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Abstract 
 

Floods are one of the deadliest hazards and affect the most people when they occur. Because of the 

increasing population in the floodplains and the nature cataclysms, the number of casualties and the cost 

of damage from flooding increases every year. For that reason the European member states enacted the 

European Flood Directive. One of its requirements is to deliver flood hazard and risk maps. In this thesis, 

the European flood mapping requirements and best practices are described. This masterΩǎ thesis 

primarily focuses on the Hazus-MH tool, which was successfully used in the United States for flood 

mapping needs. The main problem is that Hazus was created only for use in the U.S., and existing 

administrative limitations presents a challenge for users from other countries. The challenge of this 

research is to create implementation that would enable a Hazus user to perform flood analysis for 

Europe by using the same methodology. To this end, this thesis analyzed the default Hazus methodology 

of flood assessment in detail and provides the overview and evaluation of flood hazard and inventory 

data taken from the Hazus-MH tool. As implementation, it was decided to create the new study region in 

Europe, based on standardized European administrative units. This task was achieved by adding new 

geographical regions to the default Hazus datasets. The step-by-step implementation and the new 

framework for applying the Hazus Flood Model in Europe is briefly described in the thesis. The essential 

input data parameters and requirements are also described. The implementationΩs testing and validation 

was carried out by applying it to a local Austrian case study. The tests showed a successful non-U.S. 

dataset integration in the Hazus tool and affirmed the resultΩs dependency on the quality of input data. 

Additionally, this research is also intended to assist communities that have no financial support but that 

want to perform flood assessments at the local level. The additional tools and datasets, together with 

Hazus, as freely available tool would enable communities to perform their own flood assessments with 

ease. 
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1. Introduction 
 

In the first half of 2011, the world suffered from major flooding disasters: the 9.0 magnitude earthquake 

that caused a tsunami in Japan; floods in Australia, Brazil, and Sri Lanka; the enormous flooding in the 

central part of the USA. All these events caused extensive property damage and human casualties, and 

many people lost their homes and were displaced. Nevertheless, the occurrence of these disasters and 

the gravity of the damage does not decrease the number of people who relocate to these cities and river 

valleys that are predisposed to flooding. Human nature likes the challenge and thinks that it is possible to 

deal with whatever nature throws at them. 

 
Instead of thinking about how to protect ourselves from flooding, we should focus more on how to 

decrease our vulnerability and reduce risk. Yet even this issue is a huge headache for many experts who 

are trying to mitigate flood hazard effects. 

 

1.1. Motivation 
 

Floods cause severe damage and affect at least 20 million people worldwide every year (Smith et al., 

2009, pp.13). In the last few decades Europe has suffered from many floods. Although there are many 

flood protection efforts within the EU (European Union), it has proven impossible to provide 100% flood 

protection against flood damages (Mostert & Junier 2009). 
 

For this reason the main focus in Europe has changed from complete protection against floods to flood 

risk management. In October 2007 the European Flood Directive (EFD) was enacted by twenty-seven 

EU member states. The focus of this directive was to reduce the adverse consequences on human 

health, environment, cultural heritage, and economic activity associated with floods. As a requirement 

of the EFD, each member state has to develop various products concerning flood risk assessment. 
 

Imagine the situation in the United States if each state had their own data structure, requirements, 

methodology, framework, and even language. How would the United States work to manage the risk 

of floods and their aftermath? Like other natural disasters, floods do not care about boundaries. Only 

the unity of countries can help to fight disaster. The same stand applies to everythingτin war, a 

basketball game, during the typical work-day in the office, even in the family. Only by working together 

can people accomplish great tasks. 
 

As part of the requirements of the EFD, European scientists started to search for suitable tools to 

develop flood risk and hazard maps. For many years, the Hazus-MH Flood Model (figure 1) has been 

known as a well proven tool for flood hazard mitigation in the United States, but the ǎȅǎǘŜƳΩǎ limitation 

is that Hazus-MH was originally designed to work with U.S. datasets, not global datasets. 
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Figure 1: The advantages of the Hazus-MH Flood Model 
 

The huge challenge and interest of this masterΩǎ thesis is to find a solution for the semi-automatical 

integration of non-U.S. data into Hazus-MH. 

 

1.2. Research Questions 
 

Flood Assessment is a complicated field in which many problems and uncertainty occur. Hazus-MH is not 

an open source tool. Therefore, even more possible problems should be considered.  To be able to 

handle that, it is important to answer many research questions: 
 

Á What is the meaning of common used terminology in flood assessment? 
 

Á What are the requirements of the European Flood Directive? 
 

Á What are the requirements of flood mapping in Europe? 
 

Á What are the best examples of flood mapping in Europe? 
 

Á What is Hazus-MH and what are its applied outcomes? 
 

Á What are the capabilities of Hazus-MH? 
 

Á How can Hazus-MH contribute to the needs of the EFD? 
 

Á What is the step-by-step riverine flood assessment in the Hazus Flood Model, and how is damage 

estimated? 
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Á What contains flood hazard and inventory data in Hazus? 
 

Á What are the existing Hazus Flood ModŜƭΩǎ limitations to applying it internationally? 
 

Á What are the possible solutions to integrating non-U.S. datasets into Hazus-MH? 
 

Á What is the framework of flood damage functions adjustment in Hazus, and is it possible to 

apply them internationally? 
 

Á What are the existing administrative units, and what part do they play in Hazus? 
 

Á How can the implementation be created and tested? 
 

Á What are the existing limitations of implementing Hazus-MH for Europe, and what should 

be done to eliminate them? 
 

Á What is the resulting framework of flood assessment in Europe using the Hazus Flood Model by 

using created implementation? 
 

Á What are the requirements for the European input data for flood assessment in Hazus? 
 

Á What are the additional tools and datasets that could improve Hazus by achieving more 

efficient results? 
 

Á What are the perspectives, existing issues, and future research initiatives of Hazus? 

 
1.3. Methods of Solutions 

 

The research questions can be answered only by performing research activities and following the 

specified methodology: 
 

Á The common used terminology would be explained by researching literature related to risk 

estimation and hazard assessment; 
 

Á The analysis of the European Flood Directive and other supportive directives would declare the   
        EFD requirements; 

 
Á The analysis and overview of existing best flood mapping solutions and examples in Europe 

would define the existing best flood mapping practice in Europe and requirements of the flood 

maps; 
 

Á The literature review and historical outcome of various projects where Hazus was applied 

would outline Hazus-MH as a tool and its successful outcomes; 
 

Á The practical courses and testing of Hazus-MH would reveal the Hazus Flood ModŜƭΩǎ 

capabilities and limitations; 
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Á The possible contribution of Hazus-MH to EFD would be declared by creating the flood maps 

with original Hazus inventory data; 
 

Á The step-by-step riverine flood assessment in Hazus would be defined and explained in detail 

by analyzing Hazus Flood ModelΩs technical/user manuals, following tutorial guides, and 

performing practical tasks with Hazus Flood Model; 
 

Á The analysis of Hazus technical/user manuals and practical courses would describe the Hazus 

flood hazard and inventory data; 
 

Á The inner Hazus data and inventory analysis would identify the existing limitations to 

applying Hazus-MH internationally; 
 

Á The solution for international data use in the Hazus-MH Flood Model would be achieved 

by integrating European geographical divisions into Hazus; 
 

Á The adjustment of flood damage functions in Hazus would be tested by using original and later 

European datasets; 
 

Á The research of existing European and worldwide administrative units and their geographical 

features would outline the best way to be integrated as geographical divisions into Hazus; 
 

Á Implementation would be created by modifying the existing Hazus datasets and creating 

relations between European geographical divisions; 

 

Á The testing of the implementation would be done by initiating a case study for a local 

Austrian communityτMicheldorfτand performing flood assessment; 
 

Á The limitations of implementation would be defined by evaluating the implementation, and the 

introduced data integration framework would define the needed steps to eliminate the existing 

limitations; 
 

Á The new framework would be established by analyzing the differences between international 

and U.S. datasets and listing all needed intermediate steps to perform successful flood 

assessment; 
 

Á The requirements would be defined by analyzing the Hazus default data integration possibilities; 
 

Á The additional tools and datasets would be listed and evaluated in terms of their direct support 

to Hazus; 
 

Á The conclusions, future use of, and existing problems with the Hazus-MH tool would be 

described by summarizing the whole thesis. 

