grid, there is no needto use HT (ABSConsuting 2003, pp.
12 -13).

3.4.4. Best practice of Hazus-MH

Hazus-MH asan efficient hazard and risk assessment tool is widely used bymany US agaciesand
communitiesfor alongtime. This chater presentsfew Polis Centerprojedsusing Hazus-MH. ThePolis
Centeristhe researchinstitution at Indiana Uriversity-Purdue Universty Indianapolis. Oneof the
focusesof the Pdis Center isto teach communities how to use Hazus andcooperate with other
agencies by successfy applyingHazus methodology in real life situations.

Hazus-MH Rood Damage Reduction Feasibility Sudy for Rocky Ripple

Inthe spring of 2011, the USArmy Gorps of Engineers (USACE)asked ThePolis Certer to perform aflood
damage reduction feashility study for the Rocky Rigple community in Indianapolis. Rcky Ripple isin the
northern territory of the city ofindianapolis andis surrounded bya water channel inthe east and the
White River in the west and north. For a bng time this community wassuffering from floods. For that
reason, USACEbuilt adike (levee) along the chanrel. Theobjecive of the dike wasto protect the Rocky
Ripple community from floodingwhenwater in the channel overflowed the banks. Thecommunity
rejected the proposal tobuild a similar dike along the river; it was apparentthat the community did not
want to lose its beautiful view of the river.
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Unfortunately, the community still suffers from flooding from the river, andthey asked the USAmy
CGorps of Engineers andThePolis &nter for help.
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Fgure 11: Left- alignmentsfor Rocky Rpple Feasibility Sudy, right - Historical 1913year Rocky Rpple flood depth grid
(Kavecki2011)

Before building anotherdike along the river (see figure 11, left ), the USACEwanted to be sure that the
building of the dike would cost lessthanthe flood occured damages. The objective of the flood
damage reduction feashility study wasto perform flood andysis uing Hazus-MH MR5flood model and
declare the liilding loss inanextreme flood scenario.

TheHazus-MH Fbod Model needs fbod hazard and food inventory data. Fbod hazard datawas
processed from the Indianapolis Mapping and Geographic Infrastructure Sysem (IMAGIS acquired 1m
horizontal accuacydigital elevation model (DEM). Itwasalsoknown the elevation of the extreme
historical food (Marchof 1913) flood crust ¢ 713,9 feet. To getthe flood depth grid, smple methodology
wasused (sane, asdescribed in 4.4.1. chapter) ¢ distraction of DEMfrom historical food elevation. The
resultwaspresented as food depth grid (figure 11, right).

Theinventory data isone of the most problematic data setgo get. It wascollected by joining the local
township (Washngton) parcel dgita and the asses®r data. Thepolygons of the parcelswere created as
centroids (ponts) whichwere moved manually over the buildings usihg aerial imagery. Thisaction was
performed to get more precisegeographical position. Parcelscontained a dParcel IDd data field, aunique
parcel number, which was used aknk betweenthe parcel (geographical location) and assessor data
(attribute information). The next operation wée 2 X % bink both of these datasets. As an output, now
inventory data contained building type (even this does not play any role in flood damage estimation, but
it is needed in older Hazus versidrefore Hazus 2.0), occupancy type, foundation tyipgi|ding and

content values. But the first floor height wasunknown for all 338 buildings in the Rocky
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Rpple community. Therdore, the field suvey was paformedto find out the approximate first floor
heights of the buildings. During the field survey it wasnoted that 34 buildings hadslabtype foundations
with 5feet of first floor height. It was dectled to create two different seenarios for the remaining 304
buildings: 0 and 2 feet first floor height. Both flood hazard data andbuilding inventory datawere
uploaded as wger defined facilities(UDF)into Hazus-MH MR5Hood Model. Two colorful maps, the chart
and table were deliveredas a resultFHgure 12 represents the map of the second scenaio.

Study Region: Rocky Ripple, Inianapolis, 46208, IN
Scenario: Extreme flood scenario, 2 feet first floor elevation for 304 buildings

5 @i e
IR

LB F(00d boundary and depth grid
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Fgure 12: Result map of Rodky Rpple extremeflood building loss analysis (Kavecki2011)

Thismap may helpto identify the buildings that are most vulnerable to extreme flood and predict what
the damagescould be. Alsan the map such nformation asbuilding lossratio andtotal building loss is
visualized.
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Fgure 13:Buldingloss chart for both scenarios (Kavecki2011)

Thechart (figure 13) showsthe total building lossfor both scenarios. Theossis expressedas thousands
of dollars. Whenmost of the buildingd Q flodr Nelighi is Ofeet, the total building loss isalmost two
million dollars tigher.

Theresutsof the andysiswere delivered asa report with the hope that the decison to build the dike
would be made correctly.

Pre-Disaster Mitigation Plans for U.S counties

ThePolis Cengr, at the request of Mitigation Division of Indiana Department of Homeland Secuity, has
developed aprocessto assst counties and incorporated citiesand towns inthe creation of mitigation
plans thatwould comply with the Disaster Mitigation Act of 2000 (DMA 2000, Pdis Center 2010). DMA
2000 requirescommunitiesto develop and maintain ariskmanagement (pre-disager mitigation) planin
order to be eligible for federaldisaster funds. TheFederal EmergencyManagement Agency(FEMA)
developed a tool to meet this objedivet Hazus-MH (ThePolis Center 2008). The Polis CentaQ a sistiange
to communities has prosenvery effective and efficient inproducing pre-disastermitigation plansfor the
whole state ofIndiana and somecounties from other states.
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Haure 14: Disaster declaration quantity mapfor 35yearsin USA Notice the main disaster type (Polis Genter 2008)

Themitigation plan is based on a risk assessment that maximizesthe value of Geographic Information
Sysem (GIS technology and Hazus-MH. Eactrounty participatingin this processis a beneficiay of a
state-awardedgrant that allowsthe county to develop its planwithout anydout of pocketéexpenses.
Thecooperation by preparing mitigation plan consistsfrom following partnerships:

1 A ounty intereged indeveloping a DMA 2000 compliant mitigation plan;
1 ThePolisCener;

1 Anappropriate universiy center or department inthe host state; and

1 TheRedonal Planning Canmisgon (RPC)in whichthe county participates.

Theregponsibility to assemble andprovide leadership for a panning teamis dedicated to the county.
The Pdis Center and the host state universiy assime the responsibility of overseeing the owerall
process and producing a riskas®ssnent for eachcounty using Hazus-MH andvarious GlSools.

Thewhole processcontinuesover a period from sixto eight months andrequiresa seriesof meetings
for the county planning team. Therepresentatives of the county in the meeting usually arethe director
of the local Emergency Management Agency, the county GlScoordinator, the mayor, fire and police
chiefs,the dty manager, school corporations, and tedth careandbushness epresentatives.

Thegroup of meetings ae arranged acording their needs. Qlite often the dmeeting O¢ (the initial
meeting) isarranged only to organize the participants for other meetings, to introduce the framework
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of the process, and to increase the interest of participants. Thepurpose of dmeeting 1€ isto asemble
all the data &out the critical facilitiesin the county and create the map (figure 15).
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Hgure 15: Fragment from Pre-Disaster Mitigation Plan ¢Ciitical Facilities Map in Fiatt County, city of Monticello, lllinois, USA
(PolisCenter 2011a)

Emy

Before thismeeting, ThePolis Center staff uses default Hazus inventory to accauire critical faciliies.
During themeeting, ThePolis Center staff introducesto county representativeswhat datathey haveand
what theywould need, while community members help them to validate and accuire more dataif
needed. Bebre dmeeting 2,¢ ThePdis Center staff createsthe historical haard map (figure 16) of the
county. Thismap showsall higorical hazards which threaten the county and prioriti zes them acording
to the degree of risk.Byhaving this nformation, a community canrealize what potential haards can
threatenits county. During the meeting, the community is asked to declae whichsevere hazards ae
they intereged in An example would be a F5 tornado (most severe acording Fujita scale)through the
city center or anextreme flood in aresidential aea.
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Hgure 16: Fragment from Pre-Disaster Mitigation Plan ¢Historical Hazards Map in Ratt Gounty, lllinois, USA (Polis Center
2011b)