 

1.4. Expected Results 
 

That the research would be approved and declared as successful, these further results are expected: 
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Á Explanation of common used terms in flood assessment; 
 

Á The listed requirements of  the European Flood Directive; 
 

Á The requirements of flood mapping in Europe; 
 

Á The methodology and examples of best flood mapping practices in Europe; 
 

Á The Hazus-MH definition and the applied experience (case studies); 
 

Á The listed Hazus-MH capabilities and possible contributions to support EFD; 
 

Á The step-by-step Hazus riverine flood analysis; 
 

Á The detailed description of implementationΩǎ creation, its limitations, and effective solutions; 
 

Á The new framework of flood assessment in Europe that would be followed by using the 

created implementation; 
 

Á The flood assessment case study for a local Austrian community, Micheldorf, in the Hazus Flood 

Model by applying the created implementation; 
 

Á The detailed list of requirements for international input data into Hazus Flood Model and 

implementation; 
 

Á The description and overview of other freely available tools and data which would improve 

Hazus capabilities in the field of flood assessment; 
 

Á The summarized statements of Hazus issues, future focus, and whole research. 
 
Be advised that some of the results are quite complex. Therefore, they are not included in the results 

chapter. 

 

1.5. Audience 
 

The primary audience of this masterΩǎ thesis are the European flood mapping and flood risk assessment 

experts who are searching for efficient and cost-effective solutions to fulfill the EFD requirements. This 

research provides plenty of guidelines and examples on how to produce and deliver significant flood 

maps. For the emergency managers and flood hazard mitigation specialists, this research should increase 

the motivation to study the Hazus methodology and use it worldwide. The flood vulnerable communities 

should be interested in the possibility of affordable flood risk assessments and the ability to raise flood 

risk awareness in their communities. 

 

1.6. Structure of the Thesis 
 

This masterΩǎ thesis is structured in 13 chapters. The first chapter introduces the research, the 

motivation, rough methods, results, and the audience of the study. The third chapter describes the 

theoretical background, such as the terminology of flood assessment, important European laws, the use 

of flood maps, Hazus-MH introduction, and successful outcomes, as well as other flood
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assessment tools and administrative units. The fourth chapter overviews the Hazus-based methodologies 

and framework used to create implementation and produce flood assessment. The properties of 

additional datasets and Hazus inventory, such as flood hazard data, are described to outline the 

importance of different data types. Chapter five presents the step-by-step Hazus riverine framework. The 

sixth chapter introduces the process of implementation that enables Hazus to perform flood assessment 

in Europe. The new framework of flood assessment in Europe as derived from the Hazus model is 

presented in chapter seven. The eighth chapter describes the proceedings of a flood assessment case 

study in Austria with the results presented in the ninth chapter. The future focus, conclusions, existing 

problems, and Hazus Flood Model issues are described in chapter ten. 

 

2. Literature Review 
 

Flood risk assessment has always been known as a complicated field of research because of the 

complexity of moving water calculations. Various experts released plenty of reports to provide the best 

solutions to identify or predict flood damage. In this masterΩǎ thesis, the most intense literature 

research was performed by analyzing the existing flood mapping methods in Europe and the Hazus 

Flood ModelΩǎ ǘŜŎƘƴƛŎŀƭ manuals. Because one of the goals of this research is to contribute European 

Flood Directive, a large part of the time was devoted to analyzing the DirectivŜΩǎ requirements and the 

current best solutions for satisfying them. To this end, many European flood maps were analyzed and 

evaluated. The common theoretical knowledge about floods was acquired from many well known 

books and articles. 
 

Literature about Hazus-MH is quite limited. ItΩǎ a unique tool that is mainly used for federal and local 

U.S.  government agencies. The typical users do not care about the methods and processes involved in 

Hazus; they need only to know the capabilities, features, and framework of the system and how to 

proceed with tasks and get results. For that reason there are plenty of tutorials and step-by-step 

frameworks for specified practical tasks with Hazus, but there is no technical information about the 

system. The core literature are the official Hazus Flood Model technical and user manuals, released by 

FEMA Mitigation Division. Both of these documents contain details about methods and processes in 

Hazus. All of the Hazus information is in these manuals, but there is no alternative literature. 
 

There exist many reports and case studies of Hazus use in the U.S., and some of these examples are 

provided in this thesis. Many accounts describe the situation, reasons why Hazus was used, and what the 

outcome was. Some of the authors (Muthukumar 2005) also evaluate the flood hazard modeling and 

capabilities of the Hazus flood model. 
 

There is little literature recounting the use of Hazus internationally. In 2010 Kulmesch (Kulmesch 2010, 

AGIT) evaluated the Hazus flood loss estimation methodology for a case study in Austria, and this 

masterΩǎ ǘhesis is based on KulmeschΩǎ ǊŜǎŜŀrch. The newest interest in Hazus comes out of Canada, 

where they established the Canadian Hazus Users Group (CanHUG) in January 2011 and are testing the 

potential to use Hazus-MH in Canada. One of the most successful and well-known international 

applications of Hazus tools is the Hazus Earthquake model implementation for the case study by Doug 

Bausch on the earthquake in Haiti in early 2010 (Bausch 2010). He used similar methodology described in 

this and KulmesŎƘΩǎ research, but the main focus was the aggregated data. 
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3. Theoretical Background 
 

Theoretical background presents the common used terminology in flood assessment, how  floods are 

evaluated in Europe, and the laws and regulations that are in place to deal with floods. Hazus-aIΩǎ 

background and its tools provide the general overview about the capabilities of each model and the 

methodology. 

 
3.1. Terminology 

 

This chapter introduces the most common terminology used in Hazus, the EFD, and flood mapping. 

Some of the terms can be defined somewhat differently by various authors, but the essence of the 

meaning is the same. 
 

Risk 
 
The risk concept applied in Hazus-MH was analysed by Kulmesch et al (2010) and follows the risk 

definitions given by Crichton (1999, 2001) and Fedeski & Gwilliam (2007). The term is expressed as a 

function, where risk is related to the periodic cost of damage caused by a hazard. The parameters of the 

function are: the exposure which represents the extent and value of by hazard affected buildings, the 

vulnerability which describes the susceptibility of these buildings to a hazard, and the characteristics of 

the hazard itself (Kaveckis et al 2011a). 
 

 
 

Figure 2: The risk triangle by Crichton (1999, 2001) 
 

While Smith et al (2009) describes the risk as relationship between a hazardΩǎ Ǉrobability and severity, it 

is determined that hazards to human life are rated higher than damage to economic goods and 

environment. Together, the risk is an actual exposure of human or property value.  Figure 3 presents 

theoretical relationships described by Smith et al (2009) between the risk, probability, and severity of a 

hazard. 
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Figure 3: Hazard, probability and risk relations (Smith et al 2009, pp. 13) 
 
 
 
This figure shows a concept similar to CrichtonΩǎ, but instead of 3 edges, there are only two: probability 

and severity of the hazard. The severity in this case could be described as vulnerability differences 

between the environment, goods, and life. As mentioned earlier, Smith includes this exposure into risk 

itself. This figure is easier to understand than CrichtonΩǎΦ 
 

HR Wallingford (2002) declares the risk as a combination of the chance of a particular event and the 

impact (that the event would cause). In another words, risk contains two components: the probability of 

an event to occur and the consequences of the overall impact associated with that event, while the 

European Flood Directive describes flood risk as the combination of the probability of a flood event and 

of the potential adverse consequences to human health, the environment, and economic activity 

associated with a flood event (Excimap 2007, pp.9). 
 

The United Nations Strategy for Disaster Reduction (UN/ ISDR) approach for an interdisciplinary multi- 

hazard analysis and risk assessment is similar to the Hazus methodology (UN/ ISDR 2004). The UN/ ISDR 

approach defines risk as the probability of harmful losses resulting from interactions between natural 

and human-induced hazards and vulnerable conditions. This strategy determines the nature and extent 

of risk by analyzing potential hazards and evaluating existing conditions of vulnerability that could pose 

a potential threat or harm to people, property, livelihoods, and the environment on which they depend 

(Kaveckis et al 2011a). 
 

Hazard 
 
Quite often the two termsτrisk and hazardτcan be confusing. According to Smith et al (2009), hazard 

as a cause is a potential threat to humans and their welfare, while the risk as a likely consequence is the 

probability of that hazard which is occurring and creating the loss. Hazards can be recognized as threats 

to different groups of assets: 
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¶ Hazards to environment ς pollution, loss of amenity, loss of flora and fauna; 
 

¶ Hazards to goods ς property damage and economic loss; 
 

¶ Hazards to people ς death, disease, mental stress, injury. 
 
A good example of how to distinguish between risk and hazard is provided by Okrent (1980): Two people 
are crossing the ocean. One of them is in a rowboat, another in a big ship. The hazards in this case are 
described as deep water and large waves. The riskτprobability of capsizing and drowning. In this 
example, it is clear that the person in the rowboat has the greater risk (Smith et al 2009, pp. 13). 