Before dmeeting 3¢, The Polis Genter processesthe information of criticalfacilities,updatesthe
aggegated datawith the newest assessors datafrom the county, and uploads everything onto default
Hazus inventory. Hzus-MH asatool is wsed quite often for risk assesment. According the
requirements, it is compulsory to model low magnitude earthquakes for eachcounty. Whenacounty is
interested in addingflood risk asesanent intheir plans, Hazus-MH cbesthat quite well. Atdmeeting

0 £ThePolis Center presentsthe draft risk assessment to the planning team andinvitesthe general
public from the community. In meetings 4, 5, and 6, the lower participation is noticed, while the further
process consistsof identifying and prioritizing mitigation strategies,reviewingthe draft gan, and
submitting it to FEMA (Pdis Center2010).

3.5. Administrative Units

An aministrative unit isa unit with administrative responsibilities. In thecontext of geography,
administrative units canbe described asa patition of territory that has ts administrative respasibilities.
Thenational territory is partitioned inmany ways for different purposes.One of thesepurposesisthe
population cenaus. TheCensisis mostly a government agercy andenumerates dgtricts of the lowest
level of administrative units. Censis data contains suchinformation aspopulation, housing,
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income etc. and isa valuable source to define and andyze geographic regions. In most casesthe
censis dataisthe agoregated data (more about aggegated data see chapter 4.5.1.) and is stored as
attribute information of geographical features. For this reason, it isimportant to know the common
scalélevel of the geographical fatures,known alsoasadministrative units.

3.5.1. Global Administrative Unit Layers

Global Administrative Unit Layers areknown asGAUWL. TheGAULproject wasimplemented by the
European @mmission Food and Agriculture Organization (EG-FAO). Theim of the project isto
compile and dissaminate reliable spatiainformation on administrative units for allthe countriesin
the world andprovide a contribution to the standardization of the spatial datagt whichrepresents
administrative units (Grita2011). The tasks of GAULareto:

A Overcome the fragmentation of the global dataset;

A Promote a unified coding system whichwould reduce the efforts of maintenance; and

A Keepthe higoricaltrack of changesoccuring on the extentsandshapesof administrative
units (FoodSec2011).

Theimplementation of the GAUL project is based on cooperative work among many international and
national agendesthat are collecting spatial information on administrative units. Thedata collecting
methodology consistsof:

Qollecting the bestavailable data from the most reliable sources,

Estalishing validation periods of the geographic feaureswhen possble;

> > >

Adding selected data to the gbbal layer, whichis based on the international boundaries
provided by the UNCatographic Urit;

Generathg codesusing the GaulCoding System; and
A Distributing the datato the users.

GAULmaintainsthe gobal layers with aunified coding system at the country, first (e.g. regons)and
second (e.g. districts) administrative levels.Whenthe data isavailable, GAULprovideslayerson a
country by country level down to the third, fourth, and lower levels. Thedelivery of GAUL dataholds the
consistent framework. Once ayear, the Geonetwork (http://www.fao.org/ geonetwork/) releasesan
updated version of GAUL, whichindudesall updates made in the previous year (Grita 2011).

Thecharacteristicsof the GAUL project

A Level O (country), Level 1 (province), Level 2 (district) are provided asglobal layers. Level 3,
Level 4, andLevel 5 are provided when available and are carried out on individual cuntry
layers.
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A Thecountry boundariescomply with the latestversion of the UNCS iternational
BoundariesMap (November 2005).

GAULtracksthe changes of administrative units for political reasons;

> >

Thecoastalline is mostly compliant with the International Boundary mapfrom UNCS;

>\

Data isnot always officialy validated by national authorities and cannot be distributed to
the generalpublic. A disclaimer should always acompany any useof GAULdata;

A If the country maps were validated and copyrighted by the second administrative level
boundaries,theywere integrated into GAUL layer.

Thebenefidgary of GAUL data isthe UNcommunity and other authorized international and national
institutions or agencies(FoodSec2011).

3.5.2. Nomenclature of Territorial Units for Statistics
Nomenclaure of territorial units for statisticsis alsoknown asNUTSTheNUTS clssification is
a hierardhical system for dividing up the economic territory of the BU for suchpurposes:

A Tooollect, develop and harmonize EUregional statistics;
Toandyze the socio-economic situation of the regions,

A
A Toframe EUregional policies.

-
eurostat
—_

FHgure 17:NUTSlevels (Eurostat 2011)

NUTS arealivided into three levels:

1 NUTSL: major sodo-economic regions,
1 NUTS2: badcregionsfor the application of regional policies;
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1 NUTS3: small regions for specificdiagnoses.
Principles andcharacteristicsof NUTS:

1 TheNUTSequlation definesthe level according the population in the region;

LEVEL MINIMUM MAXIMUM
NUTS 1 3 million 7 million
HUTS 2 800 000 3 million
MNUTS 3 150 000 500 000

Fgure 18: NUTSlevels accarding regionQ gopulation (Eurostat 2011)

9 For pactical rasonsthe NUTS classdation is basedon the administrative divisions agplied
in the member statesthat generaly comprisetwo main regional levels. Thethird level is
created asadditional by aggregating administrative units;

1 NUTS faors generalgeographical nits.

Euostat hasset up a system of Local Administrative Units (LAU) to meet the demand for statisticsat the
locallevel. Theupper LAU(LAU Level 1, formerly NUTS.evel 4) Level isdefined for most but not all of the
Europeanmember states. The lower LAU (Lau Level 2, formerly asNUTS.evel 5) Level consists of
municipalities or equivalent units. TheNUTSegulation makes provisions for EUmember statesto send
the deailed listof their LAU to Eurostat (Ewostat 2011). Sofar, the listof LAUof eachmember state is
only in the form of an Excel spreadsheetnot asgeographicalfeatures.

3.5.3. Administrative Units in the United States of America

Hazus abo usesthe additional geographical wnits asa supplement to the administrative units. Inthe
US Hazus usedour level (Sate ¢ Gounty ¢ CGenaus Tract ¢ Censis Bbck) geographicalunits (in figure
19 marked bydashline). The cenaus black and cenaustract are not defined asadministrative units.
They vere chosen becaise of censusdata agyregation. Thesegeographical units not only are reeded
to createthe study region, but alsoto contain the aggregated data. The smallest aggregated unit in the
Hood Model isthe census Hdock, while in Eartlguake and Hurricane Modelsit is thecensaustract.
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Fgure 19: Geographical hierarchy of 2000USCenaus. In Hazus used geographical units are surrounded by dashed line (MCDC
2011)

Counties andstates aremore like administrative geographical wnits anddo not contain the aggegated
data inHazus. For gers, it is easier tocreate the study area bysekctingthe defined statesand
counties.

TheCensis blak is declaredasthe smallest unit of data tabulation andcoversthe entire USA. The
divisions andboundariesof the cenaus Hock change once every ten yearsand do not crosscensistracts
or county boundaries. Theaverage demographic sie of acensis bbckisabout 100 people. Eachcenaus
blockisidentified by a unique 15 digit number. Part of this rumber isthe gate, county, tract, and block
code. The whole 15 digits are wsedto find or determine therelations between eachof these
geographicalunits (FEMA2009a, pp.111).

Censistract isthe second smallest geographical wit. Forthe 2000 U.S.Cenaus, first time censustracts
cover the entire nation. The cenaus tract contains relatively homogenous population characteristics,
and the average demographic size is eout 4,000 people, rarging between 1,000 and 8,000 (Parmenter
2003).