 

Vulnerability 
 
According Smith et al (2009), vulnerability is described as a possible future state that implies high risk 

combined with an inability to cope. In another words ς vulnerability is the susceptibility of resources 

(human and material) to negative impacts from hazard events. For example, improving a foundationΩǎ 

ability to resist flood water would decrease the foundationΩǎ vulnerability to the floods. Human 

vulnerability is a more comprehensive term, as described by Timmerman (1981). Human vulnerability is 

a degree of resistance offered by a social system to the impact of a hazardous event (Smith et al 2009, 

pp. 15). 
 

Flood 
 
A flood is any relatively high stream flow that overtops the natural or artificial banks in any reach of 

its stream. The reasons for flood can varyτfrom long lasting rainfall, heavy rain from a thunderstorm, 

rapid snow melting, a dam break, or even a tsunami. Since 1900, the Centre for Research on the 

Epidemiology of Disasters (CRED) has added more than 3,000 recorded flood disasters its database. 

Flooding is described as a common environmental hazard because of the widespread population 

distribution in river flood plains and the increasing density near rivers. Floods can cause and be caused 

by other disasters. They can cause landslides and epidemics of disease, or they can occur as the result of 

storms and tsunamis. That is why it is hard to determine exact numbers in flood losses (Smith et al 2009, 

pp. 232). 
 

Flood Depth 
 
Flood depth can be described as the difference between flood water elevation and ground elevation 

(see figure 4). It should be also considered that normal stream elevation is defined as ground elevation. 

In the correct way, the flood depth grid should show only the depth of the flood. Very often this is not 

correctly depicted, but that does not influence the results, because usually there are no assets at risk in 

the stream itself. There are exceptions like bridges and utilities, but this can be considered in damage 

functions (in Hazus). 
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Figure 4: Flood depth described as difference between flood water and ground elevation (FEMA 2009c) 
 
Flood Probability 

 
It is hard to describe the severity of a flood. Not all floods are equal in the context of duration, effect, or 

severity. One way to describe the severity of a flood is the probability of occurrence. According Holmes 

et al (2010), the term ά100 year floodέ was born in the 1960s in the United States, when they decided 

to use 1 percent annual exceedance probability (AEP) flood as the basis for the National Flood 

Insurance Program. The 1-percent AEP flood has a 1 in 100 chance of being equaled or exceeded in any 

 One year, and it has an average recurrence interval of 100 years. That is why it is called a άм00 year 

flood.έ 
 

More often, scientists use statistical probability (chance) to evaluate floods. To determine statistical 

probability, they measure the annual peak stream flow and examine the stream gages. This analysis 

helps scientists to estimate AEP for various flood magnitudes. 
 

How accurate are these estimations in determining flood severity (magnitude)? The accuracy varies 

depending on the amount of available data, the accuracy of that data, climate conditions, etc. Holmes et 

al (2010) provide a good example. Figure 5 shows the flood probability of Big Piney River. The flood 

probability is represented as solid black line. Below and above that solid black line are two dashed lines. 

They represent the 90 percent confidence intervals of this relation. That means that there is a 10 percent 

chance that the true flood magnitude will lie somewhere outside the dashed area and the solid black 

line. The issue is different with discharges (discharge meaning the volume of water). According to figure 

5, letΩǎ assume that the 1 percent AEP flood (100 year flood) for Big Piney River has an estimated 

magnitude of 44,300 cubic feet per second. We can also declare that there is a 90 percent chance that 

the true value of 1 percent AEP flood is between 36,600 and 56,400 cubic feet per second (Holmes et al 

2010). 
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Figure 5: The flood probability relation for the Big Piney River near Big Piney, Montana, USA (Holmes et al 2010) 
 

How accurate are the estimations in the case of these occurrences? Many people interpret this 

incorrectly. They think that if a 500 year flood happened last week, another will come after 500 years. 

That is totally incorrect. Holmes et al (2010) writes that during the span of a 30 year mortgage, a 

property in the 1 percent AEP (100 year flood) floodplain has a 26 percent chance of being flooded at 

least once during those 30 years. This value of 26 percent is based on probability theory that accounts 

for each of the 30 years having a 1 percent chance of flooding. 
 

Flood Damage 
 
Flood damage is the damage caused by water.  The damage can be presented as a percentage or as a 

monetary expression. A percentage expression shows which part of the subject is damaged, and the 

monetary expression shows the market value of the damages that occurred. Quite often it would be 

represented as replacement costs (not the same as market value). 
 

The damage can be direct and indirect. Direct damage is the damage that inflicts direct loss and can be 

noticed directly, while indirect damage canΩǘ be immediately determined or is just not directly related 

to the flood or to another disaster (job loss, psychological effects, etc.) 
 

In Hazus methodology, the term άǎubstantial damageέ is used. According FEMA (2009a), the substantial 

damage of the building is the 50 percent threshold of the damage. When it passes 50 percent of the 

strucǘǳǊŜΩǎ total replacement cost,  the building is considered a total loss. That means that the building is 

no longer operational, it uninhabitable, and is cheaper to demolish and build anew. The term 

άsubstantial damageέ can be used when assessing flood damages to count how many buildings need to 

be replaced and how many shelters would be needed if these buildings were declared uninhabitable. 
 

Flood Loss 
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Flood loss is the flood inflicted disappearance of something cherished, such as a person, possession, or 

property. In flood damage estimations, flood loss can be expressed as a monetary value or as a quantit y. 

Flood loss in Hazus methodology is direct and indirect. The loss in Hazus is separated from direct 

physical damage and uses the form of direct economic/social loss and indirect economic loss. For sure, 

indirect social loss caused by the flood exists; for example, people who experience physiological 

problems because of their lost relatives or property, etc. 
 

Direct economic and social loss in Hazus is related to demographics, building damage, and lost building 

functionality in the community. The expression of direct economical loss is presented as financial 

consequences to the communityΩǎ business due to business interruption, the financial resources that will 

be needed to repair the damage, and an indication of job and housing losses. In another words, the 

capital investments and value of an income produced by the investment that created the building or 

inventory, while the social loss is measured as displaced households due to loss of housing habitability 

and short term shelter needs. 
 

The indirect economic loss represents the economic disruption, or ripple effects, that follow from 

directed losses.  A good example would be when a factory is damaged in a flood. It is likely that the 

factor would have to be shut down for the period of time until repairs could be made, which means 

that the factory is not operational and ŎŀƴΩǘ ǇǊƻŘǳŎŜ ƎƻƻŘǎ. That is called economical disruption 

(FEMA 2009a). 

 
Flood Damage Function 

 
The flood damage function is the relationship between flood depth and occurred flood damage. The 

damage functions are used to relate the level of damage to the flooding conditions. Flood depth is used 

as the main parameter. There are two types of damage functions: the absolute and the relative. They 

differ in the combination of information on land use and values and susceptibility of assets (MRC 2009, 

pp. 68-70). 
 

The absolute or direct damage estimation approach represents the combination of inundation and land 

use information. This combination allows individuals to estimate the absolute damage amount for each 

property or unit of property (see figure 6). 
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Figure 6: Absolute and relative damage functions (MRC 2009, pp. 71) 
 

The relative or percentage of property value approach describes the combination of inundation, land 

use, values of assets, and total value of assets at risk. The resulting damage for each asset or unit of 

assets is calculated by means of relative damage function, which shows the damaged share in terms of 

the total value (see figure 6) (FLOODsite 2007, pp. 25-26). 
 

Mapping Scheme 
 
The mapping scheme is a scheme that describes the data mapping framework. The mapping itself is 

described as a relationship between datasets. So, the mapping scheme is the framework of relationǎΩ 

creation between datasets (Alexe et al 2008). The mapping schemes are widely used in data 

transformation and integration, analysis of data relations, etc. In Hazus, the meaning of a mapping 

scheme is slightly different. Hazus uses mapping schemes to define properties of attribute information 

for aggregated data, such as setting the distribution of building types for a specified geographical 

division. 

 

3.2. Floods in Europe 
 

Floods are natural phenomena that cannot be prevented, however, human activity (like the expansion of 
settlements, economic assets in the floodplains, natural water retention, etc.) and climate change both 
contribute to the increase of flood events (European Flood Directive 2007, pp. 27). 

 

The following handbook of good practices provides the table of the types of floods with additional 
information like the causes of a flood, consequences, and key parameters. 
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Table 1: Flood type table (EXCIMAP 2007, pp. 10) 
 

 
 

It is possible and important to reduce the risk of negative consequences, especially for human health 
and life, the environment, cultural heritage, economic activity, and infrastructure when dealing with 
floods. The measures that reduce the risks, especially if they are effective, should be coordinated 
throughout a river basin. 