Thenewest Hazus version 2.0 and the older MRS arealsocgpable of creating study regions by
watershed. Thismethod is more comprehensive becawse most of the hydrologic andyses are peformed
within the watersheds and even B-Dasksto prepare flood maps for watersheds andcatchmentareas.
Though thereis suchposshility to createthe study region asawatershed, thewatershedis rot counted
asacensis or administrative unit.
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3.5.4. Administrative Units in Austria

Theadministration units in Austria arebased on NUTSThe hierarchy consists from three NUT Slevels
(from 1to 3). The constitution of Austriadefinesa federal form of government and the duties and
respasibilities inAustriaare divided between central government andthe nine constituent sates
(NUTSLevel 2). There are subordinated districts (NUTSLevel 3) within the states. Their asicfunction is
to carry out state and government tasks. The smallestadministrative units in Austria are municipalities
(Quick1994), whichare not defined as NUTS.

=
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Hgure 20: Planquadrat Austrian grid (10x 10 km cell size) which contains aggregated data

However, the Austrian Satistics Department released thenational grid, caled Planquadrat (figure 20).
Thisgrid dividesAustria into regular 125, 250, 500, 1000, 5000 and 10 000 meter quadrant cells.These
cellscontain suchattribute data asbuilding count and demographic data(Kumesch 2010).

3.6. Other Flood Assessment and Modeling Tools

This clapter introducesthe additional outsidetools and platformsthat could supply Hazus flood
assesment with data or even change Hazus. Some of them are used for more professonal tasksthan
Hazus iscreaedfor, andothersfor totally different purposes.One of the most important thingsis that
allthese tools ae free to use, andeven Hazis isfree, and probably the readerwho is readngthis thesis
did not pay anything. This meansthat with allthese tools and provided methodology, it is possble to
create omething from nothing, andthis ©mething cansave lives andproperty.

HEGAA

HECHA abreviation means Fbod Impact Assessment tool, created bythe US Amy Gorps of
Emgineers (UACEHydrological Eagineering Center. The aim of HEG-HA isto calallate post-flood or
forecaged-flood impacts for a wser-specifiedevent, determine flood damage reduction benefits, and
to createreal time responseactivities.

HECFIA omputesthe urbanandagricultural flood damage, inundated area,number of inundated
buildings, ppulation at risk, and lossof life. Loss of lifes mmputed by suchfactors asinitial
population
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distribution for day and night, redistribution on dam failure warning situations, evacuation potential,
and shelterhg opportunities. The damage analyss of crops issimilar to Hazus andinvolvesthe type of
crop, seasn, cropping patterns, duration, and magnitude of flooding (USACE 2010).

Fgure 21: The interface of HEG-HA (USACE 2010)

HECHA is a geat alternative of Hazus HFood Model, especidly for the international use. The
disadvantage isthat instead of Hazus, HE-HA hasno relation with the inventory. Aswith many other
software programs the user imports the data andexports the results; there is no possbility to store
the datain inventory as Haus daes(thereisalso no possbility to store the dataas User Defined
Fadlitiesin Hazusonly for the goecified study in scenaio). HEEFIA usesthe same methodology as
Hazus useseven most of the datatypesarethe same as in Haus, but the main advantaye isthat HE>
HA isnot restricted by study region, asHazus is.Thereis hope that thisthesisand research willmake
thesetools equal, not in the context of bugs, but in functionality. When talking about bugs, there was a
problem in applying new damage functions inHEG-HA, but this isthe open spacefor future research.

HECHA canbe downloaded from USACHtp server: ftp://ftp.hecusace.amy.mil/ public/ HEG-HA/. If the
sewver is down, peas contact Jason Needham, Hydrologic Engineering Center, E-mail:
Jason. TNeedham@usacearmy.mil

HEGHMS

HECHMSis the Hydrological Modeling System created by the USACE laydrological Ergineering Center.
The aimof HEGHMS igo simulate the precipitation-runoff processesof watershedsystems. Thistool is
quite complex but can solve the widest possible rarge of problems: from large river basinwater supply
and flood hydrology to small utban or natural watershed runoff (USACE2011a). The inputs for HEG
HMS ae rainfall, soil type, land use,DEM, etc. The generaloutput is the discharge (volume of water),
whichcanalsobe input into Hazus.
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Fgure 22: HEGHMSinterface (USACE 2014)

Tomake the integration of input data eader, it is possble to usethe ArcGlSextension ¢ HECGeoHMS
(free Arc Hydro tools ae needed),whichhelpsto processthe inputs and preparesvariouswatershed
data (river length, river slope, basinslope, longestflow path, etc.) in ArcMapandexport as poject
files. Then the ser needsonly to create the new project, import projectfiles, andrun the analysisto
get the discharge.

HECHMS and HEGGeoHMS carbe downloaded from this website:
http://www.hec.usace.amy.mil/ software/ hec-hmg/
HECRAS

HECRASs another free softwaretool released bythe USACEQ HEC. The purpose of this tool sto
perform one-dimensionalsteady and unsteady flow andwater temperature modeling and sediment
transpart bed omputations (USACE2011b). The geometry of the river and the discharge datacanbe
directly imported from HEGHMSto HEGRAS
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Fgure 23: Interface of HEGCRAS(USACE2011b)

Foreader datainput process br HEC-RAS the useralso hasthe ability to use ArcGlSextensionHEC
GaoRAQy preparing the data for hydraulic modeling directly in ArcMAP. The output of HEC-RASsthe
flood boundaries,flood depth grid, and computed water sufaceprofiles. Hazus hasthe ability to import
flood depth grids direcly asHEGRASormat.

HECRASandHEGGeoRAS anbe downloaded from the website:
http://www.hec.usace.amy.mil/ software/ hec-ras/

TR-20

TR20isanold but proven hydrologic tool released bythe U.S Depatment of Agriculture (UDA) Soil
CGonservation Sevice (SG), now known asNatural ResourcesConservation Srvice (NRCS)TR-20
providesa hydrologicalwatershed andysis uinder present conditions. Thistool develops run-off
hydrographs from storm rainfall, drainage areas and run-off curves(NRC2011). Theoutput of TR20
canbe deliveredto HEGRASor to Hazus hydraulic modeling.

Todownload TR20, browse to NRCSvebsite: http://www.nrcs.usda.gov

4. Methodology

This clapter descrbesthe bestflood mapping outcomesin Europe and introducesthe recommended
methodology to achieve most efficient flood maps. TheHazus riverine methodology showsthe general
methods and level of analysis irthe flood model. Theandysisand presented methodology of choosing
geographical dvisionsfor implementation shouldconvincethe readerof the most efficientwaysto
interchange defaut Hazus geographical dvisions. Thedescrption and properties,inputs and outputs of
Hazus inventory andflood hazard data, are provided to improve the understanding of the meaning of
different datatypesin Hazus. Theadditional freely available datasds are preseried asuseful
worldwide data inputs into Hazus. The flood parameters describe the key datasdsthat are esential in
Hazus flood assessmaent, and should be considered.
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4.1. Best Flood Hazard and Flood Risk Mapping Methods in
Europe

TheEXCIMAP (EuopeanExchange Cicle on Hood Mapping) group, formed of flood mapping experts
from most EUmember states, released ahandbook of good practicesin flood mapping in Euope
(EXCIMAP 2007). Therefore, the evaluation of experience and the resuts from individual Euopean
member statesis very important. The combination of good flood mapping practices andrisk
assesment tools like Hazus-MH could be an effective approachto tacking EFDrequirements (Kavedkis
et al 2011a). Thicchapter presentsthe guidelinesfor flood hazard andflood risk mapping. The
guidelines revealthe content of the maps, scalecoloring isstes, and map use.

4.1.1.Flood Hazard Mapping

As eplained by the EFDthe maps acording the visualized elementscanbe defined into few types:

Hood extent map/ flood plain map - Hood extent map shows the boundariesof the occurred flood.
TheBD requests flood extent map for two senarios: low (extreme) probability, medium probability
(likelyreturn period x100 years)andwhere appropriatet high probability. Most examples of the flood
hazard maps available in Europe are more advancedthan other flood maps (EXGMAP2007, pp. 17).