 

3.2.1.Water Framework Directive 

The Water Framework Directive was released by the European Council and European Parliament on 23rd 

of October in 2000. This directive was defined as a framework for community action in the field of water 

policy. The purpose of this directive was to establish a framework to protect the inland surface, 

transitional, coastal waters and groundwater, and develop a sustainable river basin management plan for 

each river basin district. However, the flood risk reduction was not the main goal of this directive (Water 

Framework Directive 2000, European Flood Directive 2007). 

 

3.2.2.European Flood Directive 
 

History has shown that the Water Framework Directive is not efficient in reducing flood risk. The 

change of the situation was reflected in the European Flood Directive of October 2007, which is an 

important legal framework for the current 27 EU member states (Mostert & Junier  2009). The 

European Flood Directive (EFD) aims to reduce the adverse consequences on human health, 

environment, cultural heritage, and economic activity associated with floods in the community. As part 

of this initiative, the EFD sets out the requirement for EU member states to develop three types of 

products: 
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Preliminary Flood Risk Assessment ς An evaluation of flood risks in the river basin districts, or certain 
coastal areas or individual river basins and determination of the areas of potential flood risk. The 
preliminary flood risk assessment should be completed to the 22.12.2011. 

 

Flood Hazard Maps and Flood Risk Maps - Cover the geographical areas that could be flooded 
according to the specified scenarios: flood risk maps should show the potential adverse consequences 
associated with specified flood scenarios expressed in terms of the specified values. The flood hazard 
and flood risk maps should be completed to the 22.12.2012. 

 

Flood Risk Management Plans ς Should address all aspects of flood risk management, focusing on 
prevention, protection, and preparedness, including flood forecasts and early warning systems and 
taking into account the characteristics of the particular river basin or sub-basin. Flood risk management 
plans should be completed to the 22.12.2015 (European Flood Directive 2007, pp. 30-31). 

 

According to the European Flood Directive, each member state must prepare flood hazard and flood risk 

maps at the most appropriate scale for each river basin district and coastal area (European Flood 

Directive, 2007). In this context a detailed overview of the requirements for flood hazard risk maps is 

needed. It is worth considering that some member states already created flood risk and flood hazard 

maps by fulfilling the EFD requirements (Kaveckis et al 2011a). 

 

3.2.3.Requirements for Flood Risk and Flood Hazard Maps 
 

Flood hazard maps should cover the geographical areas which could be flooded according the following 

scenarios: 
 

 
 

Figure 7: Requirements for flood hazard maps (European Flood Directive 2007) 
 

Flood risk maps should show the potential adverse consequences associated with flood scenarios 

expressed in the following terms: 
 

Á The indicative number of inhabitants potentially affected; 
 

Á Type of economic activity of the area potentially affected; 
 

Á Accidental pollution sites in case of flooding and potentially affected protected areas; 
 

Á Other information which the member state considers as useful, such as the indication of 

areas where floods with a high content of transported sediments and debris can occur and 

information about other significant sources of pollution (European Flood Directive 2007). 
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3.3. The Use of Flood Maps 
 

The knowledge of hazards and risks throughout a river basin and coastal area is the key element in 
efficient flood risk management. This also includes information about the type of flood (river, lake, 
groundwater, coastal), the flood magnitude expressed as flood extent, the probability of a particular 
flood event, water depth or flow velocity, and the possible magnitude of damage caused by floods 
(EXCIMAP  2007, pp. 6). 

 

In June 2003, at the Water Directors meeting in Athens, the core group led by the Netherlands and 
France presented άthe best practice documenǘέ on flood prevention, protection, and mitigation. The 
document is an update of the United Nations and Economic Commission for Europe (UN/ECE) 
Guidelines on Sustainable Flood Prevention (UN/ECE, 2000). That document holds the combined 
improvements and experience of all of the countries of the European Union and beyond (WDEU 2003, 
pp. 2). 

 

Flood hazard maps outline risk areas and are important for planning. Hazard and risk maps must be easily 
readable and show the different hazard levels. They are a planning tool, and it is important that all 
officials have the same information on the spatial extent of a certain hazard. Flood risk maps should be 
used  for the  reduction of damage potential to lives, property, and economic assets by integrating risk 
maps into  spatial and emergency planning. Both  types of  utilization  require  that  the  flood hazard, 
zoning, and  risk maps  should include the worst-case scenario as well (Best Practices on Flood 
Prevention, Protection and Mitigation 2003, pp. 16). 

 

According the current practice of flood mapping in Europe, the flood hazard maps and flood risk can be 
identified by the following characteristics (table 2). 
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Table 2: Properties of flood hazard and flood risk maps in Europe (EXCIMAP 2007, pp 11) 
 

 
 

Both types of maps can be used for various purposes. For each purpose, the scale and the content must 
be different. The attention also should be paid to the accuracy and the spatial content, while the maps 
can be designated for different target groups (spatial planners and community representatives have 
different objectives).  The maps should contain the information, which has to achieve one of three 
purposes: 

 

Á Prevent the build-up of new risks (planning and construction); 
 

Á Reduce existing risks; 
 

Á Adapt to changing risks factors. 
 

Depending on the purpose, the demands of the stakeholders can vary: 
 

Á Land-use planning and land management; 
 

Á Emergency planning; 
 

Á Flood risk management strategy (prevention, mitigation); 
 

Á Raising public awareness; 
 

Á Insurance. 
 

 
 
Each stakeholder needs a different set of information. In that case, the content, essential parameters 
(defined by the EFD), scale, and other factors are defined. It is nonsense to put all possible information in 
one map. When the stakeholders are known, the following aspects are considered: 
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Á Content (extent of flooding, dynamic parameters of floods, hazard and risk level); 
 

Á Level/scale (overview of large area, detailed information); 
 

Á Readership (expert, practitioner, decision maker, community) and complexity (simple, 
complex) (EXCIMAP 2007). 

 

3.4. Hazus-MH 
 

This chapter introduces the theoretical background and the features of Hazus-MH and its tools. The 

general Hazus model description reveals the capabilities of each of the models. 

 

3.4.1.Background 
 

Hazus-MH is a powerful risk assessment software program for analyzing potential losses from floods, 

hurricane winds, and earthquakes, and uses Esri software to run its calculations. Hazus-MH is an 

extension for ArcGIS Desktop. 
 

 
 

Figure 8: Hazus-MH Flood Model interface 
 

Interoperability between Hazus-MH and ArcGIS is a huge advantage; the input/ intermediate/output 

Hazus data can be exported or modified using all known ArcGIS tools. The same standards allow users 

to share information at ease. 
 

Hazus was developed by the Federal Emergency Management Agency (FEMA) under contract with the 

National Institute of Building Sciences, and started in 1992 as a project related to the National 

Earthquake Hazards Reduction Program (ESRI 2006, pp. 1). Hazus-MH is intended for use by U.S. local, 

state, and regional officials, and consultants who assist in mitigation planning, emergency response, 

and recovery preparedness. 
 

Currently, Hazus-MH estimates losses for three types of natural hazards: earthquake, hurricane wind, 

and flood. These models are continuously revised and updated through input from scientists, engineers, 
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software developers, and hazard specialists to provide increasingly accurate loss estimates. The big 

advantage of Hazus is the common inventory for each of the three hazards. Hazus-MH initially comes 

with large quantities of U.S.-specific data that can be easily updated and shared. 
 

The strength of Hazus-MH is not floodplain delineation, but flood risk assessment. For floodplain 

delineation in the U.S., Flood Insurance Maps (FIRM) are used. They are known as the primary tool for 

state and local U.S. governments to mitigate the effects of flooding in their communities. FIRMs are 

defined as official maps of a community on which FEMA has delineated hazard and risk zones applicable 

to the community (FEMA 2010b). Hazus-MH offers the user multiple options for integrating enhanced 

user-provided hazard data. These options range from characterizing a flood inundation area based on a 

boundary assigned a constant flood depth to more refined approaches that empower users with the 

ability to use the results from detailed flood studies with a higher local resolution. In the case of 

communities that do not have access to more refined flood hazard data, FEMA advised that flood 

inundation areas, generated by Hazus-MH analysis, can be accepted as they are. This declaration 

enabled financially disadvantaged US counties to use Hazus-MH as a tool to meet the initial 

requirements of the Disaster Mitigation Act 2000 (DMA 2000, Muthukumar  2005, pp. 4, Kaveckis et al 

2011a). 

 

3.4.2.Hazus Models 
 

Hazus-MH contains three models, but the main focus of this research is the flood model. The advantage 

of Hazus is that the same common inventory data can be used in each of the model analysis. This 

masterΩǎ thesis can also fully contribute to the research in developing other Hazus models for 

international use. 
 

Flood Model 
 
The Flood Model allows users to carry out a wide range of flood hazard analyses, such as: 

 
Á Studies of specific return intervals of floods (e.g., 100-year return interval); 

 
Á Studies of discharge frequencies; 

 
Á Studies of annualized losses from flooding; 

 
Á Quick look assessments; 

 
Á ñWhat ifΚέ scenarios and other mitigation measures. 

 
The flood loss estimation methodology consists of two modules that carry out basic analytical processes: 

flood hazard analysis and flood loss estimation analysis. The flood hazard analysis module uses 

characteristics, such as frequency, discharge, and ground elevation to estimate flood depth and flood 

elevation. The flood loss estimation module calculates physical damage and economic loss (FEMA 

2011a). 
 
 
Earthquake Model 
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The Hazus-MH earthquake model is one of the oldest and most advanced Hazus-MH models. This 

model estimates damage and loss to buildings, lifelines, and essential facilities from scenario and 

probabilistic earthquakes, including: 
 

Á Ground shaking and ground failure; 
 

Á Estimates of casualties; 
 

Á Displaced households and shelter requirements; 
 

Á Damage and loss of use of essential facilities; 
 

Á Estimated cost of repairing damaged buildings; 
 

Á Quantity of debris; 
 

Á Damage to buildings; 
 

Á Direct costs associated with loss of function (e.g., loss of business revenue) (FEMA 2011b). 
 
Hurricane Model 

 
The Hazus-MH Hurricane Wind Model uses an existing state-of-the-art windfield model and allows 

users to estimate the economic and social losses from hurricane winds. This model has been calibrated 

and validated using full-scale hurricane data, and it incorporates sea surface temperature in the 

boundary layer analysis and calculates wind speed as a function of central pressure, translation speed, 

and surface roughness. 
 

This model is an improvement over existing loss estimation models because it uses a wind hazard-load- 

damage-loss framework. The model addresses wind pressure, windborne debris, duration/ fatigue, and 

rain. It also includes the following features: 
 

Á A building classification system that depends on the characteristics of the building envelope 

and building frame; 
 

Á The capability to compute damage based on building classes and the effects of rain and 

progressive failure; 
 

Á The capability to compute damage to contents and building interior; 
 

Á The capability to estimate tree and structural debris quantit ies; 
 

Á Loss estimates that include direct and indirect economic loss, shelter requirements, and 

casualties; 
 

Á Modules that facilitate future assessment of mitigation, benefit-cost, and building code 

issues (FEMA 2011a). 
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3.4.3.Hazus Tools 
 

Hazus data preparedness and integration is complicated. The additional Hazus tools like FIT and 

CDMS support the user to prepare the flood hazard data and manage the inventory datasets. 
 
Comprehensive Data Management System 

 
The CDMS (Comprehensive Data Management System) is an additional tool of Hazus-MH that provides 

users with the ability to update and manage statewide datasets, which are currently used to support 

analysis in Hazus-MH. The Hazus 2.0 version comes together with CDMS and is not installed separately 

as it was in the earlier versions. 
 

 
 

Figure 9: Data integration framework using CDMS (HUG 2008) 
 

When Hazus-MH users are required to undertake a large amount of manual effort to incorporate new 

data into the statewide datasets, CDMS comes to the help. To reduce this effort, CDMS can automate 

raw data processing to convert  external data sources into Hazus-MH compliant data and transfer the 

data into and out of the statewide datasets. This process is often quite complicated due to pre-defined 

formats of input data. CDMS uses data field and data value matching, which enables the user to integrate 

data into Hazus-MH without reorganizing input data.  CDMS has a validation module which validates the 

input data and confirms that input data was identified and understood by Hazus. 
 

Flood Information Tool 
 
The Flood Information Tool (FIT) is an ArcGIS extension that processes user-supplied flood hazard data 

into the format required by the Hazus-MH Flood Model. FIT computes the extent, elevation, and depth of 

flooding when flood hazard inputs as ground and flood elevation and flood boundary are provided. In 

other words, FIT processes the raw geographical data and delivers the results that fit  for Hazus-MH Flood 

Model as input data (see figure 10) (ABS Consulting 2003, pp. 8) 
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Figure 10: FIT Schematic View (ABS Consulting 2003, pp. 8) 
 

It is important to consider that FIT does not provide hydrologic and hydraulic calculations because the FIT 

methodology was created to assist the user by incorporating the results of third party hydraulic models.  

FIT is able to process flood hazard data for riverine and coastal flooding conditions. The main inputs to 

FIT riverine model are digital elevation model (DEM), a set of polylines (cross sections) which are 

attributed with flood elevations, and the floodplain boundary. As the final result, FIT delivers a flood 

depth grid. If a user already has a flood depth grid, there is no need to use FIT (ABS Consulting 2003, pp. 

12 -13). 

 
3.4.4. Best practice of Hazus-MH 

 

Hazus-MH as an efficient hazard and risk assessment tool is widely used by many US agencies and 

communities for a long time. This chapter presents few Polis Center projects using Hazus-MH. The Polis 

Center is the research institution at Indiana University-Purdue University Indianapolis. One of the 

focuses of the Polis Center is to teach communities how to use Hazus and cooperate with other 

agencies by successfully applying Hazus methodology in real life situations. 
 

Hazus-MH Flood Damage Reduction Feasibility Study for Rocky Ripple 
 
In the spring of 2011, the US Army Corps of Engineers (USACE) asked The Polis Center to perform a flood 

damage reduction feasibility study for the Rocky Ripple community in Indianapolis. Rocky Ripple is in the 

northern territory of the city of Indianapolis and is surrounded by a water channel in the east and the 

White River in the west and north. For a long time this community was suffering from floods. For that 

reason, USACE built a dike (levee) along the channel. The objective of the dike was to protect the Rocky 

Ripple community from flooding when water in the channel overflowed the banks. The community 

rejected the proposal to build a similar dike along the river; it was apparent that 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, and they asked the US Army 

Corps of Engineers and The Polis Center for help. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Left- alignments for Rocky Ripple Feasibility Study, right - Historical 1913 year Rocky Ripple flood depth grid 
(Kaveckis 2011) 

 

Before building another dike along the river (see figure 11, left ), the USACE wanted to be sure that the 

building of the dike would cost less than the flood occurred damages. The objective of the flood 

damage reduction feasibility study was to perform flood analysis using Hazus-MH MR5 flood model and 

declare the building loss in an extreme flood scenario. 
 

The Hazus-MH Flood Model needs flood hazard and flood inventory data. Flood hazard data was 

processed from the Indianapolis Mapping and Geographic Infrastructure System (IMAGIS) acquired 1 m 

horizontal accuracy digital elevation model (DEM). It was also known the elevation of the extreme 

historical flood (March of 1913) flood crust ς 713,9 feet. To get the flood depth grid, simple methodology 

was used (same, as described in 4.4.1. chapter) ς distraction of DEM from historical flood elevation. The 

result was presented as flood depth grid (figure 11, right). 
 

The inventory data is one of the most problematic data sets to get. It was collected by joining the local 

township (Washington) parcel data and the assessor data. The polygons of the parcels were created as 

centroids (points) which were moved manually over the buildings using aerial imagery. This action was 

performed to get more precise geographical position. Parcels contained a άParcel IDά data field, a unique 

parcel number, which was used as a link between the parcel (geographical location) and assessor data 

(attribute information). The next operation was άƧƻƛƴά ς to link 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 versions before Hazus 2.0), occupancy type, foundation type, building and 

content values. But the first floor height was unknown for all 338 buildings in the Rocky 
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Ripple community. Therefore, the field survey was performed to find out the approximate first floor 

heights of the buildings. During the field survey it was noted that 34 buildings had slab type foundations 

with 5 feet of first floor height. It was decided to create two different scenarios for the remaining 304 

buildings: 0 and 2 feet first floor height. Both flood hazard data and building inventory data were 

uploaded as user defined facilities (UDF) into Hazus-MH MR5 Flood Model. Two colorful maps, the chart 

and table were delivered as a result. Figure 12 represents the map of the second scenario. 

 
 

Figure 12: Result map of Rocky Ripple extreme flood building loss analysis (Kaveckis 2011) 
 

This map may help to identify the buildings that are most vulnerable to extreme flood and predict what 

the damages could be. Also in the map such information as building loss ratio and total building loss is 

visualized. 
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Figure 13: Building loss chart for both scenarios (Kaveckis 2011) 
 

The chart (figure 13) shows the total building loss for both scenarios. The loss is expressed as thousands 

of dollars. When most of the buildingǎΩ ŦƛǊǎǘ floor height is 0 feet, the total building loss is almost two 

million dollars higher. 
 