Jekabpils city
e Flooded area
1/100 return period

scale 1:16 000
T o4

Fgure 24: Hood extenson mapwith a return period of 1/100yr, for the city of Jkapils, Latvia,on the Dauguwa Rver (Atlas of
Hood Maps 2007,pp. 97)

Themapin figure 24 issimple to read andnot overcrowded. Thetopography layer is overlaidwith flood
extent map.
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Mapuse

Senesasabadc mapto egablishriskand danger maps;
Land useplanning;

Cityandyvillage planning;

Rural planning;

Riskmanagement;

Awarenessbuilding (whencombined with past events).

I I >y >

Scde considerations

A If mapisusedfor urban planning or the target territory isin the mountainous or hilly areas the
detailed scéde isrequired (1:2 000 to 1:25 000);
A For e rural planning in large flood plainsthe large scale ispossble (1:100 000 to 1:1 000 000).

Color scheme

In practice the color that expressthe flood extent isrepresented irblue: dark blue showsthe frequent
floods, light blue the less frequent floods (EXQAMAP2007, pp. 18).

Hood depth map - Hood depth map shows the valuesof water level. Depth can be derived from flow
2D or 1D flow modelsfor river flooding, the same asfrom statistical analysesor observations. Depth
(level) of the water must be shown in flood hazard maps according to the EFD.
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Fgure 25: Hood hazard map (vater depth for 1/125yr. event) for the city of Pari, Finland (The Atlasof Hood Maps 2007, pp.
57)

Thewater depth scée in the flood hazard map for the city of Pori is presented asnon-linear andranges
from 0 to 0,5m; 0,5 to Im and above. The integration of land useandthe colors isvery sucessiul and
easy tounderstand. The dashed areasshow the worst case seenario, the breachof dikes,which isvery
usefu. Additional technical information is provided, which could be unimportant to the reader.

Mapuse

A Senesasabadcmapto establishriskand danger maps;
A Cityandvillage planning;
A

Riskmanagement (evacuation).
Scée considerations
A Maximum inundation depth maps exist on national, regional, and localscales(1: 2 500 000 ¢ 1:

10 000);

For bcal land-use, planning, and emergency management, the flood depth maps inurbanareas
have alarge scale;

For lage areas like Hungary or the Netherlands, the medium andsmall salescanbe

applied successily.

>\

>\
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Color scheme

In most mapsthe depthsare represented asa variety of blue shades (highestdepth dark blue, light
depth, light blue). Some countries use red, yellow, and greencolors (EXCMAP, 2007, pp. 18-19).

How velocity and flood propagaion map - How velocity describesthe speed / acceleration of
moving water. Based orvelocity, the damage andthe danger canbe assesed. One of the provisions in
the BD dictates that where appropriate, the flow velocity or the relevant water flow should be
presented. But the flow velocity information ismore complicated to derive than the water depth.
Usaually the flow velocity information canbe derived only from the 2D-flow models and in some cases
alsofrom 1D-flow models. Theproduction of velocity maps ismore technicaly advanced.
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Fgure 26: Hood hazard map with indication of expected water depth with & Kndn terminologé €The Atlas of Flood Map 2007,
pp. 107)

Thismapis very usefulnot only for evacuation planrers, tut also for the community to plan their actons
in the caseof flood. Themap provides irformation asthe flood clasesin the éhuman terminologyé how
the flood canaffect the human body: darkblue ¢ ankle deep, light blue ¢ kneedeep, light rose¢ hip
deep, orange ¢ head deepred ¢ suomerged(The Atlasof Hood Map 2007, pp. 102).

Mapuse
A Flow velocity maps: flood defea planning or structure planning. Tool for technicians.
A Hood propagation: planning tool for emergency responseto create evacuation schemes,

organize and implement temporal flood protection measuresandplan safezones. Food
propagation shouldclosdy cooperate with ealy warning andalert systems.