The results of the analysis were delivered as a report with the hope that the decision to build the dike 

would be made correctly. 
 

Pre-Disaster Mitigation Plans for U.S. counties 
 
The Polis Center, at the request of Mitigation Division of Indiana Department of Homeland Security, has 

developed a process to assist counties and incorporated cities and towns in the creation of mitigation 

plans that would comply with the Disaster Mitigation Act of 2000 (DMA 2000, Polis Center 2010). DMA 

2000 requires communities to develop and maintain a risk management (pre-disaster mitigation) plan in 

order to be eligible for federal disaster funds. The Federal Emergency Management Agency (FEMA) 

developed a tool to meet this objectiveτHazus-MH (The Polis Center 2008). The Polis CenterΩǎ ŀǎsistance 

to communities has proven very effective and efficient in producing pre-disaster mitigation plans for the 

whole state of Indiana and some counties from other states. 
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Figure 14: Disaster declaration quantity map for 35 years in USA. Notice the main disaster type (Polis Center 2008) 
 

The mitigation plan is based on a risk assessment that maximizes the value of Geographic Information 

System (GIS) technology and Hazus-MH. Each county participating in this process is a beneficiary of a 

state-awarded grant that allows the county to develop its plan without any άout of pocketά expenses. 

The cooperation by preparing mitigation plan consists from following partnerships: 
 

¶ A county interested in developing a DMA 2000 compliant mitigation plan; 
 

¶ The Polis Center; 
 

¶ An appropriate university center or department in the host state; and 
 

¶ The Regional Planning Commission (RPC) in which the county participates. 
 
The responsibility to assemble and provide leadership for a planning team is dedicated to the county. 

The Polis Center and the host state university assume the responsibility of overseeing the overall 

process and producing a risk assessment for each county using Hazus-MH and various GIS tools. 
 

The whole process continues over a period from six to eight months and requires a series of meetings 

for the county planning team. The representatives of the county in the meeting usually are the director 

of the local Emergency Management Agency, the county GIS coordinator, the mayor, fire and police 

chiefs, the city manager, school corporations, and health care and business representatives. 
 

The group of meetings are arranged according their needs. Quite often the άmeeting 0έ (the initial 

meeting)  is arranged 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. The purpose of άmeeting  1έ is to assemble 

all the data about the critical facilities in the county and create the map (figure 15). 
 

 
 

Figure 15: Fragment from Pre-Disaster Mitigation Plan ςCritical Facilit ies Map in Piatt County, city of Monticello, Illinois, USA 
(Polis Center 2011a) 

 

Before this meeting, The Polis Center staff uses default Hazus inventory to acquire critical facilities. 

During the meeting, The Polis Center staff introduces to county representatives what data they have and 

what they would need, while community members help them to validate and acquire more data if 

needed. Before άmeeting 2,έ The Polis Center staff creates the historical hazard map (figure 16) of the 

county. This map shows all historical hazards which threaten the county and prioritizes them according 

to the degree of risk. By having this information, a community can realize what potential hazards can 

threaten its county. During the meeting, the community is asked to declare which severe hazards are 

they interested in. An example would be a F5 tornado (most severe according Fujita scale) through the 

city center or an extreme flood in a residential area. 
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Figure 16: Fragment from Pre-Disaster Mitigation Plan ςHistorical Hazards Map in Piatt County, Illinois, USA (Polis Center 
2011b) 

 

Before άmeeting 3έ,  The Polis Center processes the information of critical facilities, updates the 

aggregated data with the newest assessors data from the county, and uploads everything onto default 

Hazus inventory. Hazus-MH as a tool is used quite often for risk assessment. According the 

requirements, it is compulsory to model low magnitude earthquakes for each county. When a county is 

interested in adding flood risk assessment in their plans, Hazus-MH does that quite well. At άmeeting 

оέ, The Polis Center presents the draft risk assessment to the planning team and invites the general 

public from the community. In meetings 4, 5, and 6, the lower participation is noticed, while the further 

process consists of identifying and prioritizing mitigation strategies, reviewing the draft plan, and 

submitting it to FEMA (Polis Center 2010). 

 

3.5. Administrative Units 
 

An administrative unit is a unit with administrative responsibilit ies. In the context of geography, 

administrative units can be described as a partit ion of territory that has its administrative responsibilities. 

The national territory is partitioned in many ways for different purposes. One of these purposes is the 

population census. The Census is mostly a government agency and enumerates districts of the lowest 

level of administrative units. Census data contains such information as population, housing, 
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income etc. and is a valuable source to define and analyze geographic regions. In most cases, the 

census data is the aggregated data (more about aggregated data see chapter 4.5.1.) and is stored as 

attribute information of geographical features. For this reason, it is important to know the common 

scale/ level of the geographical features, known also as administrative units. 

 

3.5.1. Global Administrative Unit Layers 
 

Global Administrative Unit Layers are known as GAUL. The GAUL project was implemented by the 

European Commission Food and Agriculture Organization (EC-FAO). The aim of the project is to 

compile and disseminate reliable spatial information on administrative units for all the countries in 

the world and provide a contribution to the standardization of the spatial dataset which represents 

administrative units (Grita 2011). The tasks of GAUL are to: 
 

Á Overcome the fragmentation of the global dataset; 
 

Á Promote a unified coding system which would reduce the efforts of maintenance; and 
 

Á Keep the historical track of changes occurring on the extents and shapes of administrative 

units (FoodSec 2011). 
 

The implementation of the GAUL project is based on cooperative work among many international and 

national agencies that are collecting spatial information on administrative units. The data collecting 

methodology consists of: 
 

Á Collecting the best available data from the most reliable sources; 
 

Á Establishing validation periods of the geographic features when possible; 
 

Á Adding selected data to the global layer, which is based on the international boundaries 

provided by the UN Cartographic Unit; 
 

Á Generating codes using the Gaul Coding System; and 
 

Á Distributing the data to the users. 
 
GAUL maintains the global layers with a unified coding system at the country, first (e.g. regions) and 

second (e.g. districts) administrative levels. When the data is available, GAUL provides layers on a 

country by country level down to the third, fourth, and lower levels. The delivery of GAUL data holds the 

consistent framework. Once a year, the Geonetwork (http:/ /www.fao.org/geonetwork/ ) releases an 

updated version of GAUL, which includes all updates made in the previous year (Grita 2011). 
 

The characteristics of the GAUL project: 
 

Á Level 0 (country), Level 1 (province), Level 2 (district) are provided as global layers. Level 3, 

Level 4, and Level 5 are provided when available and are carried out on individual country 

layers. 

http://www.fao.org/geonetwork/)


30  

Á The country boundaries comply with the latest version of the UNCS International 

Boundaries Map (November 2005). 
 

Á GAUL tracks the changes of administrative units for political reasons; 
 

Á The coastal line is mostly compliant with the International Boundary map from UNCS; 
 

Á Data is not always officially validated by national authorities and cannot be distributed to 

the general public. A disclaimer should always accompany any use of GAUL data; 
 

Á If the country maps were validated and copyrighted by the second administrative level 

boundaries, they were integrated into GAUL layer. 
 

The beneficiary of GAUL data is the UN community and other authorized international and national 

institutions or agencies (FoodSec 2011). 

 

3.5.2. Nomenclature of Territorial Units for Statistics 

Nomenclature of territorial units for statistics is also known as NUTS. The NUTS classification is 

a hierarchical system for dividing up the economic territory of the EU for such purposes: 
 

Á To collect, develop, and harmonize EU regional statistics; 

Á To analyze the socio-economic situation of the regions; 

Á To frame EU regional policies. 
 

 
 

Figure 17: NUTS levels (Eurostat 2011) 
 
NUTS are divided into three levels: 

 
¶ NUTS 1: major socio-economic regions; 

¶ NUTS 2: basic regions for the application of regional policies; 
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¶ NUTS 3: small regions for specific diagnoses. 

Principles and characteristics of NUTS: 

¶ The NUTS regulation defines the level according the population in the region; 

 
 

Figure 18: NUTS levels according regionΩǎ population (Eurostat 2011) 
 

¶ For practical reasons the NUTS classification is based on the administrative divisions applied 

in the member states that generally comprise two main regional levels. The third level is 

created as additional by aggregating administrative units; 

¶ NUTS favors general geographical units. 
 