Scde considerations

A How velocity: hasto be represented in a cetailed sale. Themap scde rangesfrom 1: 1 000
to 1:5 000;

A Hood propagation: thesemaps cover large areasso the scée is small. TheNetherlandi Q
example map (figure 26) has 1: 280 scale.
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Color scheme

Thereexist many posshilitiesin both maps. Thedisciete scde is easierto read andundergand thana
steady (ramp) scde (EXGMAP2007, pp. 19-20).

Hood Danger Map - Hood danger maps may be classified as food hazard maps, though they do not fit
exactly with the definition of hazard maps. A flood danger map combinesvarious food parameters to
define alevel (degree) of danger (velocity, depth). Theinformation canbe provided insuchmaps as
gualitative or quantitative. This ype of mapis not compulsory by the EFDout it is usefulfor land use
planning.

GreatBritain usesintereging methodology to classify the danger maps. Tey rate the hazard by hazard
rating (HR). HR isalalated asa function of velocity (v), depth (d) anda debrisfactor (DF): HR=d x (v +
0,5) + DF.HRassessesthe direct riskto life, which risesfrom the combination of flow velocity andwater
depth. That methodology is basedn experimentsand indudesa debris fador which recognizesthat
debrisfilled flowingwater increagsthe danger to people. Bebw are some values from the formula
that define the degreeof Hood Hazard.

Table 3: Hazard to People as aFunction of Velocity and Debris (HRWallingford 2006,pp. 49)

dx(v+0.5) Degree of Flood Hazard Description
<0.75 Low Caution
“Flood zone with shallow flowing water
or deep standing water”
0.75-1.23 Moderate Dangerous for some (i.e. children)
“Danger: Flood zone with deep or fast

Jowing water”
125-2.5 Significant Dangerous for most people
“Danger: flood zone with deep fast
Sowing water”
=25 Extreme Dangerous for all
“Extreme danger: flood zone with deep
Sast flowing waier”

Another table definesthe debris fat¢or (DF)for different land usesaccording to the probability of delris
in the flood flow.

Table 4: Gudance on debrisfactorsfor different flood depths velocities and dominant land uses (HR Wallingford 2006, pp. 49)

Depths Pasture/Arable | Woodland Utban
0t00.25m 0 0 0
0.25t00.75 m 0 0.5 1
d>0.75 m and/or v>2 0.5 1 1

Theexample flood danger map from Great Britainshows the applied methodology.
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Haure 27: Hood hazard rating map of the region of Carlise (The Atlasof Hood Maps 2007, pp. 48-49)

Such kind of map could be usefulfor emergency planning (evacuation routes), wherethere isthe
highest potential for danger.

Mapuse

A Town/level planning. Danger levels ntegration to land-use plans are possble;
A Awarenessrising;
A Emergencyresponse.

Scde considerations

A Thescde canvary in therange from 1: 1 000 to 1: 20 000 (figure 27);
A Thetopographic backgiound is needed for city andvillage plans when theassts need to be
identified.

Color scheme

Mostly there are variations of red (hghest level of danger) ¢ orange (moderate danger) ¢ yellow (light
danger) oolors used. The useof blue in the graduation could be a mistake. That visualization could lead
to confusion with water depth and water extent (EXGMAP2007, pp. 20).

Event Map - Thecommon step in accessing the flood hazards isthe andysisof pastflood events.The
delineation of past flood eventsgrants perfect basisfor awareness kuilding andflood riskmanagement.
Thatkind of information iseasyto undergand andthe effect is stunning. Historic flood inddent maps

(the presentation of floodsthat have occuredin the pastasthe point locations) may be presented using
defined symbols either sepagtely from, or overlainon, flood extent maps. Asociated data, sich asdate

of the event, magnitude, damage and costsmay be attachedto a specificflood incident and visualized on

the map. Usually in event maps the smple but striking information is presented. This information must

be understandable to a neaxpert, as well as such data as photos, dates, and drawings that explain the
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