 
Eurostat has set up a system of Local Administrative Units (LAU) to meet the demand for statistics at the 

local level. The upper LAU (LAU Level 1, formerly NUTS Level 4) Level is defined for most but not all of the 

European member states. The lower LAU (Lau Level 2, formerly as NUTS Level 5) Level consists of 

municipalities or equivalent units. The NUTS regulation makes provisions for EU member states to send 

the detailed list of their LAU to Eurostat (Eurostat 2011). So far, the list of LAU of each member state is 

only in the form of an Excel spreadsheet, not as geographical features. 

 

3.5.3. Administrative Units in the United States of America 
 

Hazus also uses the additional geographical units as a supplement to the administrative units. In the 

US, Hazus uses four level (State ς County ς Census Tract ς Census Block) geographical units (in figure 

19 marked by dash line). The census block and census tract are not defined as administrative units. 

They were chosen because of census data aggregation. These geographical units not only are needed 

to create the study region, but also to contain the aggregated data. The smallest aggregated unit in the 

Flood Model is the census block, while in Earthquake and Hurricane Models it is the census tract. 
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Figure 19: Geographical hierarchy of 2000 US Census. In Hazus used geographical units are surrounded by dashed line (MCDC 
2011) 

 

Counties and states are more like administrative geographical units and do not contain the aggregated 

data in Hazus. For users, it is easier to create the study area by selecting the defined states and 

counties. 
 

The Census block is declared as the smallest unit of data tabulation and covers the entire USA. The 

divisions and boundaries of the census block change once every ten years and do not cross census tracts 

or county boundaries. The average demographic size of a census block is about 100 people. Each census 

block is identified by a unique 15 digit number. Part of this number is the state, county, tract, and block 

code. The whole 15 digits are used to find or determine the relations between each of these 

geographical units (FEMA 2009a, pp.111). 
 

Census tract is the second smallest geographical unit. For the 2000 U.S. Census, first time census tracts 

cover the entire nation. The census tract contains relatively homogenous population characteristics, 

and the average demographic size is about 4,000 people, ranging between 1,000 and 8,000 (Parmenter 

2003). 
 
The newest Hazus version 2.0 and the older MR5 are also capable of creating study regions by 

watershed. This method is more comprehensive because most of the hydrologic analyses are performed 

within the watersheds, and even EFD asks to prepare flood maps for watersheds and catchment areas. 

Though there is such possibility to create the study region as a watershed, the watershed is not counted 

as a census or administrative unit. 
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3.5.4. Administrative Units in Austria 
 

The administration units in Austria are based on NUTS. The hierarchy consists from three NUTS levels 

(from 1 to 3).  The constitution of Austria defines a federal form of government and the duties and 

responsibilities in Austria are divided between central government and the nine constituent states 

(NUTS Level 2). There are subordinated districts (NUTS Level 3) within the states. Their basic function is 

to carry out state and government tasks. The smallest administrative units in Austria are municipalities 

(Quick 1994), which are not defined as NUTS. 
 

 
 

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

However, the Austrian Statistics Department released the national grid, called Planquadrat (figure 20). 

This grid divides Austria into regular 125, 250, 500, 1000, 5000 and 10 000 meter quadrant cells. These 

cells contain such attribute data as building count and demographic data (Kulmesch 2010). 

 

3.6. Other Flood Assessment and Modeling Tools 
 

This chapter introduces the additional outside tools and platforms that could supply Hazus flood 

assessment with data or even change Hazus. Some of them are used for more professional tasks than 

Hazus is created for, and others for totally different purposes. One of the most important things is that 

all these tools are free to use, and even Hazus is free, and probably the reader who is reading this thesis 

did not pay anything. This means that with all these tools and provided methodology, it is possible to 

create something from nothing, and this something can save lives and property. 
 
HEC-FIA 

 
HEC-FIA abbreviation means Flood Impact Assessment tool, created by the US Army Corps of 

Engineers (USACE) Hydrological Engineering Center. The aim of HEC-FIA is to calculate post-flood or 

forecasted-flood impacts for a user-specified event, determine flood damage reduction benefits, and 

to create real time response activities. 
 

HEC-FIA computes the urban and agricultural flood damage, inundated area, number of inundated 

buildings, population at risk, and loss of life. Loss of life is computed by such factors as initial 

population 
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distribution for day and night, redistribution on dam failure warning situations, evacuation potential, 

and sheltering opportunities. The damage analysis of crops is similar to Hazus and involves the type of 

crop, season, cropping patterns, duration, and magnitude of flooding (USACE 2010). 
 

 
 

Figure 21: The interface of HEC-FIA (USACE 2010) 
 

HEC-FIA is a great alternative of Hazus Flood Model, especially for the international use. The 

disadvantage is that instead of Hazus, HEC-FIA has no relation with the inventory. As with many other 

software programs, the user imports the data and exports the results; there is no possibility to store 

the data in inventory as Hazus does (there is also no possibility to store the data as User Defined 

Facilit ies in Hazus, only for the specified study in scenario). HEC-FIA uses the same methodology as 

Hazus uses, even most of the data types are the same as in Hazus, but the main advantage is that HEC-

FIA is not restricted by study region, as Hazus is. There is hope that this thesis and research will make 

these tools equal, not in the context of bugs, but in functionality. When talking about bugs, there was a 

problem in applying new damage functions in HEC-FIA, but this is the open space for future research. 
 

HEC-FIA can be downloaded from USACE ftp server: ftp:/ / ftp.hec.usace.army.mil/public/HEC-FIA/. If the 

server is down, please contact Jason Needham, Hydrologic Engineering Center, E-mail: 

Jason.T.Needham@usace.army.mil 
 

HEC-HMS 
 
HEC-HMS is the Hydrological Modeling System created by the USACEΩǎ Hydrological Engineering Center. 

The aim of HEC-HMS is to simulate the precipitation-runoff processes of watershed systems. This tool is 

quite complex but can solve the widest possible range of problems: from large river basin water supply 

and flood hydrology to small urban or natural watershed runoff (USACE 2011a ). The inputs for HEC-

HMS are rainfall, soil type, land use, DEM, etc. The general output is the discharge (volume of water), 

which can also be input into Hazus. 

mailto:Jason.T.Needham@usace.army.mil
mailto:Jason.T.Needham@usace.army.mil
http://www.hec.usace.army.mil/software/hec-hms/
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Figure 22: HEC-HMS interface (USACE 2011a) 
 

To make the integration of input data easier, it is possible to use the ArcGIS extension ς HEC-GeoHMS 

(free Arc Hydro tools are needed), which helps to process the inputs and prepares various watershed 

data (river length, river slope, basin slope, longest flow path, etc.) in ArcMap and export as project 

files. Then the user needs only to create the new project, import project files, and run the analysis to 

get the discharge. 
 

HEC-HMS and HEC-GeoHMS can be downloaded from this website: 
 
http:/ /www.hec.usace.army.mil/software/hec-hms/ 

 
HEC-RAS 

 
HEC-RAS is another free software tool released by the USACEΩǎ HEC. The purpose of this tool is to 

perform one-dimensional steady and unsteady flow and water temperature modeling and sediment 

transport bed computations (USACE 2011b). The geometry of the river and the discharge data can be 

directly imported from HEC-HMS to HEC-RAS. 

http://www.hec.usace.army.mil/software/hec-hms/
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Figure 23: Interface of HEC-RAS (USACE 2011b) 
 

For easier data input process for HEC-RAS, the user also has the ability to use ArcGIS extension HEC- 

GeoRAS by preparing the data for hydraulic modeling directly in ArcMAP. The output of HEC-RAS is the 

flood boundaries, flood depth grid, and computed water surface profiles. Hazus has the ability to import 

flood depth grids directly as HEC-RAS format. 
 

HEC-RAS and HEC-GeoRAS can be downloaded from the website: 

http:/ /www.hec.usace.army.mil/software/hec-ras/  
 
TR-20 

 
TR-20 is an old but proven hydrologic tool released by the U.S. Department of Agriculture (USDA) Soil 

Conservation Service (SCS), now known as Natural Resources Conservation Service (NRCS). TR-20 

provides a hydrological watershed analysis under present conditions. This tool develops run-off 

hydrographs from storm rainfall, drainage areas, and run-off curves (NRCS 2011). The output of TR-20 

can be delivered to HEC-RAS or to Hazus hydraulic modeling. 
 

To download TR-20, browse to NRCS website: http:/ /www.nrcs.usda.gov 

 

4. Methodology 
 

This chapter describes the best flood mapping outcomes in Europe and introduces the recommended 

methodology to achieve most efficient flood maps. The Hazus riverine methodology shows the general 

methods and level of analysis in the flood model. The analysis and presented methodology of choosing 

geographical divisions for implementation should convince the reader of the most efficient ways to 

interchange default Hazus geographical divisions. The description and properties, inputs and outputs of 

Hazus inventory and flood hazard data, are provided to improve the understanding of the meaning of 

different data types in Hazus. The additional freely available datasets are presented as useful 

worldwide data inputs into Hazus. The flood parameters describe the key datasets that are essential in 

Hazus flood assessment, and should be considered.  

 

 

http://www.hec.usace.army.mil/software/hec-ras/
http://www.nrcs.usda.gov/
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4.1. Best Flood Hazard and Flood Risk Mapping Methods in 

Europe 
 

The EXCIMAP (European Exchange Circle on Flood Mapping) group, formed of flood mapping experts 

from most EU member states, released a handbook of good practices in flood mapping in Europe 

(EXCIMAP 2007). Therefore, the evaluation of experience and the results from individual European 

member states is very important. The combination of good flood mapping practices and risk 

assessment tools like Hazus-MH could be an effective approach to tackling EFD requirements (Kaveckis 

et al 2011a). This chapter presents the guidelines for flood hazard and flood risk mapping. The 

guidelines reveal the content of the maps, scale, coloring issues, and map use. 

 

4.1.1.Flood Hazard Mapping 
 

As explained by the EFD, the maps according the visualized elements can be defined into few types: 
 

Flood extent map/ flood plain map - Flood extent map shows the boundaries of the occurred flood. 
The EFD requests flood extent map for two scenarios: low (extreme) probability, medium probability 
(likely return period җ 100 years) and where appropriateτhigh probability. Most examples of the flood 
hazard maps available in Europe are more advanced than other flood maps (EXCIMAP 2007, pp. 17). 

 

 

Figure 24: Flood extension map with a return period of 1/100 yr, for the city of Jekapils, Latvia, on the Dauguva River (Atlas of 
Flood Maps 2007, pp. 97) 

 

The map in figure 24 is simple to read and not overcrowded. The topography layer is overlaid with flood 
extent map. 
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Map use 
 

Á Serves as a basic map to establish risk and danger maps; 
Á Land use planning; 
Á City and village planning; 
Á Rural planning; 
Á Risk management; 
Á Awareness building (when combined with past events). 

 
Scale considerations 

 

Á If map is used for urban planning or the target territory is in the mountainous or hilly areas, the 
detailed scale is required (1:2 000 to 1:25 000); 

Á For the rural planning in large flood plains the large scale is possible (1:100 000 to 1:1 000 000). 
 
 
Color scheme 

 

In practice, the color that express the flood extent is represented in blue: dark blue shows the frequent 
floods, light blue the less frequent floods (EXCIMAP 2007, pp. 18). 

 

 
 

Flood depth map - Flood depth map shows the values of water level. Depth can be derived from flow 
2D or 1D flow models for river flooding, the same as from statistical analyses or observations. Depth 
(level) of the water must be shown in flood hazard maps according to the EFD. 
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Figure 25: Flood hazard map (water depth for 1/125 yr. event) for the city of Pori, Finland (The Atlas of Flood Maps 2007, pp. 
57) 

 

The water depth scale in the flood hazard map for the city of Pori is presented as non-linear and ranges 
from 0 to 0,5m; 0,5 to 1m and above.  The integration of land use and the colors is very successful and 
easy to understand. The dashed areas show the worst case scenario, the breach of dikes, which is very 
useful. Additional technical information is provided, which could be unimportant to the reader. 

 

Map use 
 

Á Serves as a basic map to establish risk and danger maps; 
Á City and village planning; 
Á Risk management (evacuation). 

 
 
Scale considerations 

 

Á Maximum inundation depth maps exist on national, regional, and local scales (1: 2 500 000 ς 1: 
10 000); 

Á For local land-use, planning, and emergency management, the flood depth maps in urban areas 
have a large scale; 

Á For large areas, like Hungary or the Netherlands, the medium and small scales can be 
applied successfully. 
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Color scheme 
 

In most maps the depths are represented as a  variety of blue shades (highest depth dark blue, light 
depth, light blue). Some countries use red, yellow, and green colors (EXCIMAP, 2007, pp. 18-19). 

 

Flow velocity and flood propagation map - Flow velocity describes the speed /acceleration of  
moving water. Based on velocity, the damage and the danger can be assessed. One of the provisions in 
the EFD dictates that, where appropriate, the flow velocity or the relevant water flow should be 
presented. But the flow velocity information is more complicated to derive than the water depth. 
Usually the flow velocity information can be derived only from the 2D-flow models and in some cases 
also from 1D-flow models. The production of velocity maps is more technically advanced. 

 

 
 

Figure 26: Flood hazard map with indication of expected water depth with άƘǳman terminologȅέ (The Atlas of Flood Map 2007, 
pp. 107) 

 

This map is very useful not only for evacuation planners, but also for the community to plan their actions 
in the case of flood. The map provides information as the flood classes in the άhuman terminologyέ how 
the flood can affect the human body: dark blue ς ankle deep, light blue ς knee deep, light rose ς hip 
deep, orange ς head deep, red ς submerged (The Atlas of Flood Map 2007, pp. 102). 

 

Map use 
 

Á Flow velocity maps: flood defense planning or structure planning. Tool for technicians. 
Á Flood propagation: planning tool for emergency response to create evacuation schemes, 

organize and implement temporal flood protection measures, and plan safe zones. Flood 
propagation should closely cooperate with early warning and alert systems. 

 
 
Scale considerations 

 

Á Flow velocity: has to be represented in a detailed scale. The map scale ranges from 1: 1 000 
to 1:5 000; 
Á Flood propagation: these maps cover large areas so the scale is small. The NetherlandǎΩ 
example map (figure 26) has 1: 250 000 scale.
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Color scheme 
 

There exist many possibilit ies in both maps. The discrete scale is easier to read and understand than a 
steady (ramp) scale (EXCIMAP 2007, pp. 19-20). 

 

 
 

Flood Danger Map - Flood danger maps may be classified as flood hazard maps, though they do not fit  
exactly with the definition of hazard maps. A flood danger map combines various flood parameters to 
define a level (degree) of danger (velocity, depth). The information can be provided in such maps as 
qualitative or quantitative. This type of map is not compulsory by the EFD but it is useful for land use 
planning. 

 

 
 
Great Britain uses interesting methodology to classify the danger maps. They rate the hazard by hazard 
rating (HR). HR is calculated as a function of velocity (v), depth (d) and a debris factor (DF): HR= d x (v + 
0,5) + DF. HR assesses the direct risk to life, which rises from the combination of flow velocity and water 
depth. That methodology is based on experiments and includes a debris factor which recognizes that 
debris-filled flowing water increases the danger to people. Below are some values from the formula 
that define the degree of Flood Hazard. 

 

Table 3: Hazard to People as a Function of Velocity and Debris (HR Wallingford 2006, pp. 49) 
 

 
 

 
Another table defines the debris factor (DF) for different land uses according to the probability of debris 
in the flood flow. 

 

Table 4: Guidance on debris factors for different flood depths velocities and dominant land uses (HR Wallingford 2006, pp. 49) 
 

 
 

 
 

The example flood danger map from Great Britain shows the applied methodology. 
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Figure 27: Flood hazard rating map of the region of Carlisle (The Atlas of Flood Maps 2007, pp. 48-49) 
 

Such kind of map could be useful for emergency planning (evacuation routes), where there is the 
highest potential for danger. 

 

Map use 
 

Á Town/ level planning. Danger levels integration to land-use plans are possible; 
Á Awareness rising; 
Á Emergency response. 

 
 
Scale considerations 

 

Á The scale can vary in the range from 1: 1 000 to 1: 20 000 (figure 27); 
Á The topographic background is needed for city and village plans when the assets need to be 

identified. 
 
 
Color scheme 

 

Mostly there are variations of red (highest level of danger) ς orange (moderate danger) ς yellow (light 
danger) colors used. The use of blue in the graduation could be a mistake. That visualization could lead 
to confusion with water depth and water extent (EXCIMAP 2007, pp. 20). 

 

Event Map - The common step in accessing the flood hazards is the analysis of past flood events. The 
delineation of past flood events grants perfect basis for awareness building and flood risk management. 
That kind of information is easy to understand and the effect is stunning. Historic flood incident maps 
(the presentation of floods that have occurred in the past as the point locations) may be presented using 
defined symbols either separately from, or overlain on, flood extent maps. Associated data, such as date 
of the event, magnitude, damage and costs may be attached to a specific flood incident and visualized on 
the map. Usually in event maps the simple but striking information is presented. This information must 
be understandable to a non-expert, as well as such data as photos, dates, and drawings that explain the  


